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CHAFTER I
INTRODUCTION
General Background

Cauliflower mosaic Qirus {(CaMV) is the type member of
the caulimoviruses, the only known taxonomic group of plant
viruses whose genetic material is double—-stranded DNA. This
characteristic genome has caused CaMV to be studied not only
as a potential vector for introducing foreign DMA into plants
for crop improvement, but also as a model system for studying
the genetic interactions occurring within plant cells (as
reviewed by Hull and Covey, 1983).

CaMV systemically infects members of the Crucifer
family, such as broccoli, cauliflower, and twnip. Both the
virrus particles and purified DMA are infectious to these
plants when inoculated mechanically. Typical symptoms
@licited by the plants include mottling of the leaves
{mosaic), vein clearing, stunted growth, and rugosity of the
leaves (Covey, 19895).

CaMV is an icosahedral virus with an ocuter diameter
of 50 nm, and an inner diameter of 20 nm. The virion’'s
molecular weight was calculated to be 22.8 x 10® daltons, and

it is 174 DMA by weight {(Covey, 1985).
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Structure of CaMV DNA and RNA

The DNA of CaMV is approximately 8 kilobase pairs (kbp),
with one strand defined as the "plus" strand aﬁd the other as
the "minus" strand (Figure 1). The plus—strand contains the
open reading frames (ORFs) and the minus—strand is that which
is transcribed into RMA. CaMV DNA is unusual in that it
contains =mall regioné of triple-strandedness. This triple-
strandedness creates gaps, or discontinuities, with one gap
occurring in the minus-—strand and depending on the isolate,
one or two occwring in the plus-strand. At each discon-
tinuity the 5° nucleotide is in a fixed position, while the
3 nucleotide overlaps the S'end, and this overlapping can
vary, from ten to twenty bases at gaps 1 and 2 (61 and G2,
respectively), to forty bases at gap 3 (GF) (Ricﬁards, et
al., 1981).

Eight long open reading frames have been found by
nucleotide sequencing. These ORFs are all located on only
one of the two strands of DMA (the plus strand), and could
encode for polypetides with molecular weights greater than 10
kilodaltons (kd) (Franck, et al., 1980). The functions of
ORFs I and III have not vet been elucidated, but deletions in
these regions have suggested that they are esgential for pro—
pagation'0+ the virus in plants {(Howell, et al., 1981 and
Gardner, 1283). Xiong, et al. (1984) showed that ORF II1l is
expressed Iin vive and codes for a 13 kd protein (F13).

Giband, et al. (1984 found that the ORF II1I product associ-



Figure 1. Map of the cauliflower mosaic virus genome.
(From D. L. Steffen’'s Fh.D. dissertation.)
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ates with viral particles, probably at the capsid surface,
and that it also exhibits DNA-binding activity. ORF II has
been shown to be involved as a "helper component" in
transmission of the infection to plants by aphids via the
synthesis of an 18,000 molecular weight polypeptide {(Armour
et al., 1983; Daubert et al., 1983; Woolston et al., 1983).
The 28,000 molecular weight protein coat precuwrsor is encoded
by ORF IV - and processed into the 42,000 molecular weight
capsid protein (Franck, et al., 19803 Hahn and Shepherd,
1982; and Burger and DuPlessis, 1983). That the coat protein
is found only in the inclusion bodies of infected plant cells
led to speculations that encapsidation is closely linked to
replication (Giband, et al., 1984). ORF VI codes for the
inclusion body matrix protein (Odell and Howell, 1980 and
Covey and Hull, 1981). This protein has also been shown to
play a role in the type of local symptom produced by the
plant in response to infection {(Schoelz, et al., 198&).
Evidence is mounting that ORF V (79,000 molecul ar
weight) is the gene coding for the viral reverse transcript-
ase. Computer analysis has shown it shares amino acid sequ-
ence homology with retroviral reverse transcriptase, and it
is the most highly conserved coding region among the CaMy
isolates (Volovitch, et al., 19843 Toh, et al., 19283).
Takatsuiji, et al. {(1984), obtained reverse transcriptase
activity from yveast expressing a cloned ORF V gene, while

Laguel , et al. (1984), demonstrated that the enzyme éctivity



associated with viral replication complexes could be
inhibited with antibodies raised against a synthetic peptide
corresponding to a portion of the gene V protein. Its role
in replication wili be discussed later.

Two major polyadenylated RMAs, the 198 and 358 trans-—
cripts, have been isolated from infected plants. Both are
transcribed from the minus-strand of DMNA. The 1?8 transcript

?

has its 5 and 3’ ends at nucleotides 57465 and 7615, respec-
tively (numbering system is that of Franck et al., 1980).

- The 195 transcript is the messenger RNA (mRMA) for ORF VI's
inclusion body protein. The 388 species is a longer—-than-
genome—-length transcript of the entire DMA minus-strand,
having its 5° end at nucleotide 7470 and its 3 end at
nucleotide 7615 (Covey, et al,v1981, and Guilley, et al.,
1282). This transcribt is 180 nucleotides longer than the
minus~strand and is considered to be the primary template

for DMNA synthesis by reverse transcription (Olszewski, et

al., 1982; Pfeiffer and Hohn, 1983).
CaMV FReplication Model

The mode of replication for CaMV cwrently being
investigated involves a viral reverse transcriptase. A wviral
reverse transcriptase has not been previously reported to
occur in plants and would therefore be a unigue system for
plants. The reverse transcription step is similar to that of
retroviral and hepadnaviral reverse transcriptions. The

similarities include a tRMA primer for the synthesis of



minus—-strand DNA on an RNA template, the formation of strong-—
stop DNA with accompanying template switch, the presence of
purine—rich regions associated with plus-strand priming, and
a second template switch at the minus-stirand priming site.

Little is known about how the virus enters the initially
infected cells. That protoplast infection in vitro required
polycations which promote adsorption of viral particles onto
the cell surface prompted speculations that viral factors may
promote adsorption of viral particles onto subcellular
5trugtures In vivo (Furusawa, et al., 1980; Howell and Hull,
1978). Little is known of the initial uncoating of the
virions. S8ince proteases are required for releasing DNA In
vitro perhaps they are also required Iin vive (as reviewed by
HMull and Covey, 1985).

Features of CaMV replication have been summarized by
several groups (Hull and Covey, 1983; Pfeiffer and Hohn,
1983). The model of replication by reverse transcription is
depicted in Figwe 2. At an early stage in the infection,
the DNA must enter the nucleus. After association with host
proteins, the gaps will be repaired and the molecule
supercoiled. Transcription of this supercoiled DMA occurs
via the host cell RMNA polymerase I1I. After transcription,
the polvadenvlated RMA moves to the cvytoplasm for reverse
transcription. This genome-length RMA contains terminal
direct repeats of 180 nucleotides ("r" in Figuwe B).
Initiation of reverse transcription occcurs with the ' end of

a host-cell tRNA™*® priger binding to 14 nucleotides



Figure 2. A model for the replication cycle of CaMV
DNA. {Adapted from Hull and Covey, 1983.)
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immediately to the right of Gl as depicted in C of Figuwe BE.
Reverse transcriptase copies the RNA to its §° end at
nucleotide 7435, resulting in a small minus-strand DNA
molecule of approximately &00 nucleotides that contaiﬁs the
terminally repeated sequence, which is considered equivalent
to the "strong stop" DNA of retroviruses (D in Figure B).

The repeated sequence in the minus—-strand DNA (LR") base-
pairs with the repeated sequence at the I’ end of the same
238 RNA or of a different one (E in Figure B). Here, the
reverse transcriptase switches templates, creating the first
template "jump". Minus-strand synthesis cantinues, and the
copied template RNA is degraded, probably by RNase H
activity. The minus-strand synthesis continues past
nucleotides 4218 and 1632 (Gaps 2 and 3, respectively), which
are puwrine—rich regions that serve as plus—;trand primer-—
binding sites. It has been suggested that primers at these
sites may be residual RNA that was not degraded due to the
resistance of the rG:dC base pairs to RMase H attack, or may
be some unidentified RNA with the consensus sequence
(FPfeiffer and Hohn, 1983). From these positions, synthesis
af DNA plus-strands is initiated F and G of Figwe B8). The
tRMA primer sequence is copied into the the plus-strand, and
the tRNA primer complementary sequence is copied into the the
minus strand. These tRMA sequences base pair, allowing the
reverse transcriptase its second template switch. Minus- and

plus—strand synthesis continue (H in Figuwe 2), producing a
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double-strranded gapped CaMV DNA molecule (I in Figure 2).
Some important variations‘between the reverse trans—
cription system of retroviruses and hepatitis B virus (HEY)
and that of CaMV also exist (as reviewed by Hohn et al.,
1985). CaMV’'s reverse transcription occurs in the cyto-
plasmic inclusion bodies while the same for retroviruses
occurs in the pre-virus particles. 2lthough pre-virions may
be present in the inclusion bodies; CaMV ﬁses between one and
three plus-strand primer sites while HEV and retroviruses use
only one; retroviruses form DNA with long terminal repeats
that can integrate into the host cell chromosomes while CaMV
forms relaxed and supercoiled circular DNA and has not vet
been shown to integrate. Each of these three systems also
differ in their viral genetic materal: HBV particles contain
inéomplete double~-stiranded DNA (containing regions of single-
strandedness); retroviruses contain RNA; and CaMV particles
contain a complete double-stranded genome with single-

stranded overhangs (the gaps) (Hohn, et al., 1985).
Recombination in CaMV

‘ Recombination is defined as "any set of pathways in
which elements of nucleic acid interact with a resultant
change of linkage of genes or parts of genes" (Clark, 1971).
Several recombination events have been observed to occur
between CaMV DNAs. Lebeuwrier, et al. (1980) had demonstra-
ted that the infectivity of.cloned CaM¥ DNA was dependant

upon its being excised from the vector DNA at the restriction



enzyme site used in cloning. Homologous, intergenomic
recombination events, by yvielding infectious progeny,
"rescuad" coinoculéted non-infectious CaMV DNAs that
contained non—overlapping mutations (Howell, et al., 1981;
Lebeurier, et al., 1982; Daubert, et al., 1983; and Choe, et
al., 1985). Analysis aof the resulting progeny virions
revealed that they contained wild-type {(w.t.) DNA, and
therefore most likely resulted from recombination as opposed
to complementation.

Walden and Howell ({(1982) proposed two general mechanisms
for homologous recombination observed in CalMV. In the first,
infectious progeny are produced from coinoculated linear DMA
molecules with complementary overhanging ends {(ie., "shticky
ends"). This type of recombination could cccur by the
formation of mixed dimers, or even higher multimers, that can
result in wild-type genomes via single cross-—over events.

The other recombination me&hanism involves viral DNAs that
do not have complementary sticky ends. Infectious DMAs are.
produced wvia a double cross-—over or internal gene conversion
between the mutant DiAs. Recombinants of this type arise
readily (Walden and Howell, 1982 and Choe &t al., 1985).

Intragenomic recombination has also been shown to occur
in CaM¥V. Lebeuwrier et al. (1982), used circular plasmid DMNAs
containing cloned, partially deleted tandem dimers CaMV DNA
to infect plants; while Walden and Howell {1783) obtained
infectious virions wi£h intact recombinant plasmids contain—

ing complete CaMV genomes flanked by homologouws viral DMNA
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arms. The frequency of infection increased with increasing
length of the flanking homologous DNA arme (Walden and
Howell, 1983).

Evidence is accumulating that some CaMV recombinants
result from the mechanisms of reverse transcription.
Replicative tecombination could result if, while undergoing
an intramolecular template switch dwing the viral
replication cycle, the reverse transcriptase actually
"jumped" onto a second HNA template, thus creating an
intermolecular template switch. A plasmid containing, in
tandem, one complete genome of the CaMV CM4-184 isoclate and =&
3.3 kbp fragment of a different CaMV isclate ("8"), was used
with the transforming DNA of Agrobacterium tumefaciens to
obtain infectious CaMV virions (Grimsley et al., 1984).
fAnalysis of the progeny revealed the majority probably arose
by means of the mechanisms of reverse transcription, i.e.,
template switching. DMNA sequencing of the naturally
occurring deletion mutant, CHM4-184, believed to be a clonal
derivative of CM1841, revealed that it contained regions
similar to the CMIB841 isclate and also to the CaMV Cabbage S
(Cabb 8) isolate {(Dixon et al., 19848). The regions of
recombination between the two parental isclates could be
explained by the switching of templates duwring reverse
transcription. Recombinant CaMV DNAs resulting from the co-
inoculation of two mutant DMNAs contained regions from both
parental DMAs (Choe et al., 1283). Nucleotide sequencing of

the regionse suwrrounding Gap I of the CaMV genome revealed
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unigque nucleotides from one parent upstream of Gap I and
unigue nucleotides from the other parent downstiream of Gap I
(Melcher, unpublished). These findings are consistent with
recombination by reverse transcription as, in accordance with
the CaMV model for replication, Gap I arises as a result of
template switching. Geldreich et al., (1986) reported
recombinant genomes that possibly resulted from in vivo
dimerization of two genomes, one defective, that were
restricted at the same site. The subsequent production of a
hybrid 355 RNA could have given rise to the recombinant

progeny.



CHAPTER I1I
MATERIALS AND METHODS
Cleavage of DMAs by Restriction Enzymes

Restriction enzymes were used to digest CaMV DMNAs for
three purposes: one, to free the CaMVy DMA from ites plasmid
vector to use in inoculation of twnip plants; two, to
provide the desired CaMV DNA fragments to sequence; and
three, as a means of producing DNA fragments having charac-
teristic banding patterns on agarose or polyacrylamide gels
in analysis of the recombinant CaMV DNAs.

The restiriction enzymes and buffers used are shown in
Table 1. Most were used in analysis of the recombinant DMAs,
with the exceptiones of S8all, which was used to cleave DMAs
from their plasmid vector, and BamHI and Xbal, which were
used in producing fragments to sequence. The plasmids used

in this study are shown in Table 2.

