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Abstract

It has been almost three decades since the initial reports of Sanger and Coulson (Sanger, 

Nicklen, and Coulson, 1977) and Maxam and Gilbert (1977) described the enzymatic and 

chemical DNA sequencing methods, respectively. During this time, reûnements of these 

methods have resulted in an increase of several orders of magnitude in the rate of DNA 

sequencing. These improvements have come about because individual DNA sequencing 

groups have made a conscious effort to not become satisGed with the technology, but 

have continuously worked to improve the methodology, whüe increasing accuracy and 

reducing the cost. The rational behind this philosophy is the target for DNA sequencing 

studies that have rapidly progressed from a few kilobase plasmid or cDNA to a 

multimegabase eukaryote genome. The increasing promise of gaining significant 

information directly related to the genetic basis of many living systems, as well as the 

role of the genome in normal and abnormal cellular development, has been the catalyst.

Therefore, during the initial phase of my studies, I became well versed in the 

standard shotgun sequencing techniques and completed the sequence of six regions of the 

human and mouse genome totaling over 1 Mbp. Then, because of my interest in 

forensics and the wide spread use of mitochondrial analysis in this Geld, 1 sequenced the 

entire -18 Kbp ZebraGsh mitochondnal genome. However, it soon became tq)parent that 

one of the major troublesome areas in genomic smdies is the ability to obtain highly 

puriGed DNAs that could serve as templates for further DNA sequencing. To investigate 

the idea of developing improved methods to obtain the desired, highly puriGed DNA 

needed to move the Geld forward, I therefore, invesGgated the possibility of amplifying 

DNA via the rolling circle ampliGcaüon (Fire and Xu, 1995; Liu ef of. 1996; lizardi gf

xm



o/. 1998). My initial studies employed the TempliPhi (Dean et aZ. 2001) whole genome 

amplification procedure that was developed for amplifying plasmid-based clones directly 

from lysed bacterial cells. Although this TempliPhi protocol was used successfully for 

plasmid and BAC amplification, it lacked the speciücity needed to prevent unwanted host 

genomic DNA ampliGcation along with the plasmid or BAC clone that had been 

transformed into the bacterial host. Since the Phi-29 enzyme remained active at 0°C 

numerous artifacts were observed. Therefore, in an eHbrt to overcome these limitations, 

I investigated replacing the Phi-29 enzyme with the Klenow fragment of gociZZuf 

fteurorAg/TMop/ifZuf DNA polymerase I (Bst). The results of these experiments revealed 

that the Bst polymerase could amplify DNA template from one (1) nangram to 

approximately three (3) micrograms via isothermic rolling circle amplification, and allow 

for the use of BAC or plasmid speciGc primers since the enzyme was active at 65°C, and 

it is both economically priced and does not produce the low temperature associated false 

positives observed with the Phi-29 enzyme. The Bst, upon further investigation, 

demonstrated that the Bst DNA polymerase could successfully amplify both plasmid and 

BAC clones to provide a suitable template for both DNA sequencing and for 

chromosomal gap closure. Unfortunately, the reproducibility of Bst amplified BACs for 

end sequencing was extremely variable and could not be stabilized successfully. Thus, a 

modiGed Phi-29 ampGGcation mix (GenomiPhi, TempliPhi with addiüonal nucleotides) 

was investigated. Through these studies, I demonstrated that the GenomiPhi phi-29 mix 

could be used to successfuUy ampli^ plasmid, fosmid and BAC DNA such that they 

were suitable templates for end sequencing.
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Introduction 

DNA History

The history of DNA has two paths, one is the proof that DNA is the element 

through which heredity is carried and the second is the determination of the structure.

In 1919, Phoebus Levene proposed that the DNA structure is a tetranucleotide, four bases 

arranged in a row, one after another. Later in 1938, Signer, Caspersson and Hammarsten 

determine the molecular weight of DNA to be between 500,000 and 1,000,000 daltons, 

expanding Levene's tetranucleotide to a polytetranucleotide structure. In 1949, Erwin 

Chargaff determined that the ratio purine bases, adenine and thymine, and pyrimidine 

bases, guanine and cytosine, is one to one. Then, in 1951 Rosalind Franklin determined 

two crystalline forms of DNA, the A form and the B form. Then, in 1952, Goshng and 

Franklin produce an X-ray diffraction pattern of the B form of DNA. This led to the 

Watson and Crick paper on the structure of DNA in 1953 (Olby, 2003).

The path toward proving that DNA was the carrier of heredity, started in 1869 

when Fritz Miescher discovered that inside the nuclei of pus cells there was an acidic 

substance, that he called "nuclein," later it was learned that this nuclein is nucleic acid or 

DNA. Then in 1928, Frederick GrifGth showed that these substances in heat-killed 

bacteria could be transmitted to live bacteria. Now, although it was known that DNA 

resided in the nucleus, it was still not accepted as the substance through which heredity 

was passed. It was believed that proteins, like histone, that also are found in the nucleus 

were the carriers of the heredity information. The m^or reason is, there are 20 different

1



amino acids that make up a protein and only four different bases that make up DNA. 

However, in 1944, Avery, MacLeod and McCarty showed through the use of proteases 

that the genetic material could not be a protein, since proteases did not prevent the 

transformation of genetic material, but nucleases could (Brown, 1989; Olby, 2003). Then 

later on in 1954, Gamow developed a possible DNA code for the synthesis of proteins 

and then. Crick proposed the central dogma in 1957. Lastly, in 1961, Marshall Nirenberg 

and Johann Matthaei showed that an amino acid could be encoded by a DNA sequence 

(Olby, 2003).

DNA

Deoxyribonucleic acid (DNA) is a polymer with an alternating sugar - phosphate 

backbone with bases or nucleotides attached to the sugar via a glycosidic bond (see ûgure 

below). There are four major bases in DNA and the linear arrangement of these bases 

results in the genetic blueprint that is passed 6om one ceU to the next and ultimately from 

one generation to the next. The DNA in prokaryotes is found within the cytoplasm, 

while in eukaryotes, it is contained within the nucleus. In eukaryotes, the mitochondria 

of plants and animals, and the chloroplast of plants, contain their own genomic DNA.

This mitochondrial DNA is a remnant of its symbiotic microbial origin. The DNA's 

double helix consists of two antiparaUel DNA strands that are stabilized by the A-T and 

G-C, Watson and Crick pairs and by base stacking interactions. DNA is both flexible and 

stable as compared to RNA, because of the presence of the 2'deoxyribose rather than 

ribose sugar in its sugar-phosphate backbone.
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Figure 1 DNA Stmctores (ChemSketdi)

The above pictures were drawn using ACD/ChemSketch.



The A, B, and Z forms of DNA

Accompanying the publication of the structure of the B-form of the double- 

stranded DNA hehx in 1953 (Watson and Crick 1953), Wilkins also published a 

discussion of B-form DNA (Wilkins ei nZ. 1953), and Franklin published additional 

information on the A-form (Franklin el oZ. 1953). Much later, Alex Rich (Mathews and 

Van Holde, 1996) reported the crystal structure of the Z-form and subsequently, stable 

crystals of the C, D, E, and T forms have been obtained (Brown, 1989).

DNA in nature is predominately in the B-form. The DNA-RNA hybrids found 

during replication, RNA-RNA hybrids and tRNAs are always found in the A form, 

because the addition of the ribose sugar and the steric hindrances produced. The Z-form 

of DNA, which is the only known hehx that is left handed producing a zigzag pattern is 

favored when the 5'carbon of cytosine is methylated, which takes place shortly after 

replication (Mathews and Van Holde, 1996). It is also seen in strands of only CpG 

nucleotides (Wang et aZ.1981).

There are many additional forms of DNA structures that have been described 

(Ghosh and Maiqu, 2003). The C DNA is a slightly different form of B DNA and has 

been used in NMR studies to better understand the B DNA form 

(http://www.mhl.soton.ac.uk/research/presentations/2000/Firenze.pdf). The D-form of 

DNA has been seen in 5Zqp/zyZococc!t$ owrewf. During transcription, RNA polymerase 

recognizes and binds to an AT-rich site in which the DNA that becomes over wound and 

adopts the D conformation (Schumacher et aZ. 2001). The E-form of DNA is an 

intermediate between the B-form and the A-form. The E-form of DNA can be produced

http://www.mhl.soton.ac.uk/research/presentations/2000/Firenze.pdf


by cytosine méthylation or bromination (Vargeson et of. 2000). The T-form of DNA is 

seen for phage T2 DNA, it is geometrically the same as the D-fbrm of DNA (Ghosh, A. 

and Manju, 2003). More information on the above DNA is shown in table 1 below.

Figure 2 DNA forms: A, B, Z.

The drawing above was done using RasmoL



B-form
DNA

A-form
DNA

Z-form
DNA

C-form
DNA

D-form
DNA

T-form
DNA

A-form
RNA

Hdi%
Direction

Right Right Left R i # Right Right Right

Helix Shape standard Wider than B Zigzag ? 7 ? ?
Humidity 92% 75% High salt 66% ? ? ?
Base pair:
per turn

10.5 11 12 9.3 8 8 11

Distance 
between 
base pair: 
(A)

3.4 2.6 3.7 3.3 ? ? 7

Base pairs 
perrqpeet
unit

1 1 2 7 ? 7 ?

Rbeper
Base pair

3.4 2.6 3.7 331 3.03 3.4 2.8

Helir
Diameter
(A)

19 23 18 19 ? ? ?

Width of
Mitior
groove(A)

1L7 2.7 8.8 10.5 8.9 wide

Width of
Minor 
groove(A)

5.7 11.0 2.0 4.8 1.3 narrow

Depth of
Major 
groove(A)

8.8 13.5 3.7 7.5 5.8 shallow

Depth of
Minor 
groove(A)

7.5 2.8 13.8 7.9 5.7 deep

Twist/bp 36 32.7 -9,-51 38.5 45 45 32.7
Base Tilt -6 20 -7 -8 -16 -6 16-19
Sugar
Pucker

C2’-endo C3’-endo C3’-endo
(syn)

C3’-exo C3’-exo C2’-endo C3 -
endo

Tabk 1 A ComparWon of DNA and RNA Forms

(Wilkins ef af. 1953; Franklin ef af. 1953; Bowater 2003; Brown

Replication, Transcription and Translation

1989)

The central dogma of molecular biology, first described by Francis Crick (Crick 

1970) describes the flow of genetic information from DNA to RNA and RNA to proteins 

through transcription and translation. In 1970, Temin and Baltimore (Temin 1972; 

Varmus 1987; Brown 1989) modified Cricks original hypothesis by describing reverse 

transcription, where DNA is synthesized from a viral RNA genome template prior to 

transcription and translation. DNA replication now is considered part of central dogma 

and the entire process is depicted in the Ggure 3 below.



Occur In #N CeH* SpmclW C##e# only

^%mNc#Hon)
DNA #  DNA

fTronocMptlon)
DNA — — -  - RNA

RNA ■ Protein

R N . ^  -  -
VImo mfoded coH#

(Rovorw Tr*i#cf^9lkxn)
RNA Z DNA VlfUoWWedcoM#

D N A  Z P r O t G in  NoevWonceofoxlolence

Figure 3 The Central Dogma.

DNA replication is semiconservative. The new strand of DNA is made from 

each template strand. DNA synthesis requires a polymerase and a template, the original 

stand of DNA to direct the deoxynucleotide triphosphates; substrates, necessary to make 

the new strand; and a primer to provide a 3' hydroxyl necessary for the enzymatic 

addition of the substrate to the primer chain to produce the new DNA strand.

The helicase unwinds the DNA to provide a single stranded template for 

replication. In Aont of the hehcase is a topoisomerase that relieves both positive and 

negative supercoUs as the replication fork moves forward. (Champe and Harvey, 1994) 

Polymerase m  catalyzes the addition of deoxynucleotide triphosphates to the leading and 

lagging strands. The leading strand's 3' hydroxyl necessary for the enzymatic addition
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follows the opening of the fork to provide a continuons stand addition. However, the 

opposite side has the 3' hydroxyl moving away from the fork opening requiring multiple 

segments (Okazaki fragments) of replication to make the lagging strand's side. Each new 

strand requires a new primer; the primase of the piimosome makes these new RNA 

primers for the initiation of each new Okazaki fragment. After the amplification of the 

Okazaki fragment, Polymerase I removes these RNA primers and replaces them with 

DNA. The DNA segments are joined via DNA hgase, to make one continuous strand.

The DNA replication process is shown schematically in Ggure 4 below (Davidson and 

Sittman, 1999).

Transcription is the process of constructing a messenger ribonucleic acid (mRNA) 

using the DNA as a template. RNA differs from DNA by the use of the sugar ribose and 

the base, uracil (Fig. 1). After the heterogeneous nuclear RNA, hnRNA, construction, and 

posttranscriptional modiScations, the mRNA leaves the nuclease of Eukaryotes for 

translation. In prokaryotes, there isn't a membrane bound nuclease and the transcription 

and translation are coupled. After translation, protein synthesis occurs to produce the 

final protein product (Davidson and Sittman, 1999; Mathews and Van Holde, 1996).



# RepHc«U@n F o *
(PolHI)

(Relmhf## SupercoHm)

Ja:':

P$#mov#dbyPolQ
Replication

Figure 4 Rqdkatkm

Redrawn Brom  Nature 2003 (Originally: Alberts, 2002)
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Amplification by PCR

Artber Komberg was the ûrst to synthesis DNA in vitro in 1960 (Komberg, 

1960). In 1983, Kary MuUis invented the technique called the Polymerase Chain 

Reaction (PCR). In PCR, the DNA helix is first denatured and separated by raising the 

temperature. The temperature then is lowered to allow the small complementary single 

stranded DNA pieces, primers, to anneal to the template at the target site. The 

temperature then is raised to the polymerase's optimum polymerizing temperature for a 

short period of time. The DNA is produced exponentially, however, the amplification is 

limited to short pieces and errors can be introduced (Innis et of. 1990; Dean et a/. 2(X)1).



The Gdelity of an enzyme is its ability to determine the correct substrates to be 

matched to the master template or the accuracy of the polymerized template made by the 

enzyme. The lower the error rate, the greater the fidelity of the enzyme (Yang and 

Chatteqee, 1999).

When comparing the polymerases based on their error rates, due to different 

techniques used to assay them, only comparison of polymerases whose error rates were 

determined by the same author should be done. Part of the list below was collected by 

Eric First, and posted by Paul Hengen (First and Hengen, 2(X)3) and is shown in table 2 

below.

Name of DNA
Polymerases

Abbrev. Error Rate References

77K77WW Agwafici» Tag 1.1x10"* (base substitutions/bps) 
2.4x10^ (framshift mutation/bp) 
2.1x10'* (errors/bp)
7.2 X 10  ̂ (errors/bp)
8.9 X 10  ̂ (errors/bp)
2.0 X 10'^ (errors/bp)
1.1 X 10"* (errors/bp)

(Tindall and Kunel, 1988) 
(Tindall and Kunel, 1988) 
(Keohavang and Thilly, 1989) 
(Ling et al. 1991)
(Cariello et al. 1991) 
(Lundberg eta/. 1991) 
(Barnes, 1992)

Thermus aquaticus 
(Mutant: N-terminal 
deletion)

KlenTaq 5.1 X 10'^ (errors/bp) (Barnes, 1992)

TTiermoccaj fitoraZw Vent 2.4 X  10  ̂ (errors/bp)
4.5 X 10'  ̂ (arors/bp)
5.7 X 10'  ̂ (errors/bp)

(Cariello et a/. 1991) 
(Ling eta/. 1991) 
(Madllaeta/. 1991)

TTiermoccuf Kfonz&r 
(exo-)

Vent
(exo-)

1.9 X 10"* (errors/bp) (Matillaeta/. 1991)

Pyrococcm /UriosMs Pfu 1.6x10"*" (errors/bp) (Lundberg et a/. 1991)
TTKrmwj/ZovM Rqzlinase 1.03 X 10"* (errors/bp) (Matillaeta/. 1991)
BocknopAoge PAi-29 Phi-29 1 X 10** (errors/bp)

1 X 10"'  ̂ (errors/bp)
1 X 10*- 10  ̂(insertion/bps)
1 X 10 10^- fold lower than a 
properly paired primer

(Drake, 1969:Esteban et 1993) 
(Cox, 1976: Esteban et 1993) 
(Esteban et a/. 1993)
(Esteban et a/. 1993)
(Blanco and Salas., 1996)

BoczWitr Bst 1x10*"-10^
(Base substitutions/bps)

(Roe, 2002)

TaMe 2 Polymerase Error Rates.
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Rolling Circle AmpliGcadon

To understand rolling circle amplification, the non-synthetic version, rolling 

circle replication will be intoduced Grst.

Felix d'Herelle discovered the first bacteriophage (Mulligan, 2003), a virus that 

infects bacteria. Once the virus deposits its DNA into a host cell some or all of the 

bacterial host's cellular machinery is used to replicate the viral DNA during the lytic 

pathway that results in numerous mature viruses that eventually cause the cell to lyse. 

Alternatively, the viral DNA integrates into the host genome through the lysogenic 

pathway (Lwoff, 1953; Mayer, 2003). DNA replication has too mechanisms, one is 

called 8-replication in which the replication forks amplify in opposite directions. The 

other is called rolling circle replication. Here, one of the DNA strands is nicked and the 

DNA polymerase extends the DNA, while displacing the DNA strand in its path (Cairns, 

1963; Komberg and Baker, 1992; Brown, 1989).

Rolling Circle AmpliGcation (Fig. 5) is an in vitro adaptation of the rolling circle 

replication. Here, the circular DNA template is ampliGed via a strand displacing 

isothermal polymerase with two specific primers, dNTPs, in an optimal pH and salt 

containing buffer solution (Fire and Xu, 1995; Liu et al. 1996; Lizardi et ai. 1998). The 

use of just two primers produces the continual exponential, hyperbranched amplification 

(Dean et ai. 2001).

Whole Genome Strand Displacement Amplification is similar (Fig. 6) to Rolling 

Circle Amplification (Fig.5), except a set of random primers are used, instead of just two 

speciGc primers (Lizardi, 2001). Whole Genome Strand Displacement Amplification has
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one m^or advantage over Polymerase Chain Reaction, the strand displacement prevents 

re-annealing artifacts US patent 6,280,949 (Lizardi, 2001).

Rolling ClMle fnW  h W  2 PMmor
===> annwl* and enzyme m# Wnda. 3 . AmpMMcmüon begin#, 

4. (Xlwr pAnem bltwl to the new DNA going (n the tWhw direction.

8  !

A

B

Figure 5 RoHin Circle Anqdifkadon

- ' " A

3
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Figure 6 Whole Genome Multiple Strand Dis;dacemeat AmpliGcadon.

It produces continous strands of DNA, similar to unrolling toilet paper, which once another priming 
site is revealled, it also produces this amplification in the opposite direction. The enzyme is strand 
displacing, therefore as soon as the amplification starts, another primer behind that location can 
anneal, allowing for many amplification forks.

Enzymes

Enzymes are proteins that catalyze the rate of reactions without being changed 

during the process. They are highly speciGc to their substrates based on their active site 

according to the lock and key model. They can increase the rate of a reaction from ICP to 

10̂  times faster than an uncatalyzed reaction producing between 100 to 1000 molecules 

of product per second (Champ and Harvey, 1994).
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Factors AfPecüng Reaction Rate

Normally, the rate of a reaction increases as the concentration of the substrate 

increases and does not plateau until the enzymes are saturated with substrate. This is 

shown in a hyperbolic curve by plotting the velocity vs. the substrate for enzymes that 

show Michaelis-Menten Kinetics, which are the m^ority. Michaelis-Menten Kinetics is 

based on a model, where the enzyme reversibly combines with its substrate to form an 

enzyme-substrate complex that produces product and regenerates the 6ee enzyme 

(Champ and Harvey, 1994).

The temperature also affects the rate of the reaction. The rate of a reaction 

increases as the temperature increases until a velocity plateau is reached. If the 

temperature continues to increase beyond this plateau the enzyme wiU reach its' 

denaturing temperature and the reaction will discontinue soon. If the temperature is 

decreased from this plateau, the reaction rate wiU as well (Champ and Harvey, 1994).

The concentration of protons or pH, affects the rate of a reaction. The enzyme 

and the substrate both have chemical side chains that must be in an ionized or unionized 

state before the reaction can take place. Each enzyme, functions in a certain pH range 

and outside of this range wiU usually causes dénaturation of the enzyme due to the 

change in the ionic state of the protein side chains that form the structure of the enzyme 

(Champ and Harvey, 1994).
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DNA Polymerases

A polymerase is an enzyme that "polymerizes" either ribonucleotide subunits to 

form RNA or deoxyribonucleotides to form DNA. The first DNA polymerase (pol) was 

discovered in 1957 by Arthur Komberg. He isolated it horn E. co/i and it is referred to as 

DNA pol I. He believed, it was this polymerase that was responsible for DNA replication 

in the cell, but through the study of mutants and the isolation of DNA pol m  in 1972, it 

was agreed that pol m  was most probably the main replication enzyme. It is now known 

that E. co/i'f Pol I is capable of both DNA ampliScation and repair, while pol II only 

does repair (Brown, 1989).

There are at least 6ve types of DNA polymerases in eukaryotes: DNA Pol a  (I), 

which replicates nuclear DNA from the discontinuous strand (Okazaki fragments); DNA 

Pol p, responsible for DNA repair; DNA Pol y, that replicates mitochondrial DNA; DNA 

Pol 8 (HI), that replicates the nuclear DNA from the continuous strand; and lastly, DNA 

Pol e (H), that is involved in DNA repair (Brown, 1989).

There are several DNA polymerases used for in vitro amplification and 

sequencing, e.g. Klenow fragment of E.coii DNA polymerase I, DNA dependent RNA 

polymerase also called reverse transcriptase, bacteriophage T7 DNA polymerase, and 

Thermus aquaticus DNA polymerase. In the following paragr^hs each will briefly be 

discussed and compared.

Klenow Augment of E. coli DNA polymerase I
The Klenow fragment of E. coli DNA polymerase lis  a low processive enzyme.

Klenow does not require dideoxynucleotides, because it randomly dissociates from the
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DNA template. Since, Klenow is unable to clutch/bind the DNA for very long; this 

means a shorter sequence, averaging between 250 and 350 nucleotides. Other 

disadvantages, Klenow does not woit well with analogs or with homopolymer tracts, 

secondary structures, although, it is possible for Klenow to sequence through secondary 

structures, when the heat is increased to 55 °C. Klenow seems to be designed for 

sequencing small pieces of DNA, DNA strands under 250 bases. However, it is possible 

to increase this number of bases by starting with a small amount of dNTPs for the 

labeling and then increase the number later for the extension (Sambrook et al. 1989).

BocfgrwpAage 77 DNA polymerase
Sequenase is a commercial variation of bacteriophage T7 DNA polymerase that 

lacks 3' to 5' exonuclease activity (Sambrook et of. 1989).

7%enMMS DNA polymerase I
The TTzgnwtr DNA polymerase, Taq polymerase, has a high level of

processtivity and polymerizes optimally at 70 °C to 75 °C. These high temperatures 

enable the polymerase to read/polymerize through strong secondary structures caused by 

G+C rich regions (Sambrook gf uZ. 1989).

BocfenocTmge 7W-2P DNA polymerase
The Bacillus subtdis bacteriophage Phi-29 DNA polymerase is a 66 kilo Dalton

monomeric enzyme (Blanco and Salas, 1996). Phi-29's characterization and purification 

are described by Blanco and Salsa (1984) and U.S. patent 5576204 (Blanco at oZ.1996). 

Phi-29 is a strand displacing isothermic enzyme, preferring 30 °C (Dean et a/. 2001) that 

can be partially denatured at 40-42 °C. Its activities are DNA polymerization (pol I) 

(Blanco et aZ. 1991; Blanco et aZ. 1993; Blanco gf aZ. 1996), pyrophosphorolysis, and 3'-
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5'-exonuclease (Esteban et nZ. 1993). It has the strand displacing capability and is 

highly processive, greater than 70,000 bases (Blanco et oZ. 1989; Blanco and Salas,

1996). The Phi-29 enzyme can replicate continuously and without the necessity of 

Okazaki fragments (Blanco and Salas, 1996). In a ten minute period, a DNA product 

larger than a 23 kilobase marker can be produced, polymerizing at a rate of 53 

nucleotides per second (Lizardi eZ oZ. 1998; Blanco eZ aZ. 1989). No slippage occurs with 

this enzyme due to constitutive strand-displacement (Viguera eZ uZ. 2001). Phi-29's 

processiveness combined with the lack of slippage and a circular DNA template allows 

the rolling circle amplihcation method to produce a 10,000 fold DNA ampliScation in 

only a few hours (Dean eZ oZ. 2001). Phi-29 has a high Sdelity with a mismatch 

elongation efficiency of 10̂  to 10̂  fold lower than correctly paired primer terminus 

(Esteban eZ uZ. 1993). "Unlike PCR, this method does not appear to be limited by target 

length. Phi-29 DNA polymerase readily synthesizes DNA strands of -0.5 Mb in length 

(Baner eZ uZ. 1998)" (Dean eZ aZ. 2001).

The Phi-29 use in amplification and sequencing methods have been patented: 

for "Strand Displacement Amplification" (Walker, 1998); "Whole Genome Strand 

Displacement Amplification" (Lizardi, 2001); "Unimolecular segment ampliScation and 

sequencing" (Lizardi, 2001); "AmpliScadon Methods" (Zhang, 2002); and for 

"Sequencing" (Blanco eZ aZ.1991); (Blanco ez aZ.1993).
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Bacüfwf gfgwofAfnMopWwg DNA polymerase I
Bacillus stearothermophilus (Est) DNA polymerase I (large fragment) (Fig.7) is a

76 kilo Dalton enzyme. Est was ûrst isolated and characterized by Stenesh and Roe 

(1972). Since then, the over-expression and puriGcation has been patented, (Kong ef a/.

1998). The Est (large fragment) has been crystallized (Kiefer, 1997). Est is a isothermic 

enzyme preferring 65 °C for peak performance, the highest polymerization at the 

quickest rate (Kong et uf. 1998). Est has a published denature temperature of 80 °C in a 

10 minute period (New England Eiolabs, 2003), however, experimentally it appears to 

denature at 67 to 68 °C. Est's only published activity is DNA polymerization (pol I). It 

has the strand displacing capability and is highly processive, with a Km (dissociation 

constant) of 9 x 10^ M (Stenesh and Roe, 1972). No slippage occurs with this enzyme 

(Viguera et uZ. 2001). Est has a high Gdelity, with a mismatch elongation efGciency of 

10̂  to 10̂  (Roe, 2002) and ampliGes from nanogram amounts (Mead et uf. 1991). Est is 

the most preferred polymerase for Multiple Strand Displacement AmpRGcation (Lizardi,

2001). Bst’s uses in ampGGcation, in sequencing and as a reverse transcriptase have been 

patented: for "Isothermal Strand Displacement Nucleaic Acid AmpliGcaGon" (Dattagupt, 

1995); "Strand Displacement AmpliGcaGon" (Swaminathan and Wilkosz 1998); "Low- 

Temperature Cycle Extension of DNA with High Priming SpeciGcity" (Hong et uZ.

2002); "Method of reducing non-speciGc ampGGcadon in PCR" (McLaughlin et uZ.

2003); "Strand Displacement AmpliGcaGon" (Walker, 1998); "Whole Genome Strand 

Displacement AmpliGcaGon" (Lizardi, 2001); "Unimolecular Segment AmpliGcaGon and 

Sequencing" (Lizardi, 2001); "AmpliGcaGon Methods" (Zhang, 2002); for "Sequencing" 

(Prockop et aZ. 1994); (Yang and Chatteqee, 1999) ; and with the addiGon of Mg^  ̂to 

form a reverse transcnptase, (Schanke, 2000).
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Bst polymerase with DNA substrate
[Kiefer et al, 19961

"#00

Figure 7 Bst polymerase holding DNA- 2 views

[The drawing above was done using Rasmol (using group colors) with coordinates 
frmn the Protein Data Base: Eiiefer et al. 1998]

Hierarchical Shotgun Sequencing Overview

After the genomic DNA has been subcloned into a BAG (Bacterial Artificial 

Chromosome) (Shizuya gf aZ. 1992) or PAG (PI Artificial Chromosome) (loannou et aZ. 

1994) and mapped. The BAGs of interest are chosen and one must isolate the DNA out of 

the vector and clone it into a new smaller insert vector, multiply the DNA, and then 

isolate the DNA once more, and sequence the DNAas shown in Rgure 8 below.
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Hierarchical Shotgun Sequencing 
-----------------  Genomic DNA

Mapped BAG Library
rThe Genomic DNA is broke" *rd
subcloned in large insert h u  ny 
vector (BAG), then a map or f =- 
fragments is made.

BAG DNA
_  -ivlapped BACs are chosen, grown. 

Fragmented and resubcloned Into 
short insert holding vectors (pUC)

ACGTACGT AC( 
ACGTACGT ACG 
ACGTACGTTGCA

ACGTACX3TTGCA(

Sequence the shotgun 
clones

Assemble the clones

Figure 8 Hierarchical Shotgun Sequencing

Drawing based on information fh)m (International Human Genome Sequencing 
Consortium, 2001)

DNA Sequencing Methods

The two sequencing methods that currently are used originated from work in the 

1970's. These methods are the Maxam and Gilbert chemical degradation method, and the 

Sanger enzymatic method.

Maxam and Gilbert Method

The Maxam-Gilbert method typically used is for DNA fragments that are less 

than 250 nucleotides, due to the distribution of cleavage sites, the specific activity of the 

^  end-labeled DNA, and the limitations of the gel. In the Maxam and Gilbert method a
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fragment of labeled DNA, is partially cleaved at individual bases by five separate base 

speciSc chemical reactions. The resulting nested fragment set then is separated on a 

polyacrylamide gel and autoradiographed to determine the location of bases in the 

original DNA. A modihcation of the Maxam-Gilbert method permits the analysis of 

DNA modlGcations as well as the study DNA secondary structure and of protein-DNA 

interactions (Sambrook ei nf. 1989).

Sanger Method

The Sanger chain-terminating sequencing method usually begins with the cloning 

of the target DNA into a vector. The vector specific primer hybridizes next to the cloning 

site and its 3' end pointing to the inserL The primer is extended using a DNA polymerase 

and base incorporation complementary to the DNA template. In a radioactive Sanger 

DNA sequencing, a reaction is done in four separate tubes based on the 4 types of bases 

using a radioactive dATP with each tube containing a di^erent chain terminating, 2% 3' -  

dideoxy nucleotide. Since replication extends a DNA chain from the 3' hydroxyl, when 

the 3' hydroxyl is missing, a new phosphodiester bond can not be formed and thus the 

extension of the chain is prevented. Varying the ratio of the 2% 3'-dideoxy nucleotides to 

deoxy nucleotides results in a wide range of product sizes. If the ratio of the 2', 3'- 

dideoxy nucleotides is high, only short sequences are produced, but if the ratio of the 2',

3'-dideoxy nucleotides is low only long sequences are produced. Once the nested 

fragment set is produced, four-reaction mixtures are loaded in parallel on a 6% 

polyacrylamide gel containing 7M urea. The DNA fragments are separated according to 

their molecular weight by electrophoresis. Then, autoradiography produces bands on X 

ray 61m that are read 6om the bottom 5'end to the top 3' end (Weaver, 1999).
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In fluorescent Sanger DNA sequencing each chain terminator, contains different 

fluorescent tags and the reaction is performed with a single reaction vessel. The resulting 

nested fragment set then is electrophoresed to separate the DNA fragments according to 

size, the smallest reaching the bottom of the gel first. A laser beam, then passes through 

the gel and the fluorescent tags are visualized by a laser excitation and return to the 

ground state of a specific wave length that is read by the detector. The detector sends this 

information to a computer, which interprets the Aznax and calls the bases accordingly 

(Weaver, 1999).

Dideoxynucleodde DNA Sequencing Reaction Components

The ABl BigDye mix contains the following: AmpliTaq DNA Polymerase, FS, 

carrying a thermally stable pyrophosphatase, MgClg; Tris-HCl buffer with a pH of 9.0; 

deoxynucleotide triphosphates (dATP, dCTP, dlTP, dUTP); A-Dye Terminator labeled 

with dichloro[R6G]; C-Dye Terminator labeled with dichloro[ROX]; G-Dye Terminator 

labeled with dichloro[Rl 10]; T-Dye Terminator labeled with dichloro[TAMRA] (Perkin- 

Ehner, 1998). While the Amersham ET Dye Terminator mix contains: Thermo 

Sequenase™ 11 DNA polymerase, similar to T7 Sequenace, and terminators labeled with 

fluorescein and one of four Rhodamine dyes, e.g., Rhodamine 110, Rhodamine-6-G, 

Tetramethyl Rhodamine, and Rhodamine-X (Amersham Biosciences 2002).

The Polymerase is a mutant of TTiermwf DNA polymerase that carries

two mutations. One is a point mutation that allows the polymerase to be less restrictive 

against dideoxynucleotides, to allow the peaks to be of a more even intensity in the gel
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and produce less spectral overlap. The second mutation is in the amino terminal where 

the 5' to 3' exonuclease is deleted (Perkin-Elmer 1998).

Both the ABI BigDye and ET Terminators use dTTP instead of dGTP to lessen the 

band compressions (Perkin-Elmer 1998: Amersham Biosciences 2002) and the ABI 

BigDye mix also contains dUTP instead of dTTP, to improve the addition of the ddT 

terminator, resulting in a more even T pattern (Perkin-Elmer 1998).

The ABI BigDyes and Amersham ET Terminators are more efScient in reducing 

chromatography artifacts than the dRhodamine dyes, because they use a fluorescein 

donor dye called 6-carboxyfluorescein (6-FAM), which is bound to one of the four 

dRhodamine dyes. The donor dye absorbs the energy from the laser and transfers it to 

the acceptor via a linker. Once the energy is transferred to the acceptor, it is released 

producing a light emission at a different wavelength speciEc for each base-dye (Perkin- 

Elmer 1998).

Special Chemistries 

dGTP mix, 7-deaza-dGTP mix and dRhodamine

The ABI Big Dye mix or the Amersham ET mix is routinely used for the m^ority 

of shotgun sequencing. However, in areas where there are long stretches of repeats 

forming difficult to close gaps, dRhodamine dye mix and 7-deaza-dGTP dye mix are 

used.

23



dGTP mix is used to sequence areas with long stretches of poly G, GT, GC, or C. 

This mix has the dTTP in the regular BigDye mix replaced by dGTP, which although it is 

considered better for preventing band compression, it causes short read lengths of poly G, 

GT, GC, or C sequence. An alternative is 7-deaza-dGTP mix, which also prevents band 

compression, while maintaining the advantages of straight dGTP mix (Perkin-Elmer 

1999).

dRhodamine mixes are used with sequences that have long stretches of 

homopolymer T, A, and G (Perkin-Elmer 1999). A summary of the varying DNA 

sequencing reaction mixes used in typical DNA sequencing projects is given below in 

table 3.

Rhodamine IdRhodamine BigDye
Terminator

dGTP Bigdye &
7deaza-dGTP
BigDye

Fluorescein/ BIgDye 
Rhodamine dye Primer

Polymerase AmpliTaq AmpliTaq AmpliTaq AmpliTaq AmpliTaq AmpliTaq
DNA DNA DNA DNA DNA DNA
Polymerase, Polymerase, Polymerase, Polymerase, Polymerase, Polymerase,
FS FS FS FS FS FS

Pyro- rTth Pyro- rTth Pyro- rTth Pyro- rTth Pyro- rTth Pyro- rTth Pyro-
phasphatase phasphatase phasphatase phasphatase phasphatase phasphatase phasphatase
MgClz yes yes yes yes yes Yes
Buffer yes yes yes yes yes yes
dNTPs dATP, dATP, dATP, dATP, dATP, dATP,

dTTP dTTP dUTP for(dTTP) dTTP dTTP dTTP
dCTP dCTP dCTP dCTP dCTP dCTP
dlTP for (dGTP) dITP for (dGTP) dITP for (dGTP) dGTP or 

7-deaza-dGTP
7-deaza-dGTP dITP for 

(dGTP)
Terminator/
Primer

Terminator Terminator Terminator Terminator Primer Primer

Dye label for 
A

R6G dichloro
R6G

dichloro
R6G

dichloro
R6G

JOE dichloro
R6G

Dye label for 
C

ROX dichloro
ROX

dichloro
ROX

dichloro
ROX

5-FAM dichloro
ROX

Dye label for 
Q

R110 dichloro
R110

dichloro
R110

dichloro
R110

TAMRA dichloro
R110

Dye label for
I
Ethelene 
Oxide linker

6 - F A M  

donor dye

TAMRA

N/A

dichloro dichloro dichloro
TAMRA TAMRA TAMRA
ddG-EO-dR110
ddT-EO-dROX
ddC-EO-dTAMRA
only

Addition of 
Carboxy- 
fluroescein to 1 of 
4 terminators

ROX dichloro
TAMRA

Why? less band less band less band N/A N/A less band
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dITPfor
(dGTP)

compressions compressions compressions compressions

Why? N/A
dUTP for dilP

Why? N/A
Tennlnators 
wKh dkhlon)

N/A Easier addition 
by polymerase = 
better T pattern

-more even 
peaks, narrower 
emission spectra

less spectra 
overlap

Why? N/A Easier terminator
Ethelene addition by
Oxide linker polymerase
Uses? Origlnal-not used

anymore
Why? N/A N/A
dOTP

Why? AM N/A N/A
donor dye 
Why?
7-deaza-dGTP

Table 3 Dye Characteristics 
(Perkin-Elmer 1999)

Terminators are 
2-3 X brighter

Use dGTP for 
better G, to 
prevent early 
signal loss of G

less band less band
compressions compressions
with 7-deaza- with 7-deaza-
dGTP dGTP

Automated DNA Sequencing Instruments

There are Gve common types of sequencers in use at present. They are the 

Perkin-Elmer's ABI PRISM ® 377 DNA sequencer, the Perkin-Elmer's ABI PRISM ® 

3700 DNA Analyzer, the Molecular ® Dynamic Mega ™ Base 1000 DNA Sequencing 

System, the LI-COR ® LI-COR 4200 Series and the MJ Research's Base Station. These 

instruments are summarized below in table 4.

ABI PRISM ® 377 DNA Sequencer
The ABI 377 DNA Sequencer is used to analyze fluorescentiy labeled DNA

fragments via electrophoresis. There are three gel lengths: 24, 36, and 48, the longer the 

gel the better the resolution. The DNA fragment is labeled with one of four different 

dyes and is loaded on one of the 36 lanes in an acrylamide gel. The DNA fragments
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move through the gel separating according to molecular weight. "At the lower portion of 

the gel they [DNA fragments] pass through regions where a laser beam [argon] scans 

continuously across the gel. The laser excites the fluorescent dyes attached to the 

fragments, and the dyes emit light at a speciGc wavelength for each dye. The light is 

collected in 194 channels during each scan and separated according to wavelength by a 

spectrograph on to a cooled, charge-coupled device (CCD) camera, so all four types of 

fluorescent emissions can be detected with one pass of the laser. The data collection 

software collects the light intensities from the CCD at particular wavelength bands 

(virtual Glters) and stores them on a Power Macintosh computer as digital signals for 

processing" (Perkin-Elmer, 1998). The Sequencing software included decides what to 

call/label the base (A, C, G, T) based on the intensity of the fluorescence (Perkin-Elmer,

1998).

The type of dye used with this machine is determined by the researcher. One can 

use dRhodamine, or energy transfer labeled dideoxynucleotide terminator, e.g., BigDye 

terminator or the Amersham ET Terminator.

ABI PRISM ® 3700 DNA Analyzer
The ABI 3700 sequencer, employs capillaries GUed with 3700 POP-6 polymer, a

matrix to resolve a Guorescent labeled DNA nested fragments which are loaded via a 

roboGc arm transfers 96 samples to the irqecGon wells. "The glass capillary arrays 

extend from the iqjecGon weUs at the cathode end of the electrophoresis chamber to the 

detecGon cuvette located at the anode end of the electrophoresis chamber" (Perkin-Elmer

1999). The GuorescenGy labeled DNA fragments are elecGophoresed into the column
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and after the hyectors are washed and the chamber is Glled with buffer and 

electrophoresis begins. When the DNA fragments reach the end of the capillary, the 

DNA electrophoresis out of the capillary and into a polymer Glled sheath flow where the 

laser beam excites the dyes and the resulting fluorescence is detected via a charge- 

coupled devise (CCD), whose silicon chip converts the fluorescent information into 

digital information (Perking-Elmer 1999).

This machine can detect BigDye terminators, BigDye Primers, dRhodamine 

terminators, and ET terminators (Perkin-Ehner 1999).

The capillary electrophoresis has several advantages over slab gel electrophoresis. 

First, one does not have to either pour a gel or load one, as both of these steps are 

automated. Second, the DNA fragments are separated faster and the capillaries 

automatically recycle themselves. Third, the removal of the most time consuming step 

on slab gels, i.e. manual tracking, which is no longer is necessary and no tracking errors 

occur using the capillaries (Perkin-Elmer 1999).

Mega ™ Bace 1000 DNA Sequencing System
The MegaBace basically is similar to the ABI 37(X), except that the laser scans

through the capillaries and there are two lasers instead of one. The ". ..argon-ion laser 

emits 499-nm (blue) light and a solid-state laser that emits 532-nm (green) light" 

(MegaBace, 1997). The researcher can use one laser or both alternating. The emitant is 

caught through an objective lens and is mirrored to a beam splitter, where an Achromatic
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lens catches it and focuses it to a point. The emitant goes through an Aperture and is 

finally received by a photomultiplier tube (PMT) detector (MegaBace, 1997).

LI-COR 4200 Series
The Li-cor uses a slab gel with four wehs similar to the manual radioactive

method, but instead of using fluorescentiy tagged dideoxynucletide terminators, it uses 

fluorescentiy tagged primers and unlabeled dideoxynucleotides for chain termination.

The Li-cor, is similar to the ABI 377, but it uses four wells, one per type of base, and one 

primer type per well. Li-cor is very sensitive and can detect samples containing as little 

as 10 attomoles of label. Again, the Li-cor employs electrophoresis to resolve the nested 

fragment set, but there is no need for autoradiography because it uses a, ".. .focusing 

fluorescence microscope containing a solid-state silicon avalanche photodiode scan back 

and forth across the width of the gel collecting data in real time" (LI-COR, 1998). The 

resulting "picture" is displayed on the computer screen and the software determines the 

bases (LI-COR 1998).

The Li-cor uses fluorescein/rhodamine dye primers: JOE for A terminators, PAM 

for C terminators, TAMARA for G terminators, and ROX for T terminators. The Li-cor 

mix includes the following: formamide dye. Thermo Sequenase DNA polymerase with a 

thermostable pyrophosphatase; Tris-HCI pH 9.5, Tween™20, Nonidet™ P-40, 

2-mercaptoethanol, dATP, dCTP, 7-deaza-dGTP, dTTP, and one of the previous dNTP's 

would be a ddNTP and the gel is a polyacrylamide gel (Amersham Pharmacia, 1998).
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Base Staüon
The Base station uses a thin slab gel, which takes about fifteen (15) minutes to 

sohdi^. The Base station loads ninety-sm (96) samples/run and reads the sequencing 

samples in -3.5 hours. Although the Base station is self loading, however, the individual 

sample lanes must be manually tracked (MJ Research, 2003).

Types of Sequencers

377 3700 LI-COR MegaBace Base Statioi

Read length/ 5-600 600 up to 1000 600 1000 plus
Number of 
samples

48 384 X 2 plates 
96 X 4 plates

96 96X 4 plates 96

Seq.time/plate 7-11 hr. 4 hr. 12 hr. 3 hr. 3.5 hr

Dye: BigDyel,2,3 BigDyel,2,3 Fluorescein/ BigDye 1,2,3 BigDyel,2,3
(Normally used In Et Terminators Et Terminators Rhodamine dye Et Terminators Et Terminators
our Lab) dGmix

dRhodamine
dGmix
dRhodamine

dGmix
dRhodamine

dGmix
dRhodamine

Enzyme: AmpliTaq AmpliTaq Thermo
Sequenase

AnqiliTaq AmpliTaq

Fluorescent @ Terminator ©Terminator ©Primer © Terminator @ Terminator

Labeling Site
Gel Type: Polyacrylamide Pop-6

polymer
Polyacrylamide Polyacrylamide Polyacrylamide

Gel Position: Slab gel Inctqtillary Slab gel In capillary Slab gel

Loading: Manual Self loading 
In capillary

Manual Self loading 
In capillary

Manual

Tracking Manual Self Manual Self Manual
Tracking Tracking Tracking Tracking Tracking

Shot gun: Yes Yes No Yes No

Closure: Yes Yes Only Preferred Preferred
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Rating 1-5 3
1= Worst 
5=Best

TaMe 4 Sequencer Characteristics

DNA Sequencing Effectors

When sequencing DNA, there are different elements to take into consideration 

that can affect the sequence. The elements that can make a difference are the quality of 

primers, the quality of the DNA template, DNA polymerases, labeled reagents, and 

deoxynucleotide analogs. Each will be discussed in the following paragraphs.