Fhenol Extraction and Ethanol

Precipitation of DNA

A standard procedure often used in the preparation of
DMA was the removal of protein by extracting an agueous

solution of DMNA with water satwated phenol. The phenol



Table I. Restriction enzvymes and buffers used in study.
All reaction mixtures contained 100 ug/ml
bovine serum albumin and were incubated for 2
hours or more at 3I7°C, except for Taqgl
reaction mixtures, which were incubated under
paraftfin oil at &0°C.
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TABLE 1

RESTRICTION EMZYMES AMD BUFFERS

Enzyme Buffer
Accl 60 mM MaCl, & mM Tris (pH 7.35),

6 mM MgCle, 6 mM Z-mercapto—-ethanol
Alul S50 mM NaCl, & mM Tris {(pH 7.58),

6 mM MgCle, 6 mM 2-mercapto-—-ethanocl
BamHI 30 mM MaCl, 30 mM Tris {(pH 8.0),

10 mM MgClm=, 1 mM dithiothreitol
Bgll : &0 mM NaCl, 10 mM Tris (pH 7.4),

10 mM MgCl=, 1 mM 2-mercapto—-ethanol
Clal 50 mM NMaCl, 6 mM Tris {(pH 7.9,

& mM MgCla, & mM Z2-mercapto—ethanol
EcoRI S0 mM NaCl, 100 mM Tris (pH 7.2),

S mM MgCla, 2 mM Z—-mercapto—ethanol -
Haelll 4 mM MaCl, & mM Tris (pH 7.4),

6.6 mM MgCle, & mM Z2-mercapto—ethanol
HindIII . S0 mM MaCl, 30 mM Tris (pH 8.0),

10 mM MgCl=, | mM dithiothreitol
HinfI 100 mM MaCl, & mM Tris {(pH 7.3),

6 mM Mglle, & mM 2—-mercapto-ethanol
Mspl & mM ECL, 10 mM Tris (pH 7.4),

10 mM MgCl=, 1 mM dithiothreitol
Fstl S0 mM MaCl, S0 mM Tris (pH 8.0),

10 mM MgClz, 1 mM dithiothreitol
Ball ' 150 mM MaCl, & mM Tris (pH 7.9),

6 mM MgCle, & mM Z-mercapto—ethanol
Taqgl G mM Nall, & mM Tris (pH 7.4},

' & mM MgClz, & mM 2-mercapto-ethanol

Xhal 100 mM MaCl, & mM Tris (pH 7.4),

&H& m MgCle




Table II. Plasmids wsed in study. ALl CaMV DAz are
cloned into the Sall site of pBRIZE except W
DM&, which dis cloned into the Xhol site of
pECYELT77 (smee btext).



FLLASMIDS USED IM STUDY

TABLE II

19

Flasmid Isolate Mutation Reference
pDLS19 MYB8153 deletion 3I233- Melcher et al.,
3427 {1984&)
puMiz4 Cabb 8 deletion BB6-— Choe et al,
1032 (1985)
pIC23 W deletion &317- Choe et al,
LeYSYoR) (1985)
pUM24 Cabb 8 deletion 6299~ Choe et al,
&338, Smal linker (1985)
plLidl g CM4-184 Howell, et al.,
(1980)
pLW21i4 CM4-184 EcoRI linker at Howell, et al.,
1285 (1981)
plW7a& CM4-184 deletion 777- Howell, et al.,
1208 {1981)
pICi4l Recombinant Choe et al,
(1983)
pIC14% Fecombinant Choe et al,
(1985
pIC148 Recombinant Choe st al,

(19835)




denatwres proteins and removes them from the nucleic acids.
An amount of 1 M Tris-HC1, pH 8.0, that was egual to
one-tenth the sample veolume was added to the sample. Also
added were one—-fiftieth volume of S M NaCl and one volume of
water—-saturated phenol. These combined volumes were mixed by
vortexing and then centrifuged for 3 minutes in either a
Béckman model B microfuge, an Eppendorf model S415 microfuée
at 10-12,000 rpm, or at 10,000 rpm for 135 minutes in a
Beckman J-21 centrifuge. The upper aguecus laver was
transferred to a new Eppendorft microfuge tube, avoiding
transferring the interphase and lower phenol layer. To
remove any traces of phenol, three to five volumes of ether
. were added, followed by vortexing. The upper ether layer and
any interphase were removed. To precipitate the DMNA, two and
one-half volumes of cold 93% ethanol were added, then the
contents of the tube were mixed by inversion. The DMA preci-
pitate was allowed to form at either -20°C overnight or at
~70°C for approximately 1 hour. This precipitate was
recovered by centrifugation as described above. After
decanting the liquid, a wash of 0.3 ml of cold 70% ethanol
aided in removing any solutes that may have heen trapped in
the precipitate. The pellet and wash was centrifuged and the
ethanol decanted._ The DMA pellet was dried by vacuum aspira-
tion in & dessicator and then dissolved in the desired amount
caf DMA dissolving buffer (10 oM, Tris-HCl, pH 8.0, 1 mM EDTA,

10 mM MaCl) or, depending on the fate of the DNA, water.



Care and Maintainance of Twnip Flants

The host plants used in this study were turnips
{Brassica rapa, cv. Just Right). Seeds were planted and the
seedlings transplanted in Jiffy Mix Brand potting soil and
trransplanted at age 2 weeks. The plants were fertilized
twice weekly. 9 to 12 days after transplanting, the plants
were inoculated with the plasmid and wviral DNAs as described
bhelow.

Grrowth conditions included daily waterings, 12 h of
light with temperature of 21°C, and 12 h dark with temper-—

ature of 19=C.

Inoculation With Mutant CaMV DMAs

Fecombinant CaMV DMAs were obtained from turnip plants
infected as the result of various coinoculations of twnip
plants with two mutant viral DMAs. These mutant CaMV DMAs
were first released from their plasmid vector by digestion
with Sall or Xhol as described previously. Completion of
digestion was confirmed by electrophoresing 9, 2.0, 3 ug of DNA
on 0.8 or 1% agarose slab gels. The vector DNA, pBRIZZ, was
not separated from the incoculation mixture prior to inocula-
tion.

Until inoculation, the enzyme-DMA mixtwre was stored at
=20°C. The inoculum consisted of the two mixtures of the
mutant CaMV DNAs, 9.2%4 (v/v) 20x 88C (3.0 M MNaCl, O.3 M

sodium citrate), and 200 ug celite. After removing the two



primary leaves of the turnip plants, 20 ul of inoculum were
applied to three leaves and gently rubbed into the leaves
with gloved fingers. The DNA concentrations in the mixtures
were such that each plant was inoculated with 1 ug of DNA.
xaminations for symptoms of mottling, chlorotic lesions,

and stunting were performed for ten to thirty days after

inoculation.
Inoculation With Virally Infected Leaf Tissue

To either maintain of increase the supply of recom-—
binant viral DNAs, tuwrnip plants were inoculated with
homogenates of infected turnip leaves. The infected leaves
were first ground in a mortar with 3 ml of 1% FaHFO0a and
acid-washed sea sand. The.mixture was passed through cheese
cloth to filter out the larger particles. This method
provided approximately 2 ml of inocula. 19 mg of celite were
added to the mixtuwre and then the plants were inoculated as

previously described.
CaMV DMNA Isolation From Infected lLeaves

Virus was isolated from systemically infected twnip
leaves using a modified proceduwe of Gardner and Shepherd
{1780) . 2 g of leaf tissue were quick frozen with liguid
nitrogen and ground to a fine powder. 10 ml of TEU solution
(0.2 M Tris—-HCl, pH 7.5., 2.092 M EDTA, and 1.5 M wea) were
stirred into the powder. After pouring the mixture into a 30

ml Corex tube kept on ice, 2 ml of 104 Triton X-100 were used
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as a rinse for the mortar, then pouwred into the Corex tube.
The crude homogenate was pelleted by centrifugation at 10,000
rpm in a Beckman Type JA-20 rotor for 15 minutes. Decanting
the supernatant through Miracloth caught any floating debris.
At this point, the samples were either stored at ~20°C or
processed further. 2 ml of TEU-sucrose solution (1574 w/v
sucrose, 274 v/v Triton X-100, to volume with TEU solution)
were pipetted into a 17mm plastic Oak Ridge centrifuge tube
to serve as a sucrose cushion through which to pellét the
virus. The leaf super-natant was gently pipetted onto this
sucrose pad and centrifuged at 24,000 rpm for 2.3 hr at 4<C
in either a Beckman Type Ti &5 or Ti 75 rotor.

After centrifugation, the liquid was carefully aspirated
out of the Oak Ridge tube with a pasteuwr pipet attached to a
vacuuﬁ aspirator, and 2.0 ml of viral resuspension buffer
(0.1 M Tris-HCl, pH 7.5, 2.5 mM MgClz) were added to the
pellet. The pellet and buffer were transferred to 1.5 ml
Eppendorf microfuge tubes, to which 2 ul of 1 mg/ml DNAse I
{from bovine pancreas) was added. After incubation at I7°C
foar 10 minutes, 4 ul of 9.3 M EDTA, 30 ul of 2.5 mg/ml
proteinase k, and 12.35 ul of 207 5DS were added. This was
also followed by an incubation for 10 minutes or longer, but
at &5°C. The proteins were removed and DMA concentrated by
phenol extraction and ethanol precipitation as previously
described. The dried DMA pellet was then dissolved in 0 ul

of DMA dissolving buffer. .



Sticky-End Ligation

The isolated, recombinant CaMV DMNAs were cloned into the
bacterial plasmid pBRIZ2 {(Bolivar, et al., 19277). This
vector is a molecule of double-stranded DMNA with 4,363 base
pairs containing genes conferring resistance to ampicillin
(amp”) and tetracycline (tet~). Both CaMV and pBR322
contain a single Sall restriction enzyme site, which was
utilized for ligétion purposes. This site in pRRIZZ lies
within the tetracycline resistance gene and insertion of DNA
into this site renders the plasmid unable to confer tet” on
tet= bacterial host cells.

Each 20 ul of ligation mixtwe consisted of 0.37 ug of
alkaline—-phosphatase treated pBRI22 DMA, 7.5 ul of Sall-
digested recombinant CaMV DNA isolated from turnip leaves, 2
ul of 1Ox ligation buffer (0.66 M Tris-HCl, pH 7.4, 30 mM
MgCl=, S0 mM DTT, 10 mM ATP), and 200 U/ul Ta DNA ligase.
These mixtwres were incubated at 15°C overnight, with the
ligation of CaMV inserts confirmed by electrophoresing 13.35

ul of the ligation mixtuwre on 0.8-1.0% agarose gels.
Transformation and Screening

The ligation mixtures were used to transform competent
cells (HELO1L). The mixtures were first diluted ten-fold with-
sterile dH=20. The competent bacteria we e thawed 10 minutes
in ice water and then a volume twice the diluted ligation

misture was added and mixed by vortexing. A&fter incubating
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on ice for 10 minutes, the tubes were frozen for 100 seconds
in an ethanol—-dry ice bath. The tubes were thawed at room
temperature and incubated on ice for 3 more minutes. Upon
completion of incubations at 42°C for 1 minute and on ice for
2 minutes, 200 ul of nutrient broth (10 g tryptone, 3 g veast
extract, 5 g MaCl, pH 7.5, to 1 L with dHz0) were added. The
tubes wetre incubated at 3I7=C; their contents spread on
nutrient agar plates containing 20 uwg/ml ampicillin, and
incubated at Z7°C overnight.

The colonies that arose were replica-plated onto nutri-
ent agar {(nutrient broth plus 13 g agar/L) plates containing
19 ug/ml tetracycline and onto ampicillin-containing plates.
Any amp” and tet™ colonies were further analyzed by isolation
of the Plasmid via the small-scale alkaline-S5D8 proceduwe of

Ish~Horowicz and Burke (1981) (described below).
Flasmid DMA Isolation——--5mall Scale

To confirm the successful ligation of the recombinant
viral DMA into the pBR3I22 vector, the tet* colonies were
increased in number by inoculating S mls of nutrient broth
plus 50 wl of 2 mg/ml ampicillin with these colonies. After
shaking overnight at Z7=C, 1 ml was used in isolating the
plasmid via the procedures of Ish-Horowicz and Burke {1981).
The 1 ml was microfuged for 1 minute in & 1.9 ml Eppendorf
tube. The pelleted cells were resuspended in 100 ul of
Solution I (39 mM glucose, 25 oM Tris~-HCL, 10 mM EDTA, pH

8.0) by vortexing and then incubated at room temperatuwre for



S minutes. 200 ul of Solution II (0.2 M NaOH, 1% SDS) were
added and the tubes mixed by inversion. After incubating
these on ice for 3 minutes, 130 ul of cold 3 M EOAc (Sclution
III) were added. Gentle inversion and another incubation on
ice followed. Next, the tubes were microfuged for 2 minutes
and the suéernatant transferired to a new microfuge tube.

250 ul of isopropanol were then added, followed by mixing

by inversion and an incubation at room temperéture for at

least 15 minutes.
Flasmid DNA Isolation--—Large Scale

To produce stock guantities of plasmid DNA, the proce-
dure of Maniatis, et al. (1982) was used. A loopful of
bacteria from frozén—storage was streaked onto ampicillin
plates so as to obtain isclated colonies and incubated
overnight at 3F7°C. An iscolated colony from the plate was
used to inoculate S ml of nutrient broth containing S0 ul of
2 mg/ml ampicillin. The 3 ml nutrient broth tubes were
shaken overnight at I7<°C and then used to inoculate 250 ml
of nutrient broth containing 2.5 ml of 2 mg/ml ampicillin.
The 250 ml nutrient broth flasks were shaken at 250 to 360
rpm overnight at 3E7<C,

The resulting bacteria were pelleted in 230 mnl centri-
fuge hottles by centrifugation in a Beckman Tvpe JA-14 rotor
at 8,000 rpm for 10 minutes. The supernatant was decanted

and the bacterial pellet resuspended in S ml of Solution I.

The resuspended bacteria were transferred to a 30 ml centri-



fuge tube. After sitting at room temperature for 10 minutes,
the tubes were put in ice and 10 ml of Solution II were
added. Upon mixing by inversion, the tubes were further
incubated on ice for 10 minutes. 7.5 ml of solution III were
added and the tubes were again mixed by inversion. This was
followed by another incubation on ice for 10 minutes. After
centrifugation in a Beckman TypeKJA—ED rotor at 12,000 rpm
for 13 minutes, 18 ml of the supernatant wetre pipéted into 12
ml of isopropancl in 30 ml centrifuge tubes. The tube’'s
contents were mixed by inversion and allowed to sit at room
temperature for 13 minutes or longer. After this precipita-
tion incubation, the tubes were centrifuged in the Type JA-20
rotor at 12,000 rpm for 19 minutes and the supernatant decan-—
ted. The pellet was washed with 10 ml of 70%4 ethanol by
centrifuging again, followed by decanting the supernatant and
drying in a vacuum dessicator. Upon dissolving in 1 ml TE
buffer (1D mM Trie-HCl, pH 8.0, 1 mM EDTA) the pellet was
tiransferred to an Eppendorf microfuge tube and microfuged for
3 minutes. The supernatant was decanted into a new microfuge
tube and stored at 4°C until further purification by cesium

chloride and ethidium bromide density gradient centrifugation.

Cesium Chloride and Ethidium Bromide

Furification of FPlasmid DNA

Further purification of the plasmids from RM& and/or
proteins was accomplished by centrifugation in a density

gradient of cesium cloride (CsCl) with the DMNA intercalating



agent ethidium bromide (EthBr). Covalently closed, circular
DNA bands at a higher density in cesium chloride gradients
than does linear DNA as it binds less EthBr. EthBr also
makes the DNA bands visible in ultraviolet light.

Into each Beckman "Guick Seal" 13Zx31 mm polyallomer
centrifuge tube 4.95 g dry CsCl, 4.9 ml plasmid sample plus
distilled water (dH=20), and 450 ul 10 mg/ml EthEr was added.
The tubes were balanced, heat sealed, and centrifuged in a
Beckman VTié&S.2 ultracentrifuge rotor at 20°C for either 48
hours at 34K rpm or 24 hows at S0-33K rpm. The plasmids
were removed in semi-—darkness by illuminating the tubes with
UV light, puncturing them with a size 186 hypodermic needle,
and withdrawing the plasmid band into a 1 cc syringe. This
band was located near the middle of the tube, with the band
of linear or relaxed DNA 1-2 cm above it, and the RNA band
stuck vertically along one wall of the tube.

The plasmid DNA-EthBr complex was separated from the
CsCl by ethanol precipitation. Fhenol extraction removed the
EthBr from the DMA. After ethanol precipitating the plasmids
and redissolving same in 200 ul of DMA dissolving buffer, the
concentirations of the plasmid preparations were determined by
measuring the absorbance at 2860 and 280 nm using a Hitachi

Model 100--804A spectrophotometer.
Storage of Bacteria

The plasmid-containing £. coll were stored {frozen until

needed. Racteria were grown overnight by shaking an isolated



colony in 3 ml of nutrient broth. To fréeze the bacteria,
.85 ml of the bacteria/nutrient broth mixture was added to
©0.15 ml sterile glyceroal. The bacteria and glycerol were
placed in 1.3 ml cryovial tubes, mixed, and placed in a

=70°C freecer.
3 End Labeling of DMA

The 3’ end of the DNA fragments to be sequenced were
labeled with alpha—-S=*pP-dCTP. These fragments resulted from a
BamHI digest, in which the enzyme cleaved the DNA at the
sequence G 'GATCC.

Added to each dried DNA pellet were: 12 ul triply-
distilled H=0; 1 ul each of 20 mM dATP, 20 mM dGTP, and 20
mM dTTF; 2 ul 10 reverse transcriptase buffer (0.5 M KC1,
0.4 M Tris-HC1, pH 8.0, 50 mM MgCl=z, SO0 mM DTT); 2.5 ul 10
mCi/ml alpha—-=2p-dCTF; and 0.3 ul 20 U/ul reverse transcrip-
tase. This mixtuwre was vortexed lightly and incubated for 30
minutes at 3I7°C. The enzyme was removed by phenol
extraction, with the addition of phenol only; i.e., no salt
or Trie buffer was added. Upon ethanol precipitation, the
doubly-end-labeled DNA fragments were digested by Xbal,
which, with the exception of one fragment, produced singly-
end lébeled fragments containing the regions to be sequenced.
Femoval of proteins was by phenol extraction @ith Tris buwffer
and phenol only, followed by ethanol precipitation.

The dried pellet was dissolved in 20 ul tripiy-distilled

Ha0 and 3 ul Sx TEBE stop solution [S0Y 10x TRBE (0.89 M Tris,



0.89 M boric acid, 20 mM EDTA), 30% glycerol, and a few
crystals of xvlene cyanol and bromphenol blueld. The sample
was electrophoresed through a 10% polyacrylamide [acryla-—
mide:bis-acrylamide (30:1)1 gel overnight at 3 ma, then at 15
ma the'next morning, until the xylene cyanol marker was
approstimately thrree—quarters down the length of the gel. The
power supplies used were either a BiocRad Model 1420 A, a
Buchler Model No. 3-1155, or two Gelmans, models unknown.
Exposure of Kodak X-0mat AR x—-ray film to the parafilm-
covered gel and subsequent deveiopment of the film allowed
the desired DNA fragments in the gel to be excised from the
rest of the gel. To aid in the elution of the DNA from the
gel, the clumps of gel were smashed through 1 cc sterile
syringes {(without needles). The fragments were eluted from
the gel matrix by shaking the gel /DNA mixture in 1.5 ml DNA
fragment elution butter (D.2 M NaCl, 0.2 M Tris-HCl, pH 8.0,
2 mM EDTA) overnight at 3I7<C. Separation of the gel from the
DMA solution was accomplished by filtering the mixture
through & 3 cc syringe with its end screened by a circular
filter of Whatman ZMM paper. Further purification of the

fragments occuwrred on DEAE cellulose columns.

Furification of End-Labeled DMA

Fragments by DEAE Cellulose Columns

Preparation of the DEAE cellulose columns consisted of
poking & small amount of glass wool into the end of a short

pastewr pipette and adding approximately 1 cm DE-32 cellulose



powder (suspended in DMA fragment elution buffer). The
columns were rinsed 2-3 times with more fragment elution
buffer. The DMA fragments were passed through the column
twice. Then the columns were rinsed twice by filling them
with DNA fragment elution buffer before eluting with 400 ul
hot (20=C) DMNA column elution buffer (1.3 M MNaCl, 0.2 M Tris—
HCl, pH 8.0, 2 mM Na-EDTA). The fragments were eluted into
new 1.5 ml Eppendorf microfuge tubes that contained 1 ul of
19 mg/ml yeast RENA to aid in precipitating the DNA. 1.9 ml
of cold 284 ethanol was added and the fragments were precipi-
tated at -20°C overnight. After washing with 70% ethénol,
200 ul triply~distilled H=0, 100 ul 0.3 M sodium acetate,and
750 ul 954 ethanol were added, and precipitation followed as

previously.
Maxam and Gilbert Sequencing Reactions

In Maxam and Gilbert sequencing reactions (Maxam and
Gilbert, 1980), the DMA is partially cleaved at each of the
four bases in fouwr reactions. The procedures used are shown
in Table Z.

Frior to the Maxam and Gilbert seguencing reactions, the
DMA in ethanol was pelleted, washed with 70% sthanol, dried,
and dissglved in 21 uwl triply—distilled HzO. Into four
Eppendor{ microfuge tubes the following were added: 13 ul G+A
buffer (D.71 mg/ml calf thymus DNAY and 7 ul DMA, 200 ul &

buffer (0.01 mg sonicated calf thymus DMA, 590 mM sodium



Table III. Maxam and Gilbert DNA sequencing reactions.
“Buffers are described in text.
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TABLE III

FROCEDURE FOLLOWED FOR CLEAVAGE OF DNA
BY MAXAM AND GILBERT SEGQUENCING REACTIONS

G+A

123 ul G+A
buffer
7 wul DNA

Qe

2 ul pyridine
formate

20°C
&0 minutes

Freeze in
liquid Nz

Lyophilize
1 hour

10 ul triply-
disgtilled
H=0

Freeze in
liguid Nz

Lyophilize
1 hour

el

20°C

G C+T C
200 ul G 7 ul C+T 10.5 ul C
buffer buffer buffer
.3 ul DNA 7 ul DNA 2.5 ul DNA
o= Q=
1 ul DMS=~ 21 ul hydra- 21 ul hydra-—
zine zine
20°C 20=C

4 minutes 10 minutes 10 minutes

k3
l.-l

S0 ul DMS QO ul hydra-
stop zine stop

200 ul hydra-—
zine stop

730 ul 95% ethanol

=70=C, § minutes

Centrifuge: 1Ok

10 minutes

rpm,

280 ul 0.7 M sodium
acetate, 750 ul
5% ethanol

~70°C, 9 minutes

Centrifuge: 10k

10 minutes

rpm,

730 ul P34 ethanol

~70=C, I minutes

Centrifuge:
19 minutes

1O rpm,

100 wul 1.0 M piperidine
O, FD minutes

Freeze in liguid N
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TABLE III <{(Continued)

G+A G C+T c

Lyophilize

100 ul triply-distilled H=0
Freeze in liguid M=
Lyophilize

S0 ul triply-distilled Hz0
Freeze in liguid Nz

Lyophilize




cacodylate, pH 8.0, 10 mM MgCl=, 1 mM EDTA) and Z.5 ul DNA, 7
ul C+T buffer (1.25 mg/ml sonicated calf thymus DNA) and 7 ul
DNA, and 10.5 ul C buffer (4.73 M NaCl and 0.121 mg/ml
sonicated calf thymus DNA) and 3.3 ul DMA. These reaction
tubes were kept‘on ice. The reactions to disrupt the ring
stiructure of the DNA base were performed by the following:
into the G+A tube, 2 ul of pyridine formate wetre added and
incubated at 20°M for 60 minutes; into the G tube, 1 ul of
dimethyl sulfate (DMS) was added and incubated at 20°C for 4
minutes; and into both the C+T and T tubes, 21 ul of
hydrazine were added, and both tubes were incubated at 20<C
for 10 minutes. These reactions were stopped by adding 30 ul
DMS stop (1.5 M Na-acetate, pH7.0, 1.0 M 2-mercaptoethanol,
100 ug/ml yeast FNA) to the G tube and 200 ul hydrazine stop
{D.3 M Ma—-acetate, 0.1 mM EDTA, 25 ug/ml yeast RNA) to both
the C+T and C tubes. The G+A reaction was stopped by guick-—
freezing the tubes in liquid nitrogen. At this point, the G,
C+T, and C tubes were treated alike by adding 732 ul 93%
ethanol, precipitating at approximately —-70°C in a dry-ice
and ethanol bath for S minutes, and centrifuging in either a
Beckman Type JA 18.1 or a Sorvall model SM-24 at 10K rpm fqr
19 minutes. After decanting the supernatant, 2850 ul 0.3 M
sodium acetate and 730 ul 93% ethanol were added. These were
then precipitated and centrifuged as previously. Again, the
supernatent was decanted, followed by anathewnadditiwn of

ethanol, and another precipitation and centrifugation as



previously. These tubes were then dried in a vacuum
dessicator. Meanwhile, the G+A tube was lyophilized for 1
hour until the pyridine formate was removed. Then 10 ul
triply-distilled H=0 were added, and the tube was again
frozen in ligquid nitrogen and lyophilized for another hour.
After these steps, the tubes were treated alike. To each,
10ﬁ ul 1.9 M piperidine were added, followed by incubation at
0°C for 30 minutes. The piperidine reaction catalyzed the
beta-elimination of phosphates from the sugars, thus
breaking the DNA strand. Following the incubation, the tubes
were guick—frozen in liguid nitrogen and lyophilized until
the piperidine was removed. NMNMext, 100 ul triply—-distilled
H=0 were added, followed by freezing and lyophilizing as
above. This was repeated once more, ex;ept only 39 ul
triply—distilled H=0 were added. Upon completion of these
reactions, the samples were stored at -20°C until use.
Several differences exist between the above-described
procedure and that of Maxam and Gilbert (1980). While Maxam
and Gilbert (1980) used 10 ul of DMA for the G+A and C+T
tubes and 5 ul of DMA for the G and C tubes, 7 ul and 3.3 ul
respectively, were used here. Also, Maxam and Gilbert (1280
did not utilize a C+T buffer and their C buffer was made of
only 3 M MaCl. As described above, 21 ul hydrazine were
used, whereas Maram and Gilbert (1980) added 30 ul. While
pyridine formate was wtilized in the G+A reactions, Maxam and
Gilbe-t (1980 reported using piperidine formate.

Imnediately prior to separation by size via electro-



phoresis on a slab gel, the fragments were dissolved in 9 ul
sequencing buffer charge [80 wul formamide, 20 ul S3% sequencing
stop solution (5% TBE and a few crystals of uvylene cyanol and
brnmphenml blue)l incubated at 20=C for 1 minute, trans-—
ferred to ice, and loaded onto the sequencing gel. The gels
used were either 8% or EQZ acrylamide—urea (Maxam and

Gilbert, 1980) and electrophoresis occurred at 1500-2000v.



CHAPTER III

RESULTS

Analysis of Existing Recombinants

Sequencing of Junctions in Recombinpants IC14% and IC148

Fecaombinants pICi41l, pICi143%, and pIC148 resulted from
the coinoculation of turnip plants with the mutant plasmids
pICil and pUM4l, which were both unable to individually
infect twnip plants. pUM4l ie a Cabb S-derived plasmid with
a 4bp deletion in ORF III, nuclecotides {(nts.) 2041 to 2044,
and an 8bp Smal linker inserted at this position (Choe et
al., 1985). plICil is derived from the plasmid pl.WIO3X, with
a deletion in ORF YI at nts. 6261 to 6420 (Choe et al.,
1283). The nucleotide numbering system used is that of
Franck et al., (1980).

pLWZOEX had been reported to be the ligation product
of Xho I-digested Cabb BE-JI CaMV DMNA and Xho I-digested
CpACYC177 (Walden and Howell, 19823 and Chang and Cohen,
1978). FRestriction mapping of plW3I0IX produced inconsisten-
cies with the published map of Cabb B-JI (Hull, 19803 and
Choe =t al., 1985). Due to the uncertainty ss to the
identity of the viral DMA clorned in pLW3I0O3IX, the DNA was

designated as isolate "W" {(Choe et al., 1983 .

it
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Recombinants pICl41, pICi43, and pICl48, were anélyzed
by restriction mapping and found to contain restriction
enzyme sites unique to each parent {(Choe et al., 1983).