Primers

There are many types of primers, but most researchers use the "universal" primer 

that anneals to vector sequences such as M l3 forward and reverse for pUC and the Sp6 

and T7 primers for BACs, which also flank the target DNA insert site. Universal primers 

used for the sequencing of bacteriophage M13 recombinant clones are typically 15-29 

nucleotides in length and anneal to the sequences immediately adjacent to one the 

site in the polycloning region of the bacteriophage M13mpl8 and two the EcoRI site in 

the polycloning region of the bacteriophage M13mpl9 (Sambrook et of. 1989). These 

primers also are used with the pUC plasmids that have an insert inserted into the multiple 

cloning site (Sambrook et ul. 1989). Typically, synthesized primers are analyzed by

30



capillary electrophoresis prior to use to insure that a fuU length oligonucleotidehas been 

synthesized.

Sequencing Computer Programs

The DNA sequence is a long polymer composed of only four bases, which makes 

assembly of hundreds or thousands of DNA sequences by hand quite impossible. 

Therefore, computer programs are used to assemble the data. Phred is a program that 

reads the trace Gles produced by the sequencers to assign the bases, gives them quality 

values and writes these to output Gles (Ewing gf oZ. 1998).

Phrap, Phil's rapid assembly program, is a computer program that uses the entire 

shotgun read, not just the highest quality, to assemble the reads. Crossmatch is a program 

that also uses swat, which is used in coiqunction with Phrap to mask the vector sequence 

(Green 1998).

Consed is a program that is used to view the DNA sequences. Consed flags 

repeats and allows the viewer to view simultaneously different trace Gles and export the 

sequences (Gordon gf oZ. 1998).
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Once, the assembly is completed and the sequence gaps are revealed, PrimOU, a 

conversion of PRIMO (Li, P. ei aZ. 1997), generates a primer list to close the gaps and 

improve the sequence quality. This program works in conjunction with Exgap, a 

computer program written by Axin Hua, .for contig ordering, subclone and primer

selection for primer walking and graphic display of relationships between clone read 

pairs in contigs" (Roe, 2003).

Annotation and Ensembl

Most sequences, except for bacterial, mitochondrial, and similar, have repeats in their 

sequences that must be masked before additional annotation can be completed. The 

annotation of the human, mouse, and other vertebrate genomes thus Srst entails masking 

the repeats using Repeatmasker (A.F.A. Smith and P.Green, unpublished; 

http://www.genome.washington.edu/UWGC/analysistools/RepeatMasker.cfm).

The next step is to use a program to scan for the genes, such as Gencan (Burge 

and Karlin, 1997), and then analyze the predicted genes using Blast to compare them to 

other sequences (Altschul, 1997). A 90% match of an unknown gene to a known genes 

gives an acceptable prediction.

Other programs, such as tRNA scan, which scans for tRNAs (Fichant and Burks 

1991). NIP (nucleotide interpretation program for tRNA) (Staden, 1986) and Plotfold for 

rRNA use the nucleotide sequence to predict various structures (Zuker, 1981).
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Other programs used to compare gene/possible gene sequences are Crossmatch (Green, 

P., 1998), ClustalW (http/Zwww.ebi.ac.uk/clustalw/) and DOTTER, a dotplot analysis 

program (Sonnhammer, 1995).

Comparative Genomics

Genomics is the study of an organism's genome or DNA, the coding, noncoding, 

repeats and regulatory sequence. In eukaryotes, protein coding genes consist of exons 

(coding regions), introns (noncoding regions between exons), and regulatory (noncoding) 

sequence that eventually results in a protein product. Comparative genomics is the 

comparison of these genomic features between different organisms.

Frazer puts forth a multistep example of the process to do comparative sequence 

analysis (Frazer, 2003). First, one identifies the evolutionaiily related genomic 

sequences: homologs, genes that come from a common ancestral gene; orthologs, 

homologous genes in different species that come from a common ancestor (gene from 

common ancestral species); and paralogs, homologous genes in same species (duplicated 

genes from a duplicated chromosomal segment). Second, one annotates the reference 

sequence: gene sequences, repetitive elements [long interspersed elements (LINES), and 

short interspersed elements (SINES). SINES tend to contain a recognition restriction site 

for Alul and are called Alu sequences

(http://www.cquesLutoronto.ca/botany/bio349s/Lecture/Notes/Lec4.PDF) and the CpG 

islands, unmethylated CpG dinucleotides, normally methylated, found connected to the 

5' end of regulated and/or house-keeping genes (Bird, 1986; Larsen er of. 1992). Third, 

align the genomic sequences; local and/or global alignment programs. Fourth, Identi^
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conserved sequences; percent identity and thresholds. Fifth, visualize the conserved 

sequences; using PipMaker and/or VISTA. Both will give a visualization of the 

orientation of the aligned sequences: exons, repeats genes and conserved non-coding 

regions (Frazer, 2003).

Pipmaker
Pipmaker is a local alignment tool. To compare the genes using Pipmaker, one 

uses the genes nucleotide sequences from the different organisms (-2 mb size, the time of 

implementation is limited ) and the masked gene sequence of the base organism's gene as 

well as the base organisms' annotation hie (exon locations) in Gff (General Feature 

Format) Specifications Document

(http://www.sanger.ac.uk/Software/formats/GFF_Spec.shtml) and use Pipmaker 

(http://bio.cse.psu.edu) (Schwart et oZ. 2000), and/or Multipipmaker (Schwart er nZ. 2003) 

based on the number of sequences used. PipMaker/Multipipmaker produces a very 

detailed plot using dashes and dots to show the conservation level between two or more 

sequences: the X-axis = the reference sequence and the Y-axis = the % identity conserved 

(Schwart er oZ. 2000)(Schwart et aZ. 2003).

VISTA
Vista is a visualization tool for global alignments. To compare the genes one uses 

the gene nucleotide sequence from the different organisms (--4 mb size limit) and the 

masked gene sequence of the base organism's gene as weD as the base organisms' 

armotation hie (exon locations) in Gff (General Feature Format) Specihcahons Document 

(http://www.sanger.ac.uk/Software/formats/GFF_Spec.shtml) and Vista (http:www-
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gsd.lbl.gov/vista) (Mayor ef aZ. 2000) to visualize the conserved sequences. Vista 

produces an output of hills and valleys: the X-axis = the reference sequence; the Y-axis = 

the % identity conserved; the Exons -  numbered boxes above; the Repeat area = other 

colors based on type (key on plot); the Conserved coding regions = purple; the Conserved 

Non-coding regions = peach (Dubchak I. ei a/. 2000; Mayor C., et aZ. 2000).

The Human Genome Project

The Human genome project began in 1990's and the first rough draft was completed 

October 7,2000 (Cheng, 2003). The human genome project was a collaboration between 

the United States Department of Energy's Human Genome program and the National 

Institute of Health's National Human Genome Research Institute. The mryor goals of the 

project were to sequence all 3 billion DNA bases, to discover aU 30,000 genes and to 

make the information accessible to the public for further research (HGMIS, 2003).

The Initial Sequencing and Analysis of the Human Genome was published in 2001 

(International Human Genome Sequencing Consortium, 2001) and the Initial Sequence 

and Comparative Analysis of the mouse genome was published in 2002 (Mouse Genome 

Sequencing Consortium, 2002). There is approximately 75 million years between the 

human and the mouse, "... evolution has altered their genome sequences and caused them 

to diverge by nearly one substitution for every two nucleotides as well as by deletion and 

insertion" (Mouse Genome Sequencing Consortium, 2002). The human genome is 2.9 

Giga bases verses the mouse is 2.5 Giga bases in length. The human and mouse genomes 

can be aligned to give 40% conservation at the nucleotide level and at the gene level,

90% of the genes are conserved segments (ordered genes).
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Human chromosome 22 was the Gist chromosome to be sequenced and it was 

completed in 1999 (Dunham gf oZ. 1999). Of the autosomes, chromosome 22 is the 

second smallest (21 is slightly smaller) chromosome approximately 1.6-1.8 % of the total 

Human genome sequence. Chromosome 22 is made of a short p-arm that encodes 

hundreds of full repeats and ribosomal RNA gene repeats. The long arm is the q-arm, that 

contains at least 800 genes, many of which have been implicated in various congenital 

disorders such as DiGeorge syndrome, schizophrenia and Cat eye syndrome (Dunham et 

uZ. 1999). A réévaluation of the gene annotation for human chromosome 22 was 

completed and published in 2003 (Collins gf uZ. 2003) in which a 74 % increase of 

annotated regions were reported. The total protein coding genes found was 546,234 

pseudogenes, 32 partial/gene duplications, 31 nonprotein coding transcripts and 16 

probably antisense RNAs (Collins gf uZ. 2003).

Mitochondrial Genome

A human cell contains thousands of copies of mitochondrial DNA (mtDNA) that 

encode for several of the proteins involved in the mitochondrial electron transport 

system. The human mitochondrial DNA represents only 0.5 percentage of the total DNA 

in a nucleated cell, which is a double stranded circular genome and one strand is the 

heavy (H) strand, that is rich in guanines and the other strand is the light (L) strand, that 

is rich in cytosines.

Normally, during DNA replication, unwinding and synthesis are coupled, but this 

is not so of mitochondrial DNA. One strand is synthesized on a segment of the template 

strands, while the other is not initiated until later. Both heavy and light strands of
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mammalian mt DNA are synthesized continuously as leading strands (Melcher, 2000). 

The only region of mtDNA that lacks coding sequences is the D loop (displacement 

loop). This region is transiently triple stranded, doubled plus a single strand, due to the 

presynthesis of a piece of the H strand that lays dormant for a long time period, before the 

actual synthesis resumes (Lae, 2000). Replication begins at two speciSc origins; the H 

origin isin theD  loop, while the L origin only becomes exposed after replication of the H 

is 2/3 complete. The light strand is then synthesized in the opposite direction using the 

old Heavy strand as a template (Lae, 2000). Replication is controlled and RNA primers 

are used; therefore, replication and transcription are related (Melcher, 2000; Scheffler,

1999).

The mitochondrial DNA encodes for 37 genes, 28 on heavy strand, and 9 on light 

strand, including 2 rRNAs, 22 tRNAs, and 13 polypeptide encoding genes. The 

mitochondrial genome is extremely compact with about 93% coding (the nuclear genome 

is only 3%) and no introns. The genes are close together including two with overlapping 

reading frames (ATPases 6 and 8). The coding sequences of most genes are contiguous 

or separated by only one or two bases (Lae, 2000; Anderson, 1981; Anderson, 1982; 

Boore, 1999).
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Materials and Methods 

Preparation of the DNA for sequencing

After the genomic DNA has been subcloned into a BAG (Bacterial Artificial 

Chromosome) (Shizuya cf aZ. 1992) or PAG (PI Artificial Chromosome) (loaimou cf aZ. 

1994) and mapped, the BAG's of interest are chosen and the BAG DNA is isolated. Then, 

the DNA is sheared, cloned into a plasmid vector, transformed into a bacterial host to 

colony purify and anq)lify the individual cloned fragments, that are then isolated and 

GnaUy sequenced.

The following is a brief over view of the standard isolation protocols and 

techniques that were used in the initial phases of this research to sequence in part or aU of 

the human, mouse, and mitochondrial genomes (Roe, 1997). These protocols are also 

found at (http://www.eenome.ou.edu/proto.html).

Large Scale Large Insert DNA Isolation

Starting with a host that already carries the large insert containing vector of 

interest, BAG, PAG, or Fosmid, a smear of colonies is picked and inoculated into 3 ml of 

LB medium supplemented with the appropriate antibiotic, after incubation for 8 to 10 

hours at 37 °G while shaking at 250 rpm, the 3 ml solution is transferred into 50 ml of LB 

medium supplemented with the appropriate antibiotic and incubated for another 8 to 10 

hours at 37 °G while shaking at 250 rpm. Now, the next step depends on whether one
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wishes to use the deep well block for isolation or the 500 ml bottles. If using the blocks, 

after the allotted time, transfer the 50 ml solution into IL of LB medium supplemented 

with the appropriate antibiotic and incubate for another 8 to 10 hours at 37 °C while 

shaking at 250 rpm. If using the bottles, divide the cells in half place, placing half in 

each of the one liter flasks of LB medium supplemented with the appropriate antibiotic 

and incubate for another 8 to 10 hours at 37 °C while shaking at 250 rpm. If using the 

blocks, to harvest the cells, transfer 1.25 ml of culture in to each well of four 96 deep 

well blocks and centrifuge the blocks for 10 to 15 minutes at 3000 rpm, Beckman C56R 

centrifuge,, Beckman C56R, decant and freeze a t -80 "Cover night. If using the bottles, 

to harvest the cells, divide the media into two 500 ml bottles and centrifuge at 5000 rpm, 

Beckman C56R, Beckman C56R centrifuge, 15 minutes, decant and freeze at -80 "C over 

night.

After the allotted time, the cells need to be resuspended, if using the blocks, add 

200 pi of 50:10 TE buffer (Tris-HCl pH 7.6 and disodiumethylenediame tetraacetate pH 

8) shaking on a titer plate at a setting of 7 until the cells are totally resuspended. If using 

the bottles, thaw and add 60 ml of lOmM EDTA (disodiumethylenediame tetraacetate) 

pH 8. To remove lumps pipette up and down gently.

Next, an alkaline lysis solution (1 % SDS/0.2 N NaOH, sodium dodecyl sulfate 

and sodium hydroxide) is added to lyse the cells. If using the blocks, add 200 pi to each 

well then, shake on a titer plate at a setting of 5 for 5 minutes or until completely clear. If 

using the bottles add 80 ml and swirl the solution very gently, pipetting up and down very 

slowly to remove lumps until the solution is semitransparent.
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Then, 3 M NaOAc pH 4.5 or 3 M KOAc pH 4.8 is added to lower the pH and to 

facilitate formation of the SDS-lipid complex. If using the blocks, add 200 pi of 3 M 

NaOAc pH 4.5 incubate at 37 °C while shaking at 350 rpm, Beckman C56R centrifuge, 

for 10 minutes. Then incubate for 1 hour at -80 °C. If using the bottles, add 60 ml cold 3 

M KOAc pH 4.8. Then gentle swirl, then let the bottles set in an ice water bath for 5 

minutes, then swirl again.

Next, the centrifuge pellets the cellular membrane, cell debris and proteins to 

separate them from the DNA. If using the blocks, thaw the blocks in a 37 °C water bath 

and centrifuge at 3200 rpm, Beckman C56R centrifuge, for 45 minutes. Next, using the 

Hydra, transfer the supernatant, 400 pi, to new/clean blocks. If using the bottles, 

centrifuge at 9,000 rpm, Beckman C56R centrifuge,, Beckman C56R, for 20 minutes, 

then transfer to new/clean 500 ml bottles through 4 layers of cheese cloth.

To precipitate the DNA, in the blocks, add 250 pi of isopropanol to each well, the 

cover the block with a foil sealer and invert -3 times to mix the solutions, the remove the 

sealer and let stand for 5 minutes at room temperature. Centrifuge at 3000 rpm, Beckman 

C56R centrifuge, for 25 minutes to pellet the DNA, then decant and drain inverted on a 

p^)er towel. If using the bottles, add an equal volume of isopropanol and invert -3 times 

slowly to mix the solutions. Then, centrifuge at 5,000 rpm, Beckman C56R centrifuge, 

for 20 minutes, decant the supernatant and drain the pellets by inverting the bottle on a 

paper towel.

Next, the DNA is resuspended in TE buffer containing RNase A and T1 RNase to 

hydrolyze any RNA is added to the blocks and later to the bottles. 7.5 M KOAc
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is added to salt out the host E. coZ; DNA that has not been sheared to smaller than 200- 

300K hragments. If using the blocks, add 100 pi per well of 10:1 TE buffer (100 ml) 

supplemented with RNase A 250 pi of 20 mg/ml and 40 pi of T1 at 100 U pl. Incubate at 

37 °C with shaking at 350 rpm, Beckman C56R centrifuge, for 30 minutes. Next, add 50 

pi of 7.5 M KOAc to each well and centrifuge up and down, then pool the solution from 

aU 4 blocks into one block using the Hydra. Incubate at -80 °C until frozen. If using the 

bottles, resuspend the DNA in 18 ml of 10:50 TE and pipette up and down, gently, then 

add 9 ml of 7.5 M KOAc and incubate at -80 °C until frozen.

After centrifugation, to pellet the host DNA, the supernatant is transferred to a 

new container and the BAC DNA is precipitated with two volumes of 100% ethanol (or 

one volume of isopropanol) and then washed with 70 % ethanol to remove any salts. The 

DNA then is dissolved in sterile double distilled water since EDTA in TE buffer inhibits 

polymerases or in TE for long term storage. If using the blocks, thaw the blocks in a 37 

°C water bath for -10 and then centrifuge at 2500 rpm, Beckman C56R centrifuge, for 30 

minutes. Transfer 550 pi of supernatant &om each well to a new/clean block. Then, add 

1.25 ml of ice cold 100% ethanol and incubate at -80 °C for 30 minutes. Centrifuge at 

3000 rpm, B eckman C56R centrifuge, for 30 minutes and decant. Next, drain on a paper 

towel inverted, then cover with a kimwipe and either dry over night on the bench top or 

in a dryer for -30 minutes. Lastly, add 40 pi of double distilled water, vortex and 

centrifuge up and down and incubate over night in cold room (4°C) or in 37 °C water bath 

for 15 minutes to resuspend the DNA. The pool into 4 Eppendorf tubes (-500 pl/tube).

If using the bottles, thaw and centrifuge at 5000 rpm, Beckman C56R centrifuge,, 

Beckman C56R, for 20 minutes, then transfer the supernatant to two 50 ml
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polypropylene tubes and centrifuge at 3200 rpm, Beckman C56R centrifuge, for 10 

minutes (2"̂  pelleting of the host DNA, produces cleaner supernatant). Transfer the 

supernatant to another 50 ml polypropylene tube and add an equal volume of isopropanol, 

invert -3  times to mix. Centrifuge the solution 3200 rpm, Beckman C56R centrifuge, for 

30 minutes, then decant and drain on a paper towel. Next, cover the tube end with a 

kimwipe and dry over night on the bench top (easier to resuspend the DNA) or in a dryer 

for ~2 hours. Finally, dissolve the DNA in 700 pi 50:50 TE, pipette up and down 

repeatedly to mix and store the solution at 4 °C overnight. Transfer the solution to 1.5 ml 

Eppendorf tubes and add 20 pi RNase A 250 pi of 20 mg/ml and 40 pi of T1 at 100 U/pl, 

incubate at 37 °C water bath for an hour.

Phenol/Ether Extraction
Since the DNA must be extremely pure, a phenol/ether (or chloroform) extraction

typically is done. First, add 500 pi (one volume) of cold TE- saturated phenol (leave in 

cold room until needed), then vortex approx. 30 sec and centrifuge (preferably in the cold 

room 4 °C) for 5 minutes. Next, transfer the upper layer to a clean Eppendorf tube being 

careful not to pick up the white (protein) or phenol layers. If necessary, back extract by 

adding sterile double distilled water to the phenol layer, revortex, lecentrifuge, and add 

the additional top layer to the new tube. Next, take the new Eppendorf tube with the DNA 

in it and centrifuge it for 5 minutes. Transfer, the DNA solution to another new 

Eppendorf tube being carefid not to disturb or pick up the phenol/gel (after running a 

agrose gel for size selection, later) pellet at the bottom, repeat this until there is no pellet. 

Next, add 500 ul (1 volume) of sterile double distilled water saturated ether to each tube, 

vortex and centrifuge at 3(X)0 rpm in the Beckman C56R centrifuge for 5 minutes. Then,
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remove the upper ether layer as much as possible and place tubes in the Speedvac for 20 

minutes to evaporate the rest.

Ethanol Sodium Acetate
Then, add 1ml (twice the volume) of ethanol sodium acetate to each tube and

vortex well. Incubate the tubes on ice for 15 minutes and centrifuge at 3,000 rpm, 

Beckman C56R centrifuge, for 15 minutes at 4 °C. (in the cold room). Carefully, decant 

the ethanol-NaOAc and add 5(X)ul (or 1 volume) of 70% ethanol to each tube, mix by 

inverting the tube about 8 times. Then, centrifuge at 12,(XX) rpm, Beckman C56R 

centrifuge, for 5 minutes. Carefidly, decant and dry the tubes in the speedvac for 1 to 2 

hours until dry. The tubes may have a small clear/white pellet at the bottom, when dry. 

Dissolve the DNA Resuspend the DNA in 500 pi of sterile double distilled water.

Shotgun Cloning

Nebulize/Hydroshearing the DNA
The point of this step is to break the DNA into random small clonable pieces.

There are multiple methods available: "One class involves enzymatic digestion, either 

partial digestion with a restriction endonuclease (Maniatis at af. 1982) or controlled 

degradation with DNase I (Anderson 1981). Another class involves physical stresses 

induced by sonication (Deininger 1983), atomization (Cavalier and Rosenberg 1959), 

nebuhzation (Bodenteich et aZ. 1994), or point-sink shearing (Oefner gf aZ. 1996)" 

(Thorsten gf aZ. 1998). In my research either the nebuliser or the point-sink shearing 

"Hydrashear" by GeneMachine (Oefner gf aZ. 1996; Thorsten gf aZ. 1998) was used.

43



The nebulizer shears the DNA by forming small droplets that cause chain 

breakage at the droplet surface from the pressure of the DNA against the nebulizer wall, 

while in the hydroshear, . .breakage is caused by both shearing terms (when the fluid is 

inside the narrow tube or orifice) and the extensional strain terms (when the fluid 

approaches the onfice)" (Thorsten et uZ. 1998). Basically the narrowing of the tubing and 

increase in fluid speed produces a drag force that causes the DNA to stretch until it snaps. 

The Tlow rate of the fluid and the size of the contraction determine the final DNA 

fragment sizes" thttp://www.genemachine.cnm/hvdroshear/hstech.html).

Normally, the point-sink shearing works by forcing DNA, typically 200-300 pi 

solution containing 50 ug of DNA, through a small diameter tubing using pressure with a 

HPLC pump. Here, a inexpensive syringe pump is used with a laser drilled hole, diameter 

between 0.(X)16-0.0030 of an inch, in a ruby. This syringe permits sample a small as 50 

pi to be used. The sample is sheared smaller each time the solution is forced through the 

hole (Thorsten gf oZ. 1998).

Using a nebulizer, cap the nebulizer cup, add 800 pi of the amplihed DNA, 200 pi 

sterile double distilled-water and 1 ml of sterile glycerol (Use a new razor blade and cut 

the end of the pipette tip just enough to increase the opening, which will allow you to 

pipette the glycerol easier) and pipette up and down to mix. In an isopropanol-dry ice 

bath at a temperature of -20 °C, place the nebulizer for 5 minutes. Then, nebulize the 

solution for 2.5 minutes at 6-8 psi (depending on the size range you want). While 

nebulizing, tap the nebulizer against the bathing container, to keep the solution in the 

bottom of the nebulizer cup. Then the nebulizer is centrifuged briefly to collect the 

solution that is ahquated into 4 sn ^  top 1.5 ml tubes.
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Low Melt Gel
Electrophoresis on a low melting point agrose gel is used to separate the DNA. 

Here, the percent agrose determines the size of the holes in the matrix, the higher the 

percent the smaller the holes and the smaller the percent, the larger the holes. Typically, a 

0.8 % SeaPlaque GTG agarose gel, over loaded with 0.1-1.0 ug of DNA solution of 50% 

glycerol/water with markers on either side of the samples, with an empty well between 

the sample and the marker, to prevent accidental contamination of sample when cutting. 

With the fan blowing on high across the electrophoreses machine, electrophorese at 100 

mA for 30 minutes, then 150 mA for 1.5 hours. Excise the 2 to 4 kb region into s n ^  top, 

Eppendorf, tubes. Incubate tubes at -80 °C for at least 30 minutes. After cutting the 

desired fragment length DNA, extract the DNA &om the gel piece using the phenol/ether 

extraction and ethanol sodium acetate as described above and then dissolve the 

precipitated DNA in " 60 ul of sterile double distilled water.

Fill-m Kinase
The Klenow (fragment of E.coZ; polymerase I) fills in nucleotides in the 5' to 3' 

direction and removes unpaired bases in the 3' to 5' direction, while the T4 

polynucleotide Kinase adds a phosphate to the 5' ends.

Make a pre-mix (for 4 tubes make for 5 reactions) in this order: lOx Kinase buffer 

(5 pl/reaction), 10 mM rATP (5 pl/rxn), 0.25mM dNTPs (7.5 pl/reaction), 5 U/pl Klenow 

(2 pl/reaction), and 3 U/pl T4 polynucleotide Kinase(l pl/reaction). Then, pipette the pre­

mix up and down 3-8 times as you add each item. Add the enzyme to the reaction pre­

mix slowly, moving
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from the bottom to the top in a circular motion pipette all up and down, gently, 3 times 

very, very briefly centrifuge down. Add ~20.5 to each of the 4 tubes, pipette up and 

down, centrifuge. Incubate in the 37 °C bath for 30-45 minutes. Then denature the 

enzyme by incubating the reactions in at least 80 °C for 15 minutes. Afterward, an ethanol 

sodium acetate clean up as described above is done. Then dissolve the DNA in 20 pi of 

sterile double distilled water.

Ligation
Ligase covalently bonds the 5' -phosphate and a 3' hydroxyl (Sambrook et uZ.1989).

It is necessary to determine the concentration of DNA needed for efficient ligation. To 

small snap top Eppendorf tubes, add sterile double distilled water (DNA) in the amounts 

of 0.5, 1,2,4, and 6 along with the pUC, Alu I restriction endonuclease and cells only for 

controls as shown:

6X 4X 2X X 0.5X Alu
cleaved
DNA

pUC Cells-
only

DNA 6 4 2 1 0.5 1 0 “

water 0 2 4 5 5.5 5 6 -

TaWe 5 Ligadon Concentradon Study

Then, on ice, collect the following items, and make a " mixture pot" (for 7 reactions 

include enough materials for 8 reactions) in this order pUC (2 pl/reaction), Ligase 

Buffer (1 pl/reaction), and Ligase (1 pl/reaction). Pipette the pot up and down 3-8 times 

as you add each item. Add the enzyme to the reaction pot slowly, moving from the
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bottom to the top in a circular motion, pipette aU of the solution up and down, gently, 3 

times. Then, very, very briefly centrifuge down and add 4 ul of the pot to each of the 7 

tubes, pipette up and down, and centrifuge down. Next, let the ligation set at room 

temperature for 1 day, then move to the cold room for one day, before transformation.

Electrotransfbrmadon
A plate of cells with IPTG (isoprpylthio-P-D-galactoside) an inducer of B-

galactosidase and X-gal (5-bromo-4-chloro-3-indolyl-|3-D-galactoside) is a chromogenic 

substrate. Neither the plasmid nor the host cells are Lac +, but can alpha-complement to 

form Lac +, obvious by blue coloring in presence of x-gal. This can be interrupted by the 

DNA being ligated in to the cloning site of the plasmid causing a white color in the 

colonies (Sambrook et of. 1989).

In ice bucket with ice place the cuvettes, competent cells and ligased DNA. 

Incubate YENB at 37 °C in a water bath to warm until time to transform. Label 5 ml 

culture tubes and set out antibiotic plates to dry the moisture. Set transformer to Ec2 in 

the window, the settings: bacteria light will be on. Wipe down work area and incubator 

with 10% bleach. Process: take 2 |il of ligation mix and add it to the competent cells, the 

XLl Blue (MRP')- Then, transfer 40 ul, the cell + ligation mixture, to a cuvette adding it 

via a 45 degree angle. Tap the side of the cuvette to the bench to insure that the solution 

is spread evenly. Check for bubbles, if large bubble, tap cuvette hard, and if small bubble, 

many small tapes to remove them. Place the cuvette into the sliding arm and slide the 

arm into position, locking in place. Push the pulse button and the window wiU read PL5. 

The bacteria light wiU go off, untü you hear a small beep and the bacteria light will come 

back on. If you hear a loud pop, the machine has just produced an arc (due to bubble or
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high DNA conc.). After hearing the beeping noise and seeing the return of the bacteria 

light, remove cuvette and add 1 ml of YENB pump the pipette up and down 2 times to 

mix, then add the solution to the 5 ml culture tubes. Repeat until you have down 6 to 9 

transformations, placing them in the 37 °C shaker container and placing them in this 

shaker for 30-40 minutes. Centrifuge at 3,000 rpm in the Beckman C56R centrifuge for 5 

minutes, decant the supernatant and add 35 pi IPTG to the medium and 35pl Xgal 

(directly to the pellet) then flick the tube with your Anger to mix and add 4 pi Amp. 

(AmpliciUin) to insure plate antibiotic to each tube. Plate 100 pi the solution using a 

plastic bioloop, distribute the solution using the four comer technique. Let plate set to 

dry for 15 minutes, then place in the incubator for 16-20 hrs. After this time period, 

remove the plates from the incubator and survey the controls.

It is expected that the negative control, cells only, no colonies should grow on the 

Petri dish. However, if colonies do grow, then, possibly the competent cells or the 

antibiotic plates are contaminated, with an antibiotic resistant strain of bacteria 

(Sambrook et uZ. 1989). The other possibility is that the plates lack the antibiotic or it 

was added while the agar was too hot (Sambrook et uZ. 1989).

For the positive control plates, the pUC transformed cells should produce small 

blue colonies, conArming that the X-gal and IPTG were present. The Alu I cleaved DNA 

should produce numerous white colonies with maybe a few small blue colonies. If you 

have lots of colonies, the cells were intact, and both the ligase and Agase buffer were 

saAsfactory. If no colonies for the project, then likely too Attle DNA was used or the All- 

in kinase was not successftd.
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Finally, the non-Control colonies should be mostly white with a few blue 

colonies.

Next, incubate the plates in the cold room (4 °C) for 2 hours to intensif the blue 

color. Afterwards pick the colonies into 384-weU flat bottom microtiter plate, NUNC 

plate, containing 80 pi TB + salt supplemented with 100 pg/ml ampicilin using the Flexys 

colony picker. Incubate the plates in a HiGro incubator (Gene Machines) for 22 hours at 

3TC with shaking at 520 rpm, Beckman C56R centrifuge,. The oxygenated flow begins 

3.5 hours after the shaking begins and flow setting at 0.5 second on and 0.5 minutes off. 

After the 22 hours are complete, replace the contents of wells with no cell growth with 

culture with growth cells obtained from an extra plate containing additional colonies 

picked into a partial plate. Centrifuge the 384 well plates at 3000 rpm, Beckman C56R 

centrifuge, in the Beckman CS-6R table top microtiter plate centrifuge for 10 minutes. 

Decant the supernatant by inverting the plates onto 3 layers of p^)er towels by 

centrifuging up and down to 300 rpm, Beckman C56R centrifuge,. Freeze the plates for 

at least 3 hours at -20 °C.

Shotgun Subclone DNA Sequencing Template Isolation

Similar to the large scale above, but with the use of the Zymark and the VPrep, 

robots as described at the URL:

(http://www.Eenome.ou.edu/Zvmark 384 well isolation.html^ for more specifics.

Remove the plates from the freezer and place them in a Zymark rack. The robotic 

arm picks four plates at a time and places them on four magnetic shakers inside the deck. 

A 384-channel pipettor head adds 23 pi of TE-RNase solution. The magnetic shakers
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shake the plates for 10 minutes at 1000 rpm (a setting of 1). Then the robot head adds 23 

pi of lysis buffer. The magnetic shakers shake the plates for another 10 minutes at a 

setting of 1. The 384 head adds 23 pi of 3 M NaOAc or 3 M KOAc. The shakers shake 

the plates for 10 minutes at a setting of 1. Then, the arm then moves the plates from the 

deck and places the in a storage rack. The rack is incubated at -80 °C freezer overnight. 

Next, thaw the plates and centrifuge at 3000 rpm, Beckman C56R centrifuge, for 45 

minutes.

Using the VPrep, transfer 50 pi of the supernatant into a new 384-well plate and 

add 50 pi 100% isopropanol. Then 50 pi of air bubbles are used to mix the isopropanol. 

Centrifuge at 3000 rpm in the Beckman CS-6R centrifuge for 30 minutes. Decant the 

supernatant by inverting the plates onto 3 layers of paper towels by centrifuging up and 

down to 300 rpm, Beckman C56R centrifuge, and add 50 pi of 70% ethanol using the 

VPrep and centrifuge at 3000 rpm in the Beckman CS-6R centrifuge for 10 minutes. 

Decant the supernatant by inverting the plates onto 3 layers of paper towels by 

centrifuging up and down to 300 rpm in the Beckman CS-6R centrifuge and dry the 

pelleted DNA for 10 minutes in a vacuum and resuspend the DNA in 20 pi of water and 

shake on a bench-top shaker for 10 minutes at a setting of 8. This normally 5pul of this 

solution is equal to 200 ng, enough to sequence.

Sequencing

Normal sequencing reactions were done using -"80 ng of DNA from pUC (400 ng 

of Fosmid and 1600 ng of BAC) using forward or reverse primers at 6.5 pM and 1:20 

dilution of either the ABI BigDye terminator DNA sequencing reaction mix vl.O, 2.0,
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3.0 or Amersham ET terminator DNA sequencing reaction rmx. Cycle sequencing 

reactions were ran on a Perkin Elmer GeneAmp PCR system 9600 thermal cycler : 95 °C 

hold for 5 minutes; 60-99 cycles of 95 °C for 30 seconds, 50 °C for 20 seconds, 60 °C for 

4 m inutes: 4°C hold to infinity. Clean up was done using an ethanol precipitation, 

explained above or running the samples through a Sephadex G-50 microtiter plate 

centrifuge columns to remove unbound BigDye molecules.

PCR

In order to close gaps, primers were chosen off the sequence ends using PrimOU. 

PCR reactions included: 2pl (15 ng or less) of the target DNA, 3 pi (40 pM) of each 

primer, forward and reverse, 2 pi (5U) AmpliTaq DNA polymerase, 5 pi dNTP (2 mM of 

each dNTP), 5 pi lOx PCR Buffer (500 mM KCl, 100 mM Ths-HCL, pH 7.6), 3 pi 

MgClz, and 27 pi of sterile double distilled water. The tbermocycling conditions: 95 °C 

hold for 2 minutes; 35 cycles of 94 °C for 1 minute, 50 °C for 2 minutes, 72 °C for 3 

minutes: 72 °C hold for 10 minutes , 4 °C hold to infinity.

For clean up use 10 % enzyme (50 pi reaction use 5 pi of enzyme) of Shrimp 

Alkaline phosphatase (lU/pl), removes the 5' phosphates and Exonuclease m  (10 U/pl), 

cleaves nucleotides. The enzymes are added straight to the reaction, no bu%r. Incubate 

at 37 °C for 45 minutes and 80 °C for 15 minutes (to denature the enzymes) (Sambrook, 

1989).

The PCR products are sequenced using special chemistries based on the type of gap, as 

given in refer to table 3. Normally, the PCR products were sequenced using 4 pi of DNA 

of the above, 2 pi of 6.5 uM primer and 1/8 BigDye or ET terminators
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Non-Standard Isolation Methods

To investigate the of development improved methods for DNA amplification, the 

following enzymes were investigated; TempliPhi, phi-29 polymerase, (Dean et oZ. 2001),

DNA polymerase I Klenow fragment, and a modihed Phi-29 

amplihcation mix (GenomiPhi, which is TempliPhi with additional nucleotides). The 

following protocols, seen below, were developed in this investigation. Originally, aU 

investigations began with 1-10 nanograms of DNA, later colonies and hnaUy glycerol 

stock was amplified. The DNA types included plasmid, fosmid and BAC libraries. Also, 

different types of plates were used for amplification, initially tubes, then 96 well plates 

and hnally 384 well plates were used producing diSerent protocols.

Starting with the original published protocol, that accompanied the enzyme mix 

(TempliPhi), for plasmid libraries and amending it as indicated below the following 

protocols (below) were developed.

In the beginning, it hrst was necessary to remove an unknown cellular inhibitor 

that was accompanying the DNA to the sequencing reactions and inhibiting the 

sequencing enzyme. This was done by first replacing the sample buffer that accompanied 

the enzyme and contained EDTA that inhibits polymerases, with sterile double distilled 

water. Second, by adding a freeze-thaw-centrifugation, a rediluting step that followed the 

colony picking after heating of the cellular solution, and the use of only 10 % of the 

volume in subsequent reactions. Third, it was necessary to clean the ampliEcation 

product without substantial loses. Here, a simple 3 M sodium acetate ethanol 

precipitation was insufficient, it was necessary to replace the sodium ion with potassium 

and more than double the molarity of the salt solution. When working with BACs, it was
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necessary to find a method to adequately break the DNA, a method of salt and heat 

shearing was used as well as liquid Nitrogen. Later, after the initial Phi-29 testing, with 

the Bst and the Genomiphi (phi-29 revisited) diluting the DNA, shearing it with vigorous 

vortexing and then passing it through a Sephadex column to produce DNA that was free 

of contaminants that inhibit the DNA sequencing reaction.

RnaUy, the amount of enzyme mix necessary to produce adequate amplification 

of DNA was optimized. To make the enzyme mix more economical, the enzyme used 

was greatly reduced from the amotmt in the protocol accompanying the enzyme mix. In 

addition, a new dilution buffer was used with additional dNTPs and equal volumes of 

DNA and enzyme mix were used.

Phi-29 (TempliPhi) Methods

Plasmid-Original: Phi-29, the original protocol from Amersham (Phi-29 
for plasmid-based DNA ampliScation)

The Phi-29 mix needed one nanogram of isolated pUC + insert from in 1 pi of

DNA, or one colony picked with the colony picker were to be added to 9 pi of buffer and 

heated 95 °C for three minutes, cooled and 10 pi of Phi-29 mix (5 U) was added to the 

reaction. The reaction was mixed and incubated at 30 °C for 6 hours. It should produce at 

least 1 pg (probably 2-3 pg). Then, after vortexing/mixing the amplified mixture, one 

needed 1-4 pi for each sequencing reaction.
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Bst Methods

The Klenow fragment of Bacillus stearothermophilus DNA polymerase I (BST) 

comes from New England Biolabs, the Bst 8000 units, catalog #M0275L, $220.(X) and 

the buffer, catalog# B9004s, $10.(X). The buffer comes as a lOx concentration, and it is 

diluted down to 5X for use in the amplification reactions. (Reaction Buffer at IX 

contains: IX ThermoPol Buffer [20 mM Tris-HCl (pH 8.8, @ 25°C), 10 mM KCI, 10 

mM (NH4)2S0 4 , 2 mM MgSO^, 0.1% Triton X-KX)] ). (Kong et aZ. unpublished, product 

literature)

Phi-29 vs. Bst, 96 vs. 384 well thermocycler, Plasmid vs. BAC, 

Isolated vs. Colony vs. Gycerol Stock DNA Protocol 

Comparision

(The complete separate protocol for each of the above are in Appendix IV for the 
Md-29 and Annendix V for the BsL)

The following protocols are numbered and titled based on what is used, a whole 

protocol would include: 1 ,2 ,3 ,4 , and 5, e.g. say: a "1" using colonies, a "2" using the 

Bst nnx, a "3" transfer DNA, a "4" Bst main protocol, and a "5" desalt and sequence 

protocol. If you were using the Phi-29 or isolated DNA, some of the numbers would 

change and some would not.
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1-If Isolated 96 well thermocycler for Plasmid:
Using the Hydra, add 20 pi of sterile double distilled water is added to a 96 well

thermocycler plate. To prevent evaporation, between aH steps cover and keep plates on 

ice. Add 2 pi of isolated DNA (-1 ng), then centrifuge up and down. Next, cover plate 

with thermocycler sealer and heat at 95 °C for 3 minutes.

1-If Isolated 384 well thermocycler for Masmid:
Using the Hydra, add 20 pi of sterile double distilled water is added to a 96 well

thermocycler plate. To prevent evaporation, between all steps cover and keep plates on 

ice. Add 2 pi of isolated DNA (-1 ng), then centrifuge up and down. Next, cover plate 

with thermocycler sealer and heat at 95 °C for 3 minutes.

1-If Isolated 96 well thermocyder for BAC:
Using the Hydra, add 20 pi of sterile double distilled water is added to a 96 well

thermocycler plate. To prevent evaporation, between aU steps cover and keep plates on 

ice. Add 2 pi of isolated DNA (-10 ng), then centrifuge up and down. Next, cover plate 

with thermocycler sealer and heat at 95 °C for 3 minutes.

1-If Isolated 384 well thermocyder for BAC:
Using the Hydra, add 20 pi of sterile double distilled water is added to a 96 well

thermocyder plate. To prevent evaporation, between all steps cover and keep plates on 

ice. Add 2 pi of isolated DNA (-10 ng), then centrifuge up and down. Next, cover plate 

with thermocyder sealer and heat at 95 °C for 3 minutes.
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1-If Colony DNA from Plasmid:
Use the Hydra and add 20 pi of sterile double distilled water to a 96 well

thermocyder plate. To prevent evaporation, between all steps cover and keep plates on 

ice.

If using colonies for the template: Use the colony picker (not by hand!) to pick 

colonies into a 384 well thermocyder (the Qpix II robot will not pick into a 96 well 

thermocyder plate) plate from a shotgun library petri dish or 12x12 square petri plate 

using the ()pix II robot (-3-5 dips). Cover plate with thermocyder cover and heat at 95 

for 3 minutes. Cover plates with aluminum cover and freeze the plates -2-3 hr. in 

freezer untü solid. Thaw -10 min, untü completely thawed, and centrifuge 45 minutes at 

3200 rpm, Beckman C56R centrifuge.

1-If Colony DNA from BAC:
Single BAC colonies are obtained by düuting a smear of BAC colonies 6om the

distribution Petri dish over the range 1:10 through 1:108. This is done by placing a 

bioloop swipe of the BAC colonies into KXX) pi LB+antibiotic in a 12x75 mm culture 

tube (VWR # 60818-565) and then adding 100 pi of the KXX) pi 900 pi LB+antibiotic 

and vortexing 1 sec. (for a 1:10 dilution in tube 1), and then repeating this 7 times to give 

1:102 düution in tube 2, give 1:103 düution in tube 3, give 1:104 düution in tube 4, give 

1:105 düution in tube 5. etc.

Plate 100 pi of tubes 5-8 into each of 3-4 plates/düution, on LB plates containing 

the correct antibiotic, typicaUy Kan or Cm (not Amp), and incubate 16-18 hrs. Use the 

Hydra and add 20pl of sterüe double distiUed-water to the 384 weü thermocyder plate(s), 

to prevent evaporation, between aU steps cover and keep plates on ice. Use the colony 

picker (not by hand!) to pick colonies into a 384 weU thermocyder (the Qpix II robot wiU
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not pick into a 96 well thermocyder plate) plate fmm a shotgun library petri dish or 

12x12 square petri plate using the Qpix II robot (-3-5 dips).

1-If Gycerol Stock DNA:
Use the Hydra and add 20 pi of sterile double distilled water to a 96 web

thermocyder plate. To prevent evaporation, between all steps cover and keep plates on 

ice.

If using the glycerol stocks for template: Use the 12 channel pipette and scrap the 

well lightly, just enough to get a small amount of ice on the tips of the 12 channel. Place 

the 12 charmel in the weU and pump the pipette 8 times. Cover plate with thermocyder 

cover and heat at 95 °C. for 3 minutes. Cover plates with aluminum cover and freeze the 

plates -2-3 hr. in freezer until solid. Thaw -10 min, until completely thawed, and 

centrifuge 45 minutes at 3200 rpm, Beckman C56R centrifuge.

1-If Glycerol Stock DNA- fresh:
This protocol was included because it worked very well, by staring with colonies,

picking and growing the cell to make the glycerol stock fresh, the DNA ampliGed very 

web and sequenced very web.

To LB medium add the antibiotic [ex. subclone amp (5mg/ml) resistant:

LB lL-20 ml amp; LB 500ml -10 nb amp; LB 250- 5ml amp] To another sterbe 

container add LB and Freezer mix [ex. LB 900ml - 100ml freezer mix; LB 450 ml- 50ml 

freezer mix; LB 225ml - 25ml freezer mix] LB medium [for 1 L : lO.Og NaCl, 10.0 g 

Difco (0123-01-1) Bacto-Typtone, 5.0 g Difco (0127-05-3)Bacto-Yeast Extract and 

autoclave at least 20 minutes at 121°C.] lOX Freezer mix. Dr. Doris Kupfers' recipe, to 

make 1 L :[ 62.7 g K2HPO4,17.96 G KH2PO4, 5.0 G Sodium Citrate, 0.98 g MgS0 4 -
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VHiO, 8.98 (NH4)2S04,440 ml of 44%Glycerol bring to 1 L with sterile double distilled 

water and filter through a 0.2um Glter]

Add 80 pi of LB + antibiotic + freezer mix to a 384 microtiter plate by V- prep or 

12 channel and use the colony picker (5 dips) to inoculate the plates. Grow the plates 

over night in the Higro -22 hours. Remove the plates and put in them in the -80 degree C 

freezer until completely frozen -3-4 hours. Remove the plates from the freezer and allow 

them to completely thaw -  1 hr. Transfer with the Hydra, 2 pi from the media plate and 

add it to 10 pi sterile double distilled water in a thermocyder plate (96 well). Cover and 

heat the plate in the thermocyder at 95 oC for 3 minutes. Cool to 4 oC and then, pull 

with the hydra, 2 pi of the media + water solution and add it to another thermocyder 

plate (96 well).