Among the three recombinants, 8 junctions between parental
alleles were detected (Figure 3). To determine the junctions
between the parental alleles at the nucleotide level, and
perhaps any previously undetected junctions, sequencing of
specific restriction fragments was performed. The 3’ énda ot

b

fragments resulting from the BamMI digestion of the =

plasmids and plLWI0I58 were labeled with *=P-dCTFR. A second
digestion by Xbal produced three %ragments for each plasmid
near junction 2 (see Figuwre 3). These three fragments
extended from nts. 1702 to 1925, 1926 to 2147, and 2148 to
2548, and were 225, 222, and 397 bp in length, respectively
{Table 4).

Sequencing of the three fragments revealed junctions
between W and Cabb S alleles for two of the three recombi-
nante (pIC147% and pICi48). All the regions sequenced in the
recombinants and in W that were different from the known
sequence of Cabb § were identical to the known sequence of
Cabb B-J1 {J. Stanley, personal communication). pICi4l had
no Cabb S-—derived nucleotides in the regions 1720 to 188%,
1249 to 1999, and 21563%F to 23213 all were like W and Cabb B-JI
sequances (Table ).

The nucleotides sequenced in pICl4% were from L1720 to

18835, 1927 to 2148, and Z1&64 to 2340 (Table 4). A nucleocotide



Figuwre 3.

Restriction sites in cloned forms of redom-—
bined CaMV DNAs. Top line: linear repre-
sentation of allelic restriction site
location. Bars above the line are sites
cleaved by the indicated enzymes in Cabb S,
but not in W DMA, while bars below the line
are sites cleaved in W, but not in Cabb &8
DMA. Symbols used are: HF, Hinfl;y T, Tagls
By Epnly M, Mspl; HH, Hhal; FS, Fstl; X,
Xbal; AL, Alul; HD, HindIII; E, EcoRI; FV,
Pvull; HP, Hpal, HG, Hgal; HA, Haelll; B,
Bgll; AC, Accl. The remaining lines depict
the distribution of alleles in three CaMV
DMA recombinants. Bars above the line indi-
cate resistance or susceptibility to
restriction characteristic of Cabb S DMA,
while bars below the line identify W char-—-
acteristic restriction. Apparent Cabb S-W
sequence junctions are designated Ji, J2,
JE, and J4. iTaken from Choe et. al.,
1985.)
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Table IV. Sequenced regions of viral DNAs. Numbering
used is that of Franck et al., (1980).
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SEQUEMCED REGIONS OF VIRAL DNAS

Sequences Read

Sequences Read

Seguences Read

DA Between Nucleo—- Retween Nucleo- Between Nucleo-
tides 1701 and tides 1927 and tides 2149 and
1926 2148 2545
pICi41l 1720-1883 19491999 21632321
pICL473 1720-1887% 1927-2148 2164-2340
plCi48 1720-1887= 19287~2106 2180-2721
pLW3IN3ES 1720-18987% 1927-2148" 22662780

*{(Melcher,

uwnpublished)



Table V. Unigue parental nuclectides detected in recom-
binmant DNAs. Nucleotides not seguenced are so
indicated by "-".



TARLE ¥V

UNMIGUE FARENTAL NUCLEDTIDES DETECTED
IN RECOMBINANT DHNAS

Nucleo~- Cabb Cabb S Recombinants
tide B-J1 pIC141 pIC143 pICi48
1729 c A c c c
1762 A G A A A
1777 T A T T T
1847 A G A A A
1920 c T - - -
1959 G A G G -
19461 T C T T -
1970 G A G G -
1990 G c G <] G
2009 c T c c c
2012 c T c C c
2042 c T [ c c
2044 A c A A A
2045 T c T T T
2048 G A G G G
2081 G A G G G
2087 c T [ c c
2099 c T T T
2233 c c T T
2239 c T c T T
2281 ‘T c T c c
2284 c T c T T
2296 G A G A A
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difference between the pargntal DMAs occurs at nt. 2111, in
which W and Cabb B-JI have the purine adenine, while Cabb S
has the pyrimidine cytosine. Up to, and including the
ai{ference at 2111, the region of pICl4Z sequences is identi-
to W and Cabb B~JI. There are no further nucleotide differ-
ences between thebpérental DhMAe until nt. 2224. At this
position, N and Cabb B-JI have a gquanine, while Cabb § has an
adenine.r At 2224, pICl43's sequence was found to have an
adenine like Cabb 5. Likewise, from 2224 to the end of the
region sequenced (nt. 2340), IC14F exhibits nucleotides like
those of Cabb S.

The nucleotides sequenced in plICl48 were from 1720 to
1883, 1987 to 2084, and 2180 to 2321 Table 4). Up to and
including nt. 2224, plCl48's sequences were found to be
identical to W and Cabb EB-JI. The next nucleotide difference
occuwrs at nt. 2233, at which W and Cabb BJI have a cytosine,
while Cabb 8 has a thymine. At nt. 2233, plIC148 also has a
thymine, and continues to show nucleotides like Cabb 5 at
positions of parental differences to the end of the seguenced
region.

Of the regions sequenced, nts. 1720 to 1830, 1949 to
1299, 2073 to 2132, and 2163 to 2321, no junction between
parental DMAs was detected for plCl4l (Table 53 all fhe
sequences were identical to the Cabb B-JI sequences.

However, & junction has been detected occurring between the

parental nucleotide differences that cccuwr at nts. 2873 and
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2623 (Melcher, unpublished). The possible mechanisms that
gave rise to this junction and the above—mentioned junctions

will be discussed later.

Creation and Analysis of New Recombinantes

Creation of New Recombinants

Mew recombinant CaMV DNAs were produced by coinoculating
turnip plants with pairs of mutant CaMV DMAs. The pairs were
chosen so that their mutations were not less than 2800 bp
apart {(see Table 6). With the exception of the combination
of pDLS1? and pLW76, each coinoculation included one partner
that had previously been characterized as having the ability
to recombine readily with most other mutants (Choe et al.,
1983) . These high-frequency recombining (Hfr) partners were
pUM1i24, puUM4l, and pUMZ24. The combinations of mutant plasmids
used are shown in Table é.

As a positive control, pUM24 and pUM4l were coinocul ated
onto a total of 8 plants. This combination had previously
produced 5/3 infected plants (Choe, et al., 1985), however,
these control inoculations produced no infected plants. Yet
the fact that infected plants were produced from mutant
combinations revealed that recombinations could occur. It
should be noted that all of the combinations involving pUM41l
as a mutant partner (pUM4l +pHLL3H, pIC21, and pUM24) produced

no infected plants. For each of these combinations, the



Table VI.

Mutant combinations for recombinational
rescue. Each Hfr paritner is of the isolate
Cabb 8, with the exception of pDLS1?, which
is not a known Hfr and is from the NYS8133
isolate. Negative and positive control inoc-
uwlations are described in the text.
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MUTANT COMBINATIOMS FOR RECOMEBINATIONAL RESCUE

Mo. Infected

Htrr ORF Other ORF Flants/Total
Fartner Modified Partner Isolate Modified Plants Inocu-
lated
pUM124 I pbhLS1® NYB153 Iy 1/6
pUM124 I pHLZEH CM4—-184 Vv O/12
plMLz4 I pICZ1 W VI 1/446
pUMLIZ24 I plC23 W VI 1/16
pUmM41 I11 pHLZH CM4-184 v O/10
pUM41 III pIC21 W VI 0/11
pUMZ4 VI pLW214 CM4-184 I 276
pUM24 VI pLW7& CM4-184 I 1/11
puUM24 VI pCMS8Z=4 NYB1353 111 0/11
pDILS17 v pl-W76 CM4-184 I I/12




ptiM4l plasmid was not CsCl-purified, but only obtained via a
large—-scale alkaline~8D8 preparation. It had previously been
found that plasmids prepared in this manner could recombine
to produce infectious recombinants (Melcher, unpublished), so
no steps were taken to fuirther purify the plasmid.

For each combination of mutants inoculated, negative
control inoculations were also conducted. These consisted of
turnip plants inoculated with only one of the two mutant
partners which, alone, shéuld not be able to infect the
plants. Indeed, no plants‘inmculated with a single mutant
plasmid became diseased.

Of the coinoculations shown in Table &, the following
combinations did not give rise to any. infected plants:
pUM1Z4 + pHLIH, pUM4l + pHLIEH, pUM4l + pIC21, and pUM24 +
pCMS3E4. While six mutant combinations produced infectious
recombinants, the recombinant DMAs resulting from the coinoc-
ulations of pUMIZ4 + pIC21 and pll.519 + pLW746 were not suc-—
cessfully cloned into the E. coli plasmid pBR3IZZ.

The coinoculations of pUMiZ4 +pDLSLI?, pUM124 + pIC2E,
pUMa4 +plW76, and plM24 + plW2l4 produced infectious recombi-
nants, were successfully liggted into pBR3IZ2Z2, used to trans-
form HEBLO1, and screened for plasmide with viral DNA inserts.
The plasmids from a chosen colony were isolated and CsCl
ppri%ied. The newlv—cloned recombinants, pVWRIZ243, pVYRIZI44-4,
pYR244-8, and pVRI4SL were fouwnd to be intectious, while

another recombinant, pVRLIZ249, was not infectious. VRIZ24AS =
4 L



inability to infect host plants is most likely due to the
presence of a large deletion of approximately 800-%900 bp in
the viral DNA. This deletion will be discussed later.

Before restriction mapping data will be discussed, a
summary of the recombinants and their junctions will be
presented. Possible mechanisms giving rise to the juntions
will be discussed later.

VR246 resulted from the coinoculation of pUMZ24 + pLW76.
UMQ4, a Cabb S—derived mutant, contains a Smal linker insert
at 6299 and a 40 bp deletion from 4299 to 6338 (Choe, et al.,
1985). The other parental DNA used, pLW74, is derived from
isolate CM4-184 and has a 433 bp deletion from nts. 777 to
1208 (Howell, et al., 1981).

Four junctions have been detected in VRZ246 (Table 7).
Those detected are between nts. 1784 and 2236, 4149 and
4660, 5943 and 6045, and 7724 and 197. From nts. 197 to 1784
and 4460 to 5943, either only Cabb S unigque sites or the
absence of =sites unique to CHM4-184 were detected. Likewise,
from nts. 2238 to 41472 and 6045 to 7224, either sites unigue
to CM4-184 or the absence of Cabb § unigque sites were
detected.

VRZ44-8 and VR244-B resulted from the coinoculation of
pUMZ4 and pLW2l4 onto the same plant. The mutation in pUMZ24
is described above, and pLQ214, a CM4—-184—derived plasmid,

has an 8 bp EcoRI linker inserted at nt. 1285, rendering



Table VII. Diagnostic restriction sites detected in
pVR244.



TABLE VII

DIAGNOSTIC RESTIRCTION SITES
DETECTED IN pVRZ46

Enzyme Site Souwrce pVR246 Result
Alul 197 CM4-184 - Cabb S
HinfI 8%0 Cabb § + Cabb S
Accl 04 Cabb S + Cabb &
Haelll 1170 Cabb S + Cabb &
HintI 1218 Cabb S + Cabb S
HindIII 15173 Cabb S + Cabb S
HinfI 1571 Cabb & + Cabb 8
Tagl 16473 Cabb & + Cabb 8
Hint1I 1781 Cabb S + Cabb &
Clal 178% Cabb S + Cabb S
Tagl 1784 Cabb & + Cabb 8
Mepl 2236 CM4-184 + CM4-184
Taqgl 2367 CM4-184 + CM4~-184
Clal 24680 CM4-184 + CM4-184
Tagl 2967 CM4-184 + CM4—-184
Fatl I23 CM4-184 + CM4-184
Mspl FI60 CM4-184 + CM4-184
Fstl I4286 CM4-184 + CM4-184
HindIII F772 CM4~-184 + CMa4a—-184
EcoRI 3928 Cabb S - CM4-184
HinflI 4133 CMa-184 + CMma—-184
Mspl 4149 CM4-184 + M4a—-184
MspI 4660 CM4—-184 - Cabb 8
Haelll 4732 CM4-184 - Cabb §
HintI 4921 CM4-184 - Cabb S
Tagl 5541 Cabb & + Cabb 8
HaeIIl 59473 CHM4—-184 - Cabb 8
EcoRI G045 Cabb S5 - CM4-184
Haelll HOLHE Cabb & - CM4-—-184
Mspl LSO CM4-184 + CM4-1384
Haelll G654 CHM4—-184 + CH4-184
Bgll HESE CHM4-184 + ZM4—-134
MepI 7116 Cabb & - CH4-184
Haelll 7224 Cabb S - CM4-1384




it non—-infectious {(Howell, et al., 1981 and Melcher,
unpublished). While two junctions have been detected in
VR244-A, four have been detected for VR244-FB {(see Tables 8
and 79, respectively). The two in VRZ44-A, between nte. 5541
and 5943, and 7224 and 197, are also found in YR244-B. The
other two junctions occurring in VRZ244-B are found between
nts. 1784 and 22348, and 2680 and 3I231. Both recombinants
exhibit sites unigue to CM4-184 between nts. 5943 and 7224.
VR244-A appears to be derived from Cabb S from at least nt.
197 to 5341. VR244-B exhibits Cabb 8 unique sites (or lack
CM4-184 unique site) from nts. 197 to 2091 and from 3231 to
5541. CM4-184 unigue sites were detected in VR244-B from nts.
22786 to 2680. .

VR244-B also differed from VR244-A in that it contained
a small deletion (80-200 bp) between nts. 3260 and ~4310.

VR1249 arose from the coinoculation of pUM1Z24 and
pDLLS19. pUM124, & Cabb S—derived plasmid, has a 147 bp dele-
tion between nts. 886 and 1032 (Choe et al., 1983). DLE19 is
derived from the MY813Z isolate and has a 193 bp deletion
between the Fstl sites at 3232 and 3427 (Melcher et al.,
17286). Mo junction was detected for YRI1IZ249 by restriction
analyesise (Table 10)., Only sites unigue to Cabb 8 (or the
absence of sites wunigue to NYB8133) were detected. VR1IZ249 has
been found to be a recombinant of its parental DMNAs as

saquenced reqgions from nts. 79243 to 87 have revealed that



Table VIII. Diagnostic restriction sites detected in
pVRZ244-A.



DIAGNOSTIC RESTRICTION SITES
DETECTED IN pVRZ244-4

TABLE VIII

Enzyme Site Source pVR244-4 Result
Alul 127 CM4-184 - Cabb S
Hinfl F0 Cabb S + Cabb 8
Haelll 1170 Cabb S + Cabb S
HintI 1218 Cabb & + Cabb S
HindIII 15173 Cabb S + Cabb S
Hinfl 1571 Cabb S + Cabb S
Tagl 1647% Cabb 8 + Cabb S
HinfI 1781 Cabb & + Cabb S
Clal 1783 Cabb S + Cabb 5
Tagl 1784 Cabb S + Cabb S
Mspl 2234 CM4-184 - Cabb S
Taqgl 2367 CMa-184 - Cabb S
Clal 2680 CM4-184 - Cabb 5
Petl 23 CM4-184 - Cabb S
Mspl TEH0 CM4-184 - Cabb S
Fetl T426 CM4-184 - Cabb S
HindITI F772 CM4-184 - Cabb 8§
EcoRI 928 Cabb 8 + Cabb S
HinflI 4133 CM4-1384 - Cabb S
“Mepl 4149 CM4-184 - Cabb 8
Mepl 4&HE60 CM4-1384 - Cabb S
Haelll 47352 CM4-184 - Cabb 8
Alul 47868 Cabb S + Cabb S
Hin+ I 4921 CM4-134 - Cabb S
Tagl 5341 Cabb 8 + Cabb 8
Haelll 59473 CM4~184 + CHM4--184
EcoRI &H045 Cabb & - CM4-134
Haelll HO6E Cabb & - CM4--184
Mspl &HS09 CM4-184 o+ CM4-184
Haelll 5654 CM4-184 + CMa-184
Bgll HEaES CM4-184 + CM4-184
Mep I 7116 Cabb & - CHM4—-184
Haelll TR24 Cabb 8 - CM4-184
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Table IX. Diagnostic restriction sites detected in
pVR244-R.



DIAGNOSTIC RESTRICTION SITES
DETECTED IN pVRZ44-E

TABLE IX

Enzyme Site Source pVYRZ44-R Result
Alul 197 CM4-184 - Cabb S
HinflI 830 Cabb & + Cabb S
Haelll 1170 Cabb S + Cabb S
HinflI 1218 Cabb S + Cabb S
HindIII 1513 Cabb S + Cabb S
Hinfl 1571 Cabb & + Cabb S
Taqgl 1647 Cabb S + Cabb S
Hinfl 1781 Cabb & + Cabb 8
Clal 1783 Cabb S + Cabb S
Tagl 1784 Cabb S + Cabb S
Mspl 2236 CM4-184 + CM4-184
Tagl 2367 CM4-184 + CM4-—-184
Clal 2680 CM4-184 + CM4-184
Fetl I231 CM4-184 - Cabb S
Mspl F360 CM4-184 - Cabb S
Petl F426 CM4-184 - Cabb 8
HimdIII 772 CM4-134 - Cabb S
EcoRI 3928 Cabb S + Cabb 8
HinfI 4133 CM4-184 - Cabb 8
Mepl 4149 CM4-184 - Cabb S
Mepl 4540 CM4-184 - Cabb S
Haelll 47352 CM4-184 - Cabb S
Alul 4766 Cabb S + Cabb S
HimfI 4921 CM4-184 - Cabb 5
Tagl 5541 Cabb 8 + Cabh 8
Haelll 5943 CHM4-184 + CM4--184
EcoRI H045 Cabb S - CM4-184
Haelll 6068 Cabb & - CM4-184
Mep I L5009 CM4-184 + CM4~-184
HaelIl bHES4 CM4—-184 + CHM4--184
Bgll &HAESE CM4-184 + CM4-184
Msp I 7118 Cabb & - CM4-184
Haelll 7R24 Cabb 8 - CM4-184
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Table X. Diagnostic restriction sites detected in
pVR1249. ’



TABLE X

DIAGNOSTIC RESTRICTION SITES

DETECTED IM pVR1249

Enzyme Site Source pVR1249 Result
Clal 2636 NYB8L1S3 - Cabb &
HindIII T249 Cabb S + Cabb S
Bgll 414 Cabb S + Cabb S
Pstl 3427 NYBL1E3 - Cabb §
HindIII 772 NYB8153 - Cabb S8
EcoRI 928 Cabb & + Cabb S
Mspl 4149 MYB81S3 - Cabb 8
MepI 4660 NYBL13Z - Cabb 8
EcoRI &H045 Cabb & + Cabb S
Accl GIF0 Cabb & + Cabb 8
Mepl 7118 Cabb S + Cabb S
HinflI 7794 Cabb § + Cabb S
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VR1249°'s DNA is like Cabb S from nts. 7945 to the last nt.
before Gap I, B024, and VR1Z249's DNA shares homology with
NY8153F from nts. 1 to 87 {(Melcher, unpublished). The impli-
cations of this junction will be discussed later. The most
praobable reason for there being no NY8B8153 sites detected is
the presence of a large deletion of 800 to 900 bp between nts.
124 and 1S14. This deletion rendered pVR1249 non-infectious.
VR1Z247 arose from the coinoculations of pUM1Z4
{described above) and pIC23. plIC23F is derived from pLWIOIX,
which contains the DMA referred to as "W" (described above).
IC2T has a 348 bp deletion from nts. 6317 to 6684. Two
junctions were detected in VR1243, between nts. 12;8 and 2236
and between nts. 7118 and 7224 (Table 11). The region that
exhibited Cabb S unigue sites and the absence of W =ites
extends from nts. 223% to 7118. Likewise, the region
indistinguishable from W DMA extends from nts. 7224 to 1218.
The above conclusions as to the positions of junctions
between parental DMAs were base on analyses by restriction
mapping using the following restriction enzymes: Accl, Alul,
Bgll, Clal, EcoRl, Haelll, HindIII, Hinfl, Mspl, Pstl, and

Tagl.

Analysis by Restriction Mapping

Fstl. The recombinants and either their parental DhAs

or DMAs very similar to their parents were digested with Fstl
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Table XI. Diagnostic restriction sites detected in
- pVRILZ2473.



TARBLE XI

DIAGNOSTIC RESTRICTION SITES

DETECTED IN pVR1243

Enzyme Site Source pVR1243 Result
Accl 04 W + W

Hinfl 1218 Cabb S - W

Mepl 223 W - Cabb S
FPstl 323 W - Cabb &
Mepl 3360 W - Cabb S
Fstl 3427 W - Cabb S
HindIII X773 W - Cabb 8
EcoRI 3928 Cabb S + Cabb S
Haelll 4782 W - Cabb &
Haelll 5939 W - Cabb S
Hinfl 6001 Cabb S + Cabb 8
EcoRI &£043 Cabb S + Cabb S
Haelll 6068 Cabb S + Cabb 8
Haelll 6411 Cabb S + Cabb S
Accl HEZE0 Cabb S + Cabb S
Haelll H&55 W - Cabb &
Mepl 7118 Cabkbh g + Cabb S
HaelIll 7224 Cabb S - W

Clal 7980 Cabb S - I
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and electrophoresed through a 1% agarose gel. The resulting
gels are shown in Figures 4 and 5. The parental DNAs’' wild
type Pctl restriction maps are shown in Figure 4. The FPetl
results were used to determine orientation of the recombinant
DNA in the pBR3I2Z2 vector.

The CaMV DMAs in pDLS19, pUM124, pLW414, and pUM24 and
plLW7s (Figure 4, lanes A, C, and I, and Figwe 5, lanes C and
A, respectively) are inserted in pBR3IZ2 in the same
aorientation as is the CaMV DMNA in pCS8101. The Cabb S parents
(pUM124 and pUMZ4) have only one FPstl site in the viral DMA
{at nt. 338%) (Figure &) and one in the pBRIZ22Z DNA (at nt.
Z609 of the pBRIZ2 map). This results in two fragments of
1955 bp and 10,285 bp for pUM124 or 1955 bp and 10,400 bp for
pUmMz24. If their recombinants were to contain only the one
Cabb 8 site, but be inserted in opposite orientation, the
resulting fragments would be 2506 bp and 8879 bp. The three
recombinants displaying these fragments, (and therefore their
CaMV DMAs are in opposite orientation), are pVR1IZ49 (Figure

4, lane B, and pVR244-A, and pVRZ44-R {(Figuwre 5, lane G and

M respectively). These lanes also reveal that these three

recombinants did not contain any extra Fstl sites from the
other parent involved in the coinoculations: the site at nt
F427 in DLLB19 and the two sites at 5811 (R2T2) and IO
(3427) in pLW4id. {The restriction sites for the CHM4-184

parents are listed first and the approximate equivalent nt.



Figure 4. Agarose gel electrophoresis of PstlI-digested
plasmids (First gel). A) pbLS1?, B) pVR1249,
C) puUMiz24, D) pVRIZ24Z, E) plIC23F, F) pumMz24,
G) pVRZ244-A, H) pVR244-RB, 1) piLW4l4a






Figure 5. Agarose gel electrophoresis of Psti-digested
plasmids (Second gel). A) pLW7&6, B} pVR246,
C) pumMz4






Figure 6. Pstl restriction maps for wild-type parental
CaMV DMAs. Numbers indicate kbp.
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nuéber as if in the other parents is given in parenthesis.)
The 800 to 900 bp deletion in VR1249 produced a fragment of
approtimately 8000 bp instead of the expected 887% bp.

The two plasmids with their recombinant DNAs inserted in
the same orientation as the parents are pVYR1243F (Figure 4,
lane D and pVR2446 (Figure 5, lane B). This is shown by the
presence of the 1935 bp fragment in both lanes. plIC23 (lane
F of Figure 4) most likely contains the Fstl sites found in
Cabb B-JI, i.e., the sites at nts. 3I23F2, F427, and 3S38s&,
‘which produce fragments of 195 Bp and 1934 bp (Figura b)) .
The other fragment of 3870 bp is interrupted by the pACYC177
vector, and cannot be deduced because a restriction map is
unavailable. 'If pYR124F contained the twq sites at 3I232 and
F427, the expected bands would be 4366 bp, 193 bp, and 3870
bp, plus the 1955 bp fragment. Instead, the bands of 10,432
bp and 1933 bp are present, indicating only the site at 538é6
ig present in the wviral DNA.

pLW746 (Figuwre 5, lane A) contains fragments of S026 bp,
123 bp, 4343 bp, and 1955 bp due to the sites at nts. 49632
(538860, 2811 (3F232), 3006 (3426), and the pBRIZ22's site at
THODY (Figwre &). As shown in lane B, VRZ4S also exhibits a
fragment of 1935 bp which indicates a site is present at nt.
S3E86. If pVR2446 were to contain the Fstl site at IZ3T2, which
produces a fragment of 5026 in plW?74, and if pYR244 were to
rat contgin the deletion of 421 bp characteristic of CM4-184

and not contain the plW74 deletion of 433 bp, a 3869 bp



fragment would result. As can be seen in lane B of Figure 5,

pVR2446 contains a fragment that has migrated less distance

" than the S026 bp fragment of plLW76.

Accl. Fragments electrophoresed through either 0.8%4 or
1% agarose-gels after digestion with Accl are shown in
Figuwres 7 and 8. The parental DNAs’' wild-type restriction
map is shown in Figure 9. Accl cleaves at nucleotide
sequences very similar to those recognized by the restriction
enzyme Sall, so Accl not only cleaves at the site of ligation
{(nt. 4836), but also at several other Accl sites throughout
the recombinant plasmids. S8Since cleavage occurs at nt. 4834,
viral DNA fragments appear separate from the vector DMA.

Only one site difference occurs between pUM24 and pLW7é6
{(Figwe 7, lanes J and L, respectively). The Accl site at
nt. 904 is deleted in pLW748, vielding a 3895 bp fragment.
pUM24 has the site at 904, yielding 2838 and 18864 bp frag-
ments. pVRZ244 (lane L) also had the 2838 and 188& bp frag-
ments, indicating it has the Accl site at 04,

Although pUM24 and pLW41l4 share the same Accl sites, the
presence of the 421 bp natwal deletion in plW4ld4d (Figure 8,
lane D) gives a fragment of 2434 bp, instead of the 2858 bp
fragment in pUM24 (Figuwe 8, lane A). This 2858 hp fragment
(Figure 8, lane A) appears as a band of double intensity, as
it co-migrates with a 2768 bp fragment of pEREEE. The 2768

bp fragment appears as a band of single intensity in plWdld,



Figure 7.

Agarose gel electrophoresis of Accl-digested

plasmids (First gel). A) pDLS1Z?, B) pVR1249,
C) pVR124Z, D) pUM124, E) pIC2T F) puUM24, B

pVR244-A, H) pVR 244-RB, I) pLW214, J) puUM24,

k) pVRZ46, L) pLW76






Figuwe 8. Agarose gel electrophoresis of Accl-digested
plasmids (Second gel). A) pUM2Z4, B) pVR244-4,
C) pVR244-RB, D) plLW4l4g






Figwe 2. Accl restiriction maps for wild-type parental
CaM¥V DMNAS. NMNumbers indicate kbp.
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As can be seen from lanes B and C of Figwe 8, both pVRZ44-

and pVRZ44-B (respectively) had a band of double intensity,
indicating the presence of the 2858 bp fragment. Mo 2434
bp fragment is present. Therefore, pVRZ44-A and B do not

contain the 421 bp natwal deletion that is characteristic

79

A

of

CM4-184. This is also true for pVYR2446 (Figure 7, lane E) as

it displayed the doubly—-intense bands indicating the presen
of the 2858 bp fragment, and did not display the 2434 bp
fragment.

As can be seen in Figure 8, lane C, the fragment that
migrated the farthest through the gel migrated slightly
further down the gel than the corresponding bands in the
other lanes. These bands in lanes A, B, and D represent
fragments of 1074 bp, resulting from cleavage at the Accl
sites at nts. 3762 and 4836 which are common to both Cabb S
and CM4-184. Therefore, in pVR244-B, the fragment between
the sites at I782 and 48346 contains a deletion. As there
no vector DMA included in this fragment, and as the vector

fragments have migrated eguivalent distances, the deletion

pVYRZ44-B is only in the viral DMA. This delstion was
calcul ated to be bhetween 80 and 200 bp in length {data not
shown) .