2-If using Phi-29 mix, no buGer dilution:
Remove the correct number of phi-29 mix plates, 96 well thermocyder plates

from the -80 freezer that contained 2 pl/well of phi-29 mix or predispenced enzyme mix 

tubes with 100-500 pl/tube and place them on an ice water bath in the cold room (4 °C) to 

thaw -10 minutes. This thawing time should not be exceeded, because if it is the enzyme 

will produce a signiGcant level of nonspeciGc DNA.

2-If using Phi-29 mix, buGer B dilution:
In order to make the Phi-29 mix reactions more economical a buffer was

developed and used to dilute the enzyme mix and custom synthetic primers were added as 

well as more dntps. The buffer worked so well, it could lower the enzyme needed to 

l/80th or (2 pi needed = l/40th pre reaction) the manufacture recommended amount
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[Normally 5 U/10 pi mix/reacüon-(Dean 2001)]. The buffer and the protocol of the 

initial experiment are listed below.

Phi-29 mixed Buffer B: 50 mM Tiis-HCl pH 7.6,10 mM MgC12,10% v/v 

Glycerol, 1 mM DDT, -48.8 pM Universal Forward primer, -48.8 pM Universal Reverse 

primer, 50 mM dntps (for each dNTP). (This same buffer was made with other primers as 

testing required)

Take one tube and add 200 pi (0.2 g/L) pGem (or other isolated DNA) and add 

200 pi sterile double distilled water. Heat to 95 oC for 3 minute and cool down to below 

30 oC. In the cold room on ice: Take another small tube and add 50 pi phi-29 enzyme 

mix (25 U) and 150 pi of the above buffer = 0.25 dilution. Take a third small tube and 

add 25 pi of phi-29 enzyme mix (12.5 U) and 175 pi of the above buffer = 0.125 dilution. 

Touch aU 3 tubes to the vortex machine to mix and add 2 pi of the DNA solution to two 

96 well thermocyder plates with a repeat pipette. Add 2 pi of the 0.25 enzyme dilution 

to one plate and 2 pi of the 0.125 enzyme dilution to the other plate with a repeat pipette

2-If using Phi-29 mix, buffer A dilution:
Phi-29 mixed Buffer A without primers: 50 mM Tris-HCl pH 7.6,10 mM MgC12,

10% v/v Glycerol, 1 mM DDT, 50mM dntps.

Next, prepare the Phi-29 enzyme-only reaction: 2 pi of Phi-29 enzyme (250ng) 

polymerase; 3 pi mix of forward (each primer 5 nM/40 pi); 3 pi mix of reverse primer 

(each primer 5nM/40 pi); 5 pi of 2mM DNTPs; 5 pi of above Phi-29 Buffer B-30 pi 

sterile double distilled water.
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2- If using Bst mix, Plasmid:
Next, prepare the Bst mix: 1 pi of Bacillus stearothermophilus DNA polymerase

large fragment is 8 units, use according to the dilution wanted (range: 0.5 pi = 4units, 

0.25 pi = 2 units, 0.125 pi = 1 unit, 0.062 pi = 0.5 units, 0.031 = 0.25 units); 3 pi mix of 

forward (each primer 5nM/40ul); 3pi mix of reverse primer (each primer 5nM/40 pi); 5 

pi of 2mM DNTPs; -33 pi (based on dilution of enzyme) of 5x Reaction buffer (-3.5 X 

reaction buffer -  total dilution).

Bst mix: 1 pi of Bacillus stearothermophilus DNA polymerase large fragment is 8 

units, use according to the dilution wanted: range per 96 well plate: (add 2 pi per well/per 

reaction) ]

Units of Bst pel /Reaction Volume of Bst (pi) Volume of 5X Buffer pi) Total Vol (pi)

8 110 110 220

4 55 165 220

2 27.5 192.5 220

1 13.7 206.3 220

0.5 6.8 213.2 220

0.25 3.4 216.6 220

Table 6 Bst Reaction Unit and Buffer Vid.

2- If using Bst mix, BAC:
Reaction mix contains: 3 pi of forward (primer 200 pM), 3 pi of reverse primer

(primer 200 pM), 5 pi of 2 mM DNTPs, 35 pi 5x Reaction buffer (50 % lOx Buffer and 

50% sterile double distilled water) (-3.5 X reaction buffer -  total dilution).
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Est mix contains: 13.7 pi of Est enzyme and 206.3 pi of 5x Reaction buffer. [1 pi 

of Eaciiius stearothermophiius DNA polymerase large fragment is 8 units, use according 

to the dilution wanted: range per 96 well plate: (add 2pi per weU/per reaction) ] 

(Currently, the amount used is 1 unit per reaction to get whole EAC amplification.)

2-If using Bst Test control protocol for BAC-based DNA amplification 
and from isolated DNA

When experimentally working with Est enzyme to conGrm amplihcation, the

volume of the reaction is 4 pi, the partial extraction wouid complicate the amount of 

dilution to be used later also after cleaning and diluting the DNA one can not see the 

DNA on a gel. If one could see the DNA, it would be too concentrated to sequence. 

Therefore, this control should be used.

Use Isolated DNA (diluted) EAC, pUC and/or Fosmid DNA. Eased on what is 

easier place test DNA in a few wells of a 96 well thermocycler plate or in a tube or tubes 

add 20 pi of sterile double distilled water To prevent evaporation, between all steps cover 

and keep on ice. Add 2ul of isolated DNA (~10 ng), then centrifuge, Eeckman C56R, up 

and down. Next, cover plate with thermocycler sealer or snap top closed on tube and heat 

at 95 oC for 3 minutes.

Make a reaction pot using primers (vector specific) made for each type of DNA 

(example: EAC primers for EAC DNA) Reaction mix contains: 3 pi of primer mix (-24 

pairs) forward primer (5nM/40pl), 3 pi of primer mix (-24 pairs) reverse primer 

(5nM/40pl), (5 pi of 2mM DNTPs, 35pul 5x Reaction buffer (50 % lOx Euffer and 50% 

sterile double distilled water) (-3.5 X reaction buffer -  total dilution).
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Next, add 2ul of the Bst (16 units) per well with a repeat pipette and cover with 

thermocycler sealer. Centrifuge for a 1000-rpm, Beckman C56R centrifuge, up and 

down. Then, place the plate in the thermocycler for X number of hours [depending on the 

amount of DNA you want, (for first time use, I recommend 12 to 18 hours to see what the 

ampHGed products look like and how well they amplify, then drop the time)] at 65 oC. 

with the volume setting of 50 pi.

After the set hours is Bnished, and then heat the thermocycler up to 95 oC for 5 minutes 

to denature the enzyme and cool to 4 oC before removal to prevent evaporation.

3-If using isolated DNA, Colony, Gycerol, addition to enzyme:
Use the Hydra and transfer 2 pi of the supernatant to the enzyme mix plate or

place the 2pul DNA solution into a new 96 well thermocycler plate and add 2pl of the 

enzyme mix with a repeat pipette to the side and knock down, then cover with 

thermocycler sealer.

4-Main Phi-29 protocol:
Vortex the plate gently on a flat top vortex machine moving the plate in a circular

motion for 8 seconds to mix. Next, place the DNA + enzyme plate in an ice water bath 

and transport to the centrifuge for a 1000 rpm, Beckman C56R centrifuge, for 1-2 

seconds to concentrate the reaction mix in the bottom of the plate. Then, place the plate 

in the thermocycler for 12 hours at 30 °C with the volume setting of 5 pi. After the 12 

hours, heat the thermocycler to 95 °C for 5 minutes.

4-Main Phi-29 protocol if for BAC Shogun Cloning:
Cover plate with thermocycler cover and heat at 95 oC. for 3 minutes. Cover

plates with aluminum cover and freeze plates -2-3 hr. in a -20 freezer until solid. Thaw
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-10 min, until completely thawed and centrifuge, Beckman C56R, the picked cell 

suspension for 45 min. in the Beckman GPR centrifuge, Beckman C56R, to pellet cell 

debris. While waiting, approx. 10 min. before centrifuge is Snished, obtain the correct 

number of phi-29 plates from the -80 oC freezer (already made with 2 pl/well) or 

ptedispenced enzyme tubes with 5(X) pl/tube and place in ice water bath to thaw, -  5 

min., to thaw the enzyme (Note 1: The enzyme is unstable if stored at 4 deg C for hours. 

Note 2: To prepare the microtiter plate with 2 pl/weU, distribute 50 pi of the thawed, 

bulk, stock phi-29 mix into a "stock" microtiter plate using a repeat pipettor. This plate 

should be thawed on an ice water bath, takes -30 minutes with periodic vortexing, and 

then the 2 pi aliquats are distributed to the microtiter plates using the hydra.) Once the 45 

minutes of centrifugation is finished, immediately use the Hydra in the cold room and 

withdraw 2 pi of the upper portion of the supernatant from each centrifuged cell plate and 

add it to the enzyme mix plate or place the 2 pi cellular solution into a new 96 well 

thermocycler plate and add 2pl of the enzyme mix with a repeat pipette and knock down, 

cover with thermocycler sealer and vortex gently for 8 seconds. Put DNA + enzyme plate 

in ice water bath and transport to the centrifuge for a quick KXX) rpm, Beckman C56R 

centrifuge, up and down spin. Then, place the plate in the thermocycler for 12 hours at 30 

oC. with the volume setting of 5 pi. After the 12 hrs is up, heat the thermocycler up to 95 

oC for 5 min. Add 16 pi of sterile double distilled water, vortex for 30 seconds and 

centrifuge, Beckman C56R,up and down. Pool the Srst half of the plate (Al-12. Bl-12, 

Cl-12, and Dl-12) into Al-12, puU 3 pi of DNA/well. Then run a 0.6% gel to check 

DNA, Pool Al-12 in to one Eppendorf tube (gives -800 pi) and the remainder into a 

second Eppendorf.(- 130-180 pg/plate). Then, renature the DNA by placing the
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Eppendorf tubes in a beaker containing 95 oC water and allowing the water (and thus the 

solution in the Eppendorf) to cool slowly to room temperature (-1 hour). This step will 

allow the single stranded DNA produced by the Phi-29 enzyme via the rolling circle 

replication to renature the DNA into a large, double stranded structure.

4-Main Bst protocol:
Next, add 2 pi of the Bst mix per well with a repeat pipette and cover with

thermocycler sealer. Centrifuge for a 1000-rpm, Beckman C56R centrifuge, up and down 

and place the plate in the thermocycler for 12 hours at 65 °C with the volume setting of 5 

pi. After the 12 hours is finished, heat the thermocycler up to 95 °C for 5 minutes.

Using the hydra, add 16 pi of sterile double distilled water (total volume 20 pi) to each 

well, then vortex for 30 seconds add 2 pi of 7.5 KOAc to each well with die Hydra or 

repeat pipette. Knock or centrifuge, Beckman C56R,the KOAc down and vortex for 30 

seconds, then add with the Hydra, repeat pipette, or 12 channel, 53 pi of 100% ethanol, 

vortex for 30 seconds. Centrifuge, Beckman C56R, at 3200 for 45 minutes, and then 

invert on a paper towel and centrifuge up to 400 rpm, Beckman C56R centrifuge,. 

Immediately, dissolve the DNA in the r^ropriate amount of stenle double distiUed 

water.

5- If Isolated 96 well theremocycler for Masmid, Desalt and Sequence:
Using the hydra, add 16 pi of sterile double distilled water bringing the total

volume to 20 pl/weH. Then, vortex for 30 seconds and add 2 pi of 7.5 KOAc to each 

weü with the Hydra or repeat pipette. Centrifuge the KOAc down and vortex for 30 

seconds, then add with the Hydra or 12 channel pipette, add 53 pi of 100% ethanol and 

vortex for 30 seconds. Centrifuge at 3200 rpm, Beckman C56R centrifuge, for 45
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minutes, and then invert on a paper towel and centrifuge for 1-2 seconds at 400 rpm, 

Beckman C56R centrifuge, to remove any residual ethanol. Immediately, without drying, 

dissolve the DNA in 20-50 pi of sterile double distilled water with the Hydra or 12 

channel pipette and vortex for 30 seconds, and centrifuge, Beckman C56R centrifuge, to 

collect the solution at the bottom of the wells. Check the ampliGcation by 

electrophoresing ~3 pi of DNA on a 0.6% agarose gel. To sequence, use 2 to 4 pi of 

DNA with the ABI Big Dye 3 or Amershams ET mixes diluted to 1/12 -1/16.

5- If Isolated 384 well theremocycler for Plasmid, Desalt and Sequence:
After the 12 hours is up, heat the thermocycler up to 95 oC for 5 minutes next,

add 6 pi of sterile double distilled water (total volume lOpl) to each well, then vortex for 

30 seconds add 2 pi of 50% of 7.5 KOAc to each weh with the Hydra. Centrifuge, 

Beckman C56R,the KOAc down and vortex for 30 seconds, then add with the Hydra 12 

pi of 100% ethanol, vortex for 30 seconds. Centrifuge, Beckman C56R, at 3200 for 45 

minutes, and then invert on a paper towel and centrifuge up to 4(X) rpm, Beckman C56R 

centrifuge,. Immediately, dissolve the DNA in 12 pi of sterile double distilled water with 

the Hydra or 12 channel and vortex for 30 seconds, and centrifuge, Beckman C56R,up 

and down. Confirm amplification by running -3 pi of DNA on a 0.6% agarose gel. To 

sequence, use 2 to 4 pi of DNA with Big Dye 3 (1/12 -1/16 dilution).

5- If for BAC: Desalting ampliSed DNA and Direct Sequencing:
To clean the Bst reactions, take the 50 pi reactions and add 50 pi of sterile double

distilled water to each. Vortex the plate for 30 seconds and centrihige for a 1000 rpm, 

Beckman C56R centrifuge, up and down. Next, remove the residual water from the 

columns of the prepared the Sephadex G-50 miUipore filter plates via centrifugation, then
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add 30 pi to the top of each Sephadex column in a row from each sample with a 12 

channel pipette. Tape the Sephadex plate on top of a clean 96 well thermocycler plate and 

centrifuge, Beckman C56R, at 1300-1400 for 2.5 minutes. Pool the sample weUs to one 

well per sample.

To sequence the Bst reactions do a (1:10) dilution (2 of DNA /20 sterile double 

distilled water) of the DNA. The sequencing reaction contains: 2 pi DNA from the 

(1:10) dilution, 2 pi sterile double distilled water, 2 pi primer 2(X)pM, and 2 pi ET dye. 

Thermocycling conditions: Hold-95 °C for 2min; Cycle-95 °C for 30 sec, 50 °C for 20 

sec, 60 °C for 4 minutes; Hold at 4° C for infinity. Clean the reactions using the standard 

sodium acetate ethanol clean up.

5- If for BAC: Shotgun Cloning, Desalting the amplified DNA:
To precipitate after, diluting the DNA and heat/cooling to reanneal the DNA:

Take the 2mls and redistribute 333 pi into 6 tubes. Next, add 34pul of 7.5 M potassium 

acetate and 901 of 100% ethanol to each tube, then vortex well -30 sec and incubate on 

ice for 15 minutes. Centrifuge at 12,(XX) rpm, Beckman C56R centrifuges for 45 minutes 

in the cold room (4 °C), then, carefully, decant the ethanol-KOAc. Next, add 5(X) pi of 

70% ethanol to each tube, mix by inverting the tube -8 times, then, centrifuge at 12,000 

rpm, Beckman C56R centrifuge for 45 minutes. Decant and dry the tubes in the 

Speedvac (no heat) for 15 minutes (no longer) and immediately, dissolve the fragmented 

DNA in the appropriate volume of sterile double distilled water/tube, vortex 30 sec.

Using the standard shotgun sequencing methods go forward starting with the 

nebulization of the above DNA.
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Vol. of 

Supernatant 

from c e l l s  i n  20

pi water

W a te r P h i - 2 9  m ix DNA p r o d u c e d  (u g )  = 

W e l ls  /  n e b u l i z a t i o n  

(5 0  u g )

2 p i 0 p i 2 p i 1 .  3 - 1 . 8  p g  = 4 8

4 p i 6 p i p 6 - 9  p g  =  1 0 - 1 2

5  p i 1 5  p i 1 3 - 1 8  p g  = 5 - 6

TaMe 7 Hd-29 BAC Reactions and Yidd.

Salt and Heat Shearing of BAC and Genomic DNA
Salt protects DNA against depuiination, by stabilizing the helix, and by

preventing autocatalysis, DNA is a polyphosphoric acid. (Marguet and Forterre, 1998)
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Figure 9 Salt and Heat Shearing of DNA
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Take the ampliGed DNA and mix it with 0.1 M NaCl to make a 50% dilution, 

then heat the solution to 90 °C for 45 minutes to shear, and cool to 4 °C.

Shearing C^nomic DNA and BAC DNA via Liquid Nitrogen Freezing
This application is the standard freeze and thaw technique for breakage. After

amplifying the DNA, it is necessary to do the 95 °C denature for 5 minutes, because it 

assists or allows the breakage of DNA. After heating the samples and cooling to 4 °C, 

they should be transferred to 250pul Eppendorf tubes. Liquid nitrogen is then added to 

the tubes in a styrofoam cup -3 ml just enough to cover the tubes; they should 

immediately freeze, and then place the tubes in the -80 °C freezer until ready to continue 

the experiment. When ready, place the tubes in an ice water bath in the cold room for -1 

hour to thaw slowly. This appears to promote the annealing of the single strands as well 

as the DNA breakage.

Phi-29 (GenomiPhi) Methods

Phi-29 (GenomiPhi)
The Srst experiments were done using the manufactures protocol even though most

of their protocols, originated from this dissertation work. This is Amersham Biosciences. 

GenomiPhi DNA AmphGcation Kit Amersham Biosciences Corp. 2003 

(littp://www4.amershambiosciences.com/APTR]X/upp00919.ns^Content/WD%3AGeno 

miPhi+DNA+A%28236845074-B500%2970penDocument&hometitle=WebDocsl.

Phi-29 for plasmid, Fosmid, BAC based DNA amplification (Standard)
In a new 96 well thermocycler plate, mix 1 u of the DNA ( lOng to just over this,
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50 ng, if it is higher than this, dilute it down), pUC, Fosmid, BAC or whole Genome in 9 

pi of sample buffer (contains random hexamers) and heat to 95 °C for 3 minutes to 

denature the sample and cool to 4 °C. Next, mix lul of the enzyme mix [Phi-29 

polymerase, it only needs 2 minutes to thaw, don't retrieve it until ready to use and keep 

it in an ice water bath in the cold room (prepare the reaction in the cold room, once the 

enzyme is added to the plate keep the plate in an ice water bath for transport)] and 9ul of 

reaction buffer (salts and deoxynucleotides, adjusted pH.) and add to the DNA and 

sample buffer. Next, incubate the solution at 30 °C in a thermocycler for -12 hrs, up to 18 

hours won't hurt the DNA (don't use cycles for this time period use a 30 °C hold). After 

the allotted time, heat the samples at 65 °C to denature the enzyme. "10 ng of human 

genomic DNA should produce 4-7ug of DNA "

(http://www4.amershambiosciences.com/APTRDC/upp00919.nsf/Content/WD%3AGeno

miPhi+DNA+A%28236845074-B500%29?OpenDocument&hometitle=WebDocs).

Phi-29 for plasmid, Fosmid, BAC based DNA, cleaning and sequencing 
from an isolated template in a 96 well thermocycling plate

It was very difScult to produce a clean up procedure. This is because of the way

the DNA is ampliGed, it is a knotted mess that has to be busted apart to accurately clean 

and read (OD) as well as sequence.

Dilute the DNA sample in 3 times the volume of sterile double distiUed (sterile 

double distiUed) water to each weU. Next, pipette with a 12 chaimel each well up and 

down -8 times, then vortex the plate for -30 seconds on the highest setting (8) on a flat 

top vortexer moving the plate in a circle. Repeat (pipette with a 12 charmel each weU up 

and down -8  times, then vortex the plate for another 30 seconds. Centrifuge up and
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down to 1000 rpm, Beckman C56R centrifuge, cover the plate and heat in a thermocycler 

to 95 °C for 10 minutes and cool to 4 °C. Vortex the plate for 30 seconds and centrifuge 

up and down to 1000 rpm, Beckman C56R centrifuge. Next, remove the residual water 

from the columns of the prepared the Sephadex G-50 miUipore Glter plates via 

centrifugation, then add 30 pi to the top of each Sephadex column in a row per Sephadex 

plate [if 96 samples, then one well per plate (60 pi total of a diluted sample needs 2 

Sephadex plates, 2 weUs)] from each sample with a 12 channel pipette. Tape the 

Sephadex plate on top of a clean 96 well thermocycler plate and centrifuge, Beckman 

C56R, at 1300-1400 for 2.5 minutes. Next take an OD reading (already cleaned and 

busted apart, transfer 10 pi and add it to 1000 pi of stenle water (use the same for the 

reference) for the OD for a 100 dilution to determine the concentration of the DNA. To 

sequence the amount of DNA needed -  [pUC (8,000 bp) = 80 ng -1-4 pi; Fosmid 

(40,000 bp) = 400 ng ~2-6 pi; BAC (150-250,000 bp) = 1600 ng -8-14 pi)], 0.07-0.09 

mM Primers, and 2 pi Et terminator dye mix. Thermocychng conditions: No hold, 

Cycle-95 °C for 30 sec, 50 °C for 20 sec, 60 °C for 4 minutes for 99 cycles; Hold at 4 °C 

for inSnity. Clean the reactions using the standard sodium acetate ethanol clean up.

Phi-29 UV Clean-up

It was very difEcult to produce a clean up procedure that produced accurate UV 

spectrophotometer readings. This is because the way the DNA is ampliGed, it is a 

knotted mess that has to be busted apart to accurately clean and read as well as sequence.

Pipette 10 pi of each amphSed DNA to be read with the UV spectrophotometer 

and add 5 pi to 2 wells of a 96 well thermocycler plate, then 100 pi of water to each well.
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Next, pipette with a 12 channel each well up and down -8 times, then vortex the plate for 

-30 seconds. Repeat (pipette with a 12 channel each well up and down -8 times, then 

vortex the plate for -30 seconds). Centrifuge up to 1000 rpm, Beckman C56R 

centnfuge, cover the plate and heat in a thermocycler to 95 °C for 10 minutes and cool to 

4 °C. Vortex the plate for 30 seconds and centrifuge up to 1000 rpm, Beckman C56R 

centrifuge. Next, remove the residual water 6om the columns the prepared the Sephadex 

G-50 miUipore Glter plates via centrifugation, then add 30 pi to the top of each Sephadex 

column in a row &om each sample with a 12 channel pipette. Tape the Sephadex plate on 

top of a clean 96 weU thermocycler plate and centrifuge, Beckman C56R, at 1300-1400 

for 2.5 minutes. Then, pool the weUs to two sample wells and pool again, one sample/1.5 

Eppendorf tube, then add water to the 1ml mark. Set the spectrophotometer to 260 nm 

and use sterile double distiUed water for the reference. Use the zero time samples to 

subtract from the other samples (remove absorption of the enzyme etc).
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Results and Discussion

During the initial phase of my studies, I completed the sequence of large insert 

clones containing genomic DNA &om six regions of the human and mouse genome 

totaling over 1 Mbp as listed in tablelO. Since, this is only a minor part of this 

dissertation, only a brief look at the results based on the armotation programs and web 

options mentioned in the introduction wiU be done.

First, a Multipip overview to supply a visual comparison of the tabled information 

(explained in the next paragraph) wdl be given. Then, a table of the Human and Mouse 

clone, lastly, an interesting gene comparison from the comparative organisms wiU be 

shown using the visual output from Multipip or Vista.

Table 10 gives a list of the clones/genomes that were sequenced.

Clone Vector Source Chr Genbank Insert Consed_
Acc # Size Error/lO KB

p20kl4 PAC Human 2 2 q l l AC006548 200 ,149 0 .1 1

678g6 BAC Human 2 2 q l l AC007845 134 ,036 0 .0 7

rp23-213m l4 BAC House 16 AC090977 2 0 8 ,412 0 .2 4

rp 23-81d l3b BAC Mouse 16 AC123977 21 2 ,2 5 1 0 .0 1

rp23-7nl6 BAC House 16 AC091002 2 1 7 ,939 0 .0 4

rp23-4Sk8 BAC House 17 AC113265 1 4 3 ,758 0 .0 2

M it-1 Mi to D anio
R e r io

AC024175 16 ,5 9 6 0 .0 1

Final Total = 1 ,1 3 3 ,1 4 1

Figure 10 Sequeiced DNA

The sequeodng of (he PAC p20kl4 in figure 28 above was a conCrmadon of (he original sequence 
done by Ray, LA., % S., SloanJ)., McDennid,H. and Roe,BA
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RÀC 20kl4

Human chromosome 22ql 1 PAC 20kl4 NIH accession # AC006548 contains two 

novel genes. Currently, there are no known comparative genes in other organisms for 

either gene, but a listing of these genes and their locations are given in Appendix I.

BAC 678g6
Human chromosome 22qll BAC 678g6 NIH accession # AC007845 contains six 

novel genes, no gene number names exist at this time. Currently, there are no known 

comparative genes in other organisms for any of these genes, but the genes and their 

locations are given in the Appendix 1

BAC rp23-7nl6

Mouse chromosome 16 BAC rp23-7nl6 NIH accession # AC091002 contains 

seven genes that are listed in detail in Appendix I and include: Rtn4r, Ranbpl, Htf9c, 

Dgcr8, and three additional novel genes.
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figure 11 Pip Overview of BACrp23-7nl6, based on the syntenic region of the Mouse genome.
The Mouse BAC is compared to the following in descendu^ order as positioned on the Pip overview:
Mouse-plus-sequence, the Human-plus-sequence, and the Rat-plns-sequence. The extra sequence 
(the whole gene not partial, 1353) was used encase of diOerences in gene position and to show where 
die BAC ends. The colors vary Aum green which represents hi^ily conserved DNA to red which 
represents identical sequence. RESULTS; The ra t sequence (red with a little green), is closer to the 
mouse sequence than to the human sequaice (a litde red widi mostly green). Genes 41484 (nameless) 
and Ranbpl appear to he the most conserved genes for all three organisms.

This mouse BAC also contains a partial gene, 13539 (nameless); therefore 

additional sequence was used beyond the BAC to compare these sequences. The BAC 

sequence ends where the red color ends on the Mouse-plus-sequence. The BAC 

sequence was the reference and is not hsted. The rat sequence (red with a little green), is 

closer to the mouse sequence than to the human sequence (a little red with mostly green). 

Genes 41484 (nameless) and Ranbpl appear to be the most conserved genes for all three 

organisms.

Gene Rtn4r is a reticulon 4 receptor precursor; it mediates the axonal growth 

inhibition and possibly regulates adult axional regeneration (Swiss Prot: Q99P18; 

Fournier et uZ. 2001).
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Gene RANBPl is a protein that binds to RAN (1) and activates GTPase (Swiss 

Prot: P34022; Coutavas etaZ. 1993).

Gene Htf9c produces HpalL It is a SAM-dependent methyltransferase. Both 

RanBPl and Htf9-c genes are regulated and share a bidirectional promoter (NM 008307; 

Guarguaglini gr aZ. 1997; Di Matteo et aZ. 1995; Bressan gr aZ. 1991).

Gene DGCR8 is a fragment of DiGeorge syndrome critical region 8 homolog 

(Swiss Prot: Q9EQM6; Gong and Yeh, 1999). The other genes without names are 

unknown genes.

Gene Htf9c

 #

 '

/ \

Figmre 12 Pip (Top plot) Vista (Bottom plot) of Gene HtfPc, based on 
Human genome.

die syntenic r%ion of die
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The Homan HH9c gene is compared to the foOowh% in descendu^ order as posidomed on the Pip and 
the Vista plots: Rat, Mouse, Fi%u, and ZebraCsh sequence. The Vista bekw is harder to read the 
sequences, but Ae positions are equal to the positions of the Pip above
MUL TiPIP fTon nlotl KEY: The line with the arrow Aows the gene and its direction. The Mack 
boxes with the numbers above the top line are exons, which correspond to the hncs directly below in 
the boxes. Each box has a range of conservathm to the human ranging hrom the 50% (bottom of 
box) to 100% (top of box).
VISTA (Bo ttom  n lo tt KEY: The gray arrow shows Ae gene and its direction. The purple boxes 
above Ae top Une are exons, wMdi correqwnd to the Hncs, hills or valleys, directly bdow in the 
boxes. The purple color Aown under the hilk are conserved coding regions. Each box has a range 
of conservadmi to the human ranging from 20% (bottom of box) A 50% (middle line through Ae 
box) A 100% (top of box).
RESULTS: The Pip and VisA of the gene HtfOc above is based on the human gene. It is notable that 
all the exons (Pip: Ae box on Ap that is numbered is Ae exons, corresponding A  Ae straight line 
below. The VisA: the purple box on Ap is Ae exons, corresponding A purple under Ae curve 
bdow.) are conserved m all the organisms excqd, exon 1 and 2  Aown m issing m position of the red 
box, which are missing m Zebrafhh. It is also notable that m Fugu shows lower conservation of exon 
1 (percait sequence agreement shown on the side based on position of the Ap (ltM)%) or Ae botAm 
(50%).

The Pip and Vista of the gene Htf9c above is based on the human gene. It is 

notable that all the exons (Pip: the box on top that is numbered is the exons, 

corresponding to the straight line below. The Vista: the purple box on top is the exons, 

corresponding to purple under the curve below.) are conserved in all the organisms 

except, exon 1 and 2 shown missing in position of the red box, which are missing in 

Zebraflsh. It is also notable that in Fugu shows lower conservation of exon 1 (percent 

sequence agreement shown on the side based on position of the top (100%) or the bottom 

(50%).

BAC rp23-213ml4 and BAC rp23-81dl3b

Mouse chromosome 16 BAC rp23-213ml4 NIH accession # AC090977 and BAC 

rp23-81dl3b NIH accession # AC123977 are over lapping and together contain four 

genes, Rik-1, Ephb3, and 2 novel genes. A list of these genes, the conq)arative organisms
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(human and rat), their gene names and their locations is given in the Appendix I.

 :: .. ;  ?
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Figore 13 Pip Overview of BACrp23-213ml4 and rp23-81dl3b, based on the syntenic region of the 
Mouse genome.
The Mouse sequence containing the BAC s are compared to the following in descending order as 
positioned on the Pip overview: BAC-213ml4, BAC-81dl3b, Human, and Rat sequence. The first 
two are the BACs, which are overiapgnng, they are compared to the sequences encompassing this 
area in the human and the raL This was used to show position of the BACs and the gene 
conservation. Ihe colors vary firom green iddch represents highly conserved DNA to red which 
represents identical sequence. The rat sequence (red) is closer in homology to the mouse sequence 
than the human sequence (green), and all 3 organisms show some conservation of the genes EPHBE- 
5958 and ET208-26.

As can be seen &om the Pip Overview in figure 13, the rat sequence (red) is 

closer in homology to the mouse sequence than the human sequence (green), and all 3 

organisms show some conservation of the genes EPHBE-5958 and ET-208-26.

Gene EPHBE-5958 is an Ephrin type-B receptor precursor for a developmental 

kinase, SEK-4, and Tyrosine-protein kinase receptor MDK-5 (Swiss Prot: P54754; 

Ciossek ef of. 1995; Becker gf aZ. 1994; hnondi et al. 2000). The function of the other 

genes are unkown at this time.
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Gene EPHB3
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Figure 14 Gene EBH3 Pip (above) and Vista (below), based on the syntenic region of the Human 
genome.

The Human EPHB3 gene is compared to the foUowh% in descending order as positioned on the Pip 
and the Vista plots: Rat, Moose, Fugu, and ZdbrafWi sequence. The Vista below b harder to read 
the seqoMKCS, but the portions are equal to the positions of the P g  above.
MULTiPIP (Ton niotl KEY: The line with the arrow shows the gene and its direction. The black 
boxes with the numbers above the top line are exons, which correspond to the lines directly bdow in 
the boxes. The white pmnted boxes (LI repeats); Light gray triangles (SINEs), but not MIRs; Black 
triantes (MIRs); Black pointed boxes (LINE2s); Dark gray triantes and pointed boxes are o&er 
types of repeats, like LTRs and transposons; Short Dark gray boxes (CpG islands), where the 
CpC/GpC is greater than 0.7S; Short White boxes (CpG islands), where the CpG/GpC is betwea: 0.6 
and 0.75. Each box has a range of conservation to Ae human ranging ftum the 50% (bottom of box) 
to 100% (top of box).
VISTA (Bottom dot) KEY: The gray arrow shows the gene and its direction. The purple boxes 
above the top Une are exons, which correspond to the lines, hills or vall^s, directly below in Ae 
boxes. The purple color Aown under Ae hills are conserved codhg riion s. The peach color 
represents the conserved noncoding sequence. Each box has a range of conservation A the human 
ranging ftom 20% (bottom of box) A 50% (middle line Arough Ae box) A 100% (hg of box). 
RESUÏ.TS: The Pip and VisA of Ae gene EBH3 above is based on the human gene. A  the beginning 
of this region, only the mouse shows conservation, because of the sHg t̂ conservation m Aim non 
coding sequence (above pink boxes). However, boA the mouse and rat show parallel conservation m 
the exon-containing sequence (ahove rust boxes). The third exon is conserved across ail the
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organisms, Hght green box and most of the last exons, behind the pink box. The very last hnman 
exon is only conserved in the monse genome, above the black box.

The Pip and Vista of the gene EBH3 above is based on the human gene. In the 

beginning of this region, only the mouse shows conservation, because of the slight 

conservation in this non coding sequence (above pink boxes). However, both the mouse 

and rat show parallel conservation in the exon-containing sequence (above rust boxes). 

The third exon is conserved across all the organisms, light green box and most of the last 

exons, behind the pink box. The very last human exon is only conserved in the mouse 

genome, above the black box.

BAC rp23-46k8

Mouse chromosome 17 BAC rp23-46k8 NIH accession # ACl 13265 contains two 

genes, Park2 and a fragment from another gene. These genes, the comparative organisms 

(human, rat-1, rat-2, and fugu), their gene names and their locations are listed in 

Appendix L

BA04W
Huma

F=
1 100k 400k 600k 5430%

Figure 15 Pip Overview of BAC rp23-46k8, based on Ae syntenic region of the Monse genome.
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The Mouse sequence containing the BAC and all of the genes sequence, not the pardal amount in the 
BAC is compared to the foDown^ in descending order as portioned on the Pip overview: BAC-46k8, 
Human, Rat-18113, Rat-18022, and Fugu sequence. The extra sequence (the whole gene not partial, 
Mus-47566) was used encase of différâmes in gmie position and to Aow where the BAC aids. This 
was used to show position of the BAC and the gene conservation. The odors vary from green which 
rqiresaits highly conserved DNA to red which represents identical sequence.
RESULTS: The rat sequence (red) of course, is closer to &e monse sequence Aan the human 
sequence (green). The rp23-46k8 BAC portion is red. The rat genel8022 sequence is nearly identical 
for an of mouse gene 18819 and most of mouse gene 47566, while the rat gene 18013 appears to be 
only d%hdy conserved. The human is conserved throu^ont both genes. Fngu, the most distant 
organism shows only very slight conservation in the exonic r^ons.

The comparisons above are based on the mouse sequence for both whole genes. 

The rat sequence (red) of course, is closer to the mouse sequence than the human 

sequence (green). The rp23-46k8 BAC portion is red. The rat genel8022 sequence is 

nearly identical for aU of mouse gene 18819 and most of mouse gene 47566, while the rat 

gene 18013 appears to be only slightly conserved. The human is conserved throughout 

both genes. Fugu, the most distant organism shows only very slight conservation in the 

exonic regions.

Gene 47566 is the parkin or park2 gene that degrades polyglutamine proteins and 

protects proteasome function. (NM 016694; Tsai at uZ. 2003) Mouse park2 is a homolog 

to the human Parkinson candidate gene (NM 016694; Tomac and Hoffer, 2001). The 

function of the second partial gene is unkown at this time.
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Gene Park2
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Figure 16 PaitZ Gene: Pip Overview (1), EaHy Pip (2), Middle Pip (3) and Late Pip (4), based on the
syntenic region of the Human genome.

The Human PaA2 gene is compared to the following in descending order as positioned on the P î 
plots: BAC-46k8, Human, Rat-18113, Rat-18022, and Fugu sequence.
PIP OVERVIEW (Ton :dot̂  KRY: The Mouse sequence containing the BAC and all of the genes 
sequence, not the partial amount in the BAC is compared to the fidlowing in descending order as 
positioned on the Pip overview: BAC-4A8, Human, Rat-18113, Rat-18022, and Fugu sequence. The 
extra sequence (the iHiole gene not partial, Mus-47566) was used encase of differences in ga*  
position and to show where the BAC ends. This was used to show position Of the BAC and the gene 
conservation. The colors vary bom green which represents h i^ y  conserved DNA to red which 
r^resents identical sequence.
MULTlPlPIBottom niotl KFY: The line with the arrow shows the gene and its direction. The Mack 
boxes with tk  numbers above the top line are exons, iWuch correspond to the lines directly below in 
the boxes. The white pointed boxes (LI repeats); light gray triangles (SINEs), but not MIRs; Black 
triangles (MIRs); Black pmnted boxes (LBSE2s); Dart gray triangles and pmnted boxes are other 
types of repeats, like LTRs and transposons; Short Dark gray boxes (CpG islands), where the 
CpG/GpC is greater than 0.75; Short White boxes (CpG islands), where the CpG/GpC is between 0.6 
and 0.75. Each box has a range of conservation to the human ranging ftom the 50% (bottom of box) 
to 100% (top of box).
RESULTS: Rat 18013 gene sequence has sequence in the banning that is «ImilAr to the Human.
This is found in front of Ae light green box on Pipl and 2. Rat 18022 gene has more sequence 
similar to what is found iu the mouse. This is found behind Ae Hght green box on Pip 1 and 3. Fugu 
the most distant organism has a very small amount of sequence similar to the human m boA areas.
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This is found next to the Hg t̂ green box in Pip 1 and just above the red boxes in Pip's 2 and 3. It is 
notable, that no amOar sequence in any of the organisms is found next to the LI repeats, Aey are 
just above &e light blue boxes. The majority of the sequence of course is found under the exons and 
CpG islands.

The Pip above shows the location of the Park! gene incompansion to the Hnman. 

The monse BAC 46K8 contained only a fragment of the Park2 gene the rest of the gene 

fonnd below in the Pip labeled monse. Rat 18013 gene seqnence has sequence in the 

beginning that is similar to the Hnman. This is fonnd in front of the light green box on 

Pipl and 2. Rat 18022 gene has more sequence similar to what is fonnd in the monse. 

This is fonnd behind the light green box on Pip 1 and 3. Fugn the most distant organism 

has a very small amount of seqnence similar to the hnman in both areas. This is fonnd 

next to the light green box in Pip 1 and just above the red boxes in Pip's 2 and 3. It is 

notable, that no similar seqnence in any of the organisms is fonnd next to the LI repeats, 

they are just above the light bine boxes. The majority of the seqnence of course is found 

under the exons and CpG islands as shown in Ggnre 16.

The hnman sequences presented in this dissertation were published in Nature in 

1999 (Dunham ef aZ. 1999). The monse sequences presented in this dissertation were 

used for the Initial Seqnence and Comparative Analysis of the monse genome that was 

published in 2(X)2 (Monse Genome Sequencing Consortium, 2(X)2).

Mitochondria

The seqnence of the maternally inherited hnman mitochondrial genome was 

completed 2 decades ago (Anderson, S. gf oZ. 1981) and since then, numerous 

mitochondrial comparative sequencing studies have served as the basis for understanding
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anthropology and evolution, as well as for forensic studies. An interest in forensics and 

the wide spread use of mitochondrial analysis in this field, led to the sequencing of an 

entire -18 Kbp ZebraGsh mitochondrial genome of the gurgleofte: taxon. This ZebraGsh 

mitochondrial of (BrocAydu/iio reno - a model system for vertebrate developmental 

biology) was sequenced based on the whole genome PCR-shotgun approach [for more 

information on the method behind the isolation, PCR, sequencing and annotation, refer to 

(Broughton et of. 2001)]. The mitochondria was completed to a level of accuracy of 

greater than 99.999% (error rate of 0.01%) after closure and finishing using custom 

synthetic primer-based methods.

The annotation of the zebraGsh mitochondria was done using a different 

technique as well as some of the standard ones. This annotation was based on the 

knowledge of the carp and the goldfish mitochondria, which are sister Gshes to the 

zebraGsh. These sequence annotations were compared using cross matching (Green, P. 

1998). The beginning and ending of the coding regions of the zebraGsh were determined 

by the single alignment of the zebraGsh with each of its sister Gshes and then all three 

sequences aligned via the Clustal W program version 1.80 mulGple sequence alignment, 

(Thompson er of. 1994). The beginning and ending of the coding regions of the zebraGsh 

were reconGrmed using tRNAscan and Blast. The tRNAscan program (Fichant and 

Burks, 1991) conGrmed both the posiGon and the onentaGon of aU the tRNAs except 

tryptophan. The secondary structure was predicted on the tRNA sequences as were the 

rRNA sequences [NIP nucleoGde interpretaGon program for tRNA (Staden, 1986)] and 

[Plotfold for rRNA use the suggested nucleoGde sequence to predict their structures 

(Zuker, 1981)] and these structures are shown in Appendix HL The free energies of the
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rRNA secondary structures are -335.6 kcal/mole for the 16S subunit and -220.3 kcai/mole 

for the 12S subunit (Broughton ei a/. 2001).

Next, each gene, based on the beginning and ending numbers of the coding 

regions predicted by the other two fish, were used to make a fasta file (Pearson and 

Lipman, 1988; Pearson, 1990) of the zebraBshes' DNA sequence using the Consed 

(Green, 1998) viewing program. These fasta Bles were then, "Blasted" 

fhttp://www.ncbi.nih. eov/blast/Blast.ceii against the NIH database to conBrm that it hit 

itself, the zebraGsh mtDNA sequence genome item (for example, zebraGsh mito NADH 

dehydrogenase subunit II ) or the sister Gsh, other mtDNA from other organisms to 

conGrm the sequence was not contaminaGon and most importanüy that each gene had 

Blast homology with the same gene from other organisms.

After these coding and D-loop regions were confirmed the annotadon was 

formatted for upload to NIH Sequin program

fhttp://www.ncbi.n1m.nih.gov/Sequin/sequin.hlp.htmli that also assists in finding errors 

in the sequence annotadon.

The zebraGsh mitochondrial genome has 16,596 bases and encoded the typical 37 

animal mitochondrial genes, 28 on the heavy strand and 9 on the light strand. The 

mitochondrial genome also contained the standard 2rRNA, 22 tRNAs, and 13 

polypepdde encoding genes. It is 93% coding (the nuclear genome is only 3%) and has 

no introns. The mitochondrial genome has the standard ATP synthase FO subunit 8 and 

subunit 6 overlapping as well as many others. The mitochondnal genome contains TAA 

stop codons, which are created through posttransladonal polyadenyladon (Ojala et uZ. 

1981).
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The D-loop (950 bp) is the noncodiag control region that is the site of initiation 

for both the "heavystrand" replication and transcription (Clayton 1982; Clayton 1991; 

Sbadel and Clayton 1997; Broughton gf aZ. 2001). The D-loop contains the (Oi) or origin 

of light strand replication, which may form the perfect 1 Ibp stem and a 14 bp loop 

secondary structures that act as initiation signals for replication (Wong and Clayton 1985; 

Broughton gf nZ. 2001). The D-loop also contains the "Conserved sequence blocks 

(CSBs) 1-3, found in the 3' end of the control region, ^ipear to be involved in positioning 

RNA polymerase both for transcription and for priming replication (Clayton 1991;

Shadel and Clayton 1997)" (Broughton gf uZ. 2001).