The site at nt. 904 is present in both MYSLEZE and
Cabb 5 but is not present in pUMIZ24 as it is deletsd dus to
the pUMIZ24 mutation (Figwe 9 and Figuwe 7, lanes A& and D,)

pOLEL?'s site at 994 produces a 2650 bp fragment which

ce

is

in

u
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includes the 193 bp deletion in pDLS19 and also produces an
1894 bp fragment. The deleted 204 site in pUMIZ24 causes a
4597 bp fragment to result. A site at 6330 is uniqu? to
pUMLiZ24 and yields fragments of 1492 bp and 712 bp. As can be
seen in lane B, pVR124% also exhibits the 1492 and 712 bp
frragments, indicating it contains the site at nt. 6330. The
site at 204 is not present in pVR1I249 and its absence can
most likely be attributed to the 800 to 900 bp deletion based
upon evidence to be presented. If the site at P04 was
mizsing and no deletion was present, a 4744 bp #ragment would
result. Instead, as shown in Figure 7, lane B, the fragment
migrates approximately the same distance as does the 2893 bp
frragment of pLW76 (lane L).

The site differences between pUMIZ24 and plICZE (Figuwre 7,
lanes D and E, respectively) are &330 in pUMI24 and 204 in
pIC2%E (see also Figure ?). The site at 904 in pIC2R3 vields a
frragment of 1893 bp while the site at 6330 in pUMIZ24 vields
two fragments of 1494 bp and 712 bp. As seen in lane C,
pVR1243 has the 1893 bp fragment, indicating the presence of
the W site at 904. The 712 bp and 1494 bp fragmentse are also
pirresent and therefore the Cabb 5 site at L350 is present in

pYR1249,

Bgll. Figuwres 10 and 11 show the distribution of the

firagments of the Bgl I-digested plasmids through a 0.8%

agarose gel. The parental DMAs’ wild-type restriction maps



Figure 10. Agarose gel electrophoresis of Bgll-digested
plasmids (Second gel). A) puUM24, B) pumMz24,
C) pLW7&






Figure 11. éAgarose gel electrophoresis of Bgll-digested
plasmids (First gel). A) pDL81?, R) pVR1249,
C) pumiz4, D) pVRLIZ243, E) pIC23, F) puMz24,
G) pVR244-a, H) pVRZ44-B, I) plLWZ214






are shown in Figure 12. The site at nt. $235 (6659) in plW76
is the only unigue site between pLW746 and pUM24 (Figuwre 10,
lanes C and A, respectively and Figure 12). The site at 663535
in pLW7&6 gives fragments of 3331 bp and 3928 bp, while its
absence produces a 7430 bp fragments in pUM24. The 3928 bp
frragment is a 4782 bp fragment with the CM4-184 natural
deletion and thé plLW7% mutation. Lane B shows that pVR246
did not have the 7430 bp fragment of Cabb 5, =suggesting the
site at 663535 is present in pVWRZ24646. Indeed, the 32351 bp
#ragment was present, as was a fragment larger than 3928 bp.
This larger fragment is most likely the 4782 bp fragment that
‘would result from the absence of the 421 bp CM4-184 deletion
and the absence of the pLW74% mutation.

The diagnostic fragments between pUM24 and plLWZ214 (Fig-
ure 11, lanes F and I, respectively) are essentially the same
as they were for pUM24 and pLW76 above, with the exception of
PLWZ1I4 having a 4735469 bp fragmént instead of pLW76's 3928 bp
fragment. Both pVYR244-A4 and pVRZ44-B {(lanes G and H, respec-
tively) had the 4790 bp firragment that is characteristic of
the CM4-184 site at 6633. Due to these two plasmides’ op—
posite orientation in the vector DMA, the other fragment
was above, but is 20935 bp.

While Cabb 8 (pUM24) and NYS133 have a single RBgll site

in the viral DMA at nt. 3414, pDLEL? does not as this site is



Figure 12. Bgll restriction maps for wild-type parental
DMAs. Numbers indicate kbp.
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deleted due to the DLS1? mutation. Therefore, no Bgll sites
are in DLS19? and a fragment of 9644 bp results (Figure 11,
lane A). pUM124°'s site at 3414 vields fragments of 14699 bp
and 7335 bp. If pVR1249 were to have the site at 3414, the
resulting fragments would be 2954 bp and 6878.bp due to
pVYR1249 = opposite orientation. While the 2934 bp fragment
is present., the other fragment is actually less than 4878 bp
due to pVRIZ49's deletion of approximately 800 to 200 bp.
pUMIZ24 and pIC23 (Figure 11, lanes C and E, respec-
tively) both have only one Bgll site, at nt. 3407. W actu-—
ally has another, at 6656, but this site is deleted in IC23's
mutation. Therefore, pVR124ZF should only have one site at
2407, and should therefore have fragments of 1699 bp and 7482

bp. These fragments can be seen in Figwe 11, lane D.

Clal. The agarose gel with the Clal-digested fragments
electrophoresed through it is shown in Figuwre 13. The
restriction maps for the wild-type patrental DMAs are shown in
Figure 14. The diagnostic sites between CHM4~-184 and Cabb &
include the site at nt. 2260 (2680) in pLl7é6 and the sites at
nts. 820, 178%F, and 2883 in pUM24. The CM4-184 site at 820
(Figuwre 14) is deleted due to the pLW76 mutation, so the site
at nt. 2680 yvields fragmentes of 1871 bp and 1278 bp {(Figure
1Z2, lane k), whereas the presence of the site at nt. 8290 in
CM4-184 vields two fragments of 864 bp and 1440 bp (Figuwre

14). pUM24's site at 820 and the site at 7980 (common to



Figure 13. Agarose gel electrophoresis of Clal-digested
plasmids. A) pDLS19, B pVR1Z249, C) pUM1Z4,
D) pVR124Z3, E)Y pIC23, F) “pLKl4lar, G)
pVR244~-A, H) pVRZ44-F, 1) pUMZ4, J) pVRZ44
) pLW76






Figure 14. Clal restriction maps for wild-type parental
CaM¥ DMNAs. Numbers indicate kbp.
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both parents vields a fragment of 3739 bp while the site at
820 and another Cabb S—unique site at 1783 yields a fragment
of 963F bp (Figure 173, iane I). Cleavage at nt. 2835 does not
occuwr, as this is a DNA-adenine-methylating (dam) =site
{Marinus and Morris, 1973); instead of the expected fragments
of 1072 bp and 1105 bp, & 2177 bp fragment results. The site
at nt. 1783 also aids in producing the 2177 bp fragment.
pVYR246 had the CM4-184 =ite at nt. 2680 since the 1276 bp
fragment was present (shown in lane J). The 963 bp fragment
was also present, indicating the Cabb 5 sites at BEQ and 1783
were present, while the 864 bp fragment indicates the 820
site was present.

While pLW414 was originally supposed to be the DMA in
lane F, examination of this lane suggests that its plasmid is
gimilar to, if not actually, pUM24. Therefore, to interpret the
restriction pattern for pVR244-A and pVR244-RB, plLW7&°'s frag-
ments (lane F) were used. pLW74 is expected to diffe} firom
pl.idld only in the absence of the 1871 bp fragment frrom pl-W74
since the site at 820 is present in plLWd4id., pVYR244-46 (lane
G) had the 2177 bp fragment of pUME4, indicating the CM4-184
site at 2680 is not present, as corrcboroated by the absence
of the 127&% bp fragment. The 1274 bp fragment did show for
pVYR244-B (lane H) indicating Ehe site at 2680 was present in
pWR244-B., The 263 bp fragment in both pVYR244-8 and -R
indicates both contain the site at 1783. The site at nt.

178% could only have come from Cabb S5, as this site is not
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present in CM4-184 due to the 421 bp deletion that is
characteristic of CM4-184.

In pVRZ244-A and —-E, the viral DNA site at 3960 and the
pERI22 site at 23T give a fragment of 1504 bp, which is pre-
sent in both pVRZ244-A and -H. But as can be seen in lane H,
the 15304 bp fragment is actually smaller for pVR244-B than
the same fragment is for pVRZ244-A (lane G). The shorter
fragment is.the result of the 80 to 200 bp deletion in
pVR244-RH.

Dﬁe site between NY813F and Cabb S8 can be used
diagnostically: the site at nt. 2636 in NY8133, which vields
a 12746 bp fragment (which is 1981 bp in pDLS19) and an 898 bp
fragment (Figure 13, lane A and Figure 14). Neither of these
fragments appear for pVR1249 (Figuwre 13, lane B), therefore
the NYB815Z site at 2636 is not present in VR1I249. Although
an approximately 963 bp fragment occurs in pVRIZ249, it is
unlikely that it has resulted from cleavage at the site at
nt. 820, as this site has most likely been deleted in pVYR1249
and since no fragment of 864 bp or 817 bp (depending on
parental souwrce) appears. The 6877 bp fragment of pVR1249
(lane H) appears to be the equivalent size as the &877 bp
fragments of pVRZ44-A and -B (lanes G and H, respectively);
i.e., pVR1249's &877 bp fragment does not appear to contain
the 800-900 bp deletion. Therefore, the site at 7980 is most
likely present and tﬁa site at 820 deleted.

The only diagnostic site between pUMlZ24 and pICAE is the

inaccessibility of 7280 in W due to dam methylation {(Figure



14). The dam site vields a 4636 bp fragment (which is 4546
in pIC23) between the sites at 3960 and 820 (Figure 1%, lane
E). The fragment resulting from cleavage at the site=s 2t tzu
and 178%7 cannot be resolved in plIC2F, as the fragment is
interrupted by the pACYC177 vector. This fragment would be
?6% bp in Cabb S, but is 817 bp in pUMiZ4. Since VR1Z243 is
inserted into the pBR32Z vector, it would have either
fragments of 3771 bp and 864 bp if the Cabb § site at 7980
were present, or it would have a fragment of 45834 bp if the
site at 7980 were absent. A= shown in lane D, pVR12473 has
neither the 3771 bp fragment nor the 844 bp fragment.
Instead, pVR1243F has a band of double intensity at 4600, due
to one fragment of 44610 from pBR3IZ2Z, and one fragment of 454636

bp. .

EcoRl. The EcoRI-digested plasmide were electrophoresed
through a 14 agarose gel, shown in Figuwe 15. The EcoRI
restriction maps for the parental wild type DMAs are shown in
Figure 1l&. While all the sites present in plLW76 (lane k) are
also present in pUM24 {(lane 1), UMZ24 contains two extra sites
that are not found in LW76. The two extra sites are at 3928
{which creates fragments of 4618 bp and 1415 bp) and at 6045
{which creates fragments of 396 bp and 62 bpl. The absence
of these two sites in pLW76 produce fragments of &Dé? bp and
459 bp. pVYR244 {(lane J) shares these same two fragments, .
indicating it lacks the Cabb § sites at 3928 and &04%5,

pYR24S65 aleo does not exhibit the 1132 bp fragment that pLW7s&



Figure 13.

Agarose gel electrophoresis of EcoRI-
digested plasmids. A) pDLS519, B) pVR124%9,
C) pUMi1Z4, D) pVRIZ243, E) plIC23, F)
"plLiWgl4", G pVYRZ244-4, H) pVRZ44-EB, I)
pUM24, J) pVRZ46, k) pLW7é






Figuwre 14. EcoRI restriction maps for wild-type parental
CaMV DNA=. Numbers indicate kbp.
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does, as this fragment containé the 421 bp deletion of CM4-
184 and the 433 bp deletion of plLW76. Instead, pVYRZ246 has
the 2009 bp fragment like pUM24, indicating the deletions in
pLW7& are not present in VRZ46.

As above, pLW414 appears to instead be pUM24. There-—
fore, pLW74 will again be used to resoclve the restriction
pattern for pVR244-A and pVRZ44-B. The only expected
difference between plW7868’'s fragments and pLW4ld4's was that
the 1152 bp fragment of pLW74% should instead be 1385 bp in
pLW41l4. Both pVRZ44-A and pVRZ244-R had the similar EcoRI
restrriction patterns {lanes G and H, respectively). The 459
bp fragment was present in both recombinants, indicating the
Cabb 8§ site at 40435 is not present. With these plasmids’
opposite orientation, a fragment of 3112 bp would result if
no site at 3928 was present. This fragment was not found in
either pVR244-A or -B. Instead, fragments of 1561 bp and
1451 bp are seen, indicating both sites contain the Cabb 8
site at 3P28. As the parent used in the inoculation was
pLW214 and not plW4ld, the pattern for pLWZ2ld4 would show two
fragments of 877 bp and 708 bp instead of the 1583 bp
fragment of plLWdid. The two fragments result from the
insertion of an extra EcoRl site at nt. 12853. Meither
pVRZ44-A or ~R exhibit these Fraéments, indicating they do
not contain the pllW2ld4 mutation.

Thres sites are distinct betweeﬁ pDll51? and pUMLES

Figure 135, lanes A and O, respectively)., While the sites
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found in pDLS1? are common to pUMlZ24, pUMI24 has three extra
EcoRI sites at 408, 3928, and 6045, These sites vyield
fragments of 2325 bp and 1842 bp, 1451 bp and 44618 bp, and
I96 and 62 bp, respectivelvy. In pDLB19, the absence of a
site at 408 yields a 4340 bp fragment, the absence of a site
at I928 vields a 5873 bp fragment, and the missing site at
6045 results in a 459 bp fragment. pVR1IZ249 (lane B) exhibits
the 394 bp fragment, indicating a site occcurs at nt. &045.
The 15361 and 1451 bp fragments, as found in pYR244-A and -B,
indicate the presence of the Cabb 5 site at 3928 and are also
indicative of pVR124%9°'s opposite orientation. Nhiie the
site at 408 is not defected in pVR1249, the resulting
fragment is not 4402 bp as would be expected, but due to
VR1Z24%9's deletion, is approximately 3500 to 3600 bp.

pIC2= (Figure 18, lane E) does not share the Cabb S
sites at 3928 or 6043, vet it does have the site at 408.
pVYR1243 (lane D) displayed the 1451 and 4418 bp fragments
like pUMLZ4 (lane C), indicating the Cabb 8§ site at 928 is
present. Likewise, the 295 bp fragment is present in

pVYR1243, indicating the site at 46043 is present in pVRIZ43.