The zebraGsh mitochondrial sequence was compared to other mitochondrial 

sequences using various programs. The ClustalW program (Thompson 1994) is a 

sequence alignment program that was used to show a mitochondrial comparison of one of 

the Cox's gene, see Ggure 17 below. The stars below the sequence show the nucleotides 

that are conserved. Genes' Cox I and Cox II are the most conserved of the different types 

of mitochondria.
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ClustalW Example
C arp AG&CÀTTC8CACCCTTT*TCTT8T*ITrGGTBCCTGAGCCGGàlT&CTACBÀiCCeCCTT
; o l d f l s h . f o  *GAClTTGCClCCCTTTlTCT*GTiTTTGeTGCCTGAGCC06#ATAGTiCGUCCGCTTT

ÀGACiTTGQCÀCCCTGTATCTlGTiTTrGUTGCTÏGAGCCGG&lTÀgTlCOGiCCGCÀTT 
C o e ia caü C h  AC*CiTrCGT&CCCT&TAC&T1ÜRTTTC#m}CCrGlCCTCGAÀTlCITGCajU%:GCCCT
Xknopuw iCACiTTGOC*CCCTTT%CTT%CTTTTTCOTSCTTGAGCiGCGCTCSrCCGàiCCGCTCT
]&*wui AGA&*TTGG*AClCTàT&CCT*TT*TTCCCC&C&TGiCCTG6&GTCCTiGCCiCAGCTCT
B o v in e  &0*TATIGGT&CCCTrT&TCT&CTlTTTGGTCCTÏGGCCCGCIàT*GT&06LlC&CCTCr
a * » e  « a T M T G a u c o n m a c T K T K n c a & a D n s A K G e M A T W T G M T A n s ù K T
L em prer AGAClTCGCC&CCCTàTaTCTlATTTTCCCGCCCTGAGCAGGAiTAGTAeGUCTGCTrr

C a rp  MSCCTCCTCàTTCGGGCCGAACTTAGCCAàCCCGGGTCGCTTCTCAGTGATGâCCMÂT
g o l d f i s h ,  f a  àAGCCTCCTCÀTCCGÀGCTGAACTTAGTCAACCCGGATCACTTCTÂGGTC-ATGâCCÈÀÀT
Z e b r a f i s h  AAGCCrCTTAATCCGAGCTGAACTrA5CCAACCAGGAC-CACTTCTrG3TGATGATC.4MT
C o e ie cem th  AAGCCTGCTTATTCGAGCTGAACTCAGCCMCCTGGC-GCTCTCCTGGGCGATGACCAAAT
Xenopua TAGCTTÀTÏAATTCGAGCÏGMCTTAGCCAGCCCGGàACàCTACTTGGà&ATGiCCJLAAT
Rumen AAGC CTCCTTATTC5AGCCC-AGCTGGGC CAGC CAGGCMCCTTCTAGGTAAC GACCACAT
B o v in e  ÀAGC nTCTAATTCGC CCTGAATTAGGC CAAC CCGGAACTCTGCTCG6 AGAC C A C C tW
m ouse AAGTATrrrMTTCG*GC»GAMTACGrCAACCAGGT6CACTrrTAGGAGATGACCAAAT
L am pr e y  AAGTATTCTAATTCC-AGCTGAACTAAGTCAGC CAGGCACTTTATTAGGAGAC GACCAAATir* * ft ** ar« *■» »# * ft ïr* ** ** ft ft ft ft ft* ft* ftft
C arp TrATAACGTÎATCGTGACTGCCCACGCCTÎTGTAATAATTTrCTTTATAGTAÂTGCCTAT
g o ld fish , fa  ’rrACAATGTAATTGTTACCGCCCACGCCTTCGTAATAATrTTCTrrATAGTAATGCCTAT
Z e b r a f i s h  CTATAATGTTATTGTrACTGCCCATCCTTrreTAATAATTTTmTATAGTAATACCCAT
C o e la c e n c h  TrATAATGTAC-TCGTrACAGCACATGCATTCGTGATAATCTrCTTTATAGTAATACCGAT
Xenopus 'mTAATCTTATCGTrACAGCACATSCTTrrATTATAATrTTCTTCATAGTGATGCCTAT
Human CTACAACGTTATCGTC ACAGCCCATGCAirrGTAATAATCTTCTTCATAGTAATAC CCAT
B o v in e  CTACAACGTAGTTGTAACCGCACACGCATTTGTAATAATCTTCTTCATAGTAATACCAAT
House TrACAATe-TTATCGTAACTGCCCATGCTTrrGrrATAATrTTCTTCATAGTAATAC CAAT
tem p t e ?  TrrrAATGTrATCGTAACTGCCCATOCCTTCGTCATAATCTnTrrATAFrTAT&CCAAT

ft ftft ft* ft ftft ftft ft* ft* ft* ftft ft ftftWftS ftft ftft ftftftftft ftft ftft ftft

Figure 17 ClustalW

The ClustalW program (Thonqison 1994) is a sequence alignment program that was used to show a
mitochondrial comparison of one of the Cox’s gene.
RESULTS: The stars below the sequence show the nucleotides that are conserved. Genes’ Cox I and 
Cox n  are the most conserved of the different types of mitochondria.

The dotter (Sonnhammer, 1995) is a graphical dotplot program that helped to 

show the conservation between the different sequences and also helped assemble the 

Zebrafish mito DNA sequences, refer to Ggure below, which shows a comparison of the 

ZebraAsh sequence against the ZebraSsh sequence, ZebraAsh sequence against the Carp 

sequence (sister Ash), and ZebraAsh sequence against the Coelacanth sequence (distant 

Ash).
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Dotter-Example
A. Z eb rea fiah  x Z eb rafish
B. Z eb raf ish  x Carp

(Tree = c lo s e )
C. Z eb rafish  x C oelacanth  

(Tree = Far)

T T

1

Figure 18 DoMer

DoMer (Sonnhammer, 1995) is a graphical program ihat compares the residuals from each sequence. 
One sequence runs along the x-axis, while the second runs along the y-axis. In areas, where the two 
sequences are very similar dus is shown diagonally across the dot matrix. A conqwuison of the 
Zebrafish sequence against the Zebrafish sequence (control), Zebrafish mtDNA sequence against the 
Carp mtDNA sequence (sister fiA), and Zebrafish sequence against the Coelacanth mtDNA sequence 
(distant fish).
RESULTS: The comparison of the Zebrafish mtDNA sequence against itself (A) produces a diagonal 
plot duTou^ the center, a daHt line showing highly conservadon. The comparison of the Zdbrafish 
mtDNA sequence against the Carp mtDNA sequence (sister fish) (dot (B) produces a diagonal plot 
through the center with a slight amount of line missing in the lowest quadrant, sH^dly less conserved 
than dme (A) ploL The Zdbrafish ndDNA sequence against the Coelacanth mtDNA sequence (distant 
fhh) plot (C) produces a diagonal plot off center with a little amount of line missing in the lowest 
quadrant, less conserved than the (A) or (B) plots, which correlates with the tree distance.

The comparison of the Zebrafish mtDNA sequence against itself (A) produces a 

diagonal plot through the center, a dark line showing highly conservation. The 

comparison of the Zebrafish mtDNA sequence against the Carp mtDNA sequence (sister 

Ash) plot (B) produces a diagonal plot through the center with a slight amount of line
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missing in the lowest quadrant, slightly less conserved than the (A) plot. The ZebraGsh 

mtDNA sequence against the Coelacanth mtDNA sequence (distant fish) plot (C) 

produces a diagonal plot off center with a little amount of line missing in the lowest 

quadrant, less conserved than the (A) or (B) plots, which correlates with the tree distance.

Miropeats (Parsons, 1995), a graphical program similar to a dotplot, Ggure 19 

below, helped to show the repeated area, conserved regions between the two 

mitochondrias being compared as well as showing whether the mitochodrial sequence 

was cut to Unerize the DNA sequence.

Miropeats
Example

ZmbfWhh X Goldnxh 
Unemr
DNA cul ^  th# ##m# 
area

Figure 19 Miropeats

Miropeats (Parsons, 1995), a graphical program similar to a doqilot that finds the areas of similarity 
and shows Aem in a graphical form induding rnndem, inverted, and palindrome repeats. The 
Zebrafish mtDNA sequence is compared to the Goldfish mtDNA sequence (sister Gsh).
RESULTS: Zehrafkh mtDNA sequence compared to the Goldfish mtDNA sequence (sister fish) of 
course is highly conserved. The right side of the plot where there are numerous lines is the D-loop, 
noncoding region.

ZiehraSsh mtDNA sequence compared to the Goldfish mtDNA sequence (sister 

fish) of course is highly conserved. The right side of the plot where there are numerous 

hues is the D-loop, noncoding region.

Comparative analysis was done using both Vista and MultiPip. In the MultiPip 

(Schwart et al. 2003), Ggure below, shown via the lines, that most of the sequences are
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very conserved no matter how phylogenetically distant. The MultiPip shows some genes 

are more conserved than others, while on the Carp and GoldGsh the D-loop (noncoding 

region) is only some what conserved and not at all for the non-sister Ashes.

MultiPip Example: Zebrafish Mito Comparisons
I.Overvlawv . # # ## ii## ' ## a#   "#

2. M um p

I

lÜ» :4k

Ml CWnW: ZebrmAmh

Fignre 20 MoldPip

The Zebrmfhh sequence of (he mtDNA genes are compared to the sequence of the mtDNA genes of 
(he foDowing in descending order as positioned on (he Pip plots: Lamprey, CoekanA, Carp, 
GoldGsh, Xenopus, Mouse, Human, Cow, and (he Zebrafish (control).
PIP OVERVIEW (Ton oloD KEY: The colors vary from white which represemts no sequence 
conservation to green which represents h i^ y  conserved DNA to red vddch represents Identical 
sequence.
MULtlPIPfBottom plot) KEY: The Une wlA the arrow shows (he game and Its direction. The black 
boxes wlA Ae numbers above the Ap Une are exons, which correspond A (he lines directly hekw m 
Ae boxes. No dotes or dashes represent no sequence conservation, a mixture of dotes and dashes 
show some similarity and straAt lines show conservatAn that is greatest at the Ap of Ae box. Each 
box has a range of conservation A Ae Zebrafish ranging from the 50% (hotAm of box) A 100% (Ap 
of box).
RESULTS: A  Ae overview above, Ae red stands Ar an exact match, while green appears A refer A 
a very conserved maAh. It can be seen that some genes are more conserved A«n others, while on Ae 
Carp and GoldflA Ae D-loop (noncoding region) Is somewhat conserved.
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The Vista (Mayor gt a/. 2(XX)), Ggure below, also show that the sequences are 

highly conserved. This zebrafish mitochondria sequence and its' annotation as well as 

several interesting evolutionary patterns were published in Genome Research in 2(X)1 

(Broughton etaZ. 2(X)1).

Vista- Example; Zebrafish Mito Comparision
0  CoNmkZWwmnmh

1,

war

?

/mampias*;

. ' -JL......................z c A a

Figure 21 VISTA

The Zebrafish sequence of the mtDNA genes are compared to the sequence of the mtDNA genes of 
die foDowing in descending order as pomdoned on the Pip plots: Lan^rey, Codcanth, Carp, 
Goldfish, Xenopus, Mouse, Human, Cow, and the ZebraDsh (control).
VISTA KEY: The gray arrow shows the gene and its direction. The purple boxes above the top line 
are exons, which correspond to the Dues, hills or valleys, direcdy below in die boxes. The purple 
color shown under the hiDs are conserved coding regions. The Hght blue color shown under the hills 
represents die UTR, Untranslated region. Each box has a range of conservathm to the human 
ranging ftom 20% (bottom of box) to 50% (middle line through the box) to 100% (top of box). 
RESULTS: A rqieat of the same sequences used in die MuDfPip in figure 20 for comparison. The 
purple cleaHy shows the high level of conservation between the mitochondrial sequaices. It Nodce, 
the li^ t Mue UTR, Untranslated r^ion, for the Carp and Goldfish's conserved D-loop (noncoding 
region).
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DNA Amplification 

Phi-29 Experiments

Over the past few years, it has become increasingly apparent that previously 

unattainable genetic information would become available if robust procedures could be 

developed to amplify large amounts of DNA accurately starting from minute amounts. 

One initial goal of my research was to amplify several 6sh mitochondrial genomes in 

sufficient quantities that they could be directly sequenced. While searching for enhanced 

DNA ampli&cation methods, I became aware of Pharmacias' research in DNA 

ampliGcation using TempliPhi, a reaction mixture containing the Phi-29 DNA 

polymerase and hexamers. At that time, it was being tested to amplify plasmid-based 

DNA sequencing templates and we were fortunate to become a Beta test site for this 

enzyme test.

Phi-29 mix: PI: Amplification from pGcm Gold (Isolated no insert) 
DNA

The 6rst question to be answered was does the Phi-29 mix satisfactorily amplify 

DNA that can yield DNA sequence data comparable to template obtained via the existing 

cleared lysate isolation protocol. I, therefore, first confumed that Phi-29 could ampli^ 1 

ng of pUC DNA 1000-fold, shown in Ggure 22.
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# 0 M 0 # 0

83 Cl C2 C3

Figure 22 AnqdiGcadon from pGem DNA

One namogram of pUC Arom in lui of DNA, 9 different samples (A1,A2,A3,B1,B2,B3,C1,C2, andC3) 
was added to 9 pi of buffer and heated 95 "C for three minutes and 10 pi of Phi-29 mix (5 U) was 
added to the reaction. The solution, then, was incubated at 30 °C for 4 hours. 10% of the 
anqdification product was loaded on to 0.6% agrose gd, electrophoresed and stained with ethidium
bromide.
RRSin.TS: The DNA produced clearly is more than 100 ng/ lane and therefore, more than 1 pg was 
produced per reaction, confirming that the Amersham Phi-29 mix works satisfactorily.

The DNA produced clearly is more than 100 ng/ lane and therefore, more than 1 

pg was produced per reaction, confirming that the Amersham Phi-29 mix works 

satisfactorily.

Phi-29 mix: P2: AmpUGcadon Anm Cells and Sequence
I, then tested, if the Phi-29 mix could amplify from shotgun clone containing

colonies, and if the DNA was double stranded, i.e. were both strands amplified?

AS shown in Ggure 23, the DNA was successfully ampliGed from lysed cells and 

this ampliGed DNA could be cleaved, indicating that it must be double stranded.

To determine if this amphGed DNA could be sequenced, it was diluted by 50% 

and lul, 2ul, and 4ul of each sample were sequenced using the forward and reverse 

primers with the ABI BigDye mix. As shown in Ggure 23, the DNA ampGGed Gom cells 

could be sequenced directly, but did not result in reproducible results.
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m m #

Fofwmrd Primer
I ftiCi 'iiiMiir

Reverse OPnmer
Figure 23 Amplification from Cells and Sequence

Lambda is the first well, lane 1 is the undigested DNA, lane 2 is the EcoRl cleaved DNA, lane 3 is the 
undigested DNA, and lane 4 is EcoRl deaved DNA. Lanes 1 and 3 for each letter was sequenced 
using forward and reversed. Sample from letter A of the gel was sequenced in horizontal letter A on 
the Phred card at IpL, 2 pL, and 4 pL.
hXPT: Tooth ;dcks covered in aluminum foU were used to gnck the colonies and dip into the buffer to 
lyse the cdls. The released DNA was amplified as described in the methods section. After the 
amplification, 20 pi of sterile double distilled water was added to the 20 pi reaction mixture to dilute 
the DNA.
ECORI DIGEST (Tool: An EcoRl restriction digest was performed to confirm the DNA was not 
nonspecific and that it was double stranded. One unit of enzyme should digest one mmcrogram of 
double stranded DNA in one hour (Roe ed. 1997) and the enzyme needs both strands to produce a 
recognithm site in order to cut the DNA. EcoRl reaction: 2 pi of the amplified DNA was used, 2p of 
Bufier, 1.5 pi (1 pi = 10 U) of EcoRl enzyme, and 14 j  pi sterile douMe distilled water. The reaction 
was incubated at 37 "C for 2 hours (standard parameters). The original DNA and the restriction 
digested DNA were dectropboresed on a 0.6% agrose gel at 150 mA for 15 minutes.
PHRED CARD (Bottom): Mned is a program Aat reads the trace files produced by the sequencers 
to assign the bases, their quality values and writes these to output files (Ewing et a l, 1998). A Phred 
Card is a picture showing each well as a certain cdor based on the number of nucleotides sequenced 
that had a Mued quality of at ieast 20, the quality required for Phrap to assemble the sequence is 
shown in fig. 10: 0-100 bases = Red, 101-300 bases = Yellow, C. 301-500 bases = Green, D. 501 and 
above bases = Blue.
RESULTS: The DNA amplified from cdls could be sequenced directly, but did not result in 
reproducible results.
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Phi-29 mix: P3: Buffer vs. Water and Denatured vs. Non- 
Denatured on Isolated DNA.

Since the sequencing reaction results were reproducible, we questioned whether

the parameters were the same for the isolated and non isolated, cellular, DNA? It was 

hypothesized that since the buffer used to lyse the cells contained EDTA, a known 

polymerase inhibiter, was affecting the sequencing results. Therefore, it was questioned 

whether the buffer was necessary, if water could be used instead and if it was, would the 

denature step, 95 °C for 3 minutes, be necessary? We also tested if the DNA needed to 

be cleaned via ethanol precipitation before sequencing to remove the EDTA.

In order to answer the above questions an experiment was designed, conq)aring 

the sequence obtained ùom amplification reactions comparing water (no EDTA) and 

buffer (with EDTA), whether the water or the buffer's DNA needed dénaturation (95° C 

for 3 minutes to insure DNA strand separation for primer annealing for amplification) 

before the amplification enzyme mix is added to the reaction. The reactions are repeated 

on the plate, so that half the reactions were cleaned via ethanol precipitation and the other 

half were not cleaned. The diagram below shows what is in each well, which correlates 

with the Phred card in Ggure 24.
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A Black "W" repmsents water, a Red "D" represents denatured sample, a green "ND" 
mpmsents a non-denatured sample, a light blue "C" represents colony DNA, and a Bark 
blue "B" represents Buffered sample.
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Figure 24 Phl-29 mix: Colony vs. bolated. Buffer vs. Water, Denatured vs. Non-Denatured.
PHI-29 rFoul: The two figures above the Phred Card are used to show what type of sample is in 
each well
pmtRn CARD rnmttnml: Phred is a program that reads the trace files produced hy the sequencers 
to assign the bases, Aeir quality values and writes these to output fBes (Ewing et a l, 1998). A Phred
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Card k a picture showing each well as a certain color based on dme nommmber of nucleotides sequemmced 
dmat had a Phred qualiiy of at least 20, the quality required for Mmrap to assemble the sequence is 
shown in dg. 10: 0-100 bases = Red, 101-300 bases = Ydlow, C. 301-500 bases = Green, D. 501 and 
above bases = Blue.
RESULTS: The sequence produced by dme esperinmeut immdkates that water can be used to lyse dme 
cdk and that when amplifyimmg Arom previously isolated DNA, mmo demmatumhmg step is mmecessary, mdmBe, 
wham womhimmg with DNA ftom colonies, damatum d̂on k  mmecessary. Both types of DNA ampHRcadons 
(colonies ammd isolated DNA) mmsimmg water mmeed to be deammed with ethammol pmecipitadoim, to give 
sadsfactomy sequendmmg results.

The sequence produced by the experiment shown in figure 24 indicates that water 

can be used to lyse the cells and that when ampli^nng from previously isolated DNA, no 

denaturing step is necessary, while, when working with DNA from colonies, dénaturation 

is necessary. Both types of DNA amplifications (colonies and isolated DNA) using water 

need to be cleaned with ethanol precipitation, to give satisfactory sequencing results.

Phi-29 mix: P4: Cellular DNA Cleaning for AmpliGcation
Since the above results were successful, we, then, began to scale up the procedure

for eventual automation using 96 samples/plate. To accomplish this, it was necessary to 

move from using aluminum foil covered tooth picks to pick colonies to the colony picker 

for mass production and greater precision in the amount of cells lysed. However, this 

resulted in even more reduced DNA sequence reproducibility. Problems with 

ampliGcation began at this time. It was hypothesized that the some unknown cellular 

inhibitor's percentage had increased with the addiGon of the colony picker for picking the 

colonies. Various experiments were attempted to remove or lessen this cellular inhibitor 

and it was during this time that it was learned that after using the standard 3 M sodium 

ethanol precipitation for cleaning the ampliGcation reacGons that one could see the DNA 

on a gel before cleaning, but not after (rediluting in the same reacGon volume).

After various experiments (many failures), the following was done: First, the 

colony picker picked into a thermocycler plate with 20 pi of stenle double distilled water.
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These reactions were heated to 95 °C for 3 minutes in a thermocycler, then 6ozen until 

solid -2 to 3 hours, thawed for -10 minutes and centrifuged for 45 minutes at 3200 rpm, 

Beckman C56R centrifuge. The supernatant -5  pi was transferred to another plate; this 

removed the m^ority of the cellular inhibitor. Then, 5 pi sterile double distilled water 

and 10 pi of Phi-29 reaction mix was added. The reaction was incubated at 30 °C for 12 

hours, followed by denaturing the enzyme via a 95 °C hold for 5 minutes. The reactions 

were precipitated using 2 pi of 7.5 M KOAc and 53 pi of 100% ethanol. This solution 

was centrifuged for 3200 rpm, Beckman C56R centrifuge, for 45 minutes, then inverted 

on a paper towel and centrifuged to 400 rpm, Beckman C56R centrifuge. The wells were 

immediately rediluted in 20 pi of sterile double distilled water and 3 pi were 

electrophoresed on a 0.6 %. The results of these experiments are shown in Ggure 25.
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Phi-29 ampliûed Freeze and 
Spin uncleaned

Phi-29 ampliGed Only, 
u n c lea n ed ----------------

Phi-29 ampliûed Freeze and 
Spin KOAc/Ethanol cleaned

Phi-29 ampliûed Only, 
KOAc/Ethanol cleaned

KOAc cleaned 
lAD $ao

ICO HV. *îf KO /.f; *;i

Fignre 25 PHi-29 Amplification Cleaning Comparison

GEL (Ton): The following sample types are listed in desca^ding order as positioned on the gel: Phi- 
20 amplified DNA nsing the fweze and spin techniqne wi&ont KOAc/ ETOH precipitation, MÛ-20 
amplified DNA (control) without KOAc/ ETOH precipitation, Phi-20 amplified DNA nsing the freeze 
and spin tedudqne with KOAc/ ETOH precipitation, and Pin-20 am^iSed DNA (control) with 
KOAc/ ETOH precipitation.
GEL/Bottoml: Shows Phi-20 amplified DNA nsing the freeze and qdn tedmiqne with KOAc/ 
ETOH precipitation IpL and 2 pL ont of 20 pL as wdl as 2 pL out of a total of 10 pL reaction 
compared to known pGem DNA amonnts in nanagrams.
The gel above shows Ae amount of DNA recovered ranging bom gray (invisible DNA, very small 
amount), to very bright white DNA ( large recovery).
Ë2EEIÏ The fignre above is Phi-29 amplified DNA that was electrophoresed on a 0.6% agrose gel at 
150 mA for 15 minutes.
RESULTS: The mpjor result of this cleaning comparison experiment was that the addition of the 
freeze and centrifuge to pdlet the cellular ddbris (inhibitor), successfully produced DNA that could 
he reprodncibly sequenced.

The m^or result of this cleaning comparison experiment was that the addition of 

the freeze and centrifuge to peDet the cellular debris (inhibitor), successfully produced 

DNA that could be reproducibly sequenced.
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Phi-29 mix: P5: Cellular DNA Concentration Study for AmpliGcation
AAer finding a cleaning protocol for the DNA, it was then questioned exactly how

diluted could the cellular DNA be for amplification and would a greater dilution produce 

better results? An experiment was set up using differing amounts of supernatant (5 pi, 2.5 

pi, 1.25 pi, and 0.625 pi). This was done via a serial dilution starting with 5 pi volume of 

cellular DNA and maintaining that volume to be used for the ampliGcation reaction and 

then a sample Gom each of these for sequence. After the reactions were amplified, they 

were KOAc/ethanol precipitated, rediluted in 20 pi water and 3 pi were used to check for 

DNA on a gel.
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Figure 26 Mu 29 AmpliGcation of Cellular DNA a concentration Study.

Ttere are 12 sam^es between ead: lambda of varying amounts of supernatant used to arnpHfÿ: 5 pL, 
2.5 pL, 1.25 pL, and 0.625 pL.
EXPT: A comparison of the amplified reactions were done to determine if dilution of the cdlular 
DNA would affect the ampHGcatiou. After ampliGcation Ae samples were KOAc/ethanol 
precipitated, redOuted in 20 pi water and 3 pi were used to check for DNA on a gd. The Ggure above 
is Phi-29 ampliGed DNA that was electrophoresed on a 0.6% agrose gd at 150 mA for 15 minutes. 
RESULTS: As shown all of the sanqdes produced amplified DNA, however, when 2 pi of this DNA 
was sequenced using BigDye I and BigDye m , it did not sequence very wdl, but when 5 pi of 
ampliGed DNA was sequenced with Big Dye I, it produced better sequence Bum when Big Dye IH 
was used.
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As shown in Ggure 26, all of the samples produced amplified DNA, however, when 2 pi 

of this DNA was sequenced using BigDye I and BigDye m, it did not sequence very 

well, but when 5 pi of ampliGed DNA was sequenced with Big Dye I, it produced better 

sequence than when Big Dye m  was used.

Phi-29 mix: P6: Enzyme mix Concentration Study: Time versus rate of 
AmpliGcation

After, getting the above ampliGcation to work, I investigated if less enzyme could 

be used, since the Phi-29 mix was not economical for high throughput use. In order to 

produce a quick and dirty estimate of the amount of DNA produced based on the length 

of incubaGon time at 30 °C. In the initial experiment, a time study, was performed.

U n i ! . . ' -  n

' " I T T' f

Mgore 27 Phf-29 Enzyme mix Concentration Study: Time vs. Rate of AmpliGcation

EXrT: The reactions were pipetted on ice and then incubated for 0 ,2 ,4 ,6 ,8 ,10 , and 12 hours. One 
sample Arom each time period would he heated to 95 "C for 5 minutes to kQ the enzyme and the 
second would he rqilaced in the water hath until the a d  of the experiment, where both samples 
would he immediately electrophoresed on a 0.6 % agrose gd. The DNA used was pGem using 5 units 
of Phi-29 azyme. The control DNA pGem at the far right and the numbers 0 ,2 ,4 ,6 ,8 ,10 ,12  
represent the time the samples were incubated at 30 "C. An asterisk is above those samples that were 
heated to 95 "C to denature die enzyme and stop the reacdon.
RESULTS: After 4 hours die DNA is so hi^ily amplified that it produces a tear drop effect, 
indicating the DNA is not fuDy dissolved in the loading buffer, it contains a h i^  salt concentradon.
It also is nodceahle that a large amount of DNA is long enough that it remains in the well during 
dectro^mresis. There appears to he less of a tear drop effect occurring when the DNA is heated to 
95 ' and the anqdiCcadon results from die reactkms amplified and stored at 4 °C appears "Motchy** 
compared to the amplified and beat denatured reactkms, indicating DNA ampdfkadon at 4 °C.

100



Supporting^, we observed (hat lAen Ae reaction mixture is incubated for onXy 2 to 5 minutes at 0 "C 
during ^petting, (he enzymes catalyzes Ae production of amplified DNA. The nuyor result of Ae 
e^qierhnent was Aat (he DNA amplificadon condnues after 2 hours, but it was difficult A annotate 
(he results at (his time for reasons (hat will be discussed later.

As can be seen in figure 27, after 4 hours the DNA is so highly amplified that it 

produces a tear drop effect, indicating the DNA is not ftdly dissolved in the loading 

buffer, it contains a high salt concentration. It also is noticeable that a large amount of 

DNA is long enough that it remains in the well during electrophoresis.

There appears to be less of a tear drop effect occurring when the DNA is heated to 

95 ° and the ampliGcation results Gom the reacGons ampliGed and stored at 4 °C appears 

"blotchy" compared to the ampliGed and heat denatured reacGons, indicating DNA 

ampliGcaGon at 4 °C. SupporGngly, we observed that when the reacGon mixture is 

incubated for only 2 to 5 minutes at 0 "TZ dunng pipetting, the enzymes catalyzes the 

producGon of ampliGed DNA.

The m^or result of the experiment was that the DNA ampliGcaGon continues 

after 2 hours, but it was difGcult to annotate the results at this time for reasons that will 

be discussed later.

Phi-29 mix: P7: Enzyme mix Concentration Study for AmpliGcation 
from Cellular DNA

Based on results of the CeUular DNA ConcentraGon Study for AmpliGcaGon

experiment, addiGonal work was necessary to use the ampliGcaGon method followed by 

subsequent DNA sequencing with BigDye3. It was proposed that too much DNA was 

being added to the sequencing reacGons. Instead of just diluting the DNA down Gnther, 

it seemed more logical and cost efGcient to lower the enzyme amount added to the 

ampliGcaGon reacGons.
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In order to test the above, the ampliGcation reactions were set up as follows: 2ul 

of Phi-29 enzyme mix was added to 2ul of cellular DNA, 4ul of enzyme mix was added 

to 4ul of cellular DNA, 5ul of enzyme mix was added to 5ul of cellular DNA, and the 

current standard reaction amount, lOul of enzyme mix was added to 5ul of cellular DNA 

and 5ul sterile double distilled water. After anq)li^dng and cleaning the reactions, they 

were diluted in varying amounts of sterile double distilled water. The results are shown 

in Ggures 28 and 29.

ZulDNAZmlEmzym#: | ^

4ulDNA4nl
Enzyme:DNAm40nl %

5ulDNA5nl 
Enzyme J3NA in Wml
SulDNA WwmWr 
1#wl EnzymwiDNA 
hlMwleddwMer

Figure 28 Phi-29 Enzyme Concentration study
EXPT: 2ul of enzyme mix and 2ul of cellular DNA were rediluted in 20 pi sterile double distilled water, 4ul of 
enzyme mix and 4ul of cellular DNA were rediluted in 40 pi sterile double distilled water, 5pl of enzyme mix and 
5 pi of cellular DNA were rediluted in 80 pi sterile double distilled water, and the current standard reaction 
amount, lOpl of enzyme mix and 5 pi of cellular DNA and 5pl sterile double distilled water were rediluted in 120 
pi sterile double distilled water. 3ul of DNA were ekctro^mresed on a 0.6% gd and 2pl from each of the above 
amplified and diluted samples were sequenced using BigDye 1 and Big Dye 3.
RESULTS: The above Aows a lot of amplified DNA for the dilution.
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Figure 29 Sequence of the Phi-29 Enzyme Concentration study

From the previous figure, 2ul from the amplified and diluted samples were sequenced using BigDye 1 and Big 
Dye 3.
PHRED CARD ('Bottom): Phred is a program that reads the trace files produced by the sequencers 

to assign the bases, their quality values and writes these to output files (Ewing et al., 1998). A Phred 
Card is a picture showing each well as a certain color based on the number of nucleotides sequenced 
that had a Phred quality of at least 20, the quality required for Phrap to assemlde the sequence is 
Aown in fig. 10: 0-100 bases = Red, 101-300 bases = Ydlow, C. 301-500 bases = Green, D. 501 and 
above bases = Blue. Wdb A-H of odumn 11 and 12 are controls pGem and pUC correspondingly. 
RESULTS: The above indicates that the amount of enzyme used in the amplification reaction, most 
be lowered to produce high quality DNA sequence.

The above Ggures, 28 and 29, indicate that the amount of enzyme used in the 

ampliGcation reacGon, must be lowered to produce high quality DNA sequence, the less 

DNA the better: 2 pL of cellular DNA using 2 pL of the Phi-29 enzyme ampliGes and 

then produces the highest quality sequence.
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Phi-29 mix: P8: Enzyme mix Concentration Study for AmpliGcation 
from Glycerol Stocks

A similar study was done using colonies from glycerol stocks. Here, there 

seemed to be no signiScant difference between using a colony from a Petri dish or 

colonies directly from glycerol stocks, although if the glycerol stocks were made fresh, 

the resulting ampliGed DNA sequenced far better as shown in Ggure 30.

4W
(AllAid
QycmmQ
4wl
Enzyme:
DNA

A
Redlkde In 40 ul weieF

R e d U u t « l n 4 0 u l v n t a r  ,v ,  .. - . n - s  , «

R . d l l u t e i n 6 0 u l » . t . r ,  . . . .  ,

R e d i l u l e l n B O u l w r t s , , . , ^ . . , ,  . .  , ,  ,; . .  „

Sul (diluted 
Qyceml),5u 
wËerlSul 
Enzyme

, I I  9 t t  t1 «
Pledlliile In 100 ul %wd#

R.dllUl»id12DUIW.te- ,, , I, . .  , -

RedMe In 160 ul wete

Figore 30 Sequencing Resnhs kom the Enzyme mix Concentration Study for Anqdiflcation ftom 
Glycerol Stocks.
EXPT: The amplification protocols used were similar to that discussed in the l^end of flgure29, but 
the amount of dilnted glycerol stock and the amount of phi-29 enzyme mix were varied, along with 
the amount of sterile double distilled water added to the amplified DNA after ckaning. Each column 
represents a different DNA sample as indicated, except for the sequaming control DNA (pGem) all 
the DNA is the exacdy the same, but each sample was amplified, diluted, and sequenced using 
different parameters as indicated in Ae figure.
PHRED CARD : Phred is a program that reads Ae trace files produced by Ae sequencers A assign 
the bases, Aeir quality values and writes these A output fUes (Ewing et aL, 1998). A Phred Card is a 
picture showh% each well as a certain color based on Ae number of nucleotides sequenced that had a 
Phred quality of at least 20, Ae quality required for gArap A assemble Ae sequence is Aown m fig. 
10: 0-100 bases = Red, 101-300 bases = Ydlow, C. 301-500 bm«s = Green, D. 501 and above bases = 
Blue. Wells A-H of column 6 and 12 are controls using isolated DNA, pGem. The DNA was 
sequenced using 2 pL, 1 pL, 0.5 pL, and 0.125 pL
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RESULTS: When DNA wag ampUfkd fjrom glycerol stocks, :t could be diluted between 10 and 16 
times and b^ween 2 and 1/8 )d of DNA produced excellent sequencing results with plasmid DNA.

As shown in ûgure 30, when DNA was ampliûed from glycerol stocks, it could

be diluted between 10 and 16 times and between 2 and 1/8 pi of DNA produced excellent

sequencing results with plasmid DNA.

Phi-29 mix: P9: Enzyme mix in Buffer B, Concentration Study for 
AmpliGcation and Sequence

To further investigate additional dilutions for DNA ampliGcation and after

reviewing the literature, a new dilution buffer was made to dilute the Phi-29 enzyme.

This buffer contained: 50 mM Tiis-HCl pH 7.6,10 mM MgClz, 10% v/v Glycerol, 1 mM 

DDT, -48.8 uM Universal Forward primer, -48.8 uM Universal Reverse primer, 50 mM 

dNTPs (for each dNTP); this same buffer was made with other primers as testing 

required.

Amplification and sequencing was done with puriGed pGem DNA and varying 

the Phi-29 enzyme mix dilutions.
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Figure 31 Sequendmg results of the Phi-29 enzyme mix diluted in Buffer B, Concentration Study for 
Amplification and Sequence

kXFT: Amplification and sequendmg was done with purified pGem DNA and varying the Phi-29 
Mzyme mix dilutions
MÛ-29 Phred Card fTou): Amplification of pGmn DNA using 0.125 units of Phi-29 diluted in Buffer 
B, sequencing with BigDyeS.
Phi-29 Phred Card (Bottom): Amplification of pGem DNA using 0.0625 units of Phi-29 diluted in 
Buffer B, sequencing with B%Dye3.
PHRED CARD: Ph red is a program that reads Ae trace fBes produced by the sequencers to assign 
the bases, thdr quality values and writes these to output fBes (Ewing et aL, 1998). A Phred Card is a 
picture showing each wdl as a certain color based on the number of nudeotides sequenced that had a 
Phred quality of at least 20, the quality required for phrap to assanble the sequence is shown in Cg. 
10: 0-100 bases = Red, 101-300 bases = Yellow, C. 301-500 bases = Green, D. 501 and above bases = 
Blue.
RESULTS: The enzyme concentration could be successfblly lowered to 0J%5 pi (0.125 U) and 0.125 pi 
(0.0625 U) of enzyme for amplification using this new buffer. This new dilution buffer allowed the 
enzyme to be lowered 1/BOth or (2 pi needed = 1/40A pre reaction) from the manufacture 
recommended amount [Normally 5 U/10 pi mix/reaction-(Dean 2001)].

As shown in ûgure 31, the enzyme concentration was successfully lowered to 

0.25 pi (0.125 U) and 0.125 pi (0.0625 U) of enzyme for ampliGcation using this new 

buffer. This new dilution buffer allowed the enzyme to be lowered l/80th or (2 pi
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needed = l/40th pre reaction) 6om the manufacture recommended amount [Normally 5 

U/10 pi mix/reaction-(Dean 2001)]. However, in order for the phi-29 reactions to be 

economically feasible, the cost per amplification reaction had to be less than or equal to a 

penny. Since, the amounts of the phi-29 necessary to reproducibly produce quality 

amplification for sequence could be lowered only to l/40th per reaction, which was 1.5 

cents/ reaction. This was slightly above the cost allowed and ampliGcation of plasmid 

DNA with Phi-29, although successful was not continued. However, what was need in 

the lab was a robust BAC ampliGcation protocol; therefore, I began investigating the 

possibility of BAC ampliGcaGon for shotgun and gap closure using Phi-29.

Phi-29 for Gap Closure

Typically, polymerases dissociate Gom the template when regions of nucleoGde 

repeats (i.e.. G-C, G-A) our encountered. The Phi-29 DNA polymerase is so GghGy 

bound to its substrate that it does not dissociate Gom the DNA like other DNA 

polymerases do. The Phi-29 DNA polymerase also has the ability to displace the opposite 

strand (i.e. strand displacement) and is capable of reading through hairpin loops and long 

repeats. These properdes might be useful for obtaining DNA sequencing template for 

DNA regions that are either unclonible or difGcult to obtain and/or sequence. To test theG 

possibility, I invesGgated the standard protocol developed for plasmid ampliGcaGon, but 

instead used primers Ganking the region to amplify for sequence.
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Figure 32 Phi-29 used for Gap Closure-1

A coDsed output for a difficult region to sequence in a region of a BAC sequencing project, the purple 
sequences represent pbi-29 amplified DNA that was sequenced.
K XPT: To test thdr possfinlity, I investigated the standard protocol developed for plasmid 
amplification, but instead used primers flanking the region to amplify for sequence.
RESULTS: This approach worked exceptionally well and was able to amplify DNA that was difficult 
to obtain by other methods and this amplified DNA sequenced as welL It was used to close a gap in a 
plasmid Aotgun clone that contained both 'KI-T and A-T" repeats that did not yidd satisfactory 
sequencing results using ty^cal DNA sequaxdng protocols.

As shown in figure 32, this approach worked exceptionally well and was able to 

amplify DNA that was difGcult to obtain by other methods and this ampliGed DNA 

sequenced as weU. It was used to close a gap in a plasmid shotgun clone that contained 

both "G-T and A-T' repeats that did not yield saGsfactory sequencing results using 

typical DNA sequencing protocols.
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Figore 33 Phi 29 used for Gap Closure-3

The above is a trace file, obtained from the sequence of a large gap am plified  by Phi-29 and 
sequenced on the Base station.
ËXPT: To test their possibility, I investigated Ae standard protocol developed for plasmid 
amplification, but instead used primers flanking the r%ion A amplij  ̂for sequence.
RESULTS: This approach woHced exceptionally wdl and was aMe A ampHfÿ DNA that was difficult 
to obtain by other methods and this amplified DNA sequenced as w dl It was used A dose a gap m a 
plasmid dwtgun done Aat contained boA "G-T and A-T^ rqieats that did not yield sadsfacAry 
sequencing results using typical DNA sequencing protocols.

As shown above, the Phi-29 protocol developed during the course of this research 

can take advantage of the high processity of the Phi-29 enzyme and produce ampliGed 

DNA from regions difGcult to otherwise obtain, that, then can be used successfully for 

DNA sequencing.
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Phi-29 BAC Experiments

After developing a robust protocol to amplify plasmid DNA using the Phi-29 mix, 

I then, began investigating using the Phi-29 to amplify a Mouse BAC, so that it could be 

PCR ampliûed further and then be used as a template for sequencing. This experiment 

worked successfully following the developed protocols (data not shown) and, therefore, I 

began investigating to produce templates for either "BAC-end" or shotgun sequencing 

instead of the labor intensive large scale BAC isolation procedure presently used. If this 

could be accomplished, it would be more cost efGcient and produce a significant 

reduction in labor for this process. Such an amplification method would also increase the 

production rate by decreasing substantially the time requirements needed to grow and 

isolate the BAC DNA by one week. Therefore, I initially investigated modifying the 

parameters developed for the subclone, because of the 10-20 fold larger size of the insert 

containing BAC DNA. As a reference point, mitochondrial DNA, is about 18,000 bp, 

pUC subclones are about 4,(X)0 to 6,000 bp, but a BAC insert clone can have a size range 

of between 130,000-250,000 bp.

Phi-29 mix: B l: AmpliGcaüon Amounts needed for BAC Shotgun 
Sequencing
The Grst issue to be addressed was to determine how much cellular DNA and Phi-29 
enzyme is necessary to produce a minimum of 50 pg of amplified BAC DNA, because 
this is the amount of DNA needed to nebulize for shotgun library construction.

Cellular DNA Sterile double 
distilled Water

Phi-29 Mix pg/well WeUs/Nebuhzation

2pl 0 pi 2 pi 2.2 pg ~ 48
4 pi 6 pi 10 pi Ô.3-7.3 pg -12
5pl 15 pi 20 pi 13.9-14.9 pg - 6
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10 pi 10 pi 20 pi Changes 8-33 -------

Table 8 Results of the UV detenmnatmom of the Phi-29 Amplified DNA for BAC Shotgun Sequencing 

Note: Ae anmount of DNA and water most equal the amount of phi-29

Therefore, as shown in table 8, the DNA amplified 6om ~ 6 samples with varying

amounts of enzyme in the typical ampliûcation protocol was determined by measuring

the absorbance of the ampliSed DNA. The results shown above indicate that only 2 to 5

pi of cellular DNA shall be used in the amplification reaction as when more is used

inhibition is observed. If using only 2 pi of Phi-29 mix, then approximately 48

amplification weUs would be necessary to produce 50 pg of DNA for nebulization.

However, if the reaction mixture was increased 5 to 10 times, it would be possible to

produce 50 pg of DNA for nebulization in a 6 tube reaction. This was done and the

resulting DNA was nebulized and taken through the shotgun cloning protocol. However,

the sequence produced was either zero length or was pUC alone without a large insert.

Phi-29 mix: B2: Using SpeciGc Primers and Raising the Temperature 
for BAC-specific Amplification

To test the Phi-29 for the possibility that what was being amplified above was

non-insert containing pUC or E.coZz genomic DNA, an experiment was designed in 

which, the Phi-29 mix containing hexamers was incubated with pGem DNA(~ 200 ng) 

and universal forward and reverse primers at various temperatures.

As shown in figure 34, the Phi-29 mix that contained both hexamers and primers 

yielded 3 bands at 20 °C, 30 °C, 40 °C, only 2 bands at 50 °C, 60 °C, and only one band at 

70 °C, 80 °C, while the reaction mixtine without the universal primers produced 2 bands 

at 30 °C and 40 °C, the peak Phi-29 polymerizing temperature, only 1 band at 20 °C,
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50°C, 60 °C , 70 °C and a smear at 80 °C. These results indicate that the Phi-29 enzyme 

appears to begin to denature at 70 °C and the hexamers do not bind as well as temperature 

increases. Therefore, at the elevated temperatures below the dénaturation point, the 

universal primers likely were the only primers used.

Phi-29 mix Temperature test
Specific primer* and Heiamer* Hexamers oaly

m
m

SO 70 60 50 40 30 20 80 70 60 50 40 30 20

■
0 Piimmblùb

H e x a m e rs

Fmgare 34 Result: of the Phi-29, ndng Specific Pnmers and Raising Ae Tenqierature for BAC 
specific AmpBGcadon
EXPT: The control, Phi-29 mix (hexamers only) was incubated with pGem DNA at 20 (room temp.), 
30,40, SO, 60,70, and 80 °C. The DNA plus primers (6.5uM) volumes equaled the enzyme add -2  pi 
of each)
RESULTS: The Phi-29 mix that contained both hexamers and primers yielded 3 bands at 20 °C, 30 
°C, 40 °C, only 2 bands at 50 "C, 60 °C, and only one band at 70 "C, 801 ,  while the reaction mixture 
without Ae universal primers produced 2 bands at 30 °C and 40 °C, the peak Phi-29 polymerizing 
temperature, only 1 band at 20°C, 50°C, 60 °C , 70 °C and a smear at 80 "C. These results Indicate 
that the Phi-29 enzyme appears to b^in to denature at 70 "C and the hexamers do not bind as well as 
tenqierature increases. Therefore, at the devated temperatures below the dénaturation point, the 
universal primers likely were the only primers used.
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Phi-29 mix: B3: Experiment Comparing the Amplification at 30 
35"C, 40 "C, 45 "C, 50 °C, and 55 T  using Specific Primers.

Based on the above experimental results, another similar experiment comparing

the Amplification at 30 °C, 35 °C , 40 °C , 45 °C , 50 °C , and 55 °C using speciGc 

primers, but with additional dNTPs, with and without buffer was performed. In addition, 

the amplified DNA from these reactions was checked for nonspeciGc ampliGcation and 

the double strandedness via an EcoRl restriction digestion. Three pre-mixes were used in 

this study and their components are given in table 9.

Labd C B A
DNA (pGem-1-7 ng) 2pl 2pl 2pl

Forward Primer -  6.5 uM 6 pi 6 pi 6 pi
Reverse Primer -  6.5uM 6 pi 6 pi 6 pi

DNTPs 10 pi 10 pi Opl
Buffer A (no primers) 76 pi 0 pi P

Water Opl 76 pi
Total 100 pi 100 pi 100 p

Table 9 Sfdotions for Phi-29 Experiment Comparing the Amplification at 30 °C, 35 °C , 40 °C , 45 
°C , 501 , and 55 °C using Specific Primers.
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Figure 35 Results of the Phi-29 mix Experiment Comparing the Amplification at 30 "C, 35 ”C, 40 “C, 
45 "C, 50 “C, and 55 “C using Specific Primers.

EXPT: Ten pi of each of the pre-mixes was comWned with ten pi of Phi-29 mixture and was 
incubated at the following temperatures 30 "C, 35 °C , 40 °C, 45 °C , 50 °C, and 55 °C for 12 hours. 
For the Ecorl digestion, 2 pi of the am plified  DNA was combined with: 2 pi of the amplified DNA 
was used, 2pi of Ecorl Buffer, 1.5 pi (lul = 10 U) of Ecorl enzyme, and 14.5 pi sterile double distilled 
water. The reaction was incubated at 37 "C for 2 hours and Ae original DNA and the restriction 
digested DNA were electrophoresed on a 0.6% agrose gel at 150 mA for 15 minutes.
RESULTS: The results indicate that at a temperature below 30°C, the reactions products are as 
expected, the A, B, C Phi-29 reaction controls at time zero did not amplify and A, B, C Phi-29 control 
reactions at 30°C produce intact high molecular weight DNA that remains in the wells and the 
expected EcoRl digested bands for all the conditions (Cc is hard to see in this picture, hut was in the 
gel). At 35 C A, B, C Phi-29 reactions produce high molecular weight DNA that remains in the 
wdls, and this DNA is EcoRl digested under all the conditions (Ac is also hard to see here, but was in 
the gel). At 40°C, the A, B, C Pbi-29 reactions also produce high molecular w^h* DNA that 
remains in the wdls, that is EcoRl digested, while at 45°C, 50°C, and 55°C, the A, B, C Pbi-29 
reactions produced little amplified DNA. The results indicate that for specific amplification udng 
unieersal prhners, the incubation temperature should be raised to 50-60°C, because at the higher 
tenqierature the hexamers do not efBdendy anneal to the tenqdate. However, as we raise Ae 
temperature above 40°C, the Phi-29 enzyme begins A denature. Therefore another approach, such as 
switxhing A a AermophiHc amplification enzyme was invest^ated.

The results shown in figure 35, indicate that at a temperature below 30°C, the 

reactions products are as expected, the A, B, C Phi-29 reaction controls at time zero did 

not amplify and A, B, C Phi-29 control reactions at 30°C produce intact high molecular 

weight DNA that remains in the wells and the expected EcoRl digested bands for aU the
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conditions (Cc is hard to see in this picture, but was in the gel). At 35°C A, B, C Phi-29 

reactions produce high molecular weight DNA that remains in the wells, and this DNA is 

EcoRl digested under all the conditions (Ac is also hard to see here, but was in the gel). 

At 40°C, the A,B, C Phi-29 reactions also produce high molecular weight DNA that 

remains in the wells, that is EcoRl digested, while at 45°C, 50°C, and 55°C, the A, B, C 

Phi-29 reactions produced little amplified DNA.

The results indicate that for specific amphhcation using universal primers, the 

incubation temperature should be raised to 50-60°C, because at the higher temperature 

the hexamers do not efhciently aimeal to the template. However, as we raise the 

temperature above 40°C, the Phi-29 enzyme begins to denature. Therefore another 

approach, such as switching to a thermophilic amplification enzyme was investigated.

Bst Experiments

The Bst enzyme, large Klenow fragment contains the polymerization activity of 

DNA polymerase L Bst can amplify nanogram amounts of 

template DNA (Mead 1991) via Strand Displacement Amplification (Kong et uZ. 1998). 

Bst has an optimal temperature of 65 °C (Stenesh and Roe, 1972) that would allow vector 

specific primers to be used. In addition, Bst was stable at 4°C to room temperature and 

was economically priced.
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Bst pUC + Inserts Experiments

In the initial experiment the reaction condition for Bst amplification was studied. 

Here, the reagents normally found in a PCR reaction were used as a starting point. This 

was done, and a reaction mix for the Bst enzyme containing: 2 pi of Bacillus 

stearotbermophilus DNA polymerase large fragment (16 units), 3 pi mix of forward (each 

primer 5nM/40ul); 3 pi mix of reverse primer (each primer 5 nM/40 u); 5 pi of 2 mM 

DNTPs; -31 pi water, and 5 pi of lOx Reaction buffer was used to amplify the pGem 

vector.

Bst: PI: AmpliGcation from pGem Gold (Isolated no insert) DNA
As shown in Sgure 36, -1 pg of pGem that was heated to 95 °C for three minutes

and cooled to 4 °C, then, combined with the enzyme mix containing, -16 unites of Bst in 

a total volume of 50 pi and incubated for -6  hours at 65 °C .

II
Figure 36 Results of &e Bst Amplification kom pGem Gold (Isolated no insert) DNA

EXPT: -1 pg of pGem Aat was heated to 95 °C for three minutes and cooled to 4 °C, then, combined 
with the enzyme mix containing, -16 unites of Bst in a total vohune of SO pi and incubated for -6  
hours at 65 °C .
RESULTS: Bst successfully ampliGed the plasmid DNA, producing high molecular 
weight DNA that remained in the weUs. Even though, the amount of DNA and enzyme 
used was far in excess this initial experiment demonstrated that Bst could indeed produce 
high molecular weight DNA, but also produce a high level of short DNA fragments.
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Bst successfully ampliûed the plasmid DNA, producing high molecular weight DNA that 

remained in the wells. Even though, the amount of DNA and enzyme used was far in 

excess this initial experiment demonstrated that Bst could indeed produce high molecular 

weight DNA, but also produce a high level of short DNA fragments.

Bst BAC Experiments

Bst: Bl: AmpliGcation of BAC DNA from Isolated DNA
Next we tested if Bst could amplify BAC DNA using the above reaction

components. This was done by heating 15 ng of BAC DNA to 95 °C for three minutes, 

cooling to 4 °C, adding the enzyme mix, -16 unites of Bst and incubating at 65 °C for 18 

hours in a total reaction volume of 50 pi.
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Figure 37 Results of the Bst Amplification of BAC DNA from Isolated DNA
EXPT: The Bst was tested to see if Bst could an^dfÿ BAC DNA using the ahove reaction 
con^nents. This was done by heating 15 of BAC DNA to 95 °C for Aree minutes, cooling to 4
°C, adding the enzyme mix, ~16 unites of Bst and incubating at 65 °C for 18 hours in a total reaction 
volume of 50 p i
RESULTS: it appears that when both forward and reverse primers are present the product contains 
a high level of short DNA fragment that produces a smear of DNA on the gel. However, when using 
only one primer only high molecular weight DNA is produced. When only one primer is used the 
DNA is replicated only off one strand. However, when two primers that prime and amplify in 
opposite directions are used simultaneously, replication occurs on both strands. Thus every time the 
amplification reaches &e r^lon conqdementary to the other primer, it is posrihle for replication to 
proceed in the opposite direction. This produces a cascade of DNA anqiliflcation in both directions 
and the am plifica tion  ultimatdy exhausts the available dNTPs with many fragments of anqdifkd 
tenqdate of varying le%th.

As can be seen in figure 37, it appears that when both forward and reverse primers 

are present the product contains a high level of short DNA hragment that produces a 

smear of DNA on the gel. However, when using only one primer only high molecular 

weight DNA is produced. When only one primer is used the DNA is replicated only off 

one strand. However, when two primers that prime and amplify in opposite directions are
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used simultaneously, replication occurs on both strands. Thus every time the 

ampliAcation reaches the region complementary to the other primer, it is possible for 

replication to proceed in the opposite direction. This produces a cascade of DNA 

ampliûcation in both directions and the amplification ultimately exhausts the available 

dNTPs with many fragments of amplified template of varying length.

Bst: B2: Amplification from Cells
The next issue to be addressed was to determine if the Bst could amplify from

BAC colonies. Since the Brst step in this procedure entailed robotically pipetting 

colonies, we investigated the number of times the colony containing probe was dipped 

into the wells of the microtiter plate. Since, ten dips were normally used in the lab for 

regular growth of subclones, therefore, we began with this number. However, as shown 

in figure 38, this transferred too many cells and caused inhibition of the Bst 

ampliGcation. However, when only three dips were used, the amplification reaction was 

successful.

We therefore, concluded that an inhibitor bom the picked colonies was being 

added to the solution 6om which an liquate of lysed cells and the level of this inhibitor 

could be satisfactorily reduced by reducing the amount of cells transferred.
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Figure 38 Bst Results from Amplification using differing numbers of dips from the Colony Picker.

ËXPT: The Cgore above is Bst amplified DNA amplified according to the protocol in the Methods 
that was eiectrogdwresed on a 0.6% agrose gd at ISO mA for 15 minutes.
CRT. (Tonb The Bst was amplified using cellular DNA from 10 dips of the colony picker with the Bst 
reactions in descending order as positioned across on the gel: ush% the Bst at 4 units, 2 units, lunit,
and 0.5 units.
GEL (Bottoml: The Bst was ampliSed using cdhdar DNA from 3 dips of the colony picker with the 
Bst reactions in descending order as positioned across on the gd: using the Bst at 4 units, 2 units, 
lumt, and 0.5 units.
RESULTS: Since, ten dips were normally used in the lab for regular growth of subclones, dûs was 
the starting pmnt, however, dûs transferred too many cdls and caused inhibidon of the Bst 
amplification. When only three dips were used, the amplification reaction was successful, therefore, 
it was concluded dmt an inhibitor from the picked colonies was being added to the soludon from 
which an liquate of lysed cells and the levd of dûs inhibitor could be sadsfactoiBy reduced by 
reducing die amount of cdls transferred.

Bst: B3: Amplification Buffer
To test the effect of the buffer (The buffer comes as a lOx concentration, and it is 

diluted down, the reaction buffer at IX contains: IX ThermoPol Buffer (20 mM Tris-HCl 

pH 8.8, @ 25°C), 10 mM KCI, 10 mM (NH4hS0 4 , 2 mM MgS0 4 , 0.1% Triton X-100}
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(Kong gf a/, unpublished), and ionic strength on the Bst and subsequent ampliGcation on 

a series of buffer dilutions were tested using 0.25x, 0.5x, and Ix buffers. As can be seen 

in Ggure 39, the Bst enzyme seemed to perform optimally, when in the presence of the 5x 

buffer, which gave a Anal reaction concentration of -3.5x.

Figure 39 Bst AmpBGcatmom Results bum various Concentrations of Buffer using 0.25%, 0.5%, and 1% 
buffers.
EXPT; To test the effect of the buffer and ionic strength on the Bst and subsequent amplification on 
a series of buffer dilutions were tested using 0.25%, 0.5%, and 1% buffers. The figure above is Bst 
amplified DNA amplified according to the Methods protocol that was electrophoresed on a 0.6% 
agrose gel at 150 mA for 15 minutes.
RESULTS: The Bst mrzyme seemed to perform optimally, when in the presence of the 5% buffer, 
which gave a final reaction concaitration of -3.5%.

Bst: B4: New Bst Reaction Protocol ConGrmed on BACs from Cells and 
Glycerol Stock.

The protocol shown at the beginning with the buKer change (which is the protocol 

in the Methods section) was used to amplify from cellular DNA and from glycerol stocks 

as seen in Sgure 40. Their seemed to be no real difference between DNA ampliGed from 

colonies vs. DNA amplified from glycerol stocks.
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Glycerol Cells

Figure 40 New Bst Reaction Protocol Confirmed on BACs from Cells and Glycerol Stock separated by H indlll cleaved X DNA 
marker.

KXIPT: The figore above b  Bst amplified DNA ampliSed fkom glycerol stocks according to the 
Methods protocol that was electro;d:oresed on a 0.6% agrose gel at 150 mA for 15 minutes.
RESULTS: Their seemed to be no real difference between DNA amplified from colonies vs. DNA
amplified from glycerol stocks.

Bst: B5: AmpliGcation vs. Time
The time course of the Bst amplification of the BAC DNA then was investigated

using the Standard Bst protocol for BAC amplification in a 96 well thermocycler plate, 

compaiing the effects of adding additional dNTPs and including an additional 10 minute 

at 72°C incubation step.

The results of the Amplification are seen in the figure 41, where the amplification 

results were linear over the time period and both the additional dNTPs and dNTPs with 

added time yielded -2-fold more amplified product than the standard protocol.
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Figure 41 Bst Amplification vs. Time
EXPT: 3 fil of forward (primer 200uM), 3 pi of reverse primer (primer 200uM), 5 pi of 2mM 
DNTPs, 35 pi 5x Reaction buffer (50 % lOx Buffer and 50% sterBe double distiUed water) (-3 j  X 
reaction buffer -  total dBution) were combined with 2ul of cellular BAC DNA and 1 unit of Bst 
polymerase and incubated in the thermocydar for 6,12,18,24 and 30 hours at 65 °C with the volume 
setting of 50 p i As the times indicated the temperature was reduced to 55 °C for two hours and 
then, heated to 95 °C for 5 minutes to denature the enzyme, dmen hdd at 4 °C before removal to 
prevent evaporation. Tben, 50 pi of sterile douMe distilled water was added to each 50pl reaction 
and after mixing, -30pl of the 1:2 diluted comgdeted reactions were desalted by passage tbrou^ a 
Sephadex G-50 plate, further diluted 100 fold and the Ag*# was measured.
RESULTS: The amplification results were linear over Ae time period and both Ae additional 
dNTPs and dNTPs wiA added time yidded -2-fold more amplified product than the standard

Bst: B6: Sodium Shearing the Amplified BAC DNA for Shotgun
I next investigated amplifying DNA and then shotgun cloning it for sequencing. 

This was to determine if, indeed, the BAC DNA was amplified. However, because I had 

earlier shown that it was extremely difficult to dissolve ethanol precipitated Phi-29 or Bst
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amplified DNA, I investigated an alternative approach to hydrolyze the DNA by heating 

it in an aqueous solution at high temperatures (Marguet and Forterre, 1994). It also is 

known that salt protects DNA against depurination, by stabilizing the helix, and by 

preventing autocatalysis (Marguet and Forterre, 1998). Therefore, the salt concentration 

study shown in Sgure 42 was performed to investigate the eSiect of a 90 °C beating of a 

salt solution to effectively dissolve and shear the amplified DNA test was done to find the 

correct amount of salt and water for DNA.

No

NNMMI

No 01

3 Hr. X

Figore 42 Bst test Salt and Heat Shearing.
KXPT: The salt concentration study shown in figure 43 was performed to investigate the effect of a 
90 °C heating of a salt solution to effectively dissolve and shear the amplified DNA test was done to 
find the correct amount of salt and water for DNA.
At the indicated, ahquats of DNA samples incuhated In water alone and in 0.125,0JZ5,0.5 M NaCl 
appeared equal and 0.1 M NaCl were dectrophoresised on a 6% agrose-ethidium bromide gel, 
photographed under UV light.
RESULTS: 1.0 M NaCl for 45 minutes produced DNA fiugments of the desired size range.
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DNA dorades as (he dme increases, bat (his allowed for (he DNA shearing at 1.0 M NaCl for 45 
minâtes to produce DNA fragmamts of (he desired size range.

Since .0 M NaCl for 45 minutes produced DNA fragments of the desired size 

range, we then, investigated heat sheared DNA was an acceptable substrate for the Gll-in 

kinase reaction and if it was necessary to desalt the DNA prior to the fUl-in step. 

Therefore the experiment outlined in table 10 was performed and after incubation for 45 

minutes at 37 °C for the standard Sll-in kinase reaction, the DNA was electrophoresed on 

a gel to confirm the size. See below. Next, the DNA was electrophoresed on a low melt 

gel, DNA in the 1-2 kb size range was excised from the gel and after ligation and 

transformation, the resulting colonies were counted to yield the results shown in table 11.

DNASmnpk Salt/ No Salt Water at 90°C 

for 45 minutes

Clean for Fill-in 

Kinase Reaction ?No

F I I H n  K i n a # #

Reaction /No

DNA Sample 1-A No Water @ 90°C-45 min No Fill-in Kinase

DNA Sample 1-B No Water @ 90°C-45 min No No

DNA Sample 2-A O.IM NaCl Water @ 90°C-45 min Clean Fill-in Kinase

DNA Sample 2-B O.lMNaCl Water @ 90“C-45 min Clean No

DNA Sample 3-A O.IM NaCl Water @ 90°C-45 min No Fill-in Kinase

DNA Sample 3-B O.lMNaCl Water @ 90°C-45 min No No

DNA S#mpk 4-A No No No Fill-in Kinase

DNA Sample 4-B No No No No

Table 10 Bg( Heat S&eadng, Cleaning and FBl-in Kinase Reaction Esperiment

DNA Sample White

Colonies

DNA Sample 1-A 6

DNA Sample 1-B 63

DNA Sample 2-A 347
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DNA Sample 2-B 12

DNA Sample 3-A 12

DNA Sample 3-B 10

DNA Sample 4-A 76

DXASampk4-B 46

Table 11 Cloning efBciency of die amplified DNA described in table 10: Bst Heat Shearing, Cleaning 
and Fill-in Kirmse Reaction Experimemd

Based on ± e  results shown in table 11, cells produced from the sample that were 

desalted prior to the kinase fill-in sample 2A was more likely to be subcloned when the 

DNA was heat sheared in water for 45 minutes with salt and ethanol precipitated to 

remove the salt before doing the 611-in kinase reaction, the shotgun cloned DNA from 

these cells was obtained and sequenced using the standard procedure used routinely for 

shotgun sequencing template isolation and over 90 % of the 384 sequencing reactions 

yielded an average Phred 20 read > 600 bases as shown in Ggure 43.

. ■■ ■ '  • C  - Û  : :  , ,

: ty.ir.' '.'ïvviv.-jz - /'s. = ...' i j - . r

2 4 a # W 1*

Figore 43 Seqpaicing Results &om the Bst Heat Shearing, Cleaning and FUl-in Kinase Reaction 
Ail the 384 plates were similar to Ihe above of DNA sample 2A.

EXPT: The cdls produced from the 2A sample were desalted prior to the kinase fHI-in and 
subcloned when Ae DNA was heat sheared in water for 45 minutes wiA salt and ethand precipitated 
to remove the salt before dd% Ae fHI-m kinase reaction, Ae shotgun cloned DNA bom Aese cdls 
was obtained and sequenced using the standard procedure used routindy for shotgun seqnencing 
template isolation.
RESULTS: Over 90 % of the 384 sequencing reactions yidded an average Phred 20 read > 600.
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After analyzing the reaction products as shown in figure 44, the m^or sequence 

product matched stuHer fragment from the BAC. The staffer ùagment should have been 

removed and replaced with the DNA insert, but based on these results, it is likely that the 

clones in the pBACe3.6 based library contain both BACs with insert and intact BAC 

containing the staffer fragment, but without insert. Because the staffer with the staffer 

fragment is only -  12,000 bases vs. the vector with insert is -140,000, the Bst polymerase 

preferentially ampHGed the smaller vector, refer to Ggure 47.

Bst ampUBcd BAC and %rmark isolated 
subclone sequence
Sequence statiglipg: 

Problem : % pUC wag too hig^

1 2 3

Awg len;^  (For >300 686.2 36592 854.5

A^lmng*(ForAI) 007 72 619.5 5 6 7 2

ToW trmcm# 96 96 96

Zero length 7 5 9

< 300 nt 2 1 5

> = 300nt 87 80 82

>pUC 65 68 59

> Ecoli 1 0 0

Figore 44 Sequœcing Stmts of the Results the Bst Heat Sheari:%, Ckaning and FHI-in Kinase
Reaction
kXFT: Refer to Ae information givai in figure 43.
RESULTS: Aem ^or sequence product matched stuflerfkagmentftom the BAC. Tbestuffer 
fragment should have been removed and replaced wiA the DNA insert, but based on Aese results, it
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is likely that Ihe clones in Ihe pBACe3.6 based library conlain bdh BACs wilh inserl and inlad BAC 
containing Ae slnBer fiagment, but widmonl inserL Because Ihe stufler wilh Ihe staffer fragmad is 
only -12,000 bases vs. Ihe vector with insert is -140,000, Ae Bst polymerase preferentially amplified 
Ae smaller vector.

JNW %(114L56]

-a':'./: < ,
^  MC») 

Aac

1W9,0
Mgaii

0 L X

Azw U  f?661 
A w  LI (30121 
A w  U  (3509)

AAw 1 ( 3 9 9 0 )
I (3aom

\% wll(3810)

#af*(2eG0)

Figure 45 pBACe3.6 DNA: Vector + Staffer
RESULTS: The staffer flagment Aoold have been removed and replaced wiA Ae DNA insert, hot 
based on these results, it is likdy that Ae clones m Ae pBACe3.6 based library contain boA BACs 
wiA insert and intact BAC containing Ae staffer fkagment, but without inserL Because the staffer 
wiA Ae staffer fragment is only -  12,000 bases vs. the vector wiA insert is -140,000, the Bst 
polymerase preferadially amplified Ae smaller vector.

Bst for Gap Closure

Because Bst is a highly processive enzyme (Hugh and GiifGn 1994; McClary el 

uZ. 1991), it can efGciently replicate GC rich regions, hairpin loops and long repeats, 

producing useful templates for sequence through difGcult regions permitting gaps to be
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filled with real sequence rather than PCR estimated guess sequence. This hypothesis was 

tested by using the standard protocol for plasmid amphGcation to amplify a difficult to 

sequence region of a mouse BAC and then use the PCR products, gap flanking primers to 

PCR the ampliûed region and, then sequence.

The results 6om an experiment are shown in hgure 48, where the Bst was used as 

explained above to close a gap and lower the projects' percent error rate.

Rgure 46 Bst used for GapClosure-1

The above is a Coneed view, ihe rcferMice reads ending in Bst and (xdored pnrple are the Bst gap 
closure sequences.
FXPT: The figure above is Bst amplified DNA ampBCed according to the protocol in the Medmods for 
BAC ampHficathm.
RESULTS: can efBciently replicate GC rich r^ons, hairpin loops and long repeats, producing 
nsefbl ten^lates for sequence throng difficult regions permitting gaps to be filled with real sequence 
rather than PCR estimated gness sequemx.
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Bst and Human Chromosome 22 Experiments

It was believed that the technology did not exist to 611 in the gaps at the time of 

the sequencing of the chromosome 22 (In October of 1999, Dunham, Senior Research 

Fellow of the Sanger Center in Cambridge, England, said, "the current technology would 

not allow the team to 611 all the gaps..."Chromosome 22gaps;

(http://www2r2.or2/chmm22.htm.y It also was believed that the sequence in the gaps 

could not be cloned as at least seven remain, not for lack of trying, but because, these 

regions are unstable, making cloning them impossible (DeFrancesco, 2(X)1). Based on 

the hypothesis just successfully tested, i.e. that the Bst could anq)lify dif6cult regions, 

chromosomal gap closure was attempted.
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Figure 47 Human Chromosome 22 Contigs and Gaps

The above shows the gap size and human chromosome 22 position that was used for Bst 
anqiUflcation testh%. (Red rqnesehts gap position on the chromosome, ydlow "X" represents 
Ae gap, to show the size of the gap between the red contig letter above and Ae red c«mtig letter 
bdow.
AtA://wwwnchi.nlm.nih.gov/maDview/mans.cel?ORG=hnm&MAPS:qdeoer,esLloc&LHfKS=ON&
VERBOSE=ON&CHR=221

I attempted to amplify the two gaps in the human chromosome 22 sequence.

Therefore, primers were chosen on the gap ends outside of the repeats 12 forward and 12

reverse on each end approximately 2(X) bases a part totaling at least 24(X) bases farthest

from the end. One round of PCR conGrmed that the primer pairs would amplify the
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correct gap flanking region, as shown schematically in Agure 48.

Gap E-F
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Figure 48 Chromosome 22 Primer Set-up Tool and Example

The # above or below the arrow (primer) represents the distance away from the gap contig end.
X= the addition of two primers in a reaction.

After, the primers were confirmed to produce PCR product, they were used to 

amplify across the gap region via a nested PCR strategy. Here, the two primers farthest 

away from each other were used to amplify the gap region with Bst Then, after 

purification of the product on a low melting agrose gel, a second ampHGcation reaction 

would be done using primers that were the second farthest from the ends. Then, after a 

gel purification the last nested ampliGed product, it was ampliGed a third time using 

primers that were the third farthest from the ends. This process is shown schematically in 

Ggure 51. Then, after snap freezing the DNA in liquid nitrogen and allow it to slowly
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thaw to room temperature a on ice, a shotgun library of the resulting in small clonible 

sized double stranded DNA was produced, and after the DNA was isolate, it was 

sequenced.

« EX.

Amp 2

B#* Amp 3

Figore 49 A schematic of Muldple roonds of nested amplification osed for Chromosome 22 Gap 
Closure
The above is amplification using the Bst and nested primers. Bst doesn't PCR, it is very processive, 
but since the opposite primer should anneal to the amplified DNA, the template should duink to only 
our desired DNA quickly.

Bst: Chr 22-1: The Flipped Contig Experiment
In order to sort of "PCR" the gap of interest using Bst and non-unique primers

12 primers were chosen to increase the odds of having the primers anneal at the desired 

spot. The Primers at -200 bp intervals were picked using PrimOU and chromosome 22 

DNA using a TM of -60 °C with a GC content of 40-60. The gap used for this closure 

experiment was surrounded by contigs NT_011520.8 and contig NT_011521.1. The 

forward primers are numbered based on NIH's numbering, the list of forward primers 

were chosen starting from the gap and going reverse on contig NT_011520.8 and the 

reverse of this on contig NT_011521.1. Complementary primers were chosen to be used 

to make the controls, to sequence the end of the amplified DNA to conGrm the
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amplification of the desired DNA. The closest primer to the gap was used for sequencing 

the DNA, since the other primers would not anneal to all templates.

Thus, a PCR reaction confirmed that the desired DNA was amplified and a 

control to confirm the assembly of the chromosome at the gap edge. The PCR reaction 

primer sets (from above) are in the spreadsheet below the primer list labeled A-H with a 

picture below them to help explain the reactions. Those listed with "comp" means the 

primers is going in the opposite direction. The primer list is given in the Appendix H.

PCR primer list:

Reactio 
n Letter

First Primer Second Primer Type of 
Reaction

"Distance 
between 
Primers (bases)

A F23083825.comp R000221.comp FCXRC X (shouldn't 
work)

B F23082848 R001579 F X R 731
C F23083561 R001579 F X R 1018
D R001457 R000754.comp RXRC 707
E F23083825.comp F23083210 FC X F 615
F F23083825 F23083311.comp FX FC X (shouldn't 

work)
G R000221.comp R000754 R CX R 533
H R000221 R000754.comp RXRC X (shouldn't 

work)
Tabk 12 Actual PCR primer list

F= forward primer, FC = forward compliment primer, R = reverse primer, RC = reverse 
conqdiment primer, and X = PCR reaction with the two primer ahbreviations listed.
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Figure 50 Chromosome 22-PCR Confirm Contigs Reactions 

ËXPT: refer to figure 49.
RESULTS: none of the above reactions produced PCR products except for reaction F. Thus, it is 
possible dxat the forward contig had an additional sequence on the end of the contig, where Ae 
primer anneals that is reversed and complimented.

Surprisingly, none of the above reactions produced PCR products except for 

reaction F. Thus, it is possible that the forward contig had an additional sequence on the 

end of the contig, where the primer anneals that is reversed and complimented, i.e. 

flipped, and ±us miss-assembled. If part of the forward contig is flipped, then it would 

produce the following results: Reaction A: both primers going the same direction- no 

product; B and C: both primers going the same direction- no product; D : Concerning R 

and RC as long as there are no miss-assemblies on the reverse side these reactions should 

work, check primers and assembly; E: both primers going the same direction- no product; 

G: Concerning R and RC as long as there are no miss-assemblies on the reverse side 

these reactions should work, check primers and assembly; H: Not possible, the primers 

are going the opposite directions unless there is an assembly error.
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The using PCR to check primers, primers for Gaps C-D and E-F were confirmed 

(not shown here) and the primers used for Gaps C (NT_011519.9) to D (NT_011520.8) 

and E (NT_011521.1) to F (NT_011522.3) are give in Appendix n.

Bst: Chr 22-2: Liquid Nitrogen
After using PCR to check primers (results are not shown here, the above was an

example of how this was done) for primers for Gaps C-D and E-F were conErmed and 

experiment was done, after amplifying the DNA, liquid Nitrogen was used to snap Eeeze 

the DNA and shear the double stranded DNA into clonible pieces, followed by a slow 

reanneahng step to help reannealing the sides.

Since heat cleaves DNA as well, after amphfying the DNA, the sample was 

divided into two portions, one of which was heated it to 95 °C for the denaturing of the 

enzyme. This also produces separation of the DNA strands. (This could be argued, due to 

the ampliEcation temperature being 65 °C, however, the DNA temperature must reach 70 

°C in order to completely denature, refer to the Ggure 51.) The other half of DNA was 

ampUEed at 65 °C, without denaturing of the enzyme; this temperature is not high enough 

to totally produce single stranded DNA.

136



f'': ^. Mme

a&hC

ears  _

T,

1 , ' 
o«

"€h<
4#

(L1V L 3f w e
‘ i .  « ■■‘ - .  ; ‘ ■ I ' Î  i s '  * , • : - ' ,  '  • Ï . . s - * .-.  • 5 ■ , ; :  .

i  *. . • ! • I ;  • ■ » • . • ■ . . »  \  : s » • • • 1 Î • ‘ • . % '  ! ; ‘ , . .  : ■ . k , '  : ' , , - ■ > ; « !  S  i ~ ■ * '

Figure 51 DNA at different Temperatures.
The auqdiScation temperature was 65 °C (-75% single stranded DNAX however, the DNA
temperature must reach 70 “C in order to completely denature.

A comparison between single stranded/double stranded, and double stranded-only 

DNA with snap freezing of the DNA wi± liquid nitrogen therefore would be the next 

logical experiment..

Therefore, a BAG (7nl6 mouse). Human Gap C to D and E to F DNA were 

amplified using Bst in a 96 well thermocycler plate using the standard Bst protocol, but 

with only one pair of primers. Next, half the samples should be heated to 95 °C for 5 

minutes, the other samples should be transferred to 250 pi Eppendorf tubes. After heating 

these samples they also were transferred to 250 pi Eppendorf tubes. A comparison 

between single stranded/double stranded, and double stranded only DNA, desalted vs. 

untreated DNA, before freezing with liquid nitrogen, then was made.

Liquid nitrogen was added to the tubes in a Styrofoam cup -3 ml just enough to cover 

the tubes; they should immediately freeze, and then placed in the -180 freezer until ready
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to continue the expeiiment. When ready, the tubes were placed in an ice water bath in the 

cold room for -1 hour to thaw slowly. After thawing run the Bst ampliSed DNA on a

0.6% low melt gel using 1.5 volts and 100 mA for 30 minutes, then increase the 

amperage to 150 mA for 1.5 hours.

Figure 52 Bst AmpliSed DNA, Broken via laqnid Nitrogen

The above shows the above show Ae results of the snap freezing of the (dus and minus the addition of 
95 °C temperature to denature the enzyme. No denaturing was done for Ae 65 "C samples and the 
denatured DNA of course is the 95 "C samples.
FXKI : The figure above is Bst amplified DNA amplified fkum BAC/Chromosomal amplifications: 
BAC (7nl6 mouse), Human Chr. 22 Gap C A D  and Human Chr. 22 Giqi E A F DNA were amplified 
using Bst in a 96 wdl thermocyder plaA using Ae standard Bst protocol, but wiA only one pair of 
primers. Half the samples were heated A 95 °C for 5 minutes, the other half were stopped at 65'C 
and a comparison between single stranded/double stranded, and double stranded-only DNA, desalted 
vs. untreated DNA, before freezing wiA liquid nitrogen, then placed m an ice water baA m Ae Cold 
room for -1 hour A thaw slowly. After thawing run the Bst amplified DNA on a 0.6% Aw mdt gd 
using 1.5 volts and 100 mA for 30 minutes, then increase Ae amperage A 150 mA for 1 j  hours. 
RESULTS: What appears A be a double stranded band under the BAC DNA that was denatured 
wiA 95 "C can be observed, Ae denaturing stq* produces a betAr breaking of the DNA, and the 
BAC DNA that had been heated A 95°C had formed the -9,000 bp band. (Heady liquid Nitrogen 
smq» freezing shears the DNA and is reanneahble if after the ampliGcation process a 95"C denaAring 
has taka: (dace.

The figure 52, shows the results of the snap freezing plus and minus the addition of 

95 °C temperature to denature the enzyme. No denaturing was done for the 65 °C samples
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and dénaturation was done at 95 °C. As shown in Ggure 52, what appears to be a double 

stranded band under the BAC DNA at 95 °C can be observed, the denaturing step 

produces a better breaking of the DNA, and the BAC DNA that had been heated to 95°C 

had formed the -9,000 bp band. Clearly liquid Nitrogen snap freezing shears the DNA 

and is reannealible if after the ampBGcation process a 95°C denaturing has taken place.

Next, the DNA was sheared to 1,000 to 4,000 base paired fragments for 

subcloning using the standard shotgun cloning procedure as described for isolated BAC 

DNA (Roe, ed.1997), sequenced with the standard Amersham ET protocol and analyzed 

by a comparison with the genbank NR database using blastn. Typical results of the blast 

output from this analysis is shown in Ggure 53 and the multiple sequence alignment is 

shown in Ggure 54. Both Ggures show that clearly, human DNA was sequenced from the 

Bst ampliGcaüon (not primer-dimers) and that some of the ampHGcaGon does indeed 

match the gap conGg end sequence.
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Figure 53 Blast analysis of Bst amplified, sheared, subcloned, and sequenced dunomosome 22 gap 
region.
RRSITi.TS: That human DNA was sequenced bom the Bst amplification, not primer-dimers.
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c Î 1 ®S4B3®® I r®f■ ^i0®  i'^TiitAr|ceA|CTwrT«:^^c«çTifijgecAj*SA^ïAW<:

*41 TOTmcr!lx5mCT*CT^TM*OOCMC%CCACOAOA*pq Of*

Trommlrlom* /  tr#m *v#y5loA 5 *  #4 C17 /  i®>
C#o*1 w ft  rat.® « o.os <1 /  1 * * ) .  mvg. 6N*s> ml*# *- i .5 0  Cf /  1)

*? 21 52  0 .0 0  o .o e  5$ |:3e4*3m O |r*M #gT_j011*a3,3f 40@ S I2' C*4*#) # l2 T 0 3 j< .f l  30# *05 C231)

A T ^ CCAGCACTTTCCCACCCT>1 fw:ATAC%^GATTCC7T -i53

ATCCTA*emKrrTTooo#*ccc4C^QCiXA%mrcmcrT 44*

*1 I "f 0*405*0 Î K#f 403 TC AĈCCTCTAATCCCAGCACTTTCdGAGG
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Figure 54 Multiple sequence alignment of a portion of the Bst amplified gap region Comparison of 
New Sequence to Current Chromosome 22Gap Ends region.

RESULTS: That some of Ae amplification sequence does indeed match Ae gap contig end sequence.

Before, blasting ±e gap sequence against ±e known human chromosome 22 

sequence, the first -10,000 bases on ± e  ends of the gaps that was used to pick primers 

was used to get a control of where they anneal when blasted against the Human Genome, 

where the sequence is similar to other sequence on the Human Genome. As shown in the 

Ggure 55, this gap conGg ends' sequence has similaiiGes to regions of several 

chromosomes, therefore even though Ae DNA anneals to anoAer chromosome, it may 

still be Gom Ae ampliGed gap of mArest on chromosome 22.
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Figure 55 Genome under analysis of Bst ampHCed (Aromosome 22 gap sequences obtained via a 
comparison to (he presently available human genome sequence.

C gap end NT_011519jl sequence in the human genome is similar to D gap « d  NT_011520.8 for Ae
C-D gap and the F gap end NT_011522.3 sequence and E gap end NT_011521.1 sequence in the 
human genome is similar to many chromosomes sequence. The results above are from the Human 
SSAHAView (http:/̂ www.ensembLorg/Homo_sapien^ssahaview).
EXFT: Before, blasting the gap sequence against the known human chromosome 22 sequence, the 
first 10,000 hases on Ae ends of the gaps that was used A pick primers was used A get a control of 
where Aey anneal when blasted against the Human Genome, where Ae sequence is similar A other 
sequence on the Human Genome.
RESULTS: The gap contig aids' sequence has similarities A regions of several chromosomes, 
Aerefore even though the DNA «nncalR A anoAer chromosome, it may still he from the amplified 
gap of interest on chromosome 22.

As can be seen in figure 55, the sequences of the conügs immediately flanking the C 

(NT_011519.9) and D (NT_011520.8) of the C-D gap were specific for gap region of 

human chromosome 22, while the F (NT_011522.3) and E (NT_011521.1) of the F-E gap 

flanking sequence were similar to sequence throughout the genome and therefore, 

nonspecihc.
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F%ure 56 Seqoence determined for the Bst amplified C-D gap correladng to human chromosome 22.
ïh e above show DNA sequence form Bst amplified Human Chr. 22 sequence.
RESULTS: Clearly, the Bst was able to ampli^ the human chromosome 22 gaps, because sequence 
was produced that dearly are on the ends of the human chromosome 22 gaps and are dearly spedBc 
to human chromosome 22 only.

Based on the above results in figure 56, Bst was able to amplify the human chromosome 

22 gaps, because sequence was produced that clearly are on the ends of the human 

chromosome 22 gaps and are clearly speciûc to human chromosome 22 only.

However, based on the results shown in figure 57, the gap sequence results revealed 

highly repetitive DNA in the gap, assembly of the sequence was impossible using 

Phred/Phrap, even though assembly was done at a repeat stringency of 0.9998.
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Figure 57 Chromosome 22 and Phrap Ahi problems

RESULTS: A typical gap assembly kom the ampMled gap r^ion, in the top portion of Ae figure, 
the numerous SNPs or nuss- aligned sequence, lA ile the bottom portion of the figure show two gap 
end contigs Aat are miss aligned because of Ae presence of alu sequences m bo A. The gap sequence 
results of highly repetitiTe DNA m Ae gap, ma A  assembly of the sequence impossible using 
Phred/IArap, even though assembly was done at a repeat stringmxcy of 0.9998.

A typical assembly from the amplified gap region is shown in Ggure 57, in 

the top portion of the Ggure, the numerous SNPs or miss- ahgned sequence, while the 

bottom porGon of the Ggure show two gap end conügs that are miss aligned because of 

the presence of alu sequences in both.

Thus, because of these observaüons, it became obvious that it would be 

impossible to close the gaps remaining in human chromosome 22, even through this Bst
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amplification approach, because the current programs for assembling the contigs were not 

capable of resolving the high repeat content of these gap regions.

Bst BAC-end Sequencing

It was at this point that it was decided that to abandon the human chromosome 22 

gap closure project and re-investigate ampUGcation-based BAC end sequencing. An 

efGcient reproducible protocol for BAC end sequencing still was needed because the 

present procedures were both expensive and marginally reproducible. The same protocols 

used to amplify the BAC using Bst for shotgun thus were used, with only two vector 

specific primers. Initially, we used the standard Sp6 and T7 primers, but later, when it 

became obvious that the primer sequence was causing primer-dimer problems, primers 

picked using PiimOU were used.

As shown in the Ggure 58, the Consed view, shows the Bst trace Gles produced 

BAC end vector sequence shown in gray, and high quality white insert sequence. The 

screenout view (Bottom), shows the sequenced Gles that were screened out (e.g. 

blclO.flBst-test) due to conservaGon via crossmatch with the BAC end vector sequence 

(e.g. pBACe3.6), both are underlined in green.

Bst could successfully amplify and produce sequencible BAC DNA.

The Exgap output is shown in Ggure 59, where the dart blue circle represents the 

insert and the hght blue region is the BAC vector. The top porGon of Ggure 59, shows 

only one light blue vector region, while the bottom porGon of the E xg^  output shows 

both, the other end was produced, when the Bst ampliGed sequence data was added to the
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project. The Exgap in Ggure 59 compares to the Bst trace Gles underlined in red to the 

BAC end vector, Gght blue, to prove the origin of the new vector sequence. Thus, 

sequencing the ampliGed DNA in this BAC clone revealed both BAC-vector-insert 

junction sequences.
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Figure 58 Bst BAC end Sequencing: Mouse pBace3.6 rp23-7nl6 Results.

Consed view tToul. shows the Bst trace files (under lined in red) produced BAC end vector sequence 
Aown in gray, and high quality white insert sequence.
The screenout view (Bottom), shows the sequenced d es that were screened out (e.g. blclO JlBst-test) 
due to conservation via crossmatdx with the BAC end vector sequence (e.g. pBACe3.6), both are 
undeiBned in green.
KXFT: The same protocols used to amplify the BAC using Bst for shotgun thus were used, with ouly 
two vector qiedfk primers. Initially, the standard Sp6 and T7 primers were used, but later, when it 
became obvious that the primer sequence was causing primer-dimer problems, primers picked using 
PrimOU were used.
RESULTS: Bst could successfully ampH^ and prodnce sequencible BAC DNA.
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Figure 59 Bst BAC end Sequencing: Mouse pBace3.6 rp23-7nl6 Results.

RESULTS: The Exgap output is shown above, the daA blue circle represents the insert and the Hgh4 
blue r%ion is die BAC vector. The top portion, Aows only one light blue vector region, while the 
bottom portion of the Exgap output shows both, the other end was produced, when the Bst amplified
sequence data was added to the project The Exgap at the right, compares to the Bst trace files 
underlined in red to the BAC end vector, light blue, to prove the origin of the new vector sequence. 
Thus, sequencing the amplified DNA in this BAC done revealed both BAC-vector-insert junction 
sequences.

In conclusion, the Bst protocol and technique worked to amplify the BAC for 

BAC end sequencing.

Primer-Dimers

During this dissertation, it was found that when performing amplification, a 

nonspecihc DNA amplification often was observed and termed a primer-dimer. Primer-
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dimers usually are when the sequence of the primer contains a palindrome or similar 

sequence through which two primers hybridize and a dimer is formed

There does not ^pear to be much published at aH concerning the primer-dimer 

phenomenon although it is well known that it exists (Vandesompele 2001). This likely is 

because primer-dimer formation is not well understood. However, during this 

dissertation research a signiGcant amount of primer-dimer sequence was obtained, we 

decided to investigate this phenomenon further, Ggures 61 and 62, show sequence of two 

conügs that were ampliGed with the Bst polymerase that demonstrate this phenomenon.