HindIIl. The Hindlll-digested plasmids were electro-

phoresed through a 1Y% agarose gel as shown in Figure 17. The

HindIIl restriction maps of the parental wild-type DMAs are



Figure 17.

Agarase gel electrophoresis of HindIII-
digested plasmids. @A) pDLS19, E) pDLS19,

C) pVR1249, D) pumMiz4, E) pVRLIZ24Z, F) plIC23E,
G) "plLWaigr, H) pVR244-A, 1) pVRZ44-R, I
pUM24, k) pVR244&, L) plW7é
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shown in Figure 18.

Two site differences exist between pLW76 and pUM24. In
pLW74 (Figure 17, lane L), a HindIII site at I3I52 (3773
gives rise to two fragments of 327 bp and 5460. The site at
3772 is not present in pUM24 (lane J) and a 1087 bp fragment
is the result. Shown in lane K are bands of double intensity
at 527 and 560, indicating the CM4-184 site at I772 is
present in pVR2446. A Cabb S site at nt. 1513, producing a
475 bp fragment and a 3687 bp fragment (346835 bp in pUM24)
{(Figuwre 18), is not present in the CM4-184 plasmids, as this
site was deleted in the CM4-184 natural deletion. Instead,
in the CM4-184 plasmids, the two =sites at nts. 1528 (1948)
and 3427 (5847), which are common to both CM4-184 and Cabb §,
produce a fragment of 2710 bp (3277 bp in pLl78) (Figure 14).
ane K of Figure 17 shows that pVRZ24é6 had the 4386 bp fragment
and é fragment of 3.6 kbp, indicating pVR246 had the HindIII
site at nt. 1513,

pliWdld (Figuwre 17, lane GB) again appears to be pUM24
instead. The HindIII banding patterns for plLlWdld and plLW7é
are essentially the same except for minor differences due to
the mutations which are contained within non-diagnostic frag-
ments. Therefore, plW74 (lane L) camn be used to analvze the
gel patterns for pVR244-8 and pVR244-B. The 43& bp fragment
and the 24887 bp fragment were present in both pYRE44-4 and

pYR244-8, indicating the Cabb § site at 1513 is present.



‘Figure 18. HindlIIl restriction mape for wild-type parental
CaMV DNAs. NMumbers indicate kbp. ’
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The 3772 site is present in pDLS1? (Figuwre 17, lanes A
and B) and, while the corresponding 5464 bp fragment occurs,
the DL519 mutation deleted the site at 3249. The resulting
fragment is 1410 bp in length due to cleavage at nt. 2168, a
site that is found in both Cabb 8 and NY813Z. The Cabb S
site at 3249 is present in pUM24 and yields fragments of 1082
bp and 1087 bp, which appeared as a band of double intensity
in lane D. This band also appears in pYR124%9 (lane (),
indicating the plasmid contains the Cabb B'Site at nt. 3249,
Since the 5464 bp fragment is absent in pVRIZ249, the NYBLISE
site at 3772 is not present. Also shown in lane C of Figure
17 is a fragment that migrated further than the 36790 bp
fragments that are common in the other recombinants. This
fragment in pYR1249 contains the 800 to 900 bp deletion.

The only site difference between pIC2I and pUM124 (Fig-
we 17, lanes F and D, respectively) is the presence of the
Z772 site in pIC23E, as shown by the characteristic double
bands at 527 and 3464. pUM1Z4 does not have the HindIIl site
at nt. 3772 and the resulting fragment is 1087 bp, which is
shown as & douwbly—intense band in lane D. pYR1Z243 (lane E)
does not exhibit the doubly-intense band at 0.53 and 0.56
kEbp, but instead exhibits the doubly—-intense band at

approsimately 1.1 kbp.

Alul. The Alul-—digested plasmids were electrophoresed

through both a 1% agarose gel to resolve the larger fragments



108

and through a &% acrylamide gel to resolve the smaller frag-

mente. These gels are shown in Figures 19 and 20. The Alul

restriction maps for the parental wild-type DMNAs are shown in
Figuwre 21.

Between plLW76 and pUMZ4, the only diagnostic fragments
that were discerned on the gels are the 493 and S09 bp
fragments that migrated as a triply—intense band in pLW76
{lane K in both Figures 192 and 20). The two firagments
indicate a CM4-184 site at nt. 197. In pUM24, the absence of
the site at 197 creates a fragment of 1002 bp. pWVRZ24% {(lane
J of both Figures 19 and 20) only had a single-intensity band
at 500, due to the S21 bp fragment in the vector DNA. The
presence of a 1002 bp fragment in lanes J, G, and H,
indicates the CHM4-184 Alul site at nt. 197 is absent in
pVYR244, pVYR244-A, and in pVR244-B, respectively.

Due to their opposite orientatipn, pVR244-4 and -B would
either have a 691 bp fragment if the Cabb S site at 47486 were
present, or would have a 907 bp fragment if it were absent.
Both pLW4ld and pUM24 (Figure 19, lane F and I, respectively)
display double-intensity bands at 200 {(actual lengths are 903
bp and 210 bp). Both of thesé firagments are due to viral and
vector sites that are common to both parents. Using these as
a guide for relative intensities, it can be seen that pVRZI44-
A and -B {Figure J, lanes G and H, reﬁpéctively) only exhibit
the single-intensgity bands caused by the vector fragment of

P10 bp, and therefore do not have the 907 bp fragment that



Figure 19. Agarose gel electrophoresis of Alul-digested
plasmids. A) pbLS1?, B) pVR124%, C) puUMiz4,
D) pVR124%, E) pIC2F, F) pLW4id, G)
pVR244-4, H) pVRZ244-R, I) pUM24, J) pVR244,
Ey pLW76






Figure 20.

Acrvlamide gel electrophoresics of Alul-
digested plasmids. A) pDLSL?, &) pVR1Z24%9,
C) pUMIZ24, D) pVRIZ24Z, E) plIC2E, F)
"plLiWdid", G) pVR244-A, H) pVRI44-R, 1)
pUM24, J) pVR24&6, k) pLW7é6






Figure 21. Alul restriction maps for wild-type parental
CaMV DMAs. Numbers indicate kbp.
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would indicate the absence of a Cabb S site at 47464. The 703
bp fragment found in their parents is not exupected in pVRZ244-
A and -RB due to their opposite orientation.

As the Alul restriction pattern for pDLS19 and pIC23 is
unknown, there must be distinct differences in parental band-
ing patterns before any information can be learned about the
recombinants’ fragments and sites. For Alul, these differen-
ces are not apparent, and therefore no information was

learned about pVR124%9 ar pWR1243Z.

Haelll. The Haelll-digested plasmids were electro-
phoresed throﬁgh both 2% agarose and &% acrylamide gels,
shown in Figures éE and 23, respectiveiy. The Haelll
restriction maps of the parental wild-type DNAs are shown in
Figure 24.

Several diagnostic Haelll fragments occur between Cabb
8- and CM4-184—-derived plasmids. A site present in CHM4-184
and absent in Cabb 8 is the site at 4331 (4732) (Figure 24),
which vields 2 fragments of 1297 bp and 239 bp. The 285% bp
fragment includes some vector DMNA. In Cabb 8, only one frag-
ment of 1534 is found, as seen in pUM2E4, lane I of Figure 22.
pVWR246 (Figwe 22, lane J), also displaved. the 15354 bp frag—
ment, indicating the CM4-184 Haelll site at nt. 4732 is not
present in pVR246. With their opposite orientation, pVRZ44-4

and pVR244-B (Figwe 22, lanes G and H, respectively) would



Figure 22. Agarose gel electrophoresis of Haelll-digested
' plasmids. A) pDLB1?, B) pVR1249, C) pUM1Z24,
D) pVRIZ473, E) pIC23, F) pLW4ls, G)
pVR244-a, H) pVR244-R, I) pUMZ4, J) pVR246,
ED) pLW74&






Figure

T

o tenet 4

Acrylamide gel electrophoresis of HaellIlI-
digested plasmids. @A) pDLS19, B) pVR1249,
C) puUmMiz4, D) pVR1243, E) pICRE, F)
"plLWdigr, G pVR244-a4, HY pVRZ244-R, 1)
pUM24, J) pVRZ244, E) pLW7s






Figure 24. Haelll restriction maps for wild-type parental
CaMy DMAs. Numbers indicate kbp.
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have a 140 bp ffagment if the CM4-184 site at 47352 weré
present, or they would have a 1430 bp fragment if thies site
were missing. As shown in lane 6 of Figure 22, pVYR244-A has
the 1430 bp fragment and therefore did not have the CM4-184
site at 4732. pVRZ44-B (lane H) contained a fragment that
had migrated slightly further down the gel than the 1430 bp
fragment of pVR244-A. pVR244-B’'s fragment is most likely the
fragment corresponding to the 1430 bp fragment of pVRZ244-A,
vet is less that 1430 bp due to the presence of the 80 to 200
bp deletion in pVR244-B. The 1297 bp fragment is not present
in either pVYR244-A or ~-R, also indicating the site at nt.
4752 is absent.

CM4-184 plasmids have fragments of 11467 bp and 448 bp
due to a site at nt. 5320 (2943%). This 11463 bp fragment can
be seen in pLW76 (lane K of Figure 22). The 468 bp fragment
appeared as a doubly-intense band, having migrated with a 438
bp fragment of pBR3I22Z DNA (Lane kK of Figwre 23). Cabb 8 does
not have the site at 3943, but does have a site at nt. &0&8
that is not present in CM4~184 (see Figwe 24). The site at
nt. 6068 vields fragments of 1287 bp and 343 bp (375 bp in
pUM24) (Lane I of Figuwres 22 and 23, respectively). pVR24é
(Figure 22, lane J) has neither the 11483 bp fragment like
plLW74 nor the 1287 bp fragment like pUMZ4. Instead, pVR24646
had a band at 1.6 kbp. A 1830 bp fragment would result if
the recombinant were missing both sites 3943 and &068 and i+
cleavage occurred at the site at nt. 411, which is common to

both parents. Due to their opposite orientations, pVRE244-4



and -B would have an 863 bp fragment and a 448 bp fragment if
the CM4-184 =site at nt. 5943 were present, or they would have
a 1411 bﬁ fragment and 343 bp fragment if the Cabb 8§ site at
6068 were present. In neither pVRZ44-4 or pVR244-RB is the
Cabb S fragment of F43F bp present (Figure 23, lanes G and H,
respectively), indicating the Cabb S site at 6068 is absent.
If the 343% bp fragment is absent, then the 1411 bp fragment
should also be absent. Indeed, the bands at 1.4 kbp are only
of single intensity, due to the 1430 bp fragment described
abhove. The fragments resulting from cleavage at the CM4-184
site at 5943, 8463 bp and 448 bp, cannot be differentiated
between the 835 bp fragment (described below) and the 458 bp
fragment of vectaor DMA.

A Cabb 8 site at nt. 7224 yields two fragments of F18 bp
and 329 bp, while the absence of this site in CM4~-184 pro-
duces an 835 bp fragment. All three recombinants, pVR244-4,
pVR244~-R, and pVR244 {lanes G, H, and J,respectively.,of both
Figuwres 22 and 23), did not have the 318 bp fragment and did
display the 835 bp fraagment, indicating a Cabb S site at nt.
7224 is absent.

While both Cabb § and CHM4-184 have Haelll sites at nts.
1170 and 2071, the resulting fragments are distict due to the
421 bp deletion characteristic of CM4-184. In Cabb 8, the
fragment is 921 bp while it is 300 bp in CM4-184 (Figure 24).

.

However, pLW7é6's extra deletion of 433 bp has deleted the

o

gite at nt. 1170 so cleavage must occwr at nt. 74856 (7871,

a site common to both parents. Cleavage at 7871 produces a



10445 bp fragment in pLW76 (Figure 22, lane k). In recom-—
binants pVR244-4, -B, and pVR24é46, the 921 bp fragment was
present, indicating all three recombinants had the Cabb §
site at nt. 1170.

Lane A of both Figures 22 and 23 reveal that the Haelll
digest of pDLS19 was contaminated with nucleases, and
produced a smear. Since the sequence f(and therefore restric—
tion pattern) of NMYB15Z is not completely known, and since
the smeared pattern yields no bands distinct from pUM124
{lane C of Figures 22 and 23), no information could be
learned about the Haelll pattern of pVR1IZ4%9 (lane B of Fig-
wes 22 and 23).

In W DMA, sites at nte. 3939 énd 6407, 6407 and &463,
6467 and &&653, and 6653 and 4902 produce fragments of 448 bp,
56 bp. 190 bp and 249 bp, respectively (see Figure 24). The
pIC23 mutation has deleted the sites at nts. &407, 64483, and
6655, producing instead, a fragment of 613 bp (Figure 22,
lape E). The W site at nt. 3939 is not present in Cabb 8,
and the site at nt. 69202 is common to both parents. Cabb 8
contains one site {(at nt. &068) which is not present in W
DMA. If the Cabb 8 =zite at 4048 were present in pVR1Z243, two
fragments of 1284 bp and 343 bp would result. If the W site
at 9939 were present in pVRIZ4Z, a fragment of 1157 bp would
e present. pVR1IZ247% displayed the 1284 bp and 343 bp
fragments (lane D of Figwres 22 and 23, respectively),
indicating the recombinant had the Cabb § site at nts. &068

and &411 and did not have the W site at nt. 5939,



pYR1243 did not contain the pUM1Z4 deletion, as this
mutation creates an 1174 bp fragment in pUMiZ24. Instead, a
Z2F bp fragment (withgout the deletion) which is character-
istic of pIC23, was displayed by pVRIZ4Z (Figure 22, lane D).
A W site at nt. 4732 gives 2 fragments of 1222 bp and 1188 bp
that appeared as a doubly-intense band in lane E of Figure

22. The site at 4732 is not present in pUM1Z24, resulting in

i

1554 bp fragment. Thie fragment contains some vector
aequenceé. The 1554 bp fragment was displaved by pVR1243%,
indicating the recombinant does not contain the W =site at nt.