1st p r e o n t i g s
> F 2 N _ B s t _ C o n t i g 1 

TAGAaAGGGGCGCACCCCÏTGA.GAAAA(5A.aAGAiGAGTTCAC&CCCCm.TTA 
GAAAAGACAGACGGTT CACACCXZCCT AGGAAAAG ACAGAGGT T CACACXZC 
CGT ACAAAAGACAGAGGT T CACACCCCGT AGAAAAGACAGAGGTTCACAC
CCCCTAAAAAAGACAGAGGTTCACACCCCCTAGAAAAGACAGAGGTTCAC
ACCCCCTAGAAAAGACAGAGGTTCACACCCCTAGAAAAGACAGAGGTTCA
CACCGCTAGAAAAGACAGAGGTTCACACCCCTAGAAAAGACAGAGGTTCA
CACCCCTAGAAAAGACAGAGGTTCACACCCCTAGAAAAGACAGAGGTTCA
CACCCCTAGAAAAQACAGAGGTTCACACCCCTAGAAAAGACAGAGGTTCA
CACCCCTAGAAAAGACAGAGGTTCACAOCCCTAGAAAAGACAGAGGTTCA
CACCCCTAGAAAAGACAGAGGTTCACACCCCTAGAAAAGACAGAGGTTCA
c a c c c c t a g a a a a g a c a g a g g t t c a c a c c c c t a g a a a a g a c a g a g g t t c a
CACCCCCT AG AAAAGACAG AGGT T CACACCCCTAGAAAAGAACAGAGGT T 
TCACACCCCCTAI3AAAAGAAAGAQGTTCACACX:CCTTAAAAA(3AC!GGAGG 
GTCCACACCCCTAGAAAAAGAAAGAGGGTCCCCCCCCTAAAAAAAGACAG 
AGGGTTCACACCCCCCTCAAAAAAGACAGAGGGGCCCACCCCCTAAAAAA 
AGGAGAAGGGTGAAACCCCCCTTCAAACGGCAQGGQGGTCCCCCCCCCCT 
ACAAAAAG AAAGAGGGGT G T ACCCCCCCT CCAAAAAGAAAGAGGGGGCC A

CACCCC

Figure 60 The 1st primer-dimer condg: FZN_Bst_Condgl
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T h e  2n d  p f ü n n r - d y m m r  e a n O g :

Bmt_Ccntl02
T T ACAGCAT GGAAAG T ACGGGT T GAAATG TG ACT CACT ACT AAT G AGT T G SO 

TAtTACAGTAATACgACTCACTATAGTCOAGTCGTATTACAGTAATACXSA. lO O  
CTCACTATAATGA.GTCGT&TTACAGTAATACGACTC&CTATAGTGAGTCG 150 
TATTACATGTAATACGACTCACTATAGTGAGTCGTATTACAGTAATACG& 200 
CTCACTATAGTGAGTOGTATTACAGTAATACGACTCACTATAGTGAGTCG 230 
TATTACAGTAATACGACTCACTATAGTGAGTCGTATTACAGTAATACGAC 300 
TCACTATAGTGAGTCGTATTACAGTAATACGACTCACTATAGTGAGTCGT 350 
ATTACAGTAATACGACTCACTATAGTGAGTCGTATTACAGTAATACGACT 400 
CACTATAGTGAGTCGTATTACAGTAATACGACrCACTATAGTGAGTCGTA 450 
TTACAGTAATACGACTCACTATAGTGAGTCGTATTACAGTAATACGACTC 500 
ACTATAGTGAGTCQTATTACAGTAATACGACTCACTATAGTGAGTCGTAT 550 
TACAGTAATACGACTCACTATAGTGAGTCGTATTACAGTAATACGACTCA 500 
CTATAGTGAGTCGTATTACAGTAATACGACTCACTATAQÏGAGTCGTATT 550 
ACAGTAATACGACCCACTATAGTGAGTCGTATTACAGTAATACGACCCAC 700 
TÀTAGGGAGGTCGGTATTACGGTAATACCGACTCACTATAGTGAGGTCGT 750 
CTCACCGGTAATCGGCTCCACTATGTGAGGTGGTATTACGGTAATACGGA 500 
CCACTTTATTGAGTCGTATTTCGOTAAGACGACCCGCTATTGGGGGGTCG 550 
TTGTCCCGGTAGTAGGACCCCCCCATGGGGGGGTGGGCTTCCCGGTGATA 9 0 0

Ffgore 61 I te  2nd primer-dimer condg: Bst_ Condg 2

It is only after comparing the contig 2 against the amplifying primers and their 

compliments that the sequence pattern is seen and becomes a con&rmed primer-dimer. 

Using the primer sequences below, the contig shows the position of the primers to form 

the primer-dimer contig. The red is the forward contig and the blue is the Reverse 

Complement Forward Primer. The black is the actual contig sequence and the reddish- 

purple seen at the beginning of the contig and at the end is the normal poor quality 

beginning and ending sequence. The light green sequence shows when a base in the 

sequence is different than the primer. This is due to either the poor quality beginning and 

ending sequences or the additional "A" base added after the primer sequence by the 

enzyme. This "A" addition is not unusual, the polymerase has been known to add a 

non-template additional nucleotide to the 3' end of PCR products, which is primarily an 

"A" or adenosine (Clark, 1988; Brownstein 1996). This "A" is normally is preferentially 

added after a 3' terminal "C" base (Brownstein 1996).

"Forward p r im e r  = GTAATACGACTCACTATAG-OH
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« R ev erse  Com plem ent F orw ard P r im er  = HO-CTATAGTGAGTCGTATTAC 

Bst_Contigl
# GTAATACGACTCACTATAG
«TTACAGCATGGAAAGTACGGGTTGAAATGTGACTCACTACTAATGAGTTG 5 0

RCPMnCTATAGTGAGTCG
#
* GTAATACGACTCACTATAG GTAATACGA
«TATTACAGTAATACGACTCACTATAGTCGAGTCGTATTACAGTAATACGA 100  
«TATTAC CT'ATAGT GAGTCGTATTAC

"CTCACTATAG GTAATACGACTCACTATAG
«CTCACTATAATGAGTCGTATTACAGTAATACGACTCACTATAGTGAGTCG 150
* CTATAGTGAGTCGTATTAC CTATAGTGAGTCG

" GTAATACGACTCACTATAG GTAATACGA
«TATTACATGTAATACGACTCACTATAGTGAGTCGTATTACAGTAATACGA 200  
"TATTAC CTATAGTGAGTCGTATTAC

«CTCACTATAG GTAATACGACTCACTATAG
«CTCACTATAGTGAGTCGTATTACAGTAATACGACTCACTATAGTGAGTCG 250  
» CTATAGTGAGTCGTATTAC CTATAGTGAGTCG

« GTAATACGACTCACTATAG GTAATACGAC
«TATTACAGTAATACGACTCACTATAGTGAGTCGTATTACAGTAATACGAC 300  
«TATTAC CTATAGTGAGTCGTATTAC

*TCACTATAG° GTAATACGACTCACTATAG
TCACTATAGTGAGTCGTATTACAGTAATACGACTCACTATAGTGAGTCGT 350  
* CTATAGTGAGTCGTATTAC CTATAGTGAGTCGT

" GTAATACGACTCACTATAG GTAATACGACT
«ATTACAGTAATACGACTCACTATAGTGAGTCGTATTACAGTAATACGACT 400  
«ATTAC CTATAGTGAGTCGTATTAC

'CACTATAG GTAATACGACTCACTATAG
"CACTATAGTGAGTCGTATTACAGTAATACGACTCACTATAGTGAGTCGTA 450  
« CTATAGTGAGTCGTATTAC CTATAGTGAGTCGTA

« GTAATACGACTCACTATAG GTAATACGACTC
«TTACAGTAATACGACTCACTATAGTGAGTCGTATTACAGTAATACGACTC 500
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*TTAC CTATAGTGAGTCGTATTAC

«ACTATAG GTAATACGACTCACTATAG
«ACTATAGTGAGTCGTATTACAGTAATACGACTCACTATAGTGAGTCGTAT 5 5 0  
« CTATAGTGAGTCGTATTAC CTATAGTGAGTCGTAT

'  GTAATACGACTCACTATAG GTAATACGACTCA
«TACAGTAATACGACTCACTATAGTGAGTCGTATTACAGTAATACGACTCA 6 0 0  
T A C  CTATAGTGAGTCG TATTAC

« CTATAG GTAATACGACTCACTATAG
* CTATAGTGAGTCGTATTACAGTAATACGACTCACTATAGTGAGTCGTATT 6 5 0
* CTATAGTGAGTCGTATTAC CTATAGTGAGTCGTATT

« GTAATACGACTCACTATAG GTAATACGACTCAC
"ACAGTAATACGACCCACTATAGTGAGTCGTATTACAGTAATACGACCCAC 7 0 0
"AC CTATAGTGAGTCGTATTAC
#

"TATAG GTAATACGACTCACTATAG
"TATAG3GAGGTCGGTATTACGGTAATACCGACTCACTATAGTGAGGTCGT 7 5 0  
"TATAGTGAGGTCG TATTAC CTATAGTGAGGTCGT

" GTAATACGACTCACTATAG GTAATACGACTCACTATAG
"CTCACCGGTAATCGGCTCCACTATGTGAGGTGGTATTACGGTAATACGGA 8 0 0
"ATTAC CTATAGTGA,GGTCGTATTAC

"CCACTTTATTGAGTCGTATTTCGGTAAGACGACCCGCTATTGGGGGGTCG 8 5 0

"TTGTCCCGGTAGTAGGACCCCCCCATGGGGGGGTGGGCTTCCCGGTGATA 9 0 0

"DNA sequence from alignment

" GTAATACGACTCACTATAG GTAATACGACT
"ATTACAGTAATACGACTCACTATAGTGAGTCGTATTACAGTAATACGACT 4 0 0  
"ATTAC CTATAGTGAGTCGTATTAC
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1. The Primer forms the Hair pin loop:

GTAATACGACTCACIATAO OH ->

T - A - G  -OH

A - T - C - A - C ' T - C - A - G - C - A - T - A A - T - G

2. The enzyme amplifies from the hair pin priming site:

T - A - G - T - O - A - G - T - C  - G - T - A - ' r - T - A - C - O H

I I I I I I I I I I I I I I I I
A - T - C - A - C - T - C - A - G - C - A - T - A - A - T - G

3. The DNA breathes at 65 °C and therefore opens:

T - A - G - T - G - A - G - T - C - G - T - A - T - T - A '  C -OH

I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  - >
A - T - C - A - C ' T - C - A - G - C - A - T - A - A - T - G

G - T ' A - A - T - A - C - G - A - C - T - C - A - C - T - A - T - A - G - T  G - A - G - T - C - G  T - A - T - T - O K

4. The enzyme for what ever reason adds an "A" then flips over and starts down the 
DNA.

G - T - A - A - T - A - C - - G - A - C - T - C - A - C - T - A - T - A -  G - T - G - A - G - T - C - G -  T - A  Ï  -T -A -C -O H  

G - T - A - A - T - A - C - G - A - C - T - C - A - C - T - A - T - A - G - T - G ' A - G - T - C - G - T - A - T - T - A - C

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I ^
H O - C - A - T - T - A - T - G - C - T - G - A - G - T - G - A - T - A - T - C - A - C - T - C - A - G - C - A - T - T - A - T ' G

5. The DNA breathes at 65 °C again and therefore the DNA opens and the enzyme adds 
an "A" then flips over and starts polymerizing down the DNA again.

G-T'A'A"T-A
C - G - A - C - T - C - A ' C - T  A - T ' A  G- T - G - A - 3 ' T - C .  - G - T - A  T - T - A - C
I I I I I I I I I I I I I I I I I I I I I I I I I I A

C - A - T - T - A - T - G - C ' T - G - A - G - T ' G - A - T - A - T - C - A - C - T - C - A - G - C - A - T - A - A - T - G
A I I I I I I

G T A A T-OH

6. Therefore the primer-dimer sequence is:
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s t a r t - >
G - T - A - A - T - A - C - G - A - C - T - C - A - C - T - A - T - A - G - T - G - A - G - T - C - G - T - A - T - T - A - C

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I
C - A - T - T - A - T - G - C - T - G - A - G - T - Q - A - T - A - T - C - A - C - T - C - A - G - C - A - T - A - A - T - G

->A I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I
G - T - A - A - T - A - C - G - A " C - T - C - A - C - T - A - T - A - G - T - G - A " G  T - C - G - T - A - T - T - A - C  OH

- > E n d

*DNA s e q u e n c e  from  a lig n m e n t  u s e d  f o r  c o n f ir m a t io n :

ATTACAGTAATACGACTCACTATAGTGAGTCGTATTACAGTAATACGACT 400  
CACTATAGTGAGTCGTATTACAGTAATACGACTCACTATAGTGAGTCGTA 450  
TTACAGTAATACGACTCACTATAGTGAGTCGTATTACAGTAATACGACTC 500  
Compare: DNA sequence to above made sequence (black-actual sequence)

A - T - T - A - C - & ' G - T - A - A - T - A - C - G - A - C - T - C - A - C - T - A - T - A - G - T - G - A - G - T - C - G - T - A - T - T - A - C - f t - G - T - A - A - T -  
G - T - A - A  T - A - C - G - A - C - T -  C - A - C  T - A - T - A  - G - T - G - A - G  T -C-O-  T - A -  T - T - A - G - A - G - T - A - A - T -

A - C - G - A - C - T  4 0 0  C - A - C - T - A - T - A - G - T - G - A - G - T - C - G - T - A - T - T - A - C - A  G - T - A - A - T - A - C - G - A - C - T - C - A - C -  
A - C - G - A - C - T  C - A - C  - T - A - T - A - Q - T - G - A - G - T - C  - G - T - A - T - T - A - C - A  G - T - A - A - T  - A- C S - A  C - T - C - A - C -

T - A - T - A - G - T - G - A - G - T - C - G - T - A  4 5 0  T - T - A - C  
T - A - T - A - G - T - G - A - G - T - C - G - T - A  T - T - 4 - C  ÛH

153



M K 0

\ (, f i ' . ' ï  - i h '  i> '•> ' t  f f . i  rs-- i n  Vi'S* ;;?'•■■

* ’* h' . T ' î . ' . ' - ni , |  ' v"-'? ■,;! '. i;;- S ; ' ' ’' ?•'. fV. >■ Mss:\ n'. v!

Î ; » I • ! ' g'f I* " ' Ï ' *■ j * \ : N 1- *' : •■ M ‘ 'j • *

A

Figure 62 The Making of a single primer nonspecific amplification product (resembling a primer- 
dimer).

RESULTS: The Ggure above shows how the amplification, Bst isothermal ampliGcation, of single 
primer-dimer is done.

*FuU sequence comparison of Contig 1 and amplification and sequence:

TTACAGCATGOAAAGTACGGGTTGrAATGTGACTCACTAfTTAATGAGTTG 5 0

•TATTACiiGTAATACGACTCACTATAGTCGAGTCGTATTACftGTAATACGA 1 0 0  
TATTACAGTAATACGA.CTCACTATAGTGAGTCGTATTACAGTAATACGA

ÆTCACTATAATGAGTCGTATTACAGTAATACGACTCACTATAGTGAGTCG 1 5 0  

"CTCACTATAGTGAGTCGTATTACAGTAATACGACTCACTATAGTGAGTCG

•TATTACAT-GTAATACGACTCACTATAGTGAGTCGTATTACaGTAATACGA 2 0 0

*TATTACA GTAATACGACTCACTATAGTGAGTCGTArrAC^GTAATACGA 
*

•CTCACTATAGTGAGTCGTATTACAGTAATACGACTCACTATAGTGAGTCG 2 5 0  

"CrCACTATAGTGAGTCGTATTACAGTAATACGACTCACTATAGTGAGTCG
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®TATTAC/iGTAATACGACTCACTATAGTGAGTCGTATTACAGTAATACGAC 3 0 0

"TATTACAGTAATACGACTCACTATAGTGAGTCGTATTACAGTAATACGAC
#

"TCACTATAGTGAGTCGTATTACAGTAATACGACTCACTATAGTGAGTCGT 3 5 0  

«TCACTATAGTGAGTCGTATTACAGTAATACGA.CTCACTATAGTGAGTCGT 
#
®ATTACAGTAATACGACTCACTATAGTGAGTCGTATTACAGTAATACGACT 4 0 0  

ATl'ACAGTAATACGACTCAGTATAGTGAGTCGTATTACAGTAATACGACT

•CACTATAGTGAGTCGTATTACAGTAATACGACTCACTATAGTGAGTCGTA 4 5 0  

"CACTATAGTGAGTCGTATTAO.GTAATACGACTCACTATAGTGAGTCGTA

TTACAGTAATACGACTCACTATAGTGAGTCGTATTACAGTAATACGACTC 5 0 0  
TTACAGTAATACGACTCACTATAGTGAGTCGTATTACAGTAATACGACTC

•ACTATAGTGAGTCGTATTACAGTAATACGACTCACTATAGTGAGTCGTAT 5 5 0  
ACTATAGTGAGTCGTATTACAGTAATACGACTCACTATAGTGAGTCGTAT

#

TACaGTAATACGACTCACTATAGTGAGTCGTATTACAGTAATACGACTCA 600  
TACAGTAATACGACTCACTATAGTGAGTCGTATTACAGTAATACGACTCA

•CTATAGTGAGTCGTATTACAGTAATACGACTCACTATAGTGAGTCGTATT 6 5 0  
CTATAGTGAGTCGTATTACAGTAATACGACTCACTATAGTGAGTCGTATT

®ACAGTAATACGACCCACTATAGTGAGTCGTATTAC.fiGTAATACGACCCAC 7 0 0  
ACAGTAATACGACTCACTATAGTGAGTCGTATTACAGTAATACGACTCAC

#

"TATAGGGAGGTCGGTATTACGGTAATACCGACTCACTATAGTGAGGTCGT 7 5 0  
TATAGTGA GTCGTATTACA

"CTCACCGGTAATCGGCTCCACTATGTGAGGTGGTATTACGGTAATACGGA 8 0 0  

"CCACTTTATTGAGTCGTATTTCGGTAAGACGACCCGCTATTGGGGGGTCG 8 5 0

TTGTCCCGGTAGTAGGACCCCCCCATGGGGGGGTGGGCTTCCCGGTGATA 9 0 0

How it sequenced, the forward primer annealed to its compliment sequence:

1 .  H“ 0 “ C - A “ T - T - A ~ T - G ~ C - T - G ~ A - G ~ T “ G - A - T “ A - T - C ” A " C ~ T -A ~ G -C ~ A -  
T-A-A-T-G

+ Forward p r i m e r  = GTAATACGACTCACTATAG-OH

G -T -A-A-T-A-C-G -A-C-T-C-A-C-T-A-T-A-G -O H
H -O -C -A -T -T -A -T -G -C -T -G -A -G -T -G -A -T -A -T -C -A -C -T -A -G -C -A -T -

A-A-T-G
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G -T-A -A-T-A -C -G -A -C -T-C -A -C -T -A -T -A -G -A -G -T -G -A -T-C -G -T -A -
H - 0 - C ~ A - T ” T ~ A - T ~ G - C - T - G “A - G ”T - G - A - T - A - T - C “A “ C - T - A ~ G “ C “A - T -

T-T-A-C-OH
A-A-T-G

As shown i n  th e  exam ples a b o v e , Bst can amplify via the adénylation 

of a primer addition to a hair pin loop. It is notable that the "A" is added after a 3' 

terminal "C ' as Brownstein (1996) had noted in PCR products producing primer-dimers. 

It is also notable, based on the primer used in this amplification and the method used to 

form the ampliGcation that a palindrome is not necessary to accomplish the primer-dimer 

amplification.

Phi-29 (GenomiPhi) Experiments

Since, the Bst and BAC end ampliGcation and sequencing did not yield 

consistently reproducible results, it was decided that a revisit to the Phi-29 mix for BAC 

ampliGcaüon and end sequencing should be done. Fortunately, Amersham had chosen us 

as a beta test site for their new GenomiPhi DNA AmpliGcaüon Kit for whole genome 

ampüGcaüon only. I then, invesügated using their enzyme to reproducibly obtain 

ampliGed BAC DNA and obtain accurate sequence.

This Gnal experiment was done using the manufactures' protocol for 

ampliGcaüon, which was their implementaüon of the original, Phi-29 protocols, 

developed during this dissertaüon work.
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The 6rst question was if this mix allows the whole amplification of a million plus 

base organism that according to this protocol should take about 16-18 hours, then how 

long does one need to incubate the solution to amplify a pUC vector plus insert, -8,000 

bases, a fosmid plus insert, -40,000 bases, and a BAC plus insert, -150,000 bases. 

Therefore a test was set up using -10 ng of each above from three different samples for 

all three different vectors subclones (9 samples). They all 9 samples, a set, were put on 

diHerent 96 well theremocycler plates to be incubated 30 °C at the following times: 0,

Ihr, 3 hr, 6 hr, 9 hr, 12 hr, 15 hr, 18 hr and then heated to 65 °C to denature the enzyme.

The DNA amplified so well that when trying to pipette it, the DNA would be 

pulled out of the pipette tip and back into the well. Next, the DNA was diluted, pipetted 

and vortexed multiple times and then heated (95 °C for 10 minutes) to dissolve and cleave 

the DNA to shorter 6agments that then were desalted by passage through a Sephadex G- 

50 column to remove the all the unused primers and dNTPs prior to measuring the A260 of 

the ampliGed DNA.
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EXPT: The Grst question was if dik mix allows the iHxde amplification of a million plus base 
organism that according to this protocol should take about 16-18 hours, then how long does one need 
to incubate the solution to anqdifÿ a pUC vector plus insert, -8,000 bases, a fosmid pins insert, 
-40,000 bases, and a BAC plus insert, -150,000 bases. Therefore a test was set up using -10 ng of 
each above from dxree different samples for all Aree different vectors subdones (9 samples). They all 
9 samples, a set, were put on different 96 well theremocycler plates to be incubated 30 *C at the 
following times: 0, Ihr, 3 hr, 6 hr, 9 hr, 12 hr, 15 hr, 18 hr and then heated to 65 °C to denature the 
enzyme. The DNA was diluted, pipdted and vortexed nrnld^ times and dmen heated (95 °C for 10 
minutes) to dissolve and deave the DNA to shorter fragments that tha: were desalted by passage 
through a Sqdmdex G-50 column to remove the all dme unused primers and dNTPs prior to 
measuring the A;* of the am;difled DNA
RESULTS: The amplified input DNAs reached a plateau at -  9 hours.

As seen in Ggures 63 and 64, show aliquats of the amplified input DNAs, which 

reached a plateau at -  9 hours. The 9 hours and above time points were subjected to DNA 

sequencing.
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Figure 64 GenomiPhi BAC and all 3 Amplification Results

EXPT: The Erst questiom was if thk mix allows the whole amplification of a million plus base 
organism that according to this protocol Aould take about 16-18 hours, then how long does one need 
to incubate the solution to amplify a pUC vector plus insert, -8,000 bases, a fosmid plus insert, 
-40,000 bases, and a BAC plus insert, -150,000 bases. Therefore a test was set up using -10 ng of 
each above from three differmmt samples for all three different vectors subdones (9 samples). They all 
9 sanqdes, a set, were put on different 96 wdl theremocycler plates to be incubated 30 °C at the 
following times: 0, Ihr, 3 hr, 6 hr, 9 hr, 12 hr, 15 hr, 18 hr and then heated to 65 "C to daxature the 
enzynxe. The DNA was diluted, pipetted and vortexed multiple times and thai heated (95 "C for 10 
minutes) to dissolve and cleave the DNA to dmorter kagmaxts that thax were desalted by passage 
through a Sephadex G-50 column to remove dxe all the xmxxsed primers and dNTPs prior to 
measurixxg the Aig# of the amplified DNA
RESULTS: The amplified input DNAs reached a plateau at -  9 hours.
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DNA need to seq ng/pl pi to seq
Total Vol 

in pi 1 pi 2pl 4x1 F/R pimers
pUCA 80ng 115 lul 12 115 230 460 2plET
pUCB 80ng 145 lul 36 145 290 580
pUCC 80ng 80 lul 24 80 160 320

Fos A 400ng 120
pi to seq 

4 pi 55
2pl
240

4 pi 
480

pi***
720

F/R primers 
2plET

FosB 400ng 155 3 pi 55 310 620 930
FosC 400ng 160 3pl 33 320 640 960

BACA 1600ng 130
pi to seq 
12-13 37

6 pi 
780

12 pi 
1560

18 pi 
2340

just F 
2 pi ET

BACB 1600ng 185 8-9 50 1110 2220 3330
BACC 1600ng 135 11-12 65 810 1620 2430

Table 13 GenomiPhi Sequencing Test

EXPT: The above is using 0.07-0.09 mM of primer and 2 pi of Et terminators to sequence using the 
following parameters: No hold, Cyde-95 °C for 30 sec, 50 *C for 20 sec, 60 °C for 4 minutes for 99 
cycles; Hold at 4 °C for infinity and desalted using the standard sodium acetate ethanol precipitation.

pGem pGem
1 2 3 4 5 5 5 8

puc-A- puc-A- puc-A- puc-A- puc-A- puc-A-
A 400ng 115 230 460 115 230 460 400ng

puc-B- puc-B- puc-B- puc-B- puc-B- puc-B-
B 200ng 145 290 580 145 290 580 200ng

piL- r pi puc-C- puc-C- puc-C-
C lOOng XII it.li <20 80 160 320 lOOng

A if..'A- -V.=.' A-
D 24.1 4S0 ").:(! .:x(i 72i.

î'î ' - lu- i> 1f!.-îî îO'' h" ri.'.'ii ■'
E 0 'ij 310 1:20 930

■ I - - I. 0 "  (: IvVi-tj-
F ."C 1:10 y'-j 320 t;-!0 VfiO

r.t.: '> hiU- H bac-B- 'iLi- :)
G 7sU ’5C-i. 0 0 r i 0. :?2o 810
H

Table 14 Sequencing Amount of GenomiPhi Test 

# 0 0 0 0

10 11 12

bac-C-2430

Figure 65 Sequence of GenomiPhi Test
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The Top view shows ihetype <^DNA and the amount used pw well to sequence corrdating with Ae 
IBottozuTnwMfidTthe jPÈunaïCartL
PRRRD CARD: Ph red is a program that reads die trace dies produced by the sequencers to assign 
the bases, thdr quality values and writes these to output dies (Ewing et a l, 1998). A Phred Card is a 
picture showing each well as a certain color based on the number of nucleotides sequenced that had a 
Mired quality of at least 20, the quality required for phrap to assemble the sequence is shown in dg. 
10: 0 100 bases = Red, 101-300 bases = Ydlow, C. 301-500 bases = Green, D. 501 and above bases = 
Blue.
RESULTS: The pUC vector plus insert, a fosnmd plus insert, and a BAC plus insert all produced 
hig^ quality DMA sequence.

As shown in figure 65, the pUC vector plus insert, a fosrnid plus insert, and a

BAC plus insert all produced high quality DNA sequences and a subsequent blast

analysis revealed that the sequence correctly corresponded to the amplified input DNA,

example ûgure 66 is shown below .

auw oas SbmUUl. s . ,  l .in .a  . Dww».a . W#y. O . awwwr,I .Owk«D., Kw*.n. #%w) Rv*,a.a.

VaüLw*
fe-A-w»ie i r t f c v , j U d k  * # —0 8

SZ3SB .

m *  o f  C k l W h n m m ,  6 5 0  O v o L  H » « *  8 0 * .  a o e m # m .

OK 73019. u sa
ommrwr oo a*»* 9, aoo3 « # ^ « 0 0 0  v# t* io o  *1 q^saoaTS.

O # n t o r :  O f  O h * » i * t r y  fuw * * i 3 c h o » i # t f y
n *  V m i v w v i t y  O f  C k l o h o * »
0 *nb#« c*d#;OOKMOR

f^afONK# LoootioA/O wvlifi#*#
#0 0 : 0 * 1..10*044

/oVMAivmmnWdiamy) wwAomtwl*"
6̂ *0 1 . tqrpv" uwiu***r mok"
/À» 3880"/olon**"oiai2-g*49"

t M A c o t o l #  aao l i l M a r v  n9-

Figure 66 NCBI's Blast of BAC- end Sequence Contig (Based on BAC B, but all matched)
The above shows die results of a sequence Blast showing the actual clone firom our lab as a Blast hit 
RESUT.TS: The pUC vector plus insert, a fosmid plus insert, and a BAC plus insert all produced 
high quality DNA sequence and a subsequmit blast analysis revealed that the sequence correcdy 
correqioiided to the amplided input DNA.
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Conclusion

During this dissertation research, DNA amplification protocols were developed 

that allow for picogram size DNA samples to be sequenced. In addition, the human and 

mouse genomic reference sequences of which -1 million bases of mammalian genomic 

DNA were sequenced as part of this present research, wiU provide the basis for future 

genetic and forensic research. The published sequences of the mouse genome and the 

zebraGsh mitochondria, both of which are important medical model systems, also wiU be 

valuable in both current and future medical research. Two very important disease 

homologs that emerged from this present research are the mouse homolog for the human 

park2 gene, a human Parkinson candidate gene, and the mouse homolog DGCR8 gene 

encoded in the human DiGeorge syndrome critical region. The alignments of all the 

above sequences were and wiU be used to compare and contrast other models for 

comparable genes, for possible functions, for possible anomalies, for evolutionary 

relationships as well as being possible targets for future drug therapy.

A surprise ûnding in this research was a sequence verified explanation for the 

primer-dimer phenomenon. This has been difGcult to explain, but now it is clear that the 

primers are amplified by incorporating a dATP at the end of the primer hairpin loop plus 

the reverse complemented (primer) sequence. The DNA being at 65°C continuously 

denatures and reanneals, while the DNA is denatured, the enzyme repositions itself (flips- 

over) and begins polymerizing once more in the reverse complemented direction until it
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reaches the end, when it incorporates another dATP and the process repeats itself 

cyclically.

Another rn^or development of this research was the development of a closure 

technique for gaps in chromosomal DNA sequences. Before this research, it was 

considered impossible to accomplish this with the available technology, because the 

clones covering the gap regions were unstable. Now, by employing isothermal rolling 

circle ampliGcation, obtaining the templates needed for sequencing access to the gaps 

may become a reality.

The Phi-29 and Bst ampUGcation and sequencing protocols for plasmids, fosmids, 

BACs and chromosomal DNA, including gap closure, wiU enhance the ûeld of forensics 

by allowing the accurate ampliGcation of DNA from minute amounts of starting material.

During this research protocols were developed using Phi-29 (BociZW 

kzctenopAugg Phi-29 DNA polymerase) and Bst (BacfZW 

polymerase 1) for DNA Isothermal Rolling Circle Amplification that resulted in the 

successful sequencing of BAC-based clones. Many of these protocols now have been 

adopted by Amersham, Inc. and incorporated into their isothermal airq)liScation notes.

Although Bst originally was isolated by my principal professor during his 

doctorial research, I rediscovered it during patent literature research. The highly 

processible Phi-29 can amplify 70 kb without becoming dissociated from its substrate, 

but Bst is much more processive as it can amplify more than three times that amount 

without dissociating. In addition, Phi-29's optimal polymerizing temperature of 30 °C is 

low enough to allow nonspecific primers to anneal, while Bst's optimal polymerizing
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temperature is 65 °C, which allows for longer specific primes to be used for directed 

ampliGcation of speciGc target DNAs.

The Phi-29 and Bst ampliGcation protocols developed during this research are 

quite robust and can significantly reduce the time and effort for obtaining the DNA 

needed as a template for DNA sequencing, while increasing the sensitivity to minute 

samples that the standard methods can not accomplish. Therefore, through this research 

the Isothermal Cascading Whole Genome Multiple Strand Displacement AmpUGcation 

now has become a reality that in the future may supplant the PCR method for DNA 

ampliGcaüon.
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Appendix I

For each Human and Mouse clone, a table is shown that reveals the following: the 

organism (Organ.); the vector type, (BAC or PAC); the NIH Accession number; 

chromosome or chromosome scaffold number (Chr/ Chr Scaffold #), contigs; The strand 

direction of the gene (S= strand, - or + determines the side or direction of 

the gene, example: S-1); gene number; gene name (Novel = new); gene ensemble 

number; genes chromosomal position; transcript (A predicted gene with research to 

support this belief for example a mRNA that codes for this transcript.); Exon (DNA that 

cods for a gene) number; Exon chromosomal position; different exon locations based on 

different splicing and lastly all the organisms with comparative genes and their gene 

locations.

Gene Organization of the PAC 20kl4

Table 15 G«*e Organization of the PAC 20kl4
Organ PAC Accession #

Human 20kl4
Organis Genes
m
Human Genes-1

Name

Novel 
Transcrpt- splice-2 
1
Exon-1
Exon-2
Transcrpt- splice-2
2
Exon-1
Exon-2

AC006548
Ensembl ID

ENSGOOOOOl 72963 
ENST00000310115

ENST00000327926

Chr/ or Chr Scaffold 
# Chromosome Location

22qll 15777569-15777617

15777569-15777617
15769723-15769994

15770375-15770423
15769723-15769994

Hu
#

S-1

2
1

S-1
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Human Genes-2 Novel 
Transcrpt- splice-2
1
Exon-1
Exon-2
Exon-3
Exon-4
Exon-5
Exon-6
Exon-7
Exon-8
Exon-9

Human Transcrpt- splice^2 
2
Exon-1
Exon-2
Exon-3
Exon-4
Exon-5
Exon-6
Exon-7
Exon-8
Exon-9
Exon-10

ENSG00000138860
ENST00000266136

ENST00000330197

22qll 15818177- 15863447

15863385-15863443
15847317-15847620
15843404-15843611
15824988-15825637
15821544-15821804
15820622-15820712
15820210-15820306
15819169-15819276
15818177-15818356

15863385-15863447
15847317-15847620
15843404-15843611
15825057-15825637
15823742-15823827
15821544-15821808
15820622-15820712
15820210-15820306
15819169-15819276
15818177-15818356

S-1

7
6
5
4
3
2
1

S-1

10
9
8
7
6
5
4
3
2
1

Gene Organization of the BAC 678g6

Table 16 Gene Organizadon of ihe BAC 678g6

Organism BAC Accession#
Human 678g6 AC007845 Chr/ or Chr Scaffold Hu

Organism Genes Name Ensembl ID # Bac Location #
Human Genes-1 Novel 22qll 7315-18212 S-1

Exon-1 7315-7248 8
Exon-2 9503-9449 7
Exon-3 9950-9738 6
Exon-4 11206-11067 5
Exon-5 15730-15520 4
Exon-6 16246-16149 3
Exon-7 16552-16300 2
Exon-8 18229-18212 1

Human Genes-2 Novel 58715-26101 S-1
Exon-1 26101-25653 7
Exon-2 46265^6064 6
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Exon-3 46875-46816 5
Exon-4 47427^7329 4
Exon-5 51651-51530 3
Exon-6 55843-55820 2
Exon-7 58715-58553 1

Human Genes 3 Novel 62606-69474 S-1
Exon-1 62606-62422 7
Exon-2 62761-62688 6
Exon-3 63038-62892 5
Exon-4 64837-64717 4
Exon-5 68184-68040 3
Exon-6 68945-68804 2
Exon-7 69601-69474 1

Human Genes-4 Novel 73937-105347 S-1
Exon-1 73937-73789 19
Exon-2 75225-75175 18
Exon-3 79768-79676 17
Exon-4 80300-80207 16
Exon-5 82166-82056 15
Exon-6 82961-82803 14
Exon-7 88137-88043 13
Exon-8 90482-88664 12
Exon-9 92922-92840 11

Exon-10 93583-93443 10
Exon-11 94473-94360 9
Exon-12 96161-96106 8
Exon-13 97205-96995 7
Exon-14 99196-99059 6
Exon-15 99814-99673 5
Exon-16 101445-101137 4
Exon-17 101569-101520 3
Exon-18 103519-103266 2
Exon-19 105411-105347 1

Human GenesS Novel 112655-117652 S-1
Exon-1 112655-108666 4
Exon-2 113436-113241 3
Exon-3 115198-114979 2
Exon-4 117693-117652 1

Human Genes-6 Novel 123068-132327 S+1
Exon-1 123068-123078 1
Exon-2 125829-125960 2
Exon-3 128942-129043 3
Exon-4 132222-132327 4
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Gene Organization and Comparative Genetics of BAC rp23-

7nl6

Table 17 Gene Organizadon and Con^paradre Genedcs of BAC rp23-7nl6

Organis
m
Mouse
Organis 
m
Mouse

Rat

Fngn

Mouse

Mouse

BAC Accession #

rp23-7nl6 AC091002 Chr/ or Chr Scaffold mus
Genes Name Ensembl ID # Chromosome Location #

Genes"! Rtn4r ENSMUSG00000043811 16 17623863-17625263 S+1
Exon-i 17623863-17625263 1
Genes-1 Rtn4r ENSG00000040608 22 18603788-18605188 S-1
Exon-1 18603788-18605188 1
Ga*es-1 RT4R_RA ENSRNOGOOOOOOOl 882 11 2784830-2786231 s+1

Exon-1 Scfold 2784830-2786231 1
Genes-1 Q9BZR6 SINFRUG00000128826 67 144168-145481 s-1
Exon-1 144168-145481 1
Genes-2 Novel ENSMUSG00000041484 16 17696338-17708142
Transcrpt- spUce-2
1

ENSMUST00000045507 s-1

Exon-1 17708039-17708142 12
Exon-2 17701767-17701888 11
Exon-3 17701446-17701603 10
Exon-4 17701191-17701363 9
Exon-5 17700908-17701010 8
Exon-6 17700487-17700578 7
Exon-7 17700185-17700320 6
Exon-8 17699778-17699898 5
Exon-9 1769959-17699685 4
Exon-10 17697701-17698347 3
Exon-11 17697350-17697577 2
Exon-12 17696338-17696509 1
Transcrpt- splice-2
1

ENSMUST00000058904 16 S-1

Exon-1 17708039-17708142 11
Exon-2 17701767-17701888 10
Exon-3 17701446-17701603 9
Exon-4 17701191-17701363 8
Exon-5 17700908-17701010 7
Exon-6 17700487-17700578 6
Exon-7 17700185-17700320 5
Exon-8 17699778-17699898 4
Exon-9 17699591-17699700 3
Exon-10 17697350-17698347 2
Exon-11 17696338-17696509 1
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Rat

Fngn

Novel

Novel

ENSRNOGOOOOOOOl 883

SINFRUG00000149349

Novel ENSDARG00000018508

G «eg.2 ZDHHC8 ENSG00000099904
Exon-1 
Exon-2 
Exon-3 
Exon-4 
Exon-5 
Exon-6 
Exon-7 
Exon-8 
Exon-9 
Gienes-2 
Exon-1 
G«mea-2 
Exon-1 
Exon-2 
Exon-3 
Exon-4 
Exon-5 
Exon-6 
Exon-7 
Exon-8 

Zebraf. G«mes-2 
Exon-1 
Exon-2 
Exon-3 
Exon-4 
Exon-5 
Exon-6 

Mouse Genes-3 
Transcrpt 
1
Exon-1
Exon-2
Exon-3
Exon-4
Exon-5
Exon-6
Exon-7
Transcrpt-splice-2 ENSMUST00000052325 
2
Exon-1 
Exon-2 
Exon-3 
Exon-4 
Exon-5 
Exon-6 

Human Genes-3 
13xon-l 
Exon-2 
Exon-3

Ranbpl 
■ splice-2

ENSMUSG00000041484
ENSMUST00000045507

22 18494025-18508527
18494025-18494128 
18501271-18501392 
18501555-18501712 
18502694-18502785 
18502948-18503089 
18503294-18503414 
18503498-18503607 
18504833-18505833 
18507306-18508527 

11 2865358-2865471
Scfold 2865358-2865471 

195 225635-253405 
225635-225738 
248141-248262 
249850-250007 
250087-250259 
250390-250492 
250793-250884 
252160-252322 

chr-&ag252395-253405 
ctg 71515-84059 

1062983925-84059 
80713-80824 
77696-77827 
74745-75370 
74390-74742 
71515-71841 

16 17696338-17708142

17708039-17708142
17720421-17720557
17718333-17718490
17714877-17715020
17714026-17714091
17712957-17713325
17712924-17712943

S-H

22

RANBPl ENSG00000099901 22

17721680-17721792
17720421-17720557
17718333-17718490
17714877-17715005
17714026-17714091
17712917-17713325
18478015-18489258
18479573-18479741
18481090-18481226
18484341-18484498

1
2
3
4
5
6
7
8 
9

S-1

S-t-1
1
2
3
4
5
6 
7

S-1
6
5
4
3
2
1

S-1

7
6
5
4
3
2
1

S-1

6
5
4
3
2
1

S+1
1
2
3
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Fngn

Zebraf.

Mouse

Mouse

Exon-4 18487385-18487513 4
Exon-5 18488380-18488445 5
Exon-6 18489029-18489258 6
Geoes-3 Novel EüNSKRI4CX]KX)00(NX)1884 11 2881303-2888224 S-1
Exon-1 2888079-2888224 5
Exon-2 2886021-2886178 4
Exon-3 2883059-2883202 3
Exon-4 2882221-2882286 2
Exon-5 2881303-2881709 1
Genes-3 RANG SINFRUG00000149352 Scfold 257750-258692 S-1
Exon-1 MOUSE 195 258574-258692 4
Exon-2 258339-258496 3
Exon-3 257910-258038 2
Exon-4 chr-frag257750-257799 1
Genes-3 Novel ENSDARG00000014817 ctg 25692-28113 S+1
Exon-1 2571425692-25848 1
Exon-2 25935-26063 2
Exon-3 27626-27688 3
Exon-4 27928-28040 4
Exon-5 28045-28113 5
Genes-4 HtP9c EffSA4US()000CKX%Z2721 16 17721811-17726633
Transcrpt- E&4S3YnJSrrOCKXXX)14843 S+1

Exon-1 17722410-17722661 1
Exon-2 17722664-17722732 2
Exon-3 17722735-17722983 3
Exon-4 17722988-17723032 4
Exon-5 17723035-17723067 5
Exon-6 17723070-17723108 6
Exon-7 17723111-17723169 7
Exon-8 17723586-17723694 8
Exon-9 17723952-17724133 9
Exon-10 17724288-17724402 10
Exon-11 17724491-17724606 11
Exon-12 17724681-17724792 12
Exon-13 17725258-17725380 13
Exon-14 17725534-17725609 14
Exon-15 17725851-17725967 15
Exon-16 17726056-17726152 16
Exon-17 17726232-17726633 17
Transcrpt- splice-2
1

ENSMUST00000050704 22 S+1

Exon-1 P70220 17721811-17722023 1
Exon-2 17722026-17723162 2
Exon-3 17723583-17723694 3
Exon-4 17723952-17724133 4
Exon-5 17724288-17724402 5
Exon-6 17724491-17724606 6
Exon-7 17724681-17724792 7
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Mouse

Human

Rat

Exon-8 17725258-17725380 8
Exon-9 17725534-17725609 9
Exon-10 17725851-17725967 10
Exon-11 17726056-17726152 11
Exon-12 17726232-17726633 12
Transcrpt- spEce-3 ENSMUST00000059696
'S.

22 17722137-17723165 S+1

Exon-1 17723586-17723694 1
Exon-2 17723952-17724133 2
Exon-3 17724288-17724402 3
Exon-4 17724491-17724606 4
Exon-5 17724681-17724792 5
Exon-6 17725258-17725380 6
Exon-7 17725534-17725609 7
Exon-8 17725534-17725609 8
Exon-9 17725851-17725967 9
Exon-10 17726056-17726152 10
Exon-11 17726232-17726627 11
Genes-4 NM_02272 ENSG00000099899 22 18474640-18478677 S-1

Exon-1
/

18478115-18478677 11
Exon-2 18477749-18477857 10
Exon-3 18477343-18477524 9
Exon-4 18477042-18477156 8
Exon-5 18476838-18476953 7
Exon-6 18476651-18476762 6
Exon-7 18475763-18475885 5
Exon-8 18475509-18475584 4
Exon-9 18475195-18475311 3
Exon-10 18474988-18475084 2
Exon-11 18474640-18474871 1
Genes-4 Novel ENSRNOGOOOOOOOl 885 11 2890154-2894289 S+1
Exon-1 2890154-2890327 1
Exon-2 2890330-2890392 2
Exon-3 2890398-2890460 3
Exon-4 2890463-2890714 4
Exon-5 2890719-2890763 5
Exon-6 2890766-2890798 6
Exon-7 2890801-2890839 7
Exon-8 2890842-2890900 8
Exon-9 2891388-2891496 9
Exon-10 2891830-2892011 10
Exon-11 2892152-2892266 11
Exon-12 2892362-2892477 12
Exon-13 2892552-2892663 13
Exon-14 2893128-2893250 14
Exon-15 2893410-2893485 15
Exon-16 2893685-2893801 16
Exon-17 2893890-2893986 17
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Fugn

Zebraf.

Mouse

Mouse

Exon-18 
Genes-4
Exon-1
Exon-2
Exon-3
Exon-4
Exon-5
Exon-6
Exon-7
Exon-8
Exon-9
Exon-10
Exon-11
Genes-4
Exon-1
Exon-2
Exon-3
Exon-4
Exon-5
Exon-6
Exon-7
Exon-8
Exon-9
Genes-5
Exon-1
Exon-2
Exon-3
Exon-4
Exon-5
Exon-6
Exon-7
Exon-8
Exon-9
Exon-10
Exon-11
Exon-12
Genes-6
Exon-1
Genes-6
Exon-1
Exon-2
Exon-3
Exon-4
Exon-5
Exon-6
Exon-7
Exon-8
Exon-9
Exon-10

P70222 SINFRUG00000153624

Novel ENSDARG00000002830

Novel ENSMUSG00000022718

Dgcr8

Dgcr8

ENSMUSG00000048552

ENSG00000128191

Cbr 2894067-2894289 
Scfold 1988-4563 

10131988-2463 
2563-2671 
2787-2968 
3151-3265 
3342-3457 
3532-3643 
3729-3851 
3943^18  
4091-4207 
4272-4368 

chr-frag4443-4563 
ctg 243974-250692 

9659243974-244155 
244322-244436 
247392-247507 
247587-247698 
247835-247957 
248036-248111 
248508-248624 
248706-248802 
250385-250692 

16 17728654-17756415
17756256-17756415 
17753746-17753888 
17753352-17753634 
17751451-17751648 
17751171-17751272 
17750298-17750396 
17745853-17745935 
17733011-17733111 
17732681-17732787 
17731326-17731453 
17729804-17729917 
17728654-17728737 

16 17756817-17757548
17756817-17757548 

22 18442368-18473949
18442368-18442460 
18447764-18448760 
18449239-18449398 
18451746-18451888 
18452053-18452335 
18453512-18453709 
18453946-18454047 
18454886-18454984 
18456790-18456872 
18468254-18468354

18
S+1

1
2
3
4

5
6
7
8
9 

10 
11

S+1
1
2
3
4

5
6
7
8 
9

S-1
12
11
10
9 
8 
7 
6 
5 
4  

3 
2 
1

S-1
1

S+1
1
2
3
4
5
6
7
8 
9

10
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Rat

Fogu

Exon-11 
Exon-12 
Exon-13 
Exon-14 
Genes^ 
Exon-1 
Genes-6

Novel ENSRNOGOOOOOOOl 886 11
Chr

18468669-18468775
18469348-18469475
18470967-18471080
18472102-18473949
2921531-2922259
2921531 2922259

NM_02277 SINFRUG00000153636
5

Exon-1 
Exon-2 
Exon-3 
Exon-4 
Exon-5 
Exon-6 
Exon-7 
Exon-8 
Exon-9 
Exon-10 
Exon-11 
Exon-12 

Zebrafk Genes-6 
h

Exon-1
Exon-2 
Exon-3 
Exon-4 
Exon-5 
Exon-6 
Exon-7 
Exon-8 
Exon-9 
Exon-10 
Exon-11 
Exon-12 
Exon-13 

Moose Genes-7 
Exon-1 
Exon-2 
Exon-3 
Exon-4 
Exon-5 
Exon-6 
Exon-7 
Exon-8 
Exon-9 

Homan Genes-7

Exon-1
Exon-2
Exon-3

Novel ENSDARG00000010858

D16H-
22S680E

ENSMUSGOOOOOOl 3539

NM_15290 ENSG00000183597 
6

Scfold 6602-10393

10139788-10393 
9202-9364 
8952-9094 
8474-8807 
8200-8397 
7953-8054 
7765-7863 
7591-7673 
7278-7378 
7068-7174 
6831-6995 

chr-frag6602-6735 
ctg 252222-261614

9659261009-261614 
260285-260447 
258410-258552 
257958-258294 
257538-257735 
257352-257453 
256614-256712 
256426-256508 
256240-256340 
255981-256087 
254246-254373 
254036-254149 
252222-252714 

16 17773959-17817029
17816931-17817029 
17797489-17797582 
17789778-17789866 
17785771-17785890 
17784001-17784115 
17781102-17781172 
17776815-17776968 
17775818-17775922 
17773959-17774684 

22 18383191-18428003

18399101-18399171
18405432-18405520
18414542-18414661

11
12
13
14 

S-1
1

S-1

11
10
9 
8
7 
6
5
4
3 
2 
1

S-1

13
12
11
10
9
8 
7
6
5
4 
3 
2 
1

S-1

7
6
5
4
3
2
1

S+1

1
2
3
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Rat

Fuga

Exon-4 18415514-18415628 4
Exon-5 18418020-18418090 5
Exon-6 18423607-18423760 6
Exon-7 18425415-18425519 7
Exon-8 18426619-18428003 8
G«mes-7 Novel ENSRNOGOOOOOOOl 887 11 2939849-2955741 S-1
Exon-1 2955651-2955741 7
Exon-2 2950174-2950293 6
Exon-3 2948684-2948798 5
Exon-4 2945704-2945774 4
Exon-5 2942062-2942215 3
Exon-6 2940501-2940605 2
Exon-7 Chr 2939849-2939966 1
Genes-7 Q96M16 SINERUG00000153652 Scfold 12439-19759 S-1
Exon-1 101319672-19759 6
Exon-2 18673-18792 5
Exon-3 18426-18543 4
Exon-4 13332-13517 3
Exon-5 12810-12986 2
Exon-6 12439-12556 1
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Gene Organization and Comparative Genetics of BACs rp23 

213ml4 & rp23-81dl3b

Table 18 Gene Organization and Comparative Genetics of BACs rp23-213ml4 & rp23-81dl3b

Organ BAC (2) overlap Accession #

Mouse

m
Mouse

Mouse

Human

rp23213m l4 AC090977 
rp23^1dl3b AC123977

Chr/ or Chr Scaffold mus

Genes Name Ensembl ID # Chromosome Location #

Genes-1 nk-1 231004ZE22Rik 16 20902529-20903484 S-1
Exon-1 rp23-81dl3b 20902642-20903484 1
Genes-2 Ephb3 ENSMUSG00000005958 16 20954459-20972968 S+1
Exon-1 20954459-20954928 1
Exon-2 20962555-20962619 2
Exon-3 20963990-20964662 3
Exon-4 20966861-20967016 4
Exon-5 20967680-20968030 5
Exon-6 20968160-20968284 6
Exon-7 20968459-20968618 7
Exon-8 20968704-20968812 8
Exon-9 20969120-20969172 9
Exon-10 20970085-20970207 10
Exon-11 20970312-20970559 11
Exon-12 20970950-20971165 12
Exon-13 20971292-20971441 13
Exon-14 20971530-20971723 14
Exon-15 20971814-20971969 15
Exon-16 20972073-20972968 16
Genes-2 EPHB3 ENSG00000182580 3185682024-185702223 S+1
Exon-1 185682024-185682168 1
Exon-2 185691133-185691197 2
Exon-3 185692319-185692991 3
Exon-4 185695645-185695800 4

Exon-5 185696657-185696998 5
Exon-6 185697158-185697282 6
Exon-7 185697473-185697632 7
Exon-8 185697713-185697821 8
Exon-9 185698229-185698281 9
Exon-10 185699292-185699414 10
Exon-11 185699502-185699749 11
Exon-12 185700217-185700432 12
Exon-13 185700544-185700693 13
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Rat

Exon-14 185700787-185700980 14
Exon-15 185701068-185701223 15
Exon-16 185701329-185702223 16
Gemes-2 Novel ENSRNOGOOOOOOOl 760 115857994-5867748 S-t̂ l
Exon-1 5857994-5858059 1
Exon-2 5859391-5860063 2
Exon-3 5862334-5862395 3
Exon-4 5862398-5862488 4
Exon-5 5863167-5863517 5
Exon-6 5863645-5863769 6
Exon-7 5863947-5864106 7
Exon-8 5864195-5864303 8
Exon-9 5864632-5864684 9
Exon-10 5865597-5865719 10
Exon-11 5865825-5866072 11
Exon-12 5866514-5866729 12
Exon-13 5866847-5866996 13
Exon-14 5867087-5867280 14
Exon-15 5867376-5867531 15
Exon-16 Chr 5867643-5867748 16
Gemes-2 EPHB3 SINFRUG00000144679 Scfold 389439-407130 S-Hl
Exon-1 45 389439-390111 1
Exon-2 393116-393271 2
Exon-3 394115-394450 3
Exon-4 396384-396508 4
Exon-5 396843-396999 5
Exon-6 397261-397419 6
Exon-7 398985-399107 7
Exon-8 400869-401116 8
Exon-9 401463-401678 9
Exon-10 401863-402048 10
Exon-11 402151-402350 11
Exon-12 405396-405551 12
Exon-13 chr-frag 407025-407130 13
Genes-2 Novel ENSDARG00000016114 ctg 199356-223110 S+1
Exon-1 9398199356-199893
Exon-2 204502-204657
Exon-3 213835-213901
Exon-4 214025-214112
Exon-5 214118-214378
Exon-6 214381-214528
Exon-7 216185-216293
Exon-8 217229-217281
Exon-9 217392-217514
Exon-10 218550-218797
Exon-11 219099-219314
Exon-12 219394-219543
Exon-13 219632-219825
Exon-14 222888-222939
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Mouse

Mouse

Mouse

Mouse

Exon-15 222944-222994
Exon-16 222997-223110
EST-1 Gene-2? ENSMUSESTG00000021608 16 20960189-20964506 S4-1
Exon-1 20960189-20960275 1
Exon-2 20962555-20962619 2
Exon-3 20963990-20964506 3
EST2 Gene-2? ENSMUSESTG00000021609 16 20966880-20971631 S+1
Exon-1 20966880-20967016 1
Exon-2 20967680-20968030 2
Exon-3 20968160-20968284 3
Exon-4 20968459-20968618 4
Exon-5 20968704-20968812 5
Exon-6 20969120-20969172 6
Exon-7 20970085-20970207 7
Exon-8 20970312-20970559 8
Exon-9 20970950-20971165 9
Exon-10 20971292-20971441 10
Exon-11 20971530-20971631 11
Genes-3 Novel/EST ENSMUSESTG00000020826 16 21004026-21046484 S-1
Exon-1 21046383-21046484 4
Exon-2 21032001-21032164 3
Exon-3 21030210-21030494 2
Exon-4 21004026-21004147 1
Genes-4 Novel ENSMUSG00000049167 16 21082584-21082968 S-1
Exon-1 21082846-21082968 2
Exon-2 21082584-21082844 1

Gene Organization and Comparative Genetics of BAC rp23 

46k8

TaMe 19 Gaxe Orgunizadon and Comparative Genetics of BAC rp23-46k8

Organis BAC Accession #
m
Mouse rp23-46k8 AC113265 Chr/ or Chr ScaSold mus
(kganis Genes Name Ensembl ID # Chromosome Location #

Mouse Genes-1 Park2 ENSMUSG00000047566 17 10191863-10617531 S+1
Exon-1 10191863-10192030 1
Exon-2 1036219&10362436 2
Exon-3 10428324-10428445 3
Exon-4 10559284-10559367 4
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Human

Rail

Rat2

Fngn

Mouse

Exon-5 10617412-10617531 5
Ga*ea-1 Park2 ENSGOOO(X)185345 6 161604559-162697934 S-1
Exon-1 162697770-162697934 9
Exon-2 162516985-162517225 8
Exon-3 162455591-162455712 7
Exon-4 162308551-162308634 6
Exon-5 162227762-162227877 5
Exon-6 162040232-162040368 4
Exon-7 161970535-161970591 3
Exon-8 161823815-161823876 2
Exon-9 161803296-161803463 1
Gencs-1 Paik2 ENSRNOG00(X)0018022 1 36319391-36663031 S-1
Exon-1 36662906-36663031 3
Exon-2 36533324-36533407 2
Exon-3 36467304-36467420 1
Genes-1 Q8K5C2 ENSRNOGKXXXXX)18013 1 35900000-36112377 S-1
Exon-1 36112315-36112377 4
Exon-2 36096629-36096832 3
Exon-3 35910896-35911052 2
Exon-4 Chr 35900000-35900109 1
Geues-1 Q8WW07 SINFRUGOOOOOl 32227 Scfold 108073-110090 S+1
Exon-1 289 108073-108237 1
Exon-2 108307-108593 2
Exon-3 108744-108M3 3
Exon-4 108986-109069 4
Exon-5 109201-109316 5
Exon-6 109458-109594 6
Exon-7 109709-109770 7
Exon-8 109893-110090 8
Genes-2 Novd/EST ENSMUSESTGOOOOOOl 8819 17 10617453-10735667
Exon-1 (not same 10617453-10617527 1
Exon-2 as above) 10735331-10735667 2
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Appendix II 

Check Chromosome 22 Condg Assembly Primers

Table 20 Check Chromosome 22 Condg Assembly Primers

# Contig Primer # Primer
A01 NT_011520.8 F23083825 ACACACACATCCACACGCTC
A02 NT. 011520.8 F23083561 CACATGCACGTTCACACATG
A03 NT 011520.8 F23083459 GTGCTGCTTCTACAAACGCA
A04 NT_.011520.8 F23083459 GTCTCCTTCCCGTACTGGCT
A05 NT_011520.8 F23083311 CATCTAGGGCAGGTGTGAGC
A06 NT 011520 8 F23083210 TATTGTGGAGACCTGCATGG
A07 NT. 011520.8 F23083090 TTCTGTGACGGATTCGTCCT
A08 NT 011520.8 F23082961 GTAGACTTGGGCAGCTCCTG
A09 NT 011520.8 F23082848 GGATGATCTCCATTCCCATC
A10 NT..011520.8 F23082747 GTGAGGCAAAGACTTTCCCC
A11 NT. 011520.8 F23082620 AGGACTATGTCGCCTGGTTG
A12 NT .011520.8 F23082515 TGI 1 1 ICCTGAAGCCCTCTG
B01 NT..011520.8 F23083825,comp GAGGGTGTGGATGTGTGTGT
B02 NT_011520.8 F23083662.comp CATGTGTGAACGTGCATGTG
B03 NT..011520.8 F23083561 .comp TGCGTTTGTAGAAGCAGCAC
804 NT. 011520.8 F23083459.com p AGCCAGTACGGGAAGGAGAC
805 NT..011520.8 F23083311.comp GCTCACACCTGCCCTAGATG
806 NT..011521.1 R000221 GACACCAAAAGCACGAGCTA
807 Nl..011521.1 R000393 CAGCCTGTGACAGAGCAAGA
808 NT..011521.1 R000495 GTGCACACCTGTAGTCCCAG
809 NT .011521.1 R000598 ACATGACAAAACCCCACCTC
810 NT..011521.1 R000754 AGGGGACGGGATCTTACTTC
811 NT..011521.1 R000883 GTGGCCACACATGACAGAGA
812 NT..011521.1 R000989 TTACAGGTGTGAGCGGGACT
C01 NT..011521.1 R001095 IGGCCGGCTAAI 1 1IGGTATT
C02 NT_011521.1 R001197 lAGTGCAGTGACGTGATGTCG
C03 NT .011521.1 R001300 CAGGCACTCAGAGCATTTCA
C04 NT..011521.1 R001457 ACAGTGCTGTGTGTATGCCC
C05 NT..011521,1 R001579 GCTGGGGTAATCAAAAGGCT
COG NT_011521.1 R000221 .comp TAGCTCGTGC111IGGTGTC
C07 NT..011521.1 R000393.comp TCTTGCTCTGTCACAGGCTG
C08 NT..011521.1 R000495.comp CTGGGACTACAGGTGTGCAC
009 NT_011521.1 R000598.comp GAGGTGGGG 1 1 1 IGTCATGT
CIO NT..011521.1 R000754.comp GAAGTAAGATCCCGTCCCCT
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PCR to check primers list and AmpliGcation Primers

C (NT_011519.9) Primers:

>A01:NT_011519.9_000_F3457258 GAGAGTTTGTCTGGGCCAAG 
>A02:NT_011519.9_000_F3457093 GTTTGGACACCTGCrCCTCT 
>A03:NT_011519.9_000_F3456982 AGCCCCACGTGATGATATGT 
>A04:NT_011519.9_000_F3456881 GATTAGCTGGGTGAAGACGC
> A05 : NT_011519.9_000_F3456776 AGGTGGGACTCGAGATTGTG 
>A06:NT_011519.9_000_F3456669 ATAATGACAAGCGCTCAGGC 
>A07:NT_011519.9_000_F3456549 GCCAGCAAAGTGTCTGGTTT 
>A08:NT_011519.9_000_F3456437 CCTGCTTTGACCAGGTTAGG 
>A09: NT_011519.9_000_F3456296 GTGCATTACAGAGGCTGCTG 
>A10:NT_011519.9_000_F3456165 CTTTAATAGGAGGGGCTCGG 
>A11:NT_011519.9_000_F3456004TAGAGCCTCTGGGTCAGGAC 
>A12: NT_011519.9_000_F3455737 ACATTAAAGGCGAGACTCCG 
>B01:NT_011519.9_000_F3457258.comp CTTGGCCCAGACAAACTCTC 
>B02:NT_011519.9_000_F3457093.comp AGAGGAGCAGGTGTCCAAAC 
> B03:NT_011519.9_000_F3456982.comp ACATATCATCACGTGGGGCT 
> B04:NT_011519.9_000_F3456881.comp GCGTCTTCACCCAGCTAATC 
>B05:NT_011519.9_000_F3456776.comp CACAATCTCGAGTCCCACCT 
>B06:NT_011519.9_000_F3456669.comp GCCTGAGCGCTTGTCATTAT 
>B07:NT_011519.9_000_F3456549.comp AAACCAGACACTTTGCTGGC 
>B08:NT_011519.9_000_F3456437.comp CCTAACCTGGTCAAAGCAGG 
>B09:NT_011519.9_000_F3456296.comp CAGCAGCCTCTGTAATGCAC 
>B10:NT_011519.9_000_F3456165.comp CCGAGCCCCTCCTATTAAAG 
>Bll:NT_011519.9_000_F3456004.comp GTCCTGACCCAGAGGCTCTA 
>B12:NT_011519.9_000_F3455737.comp CGGAGTCTCGCCTTTAATGT 
>C01:NT_011519.9_000_R000135 CGATGATGATTCCATTCGAA
>C02: NT_011519.9_000_R000298 TTCCGTCGATTC11ITCGAT 
>C03: NT_011519.9_000_R000400 CCnTCGGTTCCATTTGATG
> C04 : NT_011519.9_000_R000528 TCCGTTTGATGATGATTCCA 
>C05: NT_011519.9_000_R000646 CGATGATGATTCCGTTCCTT
> C06 : NT_011519.9_000_R000752 CCATTCGATGATTCCATGCT 
>C07:NT_011519.9_000_R000875TCCATTCGATGATCATTCCA
> C08 : NT_011519.9_000_R001014 TCCTTGATGATTCCATTCGA
> C09 : NT_011519.9_000_R001134 CGATGATTCCATTCGATTCC 
>C10:NT_011519.9_000_R001238 TCCATTCGATGATGATTCCA 
>C11 : NT_011519.9_000_R001341 TCCATTCCATTCGATGATGA 
>C l2: NT_011519.9_000_R001527 TCAATGAGGATTCCATTCGA 
>D01:NT_011519.9_000_R000135.compTTCGAATGGAATCATCATCG 
>D02 : NT_011519.9_000_R000298.comp ATCGAAAAGAATCGACGGAA 
>D03:NT_011519.9_000_R000400.comp CATCAAATGGAACCGAAAGG 
>D04: NT_011519.9_000_R000528.comp TGGAATCATCATCAAACGGA 
> D05: NT_011519.9_000_R000646.comp AAGGAACGGAATCATCATCG 
>D06:NT_011519.9_000_R000752.comp AGCATGGAATCATCGAATGG 
>D07 : NT_011519.9_000_R000875.comp TGGAATGATCATCGAATGGA 
>D08:NT_011519.9_000_R001014.compTCGAATGGAATCATCAAGGA 
>D09:NT_011519.9_000_R001134.comp GGAATCGAATGGAATCATCG
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>D10:NT_011519.9_000_R001238.compTGGAATCATCATCGAATGGA
> D11 : NT_011519.9_000_R001341.comp TCATCATCGAATGGAATGGA
> D12: NT_011519.9_000_R001527.comp TCGAATGGAATCCTCATTGA

D (NT_011520.8)
>E01:NT_011520.8_000_F23083825 ACACACACATCCACACGCTC
> E02: NT_011520.8_000_F23083662 CACATGCACGTTCACACATG
> E03 : NT_011520.8_000_F23083561 GTGCTGCTTCTACAAACGCA 
>E04:NT_011520.8_000_F23083459 GTCTCCTTCCCGTACTGGCT 
>E05:NT_011520.8_000_F23083311 CATCTAGGGCAGGTGTGAGC 
>E06:NT_011520.8_000_F23083210 TATTGTGGAGACCTGCATGG 
> E07:NT_011520.8_000_F23083090 TTCTGTGACGGATTCGTCCT 
>E08:NT_011520.8_000_F23082961 GTAGACTTGGGCAGCTCCTG
> E09 : NT_011520.8_000_F23082848 GGATGATCTCCATTCCCATC 
> E10: NT_011520.8_000_F23082747 GTGAGGCAAAGACTTTCCCC 
>E11 :NT_011520.8_000_F23082620 AGGACTATGTCGCCTGGTTG 
>E12:NT_011520.8_000_F23082515 TGTTTTCCTGAAGCCCTCTG 
>F01 :NT_011520.8_000_F23083825.comp GAGGGTGTGGATGTGTGTGT 
>F02:NT_011520.8_000_F23083662.comp CATGTGTGAACGTGCATGTG 
>F03:NT_011520.8_000_F23083561.comp TGCGTTTGTAGAAGCAGCAC 
>F04:NT_011520.8_000_F23083459.comp AGCCAGTACGGGAAGGAGAC 
> F05 : NT_011520.8_000_F23083311 .comp GCTCACACCTGCCCTAGATG 
>F06:NT_011520.8_000_F23083210.comp CCATGCAGGTCTCCACAATA 
>F07:NT_011520.8_000_F23083090.comp AGGACGAATCCGTCACAGAA 
>F08:NT_011520.8_000_F23082961 .comp CAGGAGCTGCCCAAGTCTAC 
> F09:NT_011520.8_000_F23082848.comp GATGGGAATGGAGATCATCC 
>F10:NT_011520.8_000_F23082747.comp GGGGAAAGTCTTTGCCTCAC 
>F11 : NT_011520.8_000_F23082620.comp CAACCAGGCGACATAGTCCT 
>F12:NT_011520.8_000_F23082515.comp CAGAGGGCTTCAGGAAAACA 
>G01 : NT_011520.8_000_R000120 GACCCAAGAGACCCCTCACT 
>G02:NT_011520.8_000_R000266 TGAGGGTGCTGACATTCAGA 
>G03:NT_011520.8_000_R000379 GTGGAGCATGCTTTCCTGTT 
>G04:NT_011520.8_000_R000619 CTCTGCCCTCAGTTCTCTGC
>G05: NT_011520.8_000_R000720 GGGAACACAGCAGGATGACT 
>G06:NT_011520.8_000_R000826 AGCAGAGCCCACTGAATCAA 
>G07: NT_011520.8_000_R000994 GGTTGGTGTGCACAGCATAT 
>G08: NT_011520.8_000_R001108 CTGAATACTCCCCGCAACTG 
>G09:NT_011520.8_000_R001331 GCACCACTCTTTCAGGGAGA 
>G10: NT_011520.8_000_R001446 GCCTCCTAAAGTGCTGGGAT 
>G11 : NT_011520.8_000_R001549 ACCACACCCGGCTAAI I I I I
> G12 : NT_011520.8_000_R001651 AGTGCAATGGCATGATCTTG 
>H01:NT_011520.8_000_R000120.comp AGTGAGGGGTCTCTTGGGTC 
> H02:NT_011520.8_000_R000266.comp TCTGAATGTCAGCACCCTCA 
>H03:NT_011520.8_000_R000379.comp AACAGGAAAGCATGCTCCAC 
>H04:NT_011520.8_000_R000619.comp GCAGAGAACTGAGGGCAGAG 
>H05:NT_011520.8_000_R000720.comp AGTCATCCTGCTGTGTTCCC 
>H06:NT_011520.8_000_R000826.compTTGATTCAGTGGGCTCTGCT 
> H07: NT_011520.8_000_R000994.comp ATATGCTGTGCACACCAACC 
>H08:NT_011520.8_000_R001108.comp CAGTTGCGGGGAGTATTCAG
> H 09 : NT_011520.8_000_R001331.comp TCTCCCTGAAAGAGTGGTGC 
>H10:NT_011520.8_000_R001446.comp ATCCCAGCACTTTAGGAGGC
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>Hll:NT_011520.8_000_R001549.corhp AAAAATTAGCCGGGTGTGGT 
> H12:NT_011520.8_000_R001651 .comp CAAGATCATGCCATTGCACT

E (NT_011521.1)
>A01 : NT_011521.1_000_F767224 CGCTCCTCACCACTATAGCA 
>A02:NT_011521.1_000_F767116TACGGATGGAAAACTGAGGC 
>A03 : NT_011521.1_000_F766981 ACCACTGGGCCAAGAAATAA 
>A04: NT_011521.1_000_F766829 GTTI 11CI ICGGTGGTTCCC 
>A05 : NT_011521.1_000_F766713 CCGGGGTAGATGTCCATGTA 
>A06:NT_011521.1_000_F766577 CCAGCGGCCTTATGTTAAAA 
>A07 : NT_011521.1_000_F766438 AGCTGTAATCCCACAGCTCC 
>A08 : NT_011521.1_000_F766328 GTTCTTGGCCTGAAGATGCT 
>A09 : NT_011521.1_000_F766204 TCTGTAGGAAGATGGGGGCT 
>AlO : NT_011521.1_000_F766089 AAAACCCTTGCCTGTCTCTG 
>A11 : NT_011521.1_000_F765979 GGGCAGCAGATCCTTTAAGA 
>A12 : NT_011521.1_000_F765800 ATCTGTTAATCACTCCGGCG 
>B01 : NT_011521.1_000_F767224.comp TGCTATAGTGGTGAGGAGCG 
>B02: NT_011521.1_000_F7671 IG.comp GCCTCAGI I 11CCATCCGTA 
>B03:NT_011521.1_000_F766981.compTTATTrCTTGGCCCAGTGGT 
>B04:NT_011521.1_000_F766829.comp GGGAACCACCGAAGAAAAAC 
>B05:NT_011521.l_000_F766713.comp TACATGGACATCTACCCCGG 
> B06:NT_011521.l_000_F766577.comp TTTTAACATAAGGCCGCTGG 
>B07:NT_011521.1_000_F766438.comp GGAGCTGTGGGATTACAGCT 
> B08 : NT_011521. l_000_F766328.comp AGCATCTTCAGGCCAAGAAC 
>B09:NT_011521.1_000_F766204.comp AGCCCCCATCTTCCTACAGA 
>B10:NT_011521.1_000_F766089.comp CAGAGACAGGCAAGGGI I I I 
>B11 : NT_011521.l_000_F765979.comp TCTTAAAGGATCTGCTGCCC 
>B12 : NT_011521.l_000_F765800.comp CGCCGGAGTGATTAACAGAT 
>C01:NT_011521.1_000_R000221 GACACCAAAAGCACGAGCTA 
>C02:NT_011521.1_000_R000393 CAGCCTGTGACAGAGCAAGA
> C03 : NT_011521.1_000_R000495 GTGCACACCTGTAGTCCCAG 
>C04: NT_011521.1_000_R000598 ACATGACAAAACCCCACCTC 
>C05: NT_011521.1_000_R000754 AGGGGACGGGATCTTACTTC 
>C06: NT_011521.1_000_R000883 GTGGCCACACATGACAGAGA 
>C07 : NT_011521.1_000_R000989 TTACAGGTGTGAGCGGGACT 
>C08: NT_011521.1_000_R001095 GGCCGGCTAATTTTGGTATT
> C09 : NT_011521.1_000_R001197 AGTGCAGTGACGTGATGTCG 
>C10: NT_011521.1_000_R001300 CAGGCACTCAGAGCATTTCA 
>C11 : NT_011521.1_000_R001457 ACAGTGCTGTGTGTATGCCC 
>C12:NT_011521.1_000_R001579 GCTGGGGTAATCAAAAGGCT 
>D01 : NT_011521. l_000_R000221.comp TAGCTCGTGC IT T I GGTGTC 
>D02:NT_011521.l_000_R000393.comp TCTTGCTCTGTCACAGGCTG 
>D03 : NT_011521. l_000_R000495.comp CTGGGACTACAGGTGTGCAC 
>D04 : NT_011521. l_000_R000598.comp GAGGTGGGG IT T IGTCATGT 
> D05: NT_011521. l_000_R000754.com p GAAGTAAGATCCCGTCCCCT 
>D06: NT_011521. l_000_R000883.comp TCTCTGTCATGTGTGGCCAC 
>D07: NTLOl 1521.l_000_R000989.comp AGTCCCGCTCACACCTGTAA 
>D08:NT_011521.1_000_R001095.comp AATACCAAAATTAGCCGGCC 
>D09: NT_011521.l_000_R001197.comp CGACATCACGTCACTGCACT 
> D10: NT_011521.1_000_R001300.comp TGAAATGCTCTGAGTGCCTG 
>D11 :NT_011521.l_000_R001457.comp GGGCATACACACAGCACTGT 
> D12: NT_011521.1_000_R001579.comp AGCCI I I IGATTACCCCAGC
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F (NT_011522J)
> E 01 :N T _011522 .3_000_F 1527875  CAGAGCAAGACCCTGTCTCA 
> E 02:N T _011522 .3_000_F 1527768  GGGGCTGCAATCTCAACTAC 
> E 03:N T _011522 .3_000_F 1527666  GCATGAGGATCACCTGAGGT 
>E04 : N T_0115 2 2 .3 _ 0 0 0 _ F 1 527556  GGCACAGTGACTCATGCTTG 
> E 05 :N T _011522 .3_000_F 1527414  TGGGTGACACAGCAAGACTC
> E06 : NT_011522.3_000_F1527310 TGCACCTGTAATCCCAGCTA 
>E07 : NT_011522.3_000_F1527207 GCAGGCAGATCACTTGAGGT 
>E08:NT_011522.3_000_F1526940 ACTTAACCGCATCCCAGAAC 
> E09 : NT_011522.3_000_F1526819 GGGAGGGGAAGGTTGAGTAA 
> E10: NT_011522.3_000_F1526667 CAGAGCGAAACTCCATCTCA 
>E11:NT_011522.3_000_F1526565 TAGTCCCAGCTACTCGGGAG 
> E12: NT_011522.3_000_F1526438 GGAGACAGAGCTTGCAGTGA 
>F01:NT_011522.3_000_F1527875. comp TGAGACAGGGTCTTGCTCTG 
>F02:NT_011522.3_000_F1527768.comp GTAGTTGAGATTGCAGCCCC 
>F03:NT_011522.3_000_F1527666.comp ACCTCAGGTGATCCTCATGC 
> F04: NT_011522.3_000_F1527556.comp CAAGCATGAGTCACTGTGCC 
>F05:NT_011522.3_000_F1527414.comp GAGTCTTGCTGTGTCACCCA 
> F06:NT_011522.3_000_F1527310.comp TAGCTGGGATTACAGGTGCA 
>F07:NT_011522.3_000_F1527207.comp ACCTCAAGTGATCTGCCTGC 
> F08: NT_011522.3_000_F1526940.comp GTTCTGGGATGCGGTTAAGT 
>F09:NT_011522.3_000_F1526819.compTTACTCAACCTTCCCCrCCC 
>FIO:NT_011522.3_000_F1526667.comp TGAGATGGAGTTTCGCTCTG 
>FI 1 :NT_011522.3_000_F1526565.comp CTCCCGAGTAGCTGGGACTA 
>F12:NT_011522.3_000_F1526438.compTCACTGCAAGCTCTGTCTCC 
>G01 : NT_011522.3_000_R000125 GCTCATGTGTGGCTTGGTAA 
>G02:NT_011522.3_000_R000242 GAGACCAGGTTCCAGTGTGG 
>G03:NT_011522.3_000_R000354 GAGGCCAATCTGAGCAGACT 
>G04: NT_011522.3_000_R000456 CGGGGACTCTCAGTGTCTTT 
>G05 : NT_011522.3_000_R000580 CCCCCATCTACCATCTGTTC
> G 06: NT_01 1 5 2 2 .3_000_R 000683  CCATCCATCCACCAATTACC 
>G 07 : N T_011522 .3_000_R 000789  GCCCACCCATTCACTTACTC
> G08 : NT_01 1 5 2 2 .3_00 0 _ R 0 0 0 8 9 1 ACGTAGCCCTCCATCTACCC 
> G 09:N T _011522 .3_000_R 001001  CACCCATCATTCACCCAGTA 
> G10: NT_01 1 5 2 2 .3_000_R 001144 GCATTCTCCCCTGGAAGAGT 
>G 11 :N T_011 5 2 2 .3_000_R 001252  GTTTCATCAAGCATCTGCCC 
> G12: NT_011 5 2 2 .3_000_R 001369 GGTGGGGGCAAATAAAACAT 
>H01:NT_011522.3_000_R000125.com pTTACCAAGCCACACATGAGC 
> H 02:N T _011522 .3_000_R 000242 .com p CCACACTGGAACCTGGTCTC 
> H03 : NT_011 5 2 2 .3_000_R 000354 .com p  AGTCTGCTCAGATrGGCCTC 
> H 04:N T _011522 .3_000_R 000456 .com p AAAGACACTGAGAGTCCCCG 
> H 05:N T _011522 .3_000_R 000580 .com p GAACAGATGGTAGATGGGGG 
> H 06:N T _011522 .3_000_R 000683 .com p GGTAATTGGTGGATGGATGG 
> H 07:N T _011522 .3_000_R 000789 .com p GAGTAAGTGAATGGGTGGGC 
> H 08:N T _011522 .3_000_R 000891 .com p GGGTAGATGGAGGGCTACGT 
> H 09: NT_01 1 5 2 2 .3_000_R 001001 .com p TACTGGGTGAATGATGGGTG 
> H 10:N T _011522 .3_000_R 001144 .com p ACTCTTCCAGGGGAGAATGC 
> H ll:N T _ 0 1 1 5 2 2 .3 _ 0 0 0 _ R 0 0 1 2 5 2 .co m p  GGGCAGATGCTTGATGAAAC 
> H12: NT_011 5 2 2 .3_000_R 001369 .com p ATG I I I IATTTGCCCCCACC
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Appendix m

tRNA and RRNA Secondary Structures

The secondary structure was predicted on the tRNA sequences as were the rRNA 

sequences [NIP nucleotide interpretation program for tRNA (Staden, 1986)] and [Plotfold 

for rRNA use the suggested nucleotide sequence to predict their structures (Zuker, 1981)] 

and as shown below. The free energies of the rRNA secondary structures were -335.6 

kcal/mole for the 16S subunit and -220.3 kcal/mole for the 12S subunit (Broughton gf aZ. 

2001).
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Appendix IV 

Phi-29 (TempliPhi) Methods

(The unabbreviated set of Phi-29 protocols.)

P-1: Phi-29, the original protocol from Amersham (Phi-29 for plasmid- 
based DNA amplification)

The Phi-29 mix needed one nanagram of Isolated pUC + insert from in 1 pi of

DNA or one colony picked with the colony picker were to be added to 9 pi of buffer and 

heated 95 °C for three minutes, cooled and 10 pi of Phi-29 mix (5 U) was added to the 

reaction. The reaction was mixed and incubated at 30 "C for 6 hours. It should produce at 

least 1 ug (probably 2-3 ug). Then, after vortexing/mixing the ampliSed mixture, one 

needed 1-4 pi for each sequencing reaction.

P-2: Phi-29 for plasmid-based DNA ampliScation, cleanh% and 
sequencing from an isolated template in a 96 well thermocyclin^ plate

Using the Hydra, add 20 pi of sterile double distilled water is added to a 96 well

thermocycler plate. To prevent evaporation, between aU steps cover and keep plates on 

ice. Add 2 pi of isolated DNA (-1 ng), then centrihige up and down. Next, cover plate 

with thermocycler sealer and heat at 95 °C for 3 minutes. Remove the correct number of 

phi-29 mix plates, 96 well thermocycler plates from the -80 freezer that contained 2 

1/weü of phi-29 mix or predispenced enzyme mix tubes with 100-500 pl/tube and place 

them on an ice water bath in the cold room (4 °C) to thaw -10 minutes. This thawing 

time should not be exceed, because if it is the enzyme wiU produce a significant level of
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nonspeciûc DNA. Use the Hydra and transfer 2 |il of the supemantant to the enzyme mix 

plate or place the 2 pi DNA solution into a new 96 well thermocycler plate and add 2 pi 

of the enzyme mix with a repeat pipette to the side and knock down, then cover with 

thermocycler sealer. Vortex the plate gently on a flat top vortex machine moving the 

plate in a circular motion for 8 seconds to mix. Next, place the DNA + enzyme plate in 

an ice water bath and transport to the centrifuge for a 1000 rpm, Beckman C56R 

centrifuge, for 1-2 seconds to concentrate the reaction mix in the bottom of the plate. 

Then, place the plate in the thermocycler for 12 hours at 30 °C with the volume setting of 

5 pi. After the 12 hours, heat the thermocycler to 95 °C for 5 minutes. Using the hydra, 

add 16 pi of sterile double distilled water bringing the total volume to 20 pl/weh. Then, 

vortex for 30 seconds and add 2 pi of 7.5 KOAc to each well with the Hydra or repeat 

pipette. Centrifuge the KOAc down and vortex for 30 seconds, then add with the Hydra 

or 12 channel pipette,add 53 pi of 100% ethanol and vortex for 30 seconds. Centrifuge at 

3200 for 45 minutes, and then invert on a paper towel and centrifuge for 1-2 seconds at 

400 rpm, Beckman C56R centrifuge, to remove any residgual ethanol. Immediately, 

without drying, dissolve the DNA in 20-50 pi of sterile double distilled water with the 

Hydra or 12 channel pipette and vortex for 30 seconds, and centrifuge, Beckman C56R 

centrifuge, to collect the solution at the bottom of the wehs.up and down. Check the 

amplification by electrophoresing -'3 pi of DNA on a 0.6% agarose gel. To sequence, 

use 2 to 4 pi of DNA with the ABI Big Dye 3 or Amershams ET mixes diluted to 1/12 - 

1/16.
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P-3: Phi-29 for plasmid-based DNA amphGcation, cleaning and 
sequencing from an isolated template in a 384 well thermocycling plate

Using the Hydra, 20 pi of sterile double distilled water was added to a 384 well

thermocycler plate. To prevent evaporation, between all steps cover and keep plates on 

ice. Add 2 pi of isolated DNA (~lng), then centrifuge, Beckman C56R, up and down. 

Next, cover plate with thermocycler sealer and heat at 95 °C for 3 minutes. Remove the 

correct number of phi-29 mix plates, 384 well thermocycler plates from the -80 freezer 

(already made with 2 pl/weU of phi-29 mix) or the predispenced enzyme tube with 100- 

500 pl/tube and place them on an ice water bath in the cold room (4 °C) to thaw -10 

minutes (no longer, the enzyme mix will ampli^ nonspecific DNA). Use the Hydra and 

transfer 2(X)201 of the supemantant and transfer them to the enzyme plate or another new 

384 well thermocycler plate and add 20 pi of the enzyme mix with a repeat pipette to the 

side and knock down. Vortex the plate gently on a flat top vortex machine moving the 

plate in a circular motion for 8 seconds to mix. Next, put DNA + enzyme plate in ice 

water bath and transport to the centrifuge for a 1000 rpm, Beckman C56R centrifuge, for 

an up and down spin. Then, place the plate in the thermocycler for 12 hours at 30 °C 

with the volume setting of 5 pi. After the 12 hours is up, heat the thermocycler up to 95 

°C for 5 minutes next, add 6 pi of sterile double distilled water (total volume 10 pi) to 

each well, then vortex for 30 seconds add 2 pi of 50% of 7.5 KOAc to each well with the 

Hydra. Centrifuge, Beckman C56R,the KOAc down and vortex for 30 seconds, then add 

with the Hydra 12 pi of 100% ethanol, vortex for 30 seconds. Centrifuge, Beckman 

C56R, at 3200 for 45 minutes, and then invert on a p ^ r  towel and centrifuge up to 400 

rpm, Beckman C56R centrifuge,. Immediately, dissolve the DNA in 12 pi of sterile 

double distilled water with the Hydra or 12 channel and vortex for 30 seconds, and
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centrifuge, Beckman C56R,up and down. ConGrm amplification by running ~3 pi of 

DNA on a 0.6% agarose gel. To sequence, use 2 to 4 pi of DNA with Big Dye 3 (1/12 - 

1/16 dilution).

P-4: Phi-29 for plasmid-based DNA ampliGcadon, cleaning and 
sequencing from Colony and Glycerol Stocks template in a 96 well 
thermocycling plate

Use the Hydra and add 20 pi of sterile double distilled water to a 96 well

tbermocycler plate. To prevent evaporation, between all steps cover and keep plates on 

ice.

If using colonies for the template: Use the colony picker (not by hand!) to pick 

colonies into a 384 well thermocycler (the Qpbt II robot wiU not pick into a 96 well 

thermocycler plate) plate from a shotgun library petri dish or 12x12 square petri plate 

using the Qpbr II robot (-3-5 dips).

If using the glycerol stocks for template: Use the 12 chaimel and scrap the well 

lightly, just enough to get a small amount of ice on the tips of the 12 channel. Place the 

12 channel in the well and pump the pipette 8 times.

Cover plate with thermocycler cover and heat at 95 °C. for 3 minutes. Cover 

plates with aluminum cover and freeze the plates -2-3 hr. in freezer until solid. Thaw 

-10 min, until completely thawed, and centrifuge 45 minutes at 3200 rpm, Beckman 

C56R centrifuge,s. While waiting, approx. 10 minutes before centrifuge is finished, 

remove correct number of phi-29 mix plates, 96 well thermocycler plates from the -80 

freezer (already made with 2 pl/weU of phi-29 mix) or predispenced enzyme mix tubes 

with 100-500 pl/tube and place them on an ice water bath in the cold room (4 °C) to thaw
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"10 minutes (no longer, the enzyme mix will amplify nonspecific DNA). Once the 45 

minutes of centrifugation is Gnished, immediately use the Hydra in the cold room, and 

remove 2 pi of the upper portion of the supernatant from each plate and place it into the 

enzyme mix plate, or place the 2 pi cellular solution into a new 96 well thermocycler 

plate and add 2 pi of the enzyme mix with a repeat pipette and knock down, then cover 

with thermocycler sealer. Vortex the plate gently for 8 seconds to mix. Put DNA + 

enzyme plate in ice water bath and transport to the centrifuge for a 1000 rpm, Beckman 

C56R centrifuge, up and down spin. Then, place the plate in the thermocycler for 12 

hours at 30 °C with the volume setting of 5 pi. After the 12 hours is up, heat the 

thermocycler up to 95 °C. for 5 minutes Using the hydra add 16 pi of sterile double 

distilled water (total volume 20 pi) to each well, then vortex for 30 seconds add 2 pi of 

7.5 KOAc to each well with the Hydra or repeat pipeL Knock or centrifuge, Beckman 

C56R,the KOAc down and vortex for 30 seconds, then add with the Hydra, repeat pipet, 

or 12 channel, 53 pi of 100% ethanol, vortex for 30 seconds. Centrifuge, Beckman 

C56R, at 3200 for 45 minutes, and then invert on a p^)er towel and centrifuge, Beckman 

C56R, up to 400. Immediately, dissolve the DNA in 20-50 pi of sterile double distilled 

water with the Hydra or 12 chaimel and vortex for 30 seconds, and centrifuge, Beckman 

C56R,up and down. Confirm amplification by running ~3 pi of DNA on a 0.6% agarose 

gel. To sequence, use 2 to 4 pi of DNA with Big Dye 3 (1/12 -1/16 dilution).
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P-5: Phi-29 for plasmid-based DNA ampliScation, deaning and 
sequencing from Colony and Glycerol stocks template in a 384 well 
thermocycling plate

Use the Hydra and add 20 pi of sterile double distilled water to a 384 well

thermocycler plate (viper). To prevent evaporation, between all steps cover and keep 

plates on ice.

If using colonies for the template: Use the colony picker (not by hand!) to pick 

colonies into a 384 well tbermocycler plate from a shotgun library petri dish or 12x12 

square petri plate using the Qpix II robot (-3-5 dips).

If using the glycerol stocks for template: Use the 12 channel and scrap the well 

lightly, just enough to get a small amount of ice on the tips of the 12 channel. Place the 

12 channel in the well and pump the pipette 8 times.

Cover plate with tbermocycler cover and heat at 95 °C. for 3 minutes. Cover 

plates with aluminum cover and freeze the plates -2-3 hr. in freezer until solid. Thaw 

-10 min, until completely thawed, and centrifuge 45 minutes at 3200 rpm, Beckman 

C56R centrifuge,s. While waiting, approx. 10 minutes before centrifuge is Bnished, 

remove correct number of phi-29 mix plates, 384 well tl^rmocycler plates (viper) plates 

from the -80 freezer (already made with 2 pl/well of phi-29 mix) or predispenced enzyme 

mix tubes with 100-5(X) pl/tube and place them on an ice water bath in the cold room (4 

°C) to thaw -10 minutes (no longer, the enzyme mix will amplify nonspeciGc DNA). 

Once the 45 minutes of centrifugation is Gnished, immediately use the Hydra in the cold 

room, and remove 2 pi of the upper portion of the supernatant from each plate and place 

it into the enzyme mix plate, cover with tbermocycler sealer. Vortex the plate gently for 8 

seconds to mix. Put DNA + enzyme plate in ice water bath and transport to the
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centrifuge for a 400 rpm, Beckman C56R centrifuge, up and down spin. Then, place the 

plate in the thermocycler for 12 hours at 30 °C with the volume setting of 5 pi. After the 

12 hours is up, heat the thermocycler up to 95 °C. for 5 minutes Using the hydra add 6 pi 

of sterile double distilled water (total volume 10 pi) to each well, then vortex for 30 

seconds add 2 pi of 50% of 7.5 KOAc to each well with the Hydra. Centrifuge, Beckman 

C56R,the KOAc down and vortex for 30 seconds, then add with the Hydra 12 pi of 100% 

ethanol, vortex for 30 seconds. Centrifuge, Beckman C56R, at 3200 for 45 minutes, and 

then invert on a paper towel and centrifuge, Beckman C56R, up to 400. Immediately, 

dissolve the DNA in 12 pi of sterile double distilled water with the Hydra or 12 channel 

and vortex for 30 seconds, and centrifuge, Beckman C56R,up and down. ConGrm 

ampliScation by running -3 pi of DNA on a 0.6% agarose gel. To sequence, use 2 to 4 

pi of DNA with Big Dye 3 (1/12 -1/16 dilution).

P-6: Phi-29 for plasmid-based DNA amplification, deaning and 
sequencing from Fresh Freezer Media/Glycerol stocks template in a 384 
well thermocycling plate

This protocol was included because it worked very well, by staring with colonies,

picking and growing the cell to make the glycerol stock ùesh, the DNA amplified very 

well and sequenced very well.

To LB medium add the antibiotic [ex. subclone amp (5mg/ml) résistent:

LB lL-20 ml amp; LB 500ml -10 ml amp; LB 250- 5ml amp] To another sterile 

container add LB and Freezer mix [ex. LB 900ml - 100ml freezer mix; LB 450 ml- 50ml 

freezer mix; LB 225ml - 25ml freezer mix] LB medium [for 1 L : lO.Og NaCl, 10.0 g 

Difco (0123-01-1) Bacto-Typtone, 5.0 g Difco (0127-05-3)Bacto-Yeast Extract and 

autoclave at least 20 minutes at 121 degresC.] lOX Freezer mix. Dr. Doris Kupfers'
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recipe, to make 1 L :[ 62.7 g K2HPO4 , 17.96 G KH2PO4 , 5.0 G Sodium Citrate, 0.98 g 

MgS04-7H20,8.98 (NH4)2S04,440 ml of 44%Glycerol bring to 1 L with steril double 

distilled water and filter through a 0.2um filter]

Add 80 pi of LB + antibiotic + freezer mix to a 384 microtiter plate by V- prep 

or 12 channel and use the colony picker (5 dipes) to inoculate the plates. Grow the plates 

over night in the Higro -22 hours. Remove the plates and put in them in the -80 degree C 

freezer until completely frozen -3-4 hours. Remove the plates from the freezer and allow 

them to completely thaw -  1 hr. Transfer with the Hydra, 2 pi from the media plate and 

add it to 10 pi sterile double distilled water in a thermocycler plate (96 well). Cover and 

beat the plate in the thermocycler at 95 °C for 3 minutes. Cool to 4 °C and then, puU with 

the hydra, 2 pi of the media + water solution and add it to another thermocycler plate (96 

well).

Thaw Phi-29 mix in ice water bath in the cold room, then add 2 pi of Phi-29 

mix to each well. Centrifuge, Beckman C56R,up and down and the vortex the 

media/water +phi-29 mix on a Bate top vortex machine for 30 seconds moving the plate 

in a circular direction. Put the plate in a thermocycler, volume setting of 5 pi on a 30 °C 

hold for 10-12 hours.

Then, heat the plate to 95 °C for 5 minutes. Using the hydra add sterile double disthled- 

water (total volume 20 pi) to each well, then vortex for 30 seconds, then, add 2 pi of 7.5 

KOAc to each well with the Hydra or repeat pipette. Knock or centrifuge, Beckman 

C56R,the KOAc down and vortex for 8 seconds, then, add with the the hydra, repeat 

pipet, or 12 channel, 53 pi of 100% ethanol, vortex for 30 seconds. Centrifuge, Beckman 

C56R, at 3200 for 45 min, then invert on a paper towel and centrifuge, Beckman C56R,
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up to 400. Immediately, dissolve the DNA in 50 pi of sterile double distiUed-water with 

the hydra, repeat pipette, or 12 channel and vortex for 30 seconds, and centrifuge, 

Beckman C56R,up and down twice. Let the solution set in the cold room to help dissolve 

the DNA at least over night. To sequence, use 1 to 5 pi of DNA with Big Dye 3(1:16) 

dilution or 1 to 7 pi with Big Dye 3 (1:12) dilution (with 5% DMSO). (Big Dye 3 (1:12) 

0.75 pi X 220 = 165, Primer 1.0 pi x 220 = 220, 5 % DMSO 0.125pl x 220 = 27.5, 5x 

reaction Buffer 0.25 pi x 220 = 66, Total= 467.5/220= 2.125 => 2 pl/well) Preheat 

DNA 95 °C for 5 minutes, then add the Bigdye 3, then start cycles (60).

P-7: Phi-29 Enzyme lowering "Buffer B" protocol for Plasmid-based 
DNA amplification and cleanup for Isolated in a 96 well thermocycling 
plate

In order to make the Phi-29 mix reactions more economical a buffer was 

developed and used to dilute the enzyme mix and custom synthetic primers were added as 

well as more dntps. The buffer worked so well, it could lower the enzyme needed to 

1/80"̂  or (2 pi needed = 1/40^ pre reaction) the manufacture recommended amount 

[Normally 5 U/10 pi mix/reaction-(Dean 2(X)1)]. The buffer and the protocol of the 

initial experiment are listed below.

Phi-29 mixed Buffer B: 50 mM Tris-HCl pH 7.6,10 mM MgClz, 10% v/v 

Glycerol, 1 mM DDT, -48.8 uM Universal Forward primer, -48.8 uM Universal Reverse 

primer, 50 mM dntps (for each dntp). (This same buffer was made with other primers as 

testing required)

Take one tube and add 2(X) pi (0.2 g/L) pGem and add 2(X) pi stenle double 

distüled water. Heat to 95 °C for 3 minute and cool down to below 30 °C. In the cold 

room on ice: Take another small tube and add 50 pi phi-29 enzyme mix (25 U) and 150
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|il of the above buffer = 0.25 dilution. Take a third small tube and add 25 pi of phi-29 

enzyme mix (12.5 U) and 175 pi of the above buffer = 0.125 dilution. Touch all 3 tubes 

to the vortex machine to mix and add 2 pi of the DNA solution to two 96 well 

thermocycler plates with a repeat pipette. Add 2 pi of the 0.25 enzyme dilution to one 

plate and 2 pi of the 0.125 enzyme dilution to the other plate with a repeat pipette. Cover 

each plate with a foil sealer and centrifuge, Beckman C56R, up and down. Place both 

plates in a 30 °C water bath for 12 hours. Using the hydra add 16 pi of sterile double 

distilled water (total volume 20 pi) to each well, then vortex for 30 seconds add 2 pi of

7.5 KOAc to each well with the Hydra or repeat pipette. Knock or centrifuge, Beckman 

C56R,the KOAc down and vortex for 8 seconds then add with the the hydra, repeat 

pipette, or 12 channels, 53 pi of 100% ethanol, vortex for 30 seconds. Centrifuge, 

Beckman C56R, at 3200 for 45 minutes, then invert on a paper towel and centrifuge, 

Beckman C56R, up to 400. Redilute the wells with 11 pi sterile double distilled water. 

Put 2 pi of the DNA to each plate with the Hydra and dry down, and then add 4 pi to each 

plate. Heat DNA for 5 minutes at 95 °C, cool and centrifuge, Beckman C56R, up and 

down. Add 2 pi of Big dye 3 mix (Forward) to each well, centrifuge, Beckman C56R, up 

and down, and place the reactions on the thermocycler, big dye 60 cycles, 5 pi volume.

P-8: Phi-29 mix and Phi-29-Only, ^Buffer A with out primers" for 
ampliGcation (for none mix Phi-29 enzyme and for pHi-29 dilution with 
other vectors: BACs and etc.) and Phi-29-Only reaction protocol.

Phi-29 mixed Buffer A witout primers: 50 mM Tris-HCl pH 7.6,10 mM MgC12, 

10% v/v Glycerol, 1 mM DDT, 50mM dntps. Next, prepare the Phi-29 enzyme-only 

reaction: 2 pi of Phi-29 enzyme (250ng) polymerase; 3 pi mix of forward (each primer 5 

nM/40 pi); 3 pi mix of reverse primer (each primer 5nM/40 pi); 5 pi of 2mM DNTPs; 5
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pi of above Phi-29 Buffer B-30 pi sterile double distilled water. Incubate 12 hours at 

30°C.

B-1: Phi-29 for BAC-based DNA amplification and cleaning for 
Shotgun sequencing from Colony template in a 96 well thermocycling 
plate

Single BAG colonies are obtained by diluting a smear of BAG colonies from 

the distribution Petri dish over the range 1:10 through 1:108. This is done by placing a 

bioloop swipe of the BAG colonies into 1000 pi LB+antibiotic in a 12x75 mm culture 

tube (VWR # 60818-565) and then adding 100 pi of the 1000 pi 900 pi LB+antibiotic and 

vortexing 1 sec. (for a 1:10 dilution in tube 1), and then repeating this 7 times to give 

1:102 dilution in tube 2, give 1:103 dilution in tube 3, give 1:104 dilution in tube 4, give 

1:105 dilution in tube 5. etc.

Plate 1(X) pi of tubes 5-8 into each of 3-4 plates/dilution, on LB plates containing 

the correct antibiotic, typically Kan or Gm (not Amp), and incubate 16-18 hrs. Use the 

Hydra and add 20 pi of sterile double distUled-water to the 384 well thermocycler 

plate(s), to prevent evaporation, between aU steps cover and keep plates on ice. Use the 

colony picker (not by hand!) to pick colonies into a 384 well thermocycler (the ()pix II 

robot will not pick into a 96 well thermocycler plate) plate from a shotgun library petri 

dish or 12x12 square petri plate using the Qpix II robot (-3-5 dips).

Gover plate with thermocycler cover and heat at 95 °G. for 3 minutes. Gover 

plates with aluminum cover and freeze plates -2-3 hr. in a -20 freezer until solid. Thaw 

-10 min, until completely thawed and centrifuge, Beckman G56R, the picked cell 

suspension for 45 min. in the Beckman GPR centrifuge, Beckman G56R, to pellet cell 

debris. While waiting, approx. 10 min. before centrifuge is Gnished, obtain the correct
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number of phi-29 plates from the -80 °C heezer (already made with 2 |il/weU) or 

predispenced enzyme tubes with 500 |d/tube and place in ice water bath to thaw, -  5 

min., to thaw the enzyme (Note 1 : The enzyme is unstable if stored at 4 deg C for hours. 

Note 2: To prepare the microtiter plate with 2 pi/well, distribute 50 pi of the thawed, 

bulk, stock phi-29 mix into a "stock" microtiter plate using a repeat pipettor. This plate 

should be thawed on an ice water bath, takes -30 minutes with periodic vortexing, and 

then the 2 pi alaquots are distributed to the microtiter plates using the hydra.) Once the 45 

minutes of centrifugation is Gnished, immediately use the Hydra in the cold room and 

withdraw 2 pi of the upper portion of the supernatant from each centrifuged cell plate and 

add it to the enzyme mix plate or place the 2 pi cellular solution into a new 96 well 

thermocycler plate and add 2 pi of the enzyme mix with a repeat pipette and knock down, 

cover with thermocycler sealer and vortex gently for 8 seconds. Put DNA + enzyme plate 

in ice water bath and transport to the centrifuge for a quick 1000 rpm, Beckman C56R 

centrifuge, up and down spin. Then, place the plate in the thermocycler for 12 hours at 30 

°C. with the volume setting of 5 pi. After the 12 hrs is up, heat the thermocycler up to 95 

°C for 5 min. Add 16 pi of sterile double distilled water, vortex for 30 seconds and 

centrifuge, Beckman C56R,up and down. Pool the Grst half of the plate (Al-12. Bl-12, 

Cl-12, and Dl-12) into Al-12, puh 3 pi of DNA/weU. Then run a 0.6% gel to check 

DNA. Pool Al-12 in to one eppendorf tube (gives -800 pi) and the remainder into a 

second eppendorf.(- 130-180 ug/plate). Then, renature the DNA by placing the 

eppendorf tubes in a beaker containing 95 °C water and allowing the water (and thus the 

solution in the eppendorf) to cool slowly to room temperature (-1 hour). This step will
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allow the single stranded DNA produced by the Phi-29 enzyme via the rolling circle 

replication to renature the DNA into a large, double stranded structure.

B2: Ph-29 Ethanol precipitate (2ml)
To precipitate after, diluting the DNA and heat/cooling to teanneal the DNA:

Take the 2mls and redistribute 333 pi into 6 tubes. Next, add 34 pi of 7.5 M potassium 

acetate and 901 of 100% ethanol to each tube, then vortex well -30 sec and incubate on 

ice for 15 minutes. Centrifuge at 12,000 rpm, Beckman C56R centrifuge for 45 minutes 

in the cold room (4 °C), then, carefully, decant the ethanol-KOAc. Next, add 500 pi of 

70% ethanol to each tube, mix by inverting the tube -8 times, then, centrifuge at 12,000 

rpm, Beckman C56R centrifuge for 45 minutes. Decant and dry the tubes in the 

Speedvac (no heat) for 15 minutes (no longer) and immediately, dissolve the 6agmented 

DNA in the appropriate volume of sterile double distilled water/tube, vortex 30 sec.

Using the standard shotgun sequencing methods go forward starting with the 

nebulization of the above DNA.

Vol. o f S upernatan t 

from  cells in  20 pi w ater

Water Phi-29 mix DNA produced (ug) = 

Wells / nebulization (50 ug)

2pl 0 pi 2p l 1.3-1.8ug = 48

4 pi 6 pi 10 pi 6-9 ug = 10-12

5pl 15 pi 20 p] 13-18 ug = 5-6

Table 21 Phi-29 BAC Reactions and Yidd

(Note: the amount of DNA and water must equal the amount of phi-29 mix.
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Appendix V

Bst Methods

(The unabbreviated set of Bst protocols.)

The Klenow fragment of Bacillus stearotbermopbilus DNA polymerase I (BST) 

comes from New England Biolabs, the Bst 8000 units, catalog #M0275L, $220.00 and 

the buffer, catalog# B9004s, $10.00. The buSer comes as a lOx concentration, and it is 

diluted down to 5X for use in the amplification reactions. (Reaction Buffer at IX 

contains: IX TbermoPol Buffer [20 mM Tris-HCl (pH 8.8, @ 25°C), 10 mM KCI, 10 

mM (NH4)2S0 4 , 2 mM MgS0 4 , 0.1% Triton X-100] ). (Kong gf oZ. unpublished)

218



P-1: Bst for plasmid-based DNA ampliScadon, cleaning of the DNA 
from an isolated template in a 96 well thermocyding plate

In a 96 well thermocycler plate add 2ul of isolated DNA (-Ing), then centrifuge,

Beckman C56R, up and down. Cover the plate with thermocycler cover and heat at 95 °C 

for 3 minutes.

Next, prepare the Bst mix: 1 pi of Bacillus stearothermophilus DNA polymerase 

large fragment is 8 units, use according to the dilution wanted (range: 0.5 pi = 4units, 

0.25 pi = 2 units, 0.125 pl= 1 unit, 0.062 pi = 0.5 units, 0.031 = 0.25 units); 3 pi mix of 

forward (each primer 5iiM/40ul); 3 pi mix of reverse primer (each primer 5nM/40 pi); 5 

pi of 2mM DNTPs; ~33pl (based on dilution of enzyme) of 5x Reaction buffer (-3.5 X 

reaction buffer -  total dilution).

Next, add 2 pi of the Bst mix per well with a repeat pipette and cover with 

thermocycler sealer. Centrifuge for a 1000-rpm, Beckman C56R centrifuge, up and down 

and place the plate in the thermocycler for 12 hours at 65 °C. with the volume setting of 5 

pi. After the 12 hours is finished, heat the thermocycler up to 95 °C for 5 minutes.

Using the hydra, add 16 pi of sterile double distilled water (total volume 20 pi) to 

each well, then vortex for 30 seconds add 2 pi of 7.5 KOAc to each well with the Hydra 

or repeat pipette. Knock or centrifuge, Beckman C56R,the KOAc down and vortex for 30 

seconds, then add with the Hydra, repeat pipette, or 12 channel, 53 pi of 100% ethanol, 

vortex for 30 seconds. Centrifuge, Beckman C56R, at 3200 for 45 minutes, and then 

invert on a paper towel and centrifuge up to 400 rpm, Beckman C56R centrifuge,. 

Immediately, dissolve the DNA in the appropriate amount of sterile double distilled 

water.
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P-2: Bst for plasmid-based DNA amplification; cleaning from an 
isolated template in a 384 well thermocycling plate
Use the Hydra and add 20 pi of sterile double distilled water to a 384 well thermocycler

plate (viper). To prevent evaporation, between all steps cover and keep plates on ice. 

Next, add 2 pi of isolated DNA (-Ing), then centrifuge, Beckman C56R, up and down. 

Cover the plate with thermocycler cover and heat at 95 °C for 3 minutes.

Next, prepare the Bst mix: 1 pi of Bacillus stearothermophilus DNA polymerase 

large fragment is 8 units, use according to the dilution wanted (range: 0.5pl = 4units, 

0.25 pi = 2 units, 0.125 pi = 1 unit, 0.062 pi = 0.5 units, 0.031 = 0.25 units); 3 pi mix of 

forward (each primer 5nM/40 pi); 3 pi mix of reverse primer (each primer 5nM/40 pi); 5 

pi of 2mM DNTPs; -33 pi (based on dilution of enzyme) of 5x Reaction buffer (-3.5 X 

reaction buffer -  total dilution).

Next, add 2 pi of the Bst mix per well with a repeat pipette and cover with 

thermocycler sealer. Centrifuge for a 1000 rpm, Beckman C56R centrifuge, up and down 

and place the plate in the thermocycler for 12 hours at 65 °C with the volume setting of 5 

pi. After the 12 hours is finished, heat the thermocycler up to 95 °C for 5 minutes.

Using the hydra add 16 pi of sterile double distilled water (total volume 20pl) to 

each well, then vortex for 30 seconds and centrifuge, Beckman C56R, up and down. 

Next, use the Hydra and move the samples 6om the 384 well thermocycler plate to four 

96 well thermocycler plates. To each well of the 96 well thermocycler plates, add 2 pi of

7.5 KOAc to each well with the Hydra or repeat pipette. Knock or centrifuge, Beckman 

C56R,the KOAc down and vortex for 30 seconds, then add with the Hydra, repeat 

pipette, or 12 channel, 53 pi of 100% ethanol, vortex for 30 seconds. Centrifuge, 

Beckman C56R, at 3200 for 45 minutes, and then invert on a paper towel and centrifuge
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up to 400, Beckman C56R centrifuge,. Immediately, dissolve the DNA in the 

appropriate amount of sterile double distilled water.

P-3: Bst for plasmid-based DNA ampliGcation, cleaning from Colony 
and Glycerol Stocks template in a 96 well thermocycling plate

Use the Hydra and add 20 pi of sterile double distilled water to a 96 weh

thermocycler plate. To prevent evaporation, between all steps cover and keep plates on 

ice.

If using colonies for the template: Use the colony picker (not by hand!) to pick 

colonies into a 384 well thermocycler (the ()pix II robot will not pick into a 96 weh 

thermocycler plate) plate from a shotgun library petri dish or 12x12 square petri plate 

using the Qpix II robot (-3-5 dips).

If using the glycerol stocks for template: Use the 12 channel and scrap the well 

lightly, just enough to get a small amount of ice on the tips of the 12 chaimel. Place the 

12 channel in the weh and pump the pipette 8 times.

Cover plate with thermocycler cover and heat at 95 °C. for 3 minutes. Cover 

plates with alum inum  cover and freeze the plates -2-3 hr. in freezer until solid. Thaw -10 

m in, unth completely thawed, and centrifuge 45 minutes at 32(X) rpm, Beckman C56R 

centrihige.

Next, prepare the Bst mix: 1 pi of Bacihus stearothermophilus DNA 

polymerase large fragment is 8 units, use according to the dilution wanted (range: 0.5 pi 

= 4units, 0.25 pi = 2 units, 0.125 pi = 1 unit, 0.062pl = 0.5 units, 0.031 = 0.25 units); 3 pi 

mix of forward (each primer 5nM/40pl); 3 pi mix of reverse primer (each primer 5nM/ 40
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pi); 5 pi of 2mM DNTPs; ~33pl (based on dilution of enzyme) of 5x Reaction buffer 

(-3.5 X reaction buffer -  total dilution).

Once the 45 minutes of centrifugation is Gnished, immediately use the Hydra 

remove 2 pi of cellular DNA from the bottom of the plate and place in a new 96 well 

thermocycler plate.

Next, add 2 pi of the Bst mix per well with a repeat pipette and cover with 

thermocycler sealer. Centrifuge for a 1000 rpm, Beckman C56R centrifuge, up and down 

and place the plate in the thermocycler for 12 hours at 65 °C with the volume setting of 5 

pi. After the 12 hours is finished, heat the thermocycler up to 95 °C for 5 minutes.

Using the hydra, add 16 pi of sterile double distilled water (total volume 20 pi) to 

each well, then vortex for 30 seconds add 2 pi of 7.5 KOAc to each well with the Hydra 

or repeat pipette. Knock or centrifuge, Beckman C56R,the KOAc down and vortex for 30 

seconds, then add with the Hydra, repeat pipette, or 12 chaimel, 53 pi of 100% ethanol, 

vortex for 30 seconds. Centrifuge, Beckman C56R, at 3200 for 45 minutes, and then 

invert on a paper towel and centrifuge up to 400 rpm, Beckman C56R centrifuge,. 

Immediately, dissolve the DNA in appropriate amount of sterile double distilled water.

P-4: Bst for plasmid-based DNA amplification, cleaning from Colony 
and Glycerol stocks template in a 384 well thermocycling plate

Use the Hydra and add 20 pi of sterile double distilled water to a 384 well

thermocycler plate (viper). To prevent evaporation, between all steps cover and keep 

plates on ice.
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If using colonies for the template: Use the colony picker (not by hand!) to pick 

colonies into a 384 weU thermocycler plate 6om a shotgun library petri dish or 12x12 

square petri plate using the Qpix II robot (-3-5 dips).

If using the glycerol stocks for template: Use the 12 channel and scrap the well 

lightly, just enough to get a smaU amount of ice on the tips of the 12 channel. Place the 

12 chaimel in the well and pump the pipette 8 times.

Cover plate with thermocycler cover and heat at 95 °C for 3 minutes. Cover 

plates with aluminum cover and freeze the plates -2-3 hr. in heezer until solid. Thaw -10 

min, until completely thawed, and centrifuge 45 minutes at 3200 rpm, Beckman C56R 

centrifuge.

Next, prepare the Bstmix: 1 pi of Bacillus stearothermophilus DNA polymerase 

large 6agment is 8 units, use according to the dilution wanted (range: 0.5 pi = 4units,

0.25 pi = 2 units, 0.125 pi = 1 unit, 0.062 pi = 0.5 units, 0.031 = 0.25 units); 3 pi mix of 

forward (each primer 5iiM/40 pi); 3 pi mix of reverse primer (each primer 5nM/40 pi); 5 

pi of 2mM DNTPs; -33 pi (based on dilution of enzyme) of 5x Reaction buffer (-3.5 X 

reaction buffer -  total dilution).

Once the 45 minutes of centrifugation is finished, immediately use the Hydra 

remove 2 pi of cellular DNA 6om the bottom of the plate and place in a new 96 well 

thermocycler plate.

Next, add 2 pi of the Bst mix per well with a repeat pipette and cover with 

thermocycler sealer. Centrifuge for a 1000-rpm, Beckman C56R centrifuge, up and down
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and place the plate in the thermocycler for 12 hours at 65 °C. with the volume setting of 5 

pi. After the 12 hours is finished, heat the thermocycler up to 95 °C for 5 minutes.

Using the hydra add 16 pi of sterile double distilled water (total volume 20 pi) to 

each well, then vortex for 30 seconds and centrifuge, Beckman C56R, up and down.

Next, use the Hydra and move the samples from the 384 well thermocycler plate to four 

96 well thermocycler plates. To each well of the 96 well thermocycler plates, add 2 pi of

7.5 KOAc to each well with the Hydra or repeat pipette. Knock or centrifuge, Beckman 

C56R,the KOAc down and vortex for 30 seconds, then add with the Hydra, repeat 

pipette, or 12 channel, 53 pi of 100% ethanol, vortex for 30 seconds. Centrifuge, 

Beckman C56R, at 3200 for 45 minutes, and then invert on a paper towel and centrifuge, 

Beckman C56R, up to 400 rpm, Beckman C56R centiiftige,. Immediately, dissolve the 

DNA in the appropriate amount of water.

B-1: Bst for BAC-based DNA ampHGcation, cleaning from an isolated 
template in a 96 well thermocycling plate

In a 96 well thermocycler plate add 2 pi of isolated DNA (-1-lOng), then

centriftige, Beckman C56R, up and down. Cover the plate with thermocycler cover and 

heat at 95 °C for 3 minutes.

Next, prepare the Bst mix: 1 pi of Bacillus stearothermophilus DNA polymerase 

large fragment is 8 units, use according to the dilution wanted (range: 0.5 pi = 4units, 

0.25 pi = 2 units, 0.125 pi = 1 unit, 0.062 pi = 0.5 units, 0.031 = 0.25 units); 3 pi mix of 

forward (each primer 5nM/ 40 pi); 3 pi mix of reverse primer (each primer 5nM/40pl); 5 

pi of 2mM DNTPs; -33 pi (based on dilution of enzyme) of 5x Reaction buffer (-3.5 X 

reaction buAer -  total dilution).
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Next, add 2 pi of the Bst mix per well with a repeat pipette and cover with 

thermocycler sealer. Centrifuge for a 1000-ipm, Beckman C56R centrifuge, up and down 

and place the plate in the thermocycler for 12 hours at 65 °C with the volume setting of 5 

pi. After the 12 hours is Gnished, heat the thermocycler up to 95 °C for 5 minutes.

Using the hydra, add 16pl of sterile double distilled water (total volume 20 pi) to 

each well, then vortex for 30 seconds add 2 pi of 7.5 KOAc to each well with the Hydra 

or repeat pipette. Knock or centrifuge, Beckman C56R,the KOAc down and vortex for 30 

seconds, then add with the Hydra, repeat pipette, or 12 channel, 53 pi of 1(X)% ethanol, 

vortex for 30 seconds. Centrifuge, Beckman C56R, at 3200 for 45 minutes, and then 

invert on a paper towel and centrifuge up to 400 rpm, Beckman C56R centrifuge,. 

Immediately, dissolve the DNA in the appropriate amount of water.

B-2: Bst for BAC-based DNA ampUGcation, cleaning from an isolated 
template in a 384 well thermocyding plate

Use the Hydra and add 20 pi of sterile double distilled water to a 384 well

thermocycler plate (viper). To prevent evaporation, between aU steps cover and keep 

plates on ice. Next, add 2 pi of isolated DNA (-1-10 ng), then centrifuge, Beckman 

C56R, up and down. Cover the plate with thermocycler cover and heat at 95 °C. for 3 

minutes.

Next, prepare the Bst mix: Ipl of Bacillus stearothermophilus DNA polymerase 

large fragment is 8 units, use according to the dilution wanted (range: 0.5 pi = 4units, 

0.25 pi = 2 units, 0.125 pi = 1 unit, 0.062 pi = 0.5 units, 0.031 = 0.25 units); 3 pi mix of 

forward (each primer 5nM/40 pi); 3 pi mix of reverse primer (each primer 5nM/40 pi); 5 

pi of 2 mM DNTPs; -33 pi (based on dilution of enzyme) of 5x Reaction buffer (-3.5 X 

reaction buffer — total dilution).
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Next, add 2 pi of the Bst mix per well with a repeat pipette and cover with 

thermocycler sealer. Centrifuge for a 1000-rpm, Beckman C56R centrifuge, up and down 

and place the plate in the thermocycler for 12 hours at 65 °C. with the volume setting of 5 

pi. After the 12 hours is finished, heat the thermocycler up to 95 °C for 5 minutes.

Using the hydra add 16 pi of sterile double distilled wata" (total volume 20pl) to 

each well, then vortex for 30 seconds and centrifuge, Beckman C56R, up and down.

Next, use the Hydra and move the samples from the 384 well thermocycler plate to four 

96 well thermocycler plates. To each well of the 96 well thermocycler plates, add 2pi of

7.5 KOAc to each well with the Hydra or repeat pipette. Knock or centrifuge, Beckman 

C56R,the KOAc down and vortex for 30 seconds, then add with the Hydra, repeat 

pipette, or 12 channel, 53 pi of 100% ethanol, vortex for 30 seconds. Centrifuge, 

Beckman C56R, at 3200 for 45 minutes, and then invert on a paper towel and centrifuge, 

Beckman C56R, up to 400 rpm, Beckman C56R centrifuge,. Immediately, dissolve the 

DNA in the appropriate amount of water.

B-3: Bst for BAC-based DNA amplification and cleaning for Shotgun 
sequencing from Colony template in a 96 well thermocycling plate
Single BAC colonies are obtained by diluting a smear of BAC colonies from the

distribution Petri dish over the range 1:10 through 1:108. This is done by placing a 

bioloop swipe of the BAC colonies into 1000 pi LB+antibiotic in a 12x75 mm culture 

tube (VWR # 60818-565) and then adding lOOpl of the 1000 pi 900 pi LB+antibiotic and 

vortexing 1 sec. (for a 1:10 dilution in tube 1), and then repeating this 7 times to give 

1:102 dilution in tube 2, give 1:103 dilution in tube 3, give 1:104 dilution in tube 4, give 

1:105 dilution in tube 5. etc.
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Plate 100 îl of tubes 5-8 into each of 3-4 plates/dilution, on LB plates containing 

the correct antibiotic, typically Kan or Cm (not Amp), and incubate 16-18 hrs. Use the 

Hydra and add 20 pi of sterile double distilled-water to the 384 well thermocycler 

plate(s), to prevent evaporation, between all steps cover and keep plates on ice. Use the 

colony picker (not by hand!) to pick colonies into a 384 well thermocycler (the Qpbr II 

robot will not pick into a 96 well thermocycler plate) plate from a shotgun library petri 

dish or 12x12 square petri plate using the Qpix II robot (~3-5 dips).

Cover plate with thermocycler cover and heat at 95 °C for 3 minutes. Cover 

plates with aluminum cover and freeze plates -2-3 hr. in a -20 freezer until solid. Thaw 

-10 min, until completely thawed and centrifuge the picked cell suspension for 45 min. in 

the Beckman GPR centrifuge to pellet cell debris.

While waiting make the reaction mix and the enzyme mix (the reactions work 

better if the enzyme is added directly to the well, the enzyme is particular about being 

mixed and in large volumes this is hard to do)

Reaction mix contains: 3 pi of forward (primer 200uM), 3 pi of reverse primer 

(primer 2(X)uM), 5 pi of 2 mM DNTPs, 35 pi 5x Reaction buffer (50 % lOx Buffer and 

50% sterile double distilled water) (-3.5 X reaction buffer -  total dilution).

Bst mix contains: 13.7 pi of Bst enzyme and 206.3 pi of 5x Reaction buffer. [1 pi 

of Bacillus stearothermophilus DNA polymerase large fragment is 8 units, use according 

to the dilution wanted: range per 96 well plate: (add 2 pi per weU/per reaction) ]

Once the 45 minutes of centrifugation is Bnisbed, immediately use the Hydra and 

remove 2 pi of cellular DNA from the bottom of the plate and place in a new 96 well
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thermocycler plate and add 46 pi of the reaction mix to each well. Then add 2pl of Bst 

mix per well with and a repeat pipette and cover with thermocycler sealer. Centrifuge for 

a 1000 rpm, Beckman C56R centrifuge, up and down. Next, place the plate in the 

thermocycler for 18 hours at 65 °C with the volume setting of 50pl. After the allotted is 

finished, then heat the thermocycler up to 95 °C for 5 minutes to denature the enzyme and 

cool to 4 °C before removing to prevent ev^wration. Let the DNA set in the cold room 

for at least 24-48 hours for the DNA to dissolve.

To clean the Bst reactions, take the 50 pi reactions and add 50 pi of sterile double 

distilled water to each. Vortex the plate for 30 seconds and centrifuge for a 1000 rpm, 

Beckman C56R centrifuge, up and down. Next, remove the residual water from the 

columns of the prepared the Sephadex G-50 millipore Glter plates via centrifugation, then 

add 30 pi to the top of each Sephadex column in a row from each sangle with a 12 

channel pipette. Tape the Sephadex plate on top of a clean 96 weU thermocycler plate and 

centrifuge, Beckman C56R, at 1300-1400 for 2.5 minutes. Pool the sample wells to one 

well per sample.

To sequence the Bst reactions do a (1:10) dilution (2 of DNA /20 sterile double 

distilled water) of the DNA. The sequencing reaction contains: 2 pi DNA from the 

(1:10) dilution, 2 pi sterile double distilled water, 2 pi primer 200 pM, and 2 pi ET dye. 

Thermocycling conditions: Hold-95 °C for 2min; Cycle-95 °C for 30 sec, 50 ''C for 20 

sec, 60 °C for 4 minutes; Hold at 4 °C for infinity. Clean the reactions using the standard 

sodium acetate ethanol clean up.
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B-4: Bst for BAC-based DNA ampliScation and cleaning for Shotgun 
sequencing from Glycerol Stock template in a 96 well thermocyding 
plate

Use the Hydra and add 20 pi of sterile double distilled-water to the 96 well 

thermocycler plate(s), to prevent evaporation, between all steps cover and keep plates on 

ice. Use the 12 channel and scrap the Glycerol well lightly, just enough to get a small 

amount of ice on the tips of the 12 channel, then dip the tips into the water and pump 

up/down 8 times.

Cover plate with thermocycler cover and heat at 95 °C for 3 minutes. Cover 

plates with aluminum cover and freeze plates -2-3 hr. in a -20 freezer until solid. Thaw 

-10 min, until completely thawed and centrifuge the picked cell suspension for 45 min. in 

the Beckman GPR centrifuge to pellet cell debris.

While waiting make the reaction mix and the enzyme mix (the reactions work 

better if the enzyme is added directly to the well, the enzyme is particular about being 

mixed and in large volumes this is hard to do)

Reaction mix contains: 3 pi of forward (primer 20pM), 3 pi of reverse primer 

(primer 200pM), 5ul of 2 mM DNTPs, 35 pi 5x Reaction buffer (50 % lOx Buffer and 

50% sterile double distilled water) (-3.5 X reaction buffer -  total dilution).

Bst mix contains: 13.7 pi of Bst enzyme and 206.3 pi of 5x Reaction buffer. [1 pi 

of Bacillus stearothermophilus DNA polymerase large Èagment is 8 units, use according 

to the dilution wanted: range per 96 well plate: (add 2 pi per well/ reaction)]

Once the 45 minutes of centrifugation is Gnished, immediately use the Hydra and 

remove 2 pi of cellular DNA from the bottom of the plate and place in a new 96 well
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thermocycler plate. Next, add 46 pi of the reaction mix to each well. Then add 2 pi of Bst 

mix per well with and a repeat pipette and cover with thermocycler sealer. Centrifuge for 

a 1000 rpm, Beckman C56R centrifuge, up and down. Next, place the plate in the 

thermocycler for 18 hours at 65 °C with the volume setting of 50 pi. After the allotted is 

Gnished, then heat the thermocycler up to 95 °C for 5 minutes to denature the enzyme and 

cool to 4 °C before removing to prevent ev^wration.

To clean the Bst reactions, add -45 pi of sterile double distilled water (14 dilution, 

you will have a -5 pi evaporation from sitting in the cold room). Vortex the plate for 30 

seconds and centrifuge for a 1000 rpm, Beckman C56R centrifuge, up and down. Next, 

remove the residual water from the columns of the prepared the Sephadex G-50 millipore 

Alter plates via centrifugation, then add 30 pi to the top of each Sephadex column per 

plate from each sample with a 12 channel pipette (3 plates/96 reactions). Tape the 

Sephadex plate on top of a clean 96 well thermocycler plate and centrifuge, Beckman 

C56R, at 1300-1400 for 2.5 minutes. Pool the sample wells (3 different plates) to one 

well per sample/ plate.

To sequence the Bst reactions, after cleaning the DNA through the Sephadex, use 

the Hydra, and puh 5 pi of DNA and add to another clean 96 weh thermocycler plate and 

add 45 pi of sterhe double distüled water (1/10 dhution) to the plate with 5ul of DNA. 

Next, mix reactions by pumping the DNA solution up/down with a 12 channel -8  times.

The sequencing reaction contains: 4 pi DNA from the (1:10) dhution, 2 pi sterhe 

double disthled water, 2 pi primer 100 pM, and 4 pi ET dye. Thermocychng conditions: 

Hold-95 °C for 2min; Cycle-95 °C for 30 sec, 50 °C for 20 sec, 60 °C for 4 minutes; Hold
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at 4 °C for inSnity. Clean the reactions using the standard sodium acetate ethanol clean 

up.

B-5: Bst Testily protocol for BAC-based DNA ampliBcadon and 
cleaning for Sho%un seqnench% from Colony template in a 96 well 
thermocyding plate

Single BAC colonies are obtained by diluting a smear of BAC colonies from

the distribution Petri dish over the range 1:10 through 1:108. This is done by placing a 

bioloop swipe of the BAC colonies into 1000 pi LB+antibiotic in a 12x75 mm culture 

tube (VWR # 60818-565) and then adding 100 pi of the 1000 pi 900 pi LB+antibiotic and 

vortexing 1 sec. (for a 1:10 dilution in tube 1), and then repeating this 7 times to give 

1:102 dilution in tube 2, give 1:103 dilution in tube 3, give 1:104 dilution in tube 4, give 

1:105 dilution in tube 5. etc.

Plate 100 pi of tubes 5-8 into each of 3-4 plates/dilution, on LB plates containing 

the correct antibiotic, typically Kan or Cm (not Amp), and incubate 16-18 hrs. Use the 

Hydra and add 20 pi of sterile double distilled-water to the 384 well thermocycler 

plate(s), to prevent evaporation, between all steps cover and keep plates on ice. Use the 

colony picker (not by hand!) to pick colonies into a 384 well thermocycler (the Qpix II 

robot will not pick into a 96 well thermocycler plate) plate from a shotgun library petri 

dish or 12x12 square petri plate using the Qpix II robot (-3-5 dips).

Cover plate with thermocycler cover and heat at 95 °C for 3 minutes. Cover 

plates with aluminum cover and freeze plates -2-3 hr. in a -20 freezer until solid. Thaw 

-10 min, until completely thawed and centrifuge the picked cell suspension for 45 min. in 

the Beckman GPR centrifuge to pellet cell debris.
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While waiting make the reaction mix and the enzyme mix (the reactions work 

better if the enzyme is added directly to the well, the enzyme is particular about being 

mixed and in large volumes this is hard to do)

Reaction mix contains: 3 pi of forward (primer 100-200 pM), 3 pi of reverse 

primer (primer 100-200pM), 5 pi of 2 mM DNTPs, 35 pi 5x Reaction buffer (50 % lOx 

Buffer and 50% sterile double distilled water) (-3.5 X reaction buffer -  total dilution).

Or Reaction mix contains: 3ul of primer mix (-24 pairs) forward primer (5nM/40pl), 3 pi 

of primer mix (-24 pairs) reverse primer (5nM/40 pi), (5pl of 2mM DNTPs, 35pl 5x 

Reaction buffer (50 % lOx Buffer and 50% sterile double distilled water) (-3.5 X 

reaction buHier -  total dilution).

Bst mix: 1 pi of Bacillus stearothermophilus DNA polymerase large fragment is 8 

units, use according to the dilution wanted: range per 96 well plate: (add 2 pi per well/per

reaction) ]

Units of Bst pel /Reaction Volume of Bst (pi) Volume of 5X Buffer (pi) Total Vol. (pi)

8 110 110 220

4 55 165 220

2 27.5 192.5 220

1 13.7 206.3 220

0.5 6.8 213.2 220

0.25 3.4 216.6 220

Table 22 Bst Reaction Unit and Buffer Vol.

(Currently, the amount used is 1 unit per reaction to get whole BAC ampliGcathm )
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Once the 45 minutes of centrifugation is finished, inunediately use the Hydra and 

remove 2 pi of cellular DNA 6om the bottom of the plate and place in a new 96 well 

thermocycler plate and add 46 pi of the reaction mix to each well. Then add 2 pi of Bst 

mix per well with and a repeat pipette and cover with thermocycler sealer. Centrifuge for 

a 1000 rpm, Beckman C56R centrifuge, up and down. Next, place the plate in the 

thermocycler for 3, 6,12, 18,24,30 hours (depending on the amount of DNA you want) 

at 65 °C. with the volume setting of 50 pi. After the allotted is hnished, (for further 

extension allow the temperature to drop to 55 °C. for 2 hours) then heat the thermocycler 

up to 72 °C. for 10 minutes or 95 °C to denature the enzyme and cool to 4 °C before 

remove to prevent evaporation. Let the DNA set in the cold room for at least 24-48 hours 

for the DNA to dissolve.

To clean the Bst reactions, take the 50 pi reactions and add 50 pi of sterile double 

distilled water to each. Vortex the plate for 30 seconds and centrifuge for a 1000 rpm, 

Beckman C56R centrifuge, up and down. Next, remove the residual water from the 

columns of the prepared the Sephadex G-50 millipore filter plates via centrifugation, then 

add 30 pi to the top of each Sephadex column in a row from each sample with a 12 

channel pipette. Tape the Sephadex plate on top of a clean 96 well thermocycler plate and 

centrifuge, Beckman C56R, at 1300-1400 for 2.5 minutes. Pool the sample wells to one 

well per sample.

To sequence the Bst reactions do a (1:10) dilution (2 of DNA/20 sterile double 

distilled water) of the DNA. The sequencing reaction contains: 2 pi DNA from the 

(1:10) dilution, 2 pi sterile double distilled water, 2 pi primer 200 pM, and 2 pi ET dye.
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Thermocycling conditions: Hold-95 °C for 2min; Cycle-95 °C for 30 sec, 50 °C for 20 

sec, 60 °C for 4 minutes; Hold at 4 °C for infinity. Clean the reactions using the standard 

sodium acetate ethanol clean up.

B-6: Bst Testing CONTROL protocol for BAC-based DNA 
ampliScation and cleaning for Shotgun sequencing from isolated 
template in a 96 well thermocycling plate

When experimentally working with Bst enzyme to confirm ampUBcation, the volume

of the reaction is 4 pi, the partial extraction would complicate the amount of dilution to 

be used later also after cleaning and diluting the DNA one can not see the DNA on a gel. 

If one could see the DNA it would be too concentrated to sequence. Therefore, this 

control should be used.

Use Isolated DNA, (diluted) BAC, pUC and/or Fosmid DNA Based on what is 

easier place test DNA in a few wells of a 96 well thermocycler plate or in a tube or tubes 

add 20 pi of sterile double distilled water To prevent evaporation, between all steps cover 

and keep on ice. Add 2 pi of isolated DNA (-10 ng), then centrifuge, Beckman C56R, up 

and down. Next, cover plate with thermocycler sealer or snap top closed on tube and heat 

at 95 °C for 3 minutes.

Make a reaction pot using primers (vector speciGc) made for each type of DNA 

(example: BAC primers for BAC DNA) Reaction mix contains: 3 pi of primer mix (-24 

pairs) forward primer (5nM/40pI), 31 of primer mix (-24 pairs) reverse primer 

(5nM/40pl), (5pl of 2mM DNTPs, 35 pi 5x Reaction buHer (50 % I Ox BuHer and 50% 

sterile double distilled water) (-3.5 X reaction buffer -  total dilution).
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Next, add 2ul of the Bst (16 units) per well with a repeat pipette and cover with 

thermocycler sealer. Centrifuge for a 1000-rpm, Beckman C56R centrifuge, up and 

down. Then, place the plate in the thermocycler for X number of hours [depending on the 

amount of DNA you want, (for Grst time use, I reconunend 12 to 18 hours to see what the 

ampliGed products look like and how well they amph^, then drop the time)] at 65 °C. 

with the volume setting of 50 pi. After the set hours is Gnished, and then beat the 

thermocycler up to 95 oC for 5 minutes to denature the enzyme and cool to 4 oC before 

removal to prevent evaporaGon

B-7: Salt and Heat Shearing of BAC and Genomic DNA
Salt protects DNA against depurinadon, by stabilizing the helix, and by

preventing autocatalysis, DNA is a polyphosphoric acid. (Marguet and Forterre, 1998)
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Figure 67 Salt and Heat Shearing of DNA

(httD://www-archbac.u-DsudJr/Meedngs/aAensEr97/AthenGr97Poster.html )

TËC you ampliSed DNA and mix it with 0.1 M NaCl to make a 50% dilution, 

then heat the solution to 90 °C for 45 minutes to shear, and cool to 4 °C.

B-8: Shearing Genomic DNA and BAG DNA via Liquid Nitrogen 
Freezh^

This application is the standard Breeze and thaw technique for breakage. After 

amplifying the DNA it is necessary to do the 95 °C denature for 5 minutes, because it 

assists or allows the breakage of DNA After heating the samples and cooling to 4 °C, 

they should be transferred to 250 pi eppendorf tubes. Liquid nitrogen is then added to the 

tubes in a styrophoam cup -S ml just enough to cover the tubes; they should immediately 

freeze, then place the tubes in the -80 °C freezer until ready to continue the experiment.
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When ready, place the tubes in an ice water bath in the cold room for ~ 1 hour to thaw 

slowly. This seems to perpetuate the single strands in finding there mate as well as the 

DNA breakage.
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