4752,

Hinfl. The Hin+I—digested.plasmid5 are shown
electrophoresed through a &% acr?lamide gel in Figure 25.
The Hinfl restriction maps for the wild-tvype parental Dhas
are shown in Figure 26.

pUMZE4 contains Hinfl sites at nts. 830, 1218, 1571, and
1781 that produce fragments of 233 bp, 383 bp, 353 bp, 210
bp, and 4246 bp (see Cabb 8 map in Figure 26). All of these
sites are not present in CM4-184 plasmids, and the result is
a fragment of 1189 bp (Figwe 26). The 43% bp deletion in
plW7é& further reduces this fragment to 756 bp (lane K of Fig-
wee 25). As can be seen in lane J of Figuwe 25, pVRZ4é
displaved the 426 bp, 353 bp, and the 388 bp fragments, indi-~-
cating pVRE44 contains the Cabb 8 sites at nts. 820, 1218,
}?71, and 1781. pVREZ44-A and pVRIZ44-B {lanes & and H,

oy

respectively, of Figuwe 23) also displaved the same diagnos-—



Figure 25.

Acrylamide gel electrophoresis of HinfI-
digested plasmids. A) pDLS1?, B) pVR1249,
C) puUMizZ4, D) pVR1Z243=, E) plIC23, F)
"pLiW414", G) pVRIZ44-4, H) pVRZ44-g, D)
pUM24, J) pVRZ4s, k) pLW7é






Figure 26. Hinfl restriction maps for wild-type parental
CaM¥y DMAs. Numbers indicate kbp.
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tic fragments as did pVYR244, and therefore also had the Cabb
S Hinfl sites at nts. 830, 1218, 1571, and 1781.

The presence of a site at nt. 3211 (3&635) in CM4-184
produces an 1117 bp fragment {(Figure 2é and lane kK of Figure
25) while the absence of the site at 2635 produces an 1135
'bp fragment in Cabb 8 and pUM24 (Figure 26 and lane I of Fig—
uwre 25, respectively). The 1117 bp fragment was also
displayed by pVR2446 (lane J), while pVRZ244-4 and -B (lanes G
and H, respectively) had fragments that migrate with the
Cabb 8 fragment of 1138. Therefore, pVR244 had the CM4-184
site at nt. 3635 while pVR244-A and pVR244~-R did not.

Another site present in CM4-184 that is not present in
Cabb 8 is the site at nt. 3709 (4133). This site produces a
S30 bp fragment in CM4-184 and its absence produces a 5533 bp
fragment in Cabb § (Figwe 25, lanes K and I, respectively,
and Figure 26). The CM4-184 fragment of 530 bp appeared as a
band of double intensity in pLW7& (lane E) and also in lane J
(pVRZ446) . Therefore, pVRZ46 had the CM4-184 site at nt.
4135, pWVR244-A displayed the Cabb 8 fragment of 35353 bp,
indicating the CM4-184 site at 4137 was not present in
pVRZI44-A., Common to both parents is a site at nt. 41140,
which vields a 292 bp fragment. As can be seen in lane H of
Figuwre 285, pVR244-B lacked the 392 bp $ragment,,indicating
that the site at 4110 was missing. This site is most likely
deleted due to the 80 to 200 bp deletion in pVR244-B. If the

........

site at nt. 4110 were indeed missing, the 353 or 530 bp frag-
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ment should also be absent. While there appeared to be a
fragment migrating with the 353 bp fragments, there is
further evidence to support the conclusion the site at 4110
is deleted in pVRZ44-R. If this site were to be deleted, the
392 bp fragment and either the 353 bp or 330 bp fragment
would be combined as one fragment, and the result would be a
frragment of approximately 920 bp. Indeed, a fragment of
appiroximately 900 bp was displayed by pVR244-B in lane H of
Figure 23.

A Hinfl site present in CM4-184 but not in Cabb 8 is at
nt. 4497 (4921). In plLW746, the resulting fragment is 100 bp
which could not be discerned. However, due to their oppo-
site aorientations, the presence or absence of the site at
4921 in pVR244-4 and -B could be deduced. If the site were
absent in the recombinants, a 441 bp fragment would result.
fs shown in lanes G and H of Figuwe 25, both pYRZ44-A and -RB
displaved a 441 bp fragment, indicating they did not contain
the CM4-184 site at nt. 4921.

Since the sequence of pbDLS1? is unknown, only obvious
fragment differences from the gel could be used in diagno-
ging the restriction pattern for pVRLIZ249. As can be seen in
lane & of Figuwre 23, pDLS1? lacks the S61 bp fragment that
was present in both pUMIE4 (lane C) and pVRIZ49 (lane B,
indicating a Hinfl site was present at nt. 7794, which was
apparently not present in pblLBL?. I¥ the site were missing
im pDlLE19, a 998 bp fragment would result due to cleavage at

.......

the sites at nts. 7133 and 15, Lane & did display a fragment
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of approximately 900 bp, in support of the above conclusion.
Cabb S DNA containse a Hinfl site at nt. 1218 that does
not Dccuk in W DNA (Figure 26). This site in Cabb § vyields
two fragments of 352 bp and 388 bp (241 bp in pUMiZ4), while
its absence in W produces a 742 bp fragment. Lanes D of
Figure 25 displayed the 742 bp firagment, indicating pVR1243

did not have the Cabb 8 site at nt. 1218.

Mepl. The Mspl-digested plasmids were electrophoresed
through 2% agarocse and 6% acrylamide gels (Figures 27, 28,
and 29). The Mspl restriction maps for the wild-type DhAs
are shown in Figure 3I0.

A Cabb 8 site at nt. 7118 ie not present in CM4-184
plasmids {(Figure 30). Two f?agments of 846 bp and 1030 bp
result firom the site in Cabb S plasmide (814 bp in pUM24,
lane A of Figure 27 or lane F of Figure 28). The absence of
the site at 7118 in CM4-184 plus a CM4-184~-unigque site at
H835 (6307) vields a 14648 bp fragment and a 236 bp fragment
in CM4-184 plasmidse (plW76) {(lane C of Figure 27 and lane K
of Figure 29, respectively). All three recombinants, pVRZI4s,
pYR244-4, and pYRZ44-B, displaved the 1548 bp fragment

.

{(Figure 27, lane B, and Figure 28, lanes G and H, and the
2386 bp fragments (Figuwe 29, lanes G, H, and J), indicating
they did not have the Cabb 85 site at nt. 7118 and they did

Mave the CM4-184 site at &309.

L]
A site present in CH4-184 and absent {from Cabb 5 is at



~

Figure 27. Agarose gel electrophoresis of Mgpl-digested
plasmids {(Second gel). &) pUM24 RB) pVRZIZ44,
C) pLW76






Figure 28. Agarose gel electrophoresis of Mspl-digested
plasmids (First gel). A) pDLS1?, B) pVR1Z24%9,
C) pUMi24, D) pVRIZ24Z, E) pIC23, F) puUMz24, G)
pVYR244-A, H) pVYRZ44-R






Figuwre 29. Acrylamide gel electrophoresis of Mspl-
digested plasmids. A) pDLS1?, B) pVR1249,
C) pUMLI24, D) pVRIZ24Z, E) pIC2E, F) plLW4i4,
G) pVR244-A, H) pVRZ2Z44-B, I) pUM24, J)
pVRZ46, K pLW7&






Figure 3I0. Mspl restriction maps for wild-type parental
CaMV DNAs. Numbers indicate kbp.
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nt. 1812 (2238) (Figure Z0). This site produces fragments
of F47 bp and 1688 bp (1253 bp in pLW748) (Figure 29, lane ¥k
and Figure 27, lane C, respectively). The absence of the
site at 2236 in Cabb 5 producees a fragment of 2455 bp (pUMZ24,
lane C of Figure 27 or lane F of Figuré 28Y. As can be seen
in lane G of Figure 28, pVRZ44-A displayed the 2455 bp
fragment, indicating it did not contain the CM4-184 site at
nt. 223746. Further confirming this conclusion was the absence
of the 343 bp fragment in pYRZI44-A (lane G of Figure 27). As
can be seen in lanes H and J and Figuwre 29, pVR244-BH and
pVR244, respectively, did display the 343 bp fragment,
indicating they had the CM4-184 site at nt. 2236. However,
the expected 1488 bp or 1255 bp fragment was not displavyed by
pVYR244~-B or by pVR244 (Figure 28, lane H and Figuwe 27, lane
B, respec—tively). But, if the site at 223& were present,
and i+ the recombinants did not contain the 421 bp deletien
that is characteristic of CM4~184, a 2109 bp fragment would
result.  As can be seen in lane H of Figuwre 28 and in lane B
of Figure 27, pVYR244-B and pVRZ44 (respectively) did displa?
pands at 2.1 kbp.

Another site present in CHM4-184 plasmides but absent in
Cabb & plasmids is the Mspl site at nt. 27I86 (ﬁEéD) (Figuwre
E0) . In pli76, this site at 33580 produces two fragments of
528 and 3533 bp {doublvy-intense band in lane K of Figure Z%9).
The absence of the site at 3360 in pUMEd vields a fragment of

1081 bp (lane A of Figure 271. pVWR2456 displavyed the doubly-



intense band characteristic of the two bands of 328 bp and
S53 bp (lane J of Figuwre 29) and did not diéplay the 1081 bp
frragment (lane B of Figuwre 27). Therefore, pVYR246 had the
CM4-184 site at 3F60. PBoth pVR244-A and -B displayed the
1081 bp fragment {(lanes G and H of Figure 28, respectively),
indicating they both did not have the CM4-184 =ite at nt.
FE60.

Two sites present in CM4-184 but not in Cabb 8 are at
nts. F725 (4149) and 42346 (4660). Three characteristic frag-—
ments result in CM4-184 plasmids: 236 bp, 311 bp, and 218 bp.
({The 218 bp fragment contains some vector DMA). The absence
of the two sites in Cabb 8 vields one fragment of 963 bp. I
pVYR244-A4 and -B were not to have the two CM4-184 sites at
nte. 4149 and 4660, a 1040 bp fragment would result due to
their opposite orientation. This 1040 bp fragment can be
seen in lanes 6 and H of Figure 29. Al=so, the 311 bp frag-—
ment was not present in those lanes. While the 511 bp frag-
ment was not present in pVRZ44 (lane J of Figuwe 29), the 236
bp fragment was. If the site at 4147 were to be present in
pVYR246, but the site at 4460 were to be absent, two fragments
of 234 bp and 729 bp would result. As stated above, the 234
bp fragment was present, and it can be seen in lane J of Fig-—
wire 29 that a fragment of 729 bp was present.

Since the sequence of phlS8lY is unknown, only ocbvious
fragment differences from the gels could be used in diagno-
sing the restriction pattern for pVRIZ49. As caﬁ.be sean in

lane A of Figures 28 and 29, pDlLS1lY displayed a 1&48 bp frag-
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ment and a 236 bp fragment, indicating NYB133 had Mspl sites
at nts. 6309 and 6273. As described above, Cabb 5 plasmids
lack these sites and have a unigue site at nt. 7118 which
vields fragments of 1030 bp and 846 bp. The 846 bp fragment
and the 1030 bp fragment were both present in pVR124%9 (Fig-
we 28, lane B), indicating the Cabb 8 site at nt. 7118 was
present and also indicating the MY8133 site at nt. 4309 was
not present in pVRIZ49. A fragmeﬁt of 2455 bp is found in
both parents due to the common ;ites at nts. 124 and 2579.
This fragment was not seen for pVRIZ49 (lane R of Figure 28),
instead, a fragment of approximately 1.6 kbp was observed.
This fragment was most likely the fragment common to both
parents but contained the 800 to 200 bp deletion that is
present in pYR1249.

The only other site differences between NYS133Z and Cabb
8 that could be resolved from the gels is the presence of two
sites at nts. 4149 and 4640 in pDLS1® that are not present in
pUM1ZE4 (see Figure 3I0D). These two sites produce three diag-
nostic fragments of 236 bp, 311 bp, and 218 bp in pDLSLY,
whereas a single fragment of 9263 bp results in pUM1IZ24. Due
to its opposite orientation, pVRL1IZ249 would have a fragment of
1040 bp if it did not have the two NYB8LE3ZE sites at nts. 4149
and 4460, Lane B of Figuwe 28 did display such a fragment,
indicating pVWR1IZ4% did not have the MY81SZ sites at nts. 4149
and 4&660.

A Mepl site present in W DNA but not i Cabb 8 is the

site at nt. 2235 (see Figuwe 0. This site produces a
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fragment of 349 bp in plIC2F and another fraament of unknown
size due to the preseq;e of pACYCL77 (vector) DMA. Lane D of
Figure 29 did not display the 340 bp fragment, indicating
that pVR1247 did not have the W site at nt. 2235,

A site at nt. 3386 is present in W and absent in Cabb S.
Thie site vields two fragments of 328 and 353% bp in pIC23
{lane E of Figure 29) while only one fragment of 1081 bp is
present in pUMI24 (lane C of Figure 28). pVR1243 (Lane D of
Figure 28) displayed the 1081 bp fragment while lane D of
Figure 29 did not display the triply—intensze band that would
have indicated the presence of the 328 bp and 3533 bp frag-
ment. Instead, only the single-intesity band was present,
which results from a vector fragment of 527 bp. Therefore,
pVYR1247% does not have the W site at nt. Z336.

The site at nt. 7118 which produces fragments of B44 and
1030 bp in pUMI24 is not present in leEEH pIC23 has a frag-—
mant of 1339 bp. which includes the plIC23 mutation. Lane D
of Figure 28 revealed that pVR1243 had the 844 and 1030 bp

fragments and therefore had the Cabb S site at nt. 7113.

Tagl. The Tagl-digested plasmids were electrophoresed
through a &% acrylamide gel (Figure 1. The Taql restric-
tion mapse of the wild-type parental DNAs are shown in Figure

A Tagl site that is present in Cabb 8 but not in CM4-184

ig a site at nt., 1543 i(see Figuwe 32). This site vields an

B2Z2 bp Ffragment in Cabb 8, but has been deleted in CHM4-184



Figure Zl. Acrylamide gel electrophoresis of Tagl-
digested plasmids. A) pDLS1?, RB) pVR1249,
C) puUMiz4, D) pVRIZ4Z, E) pIC23E, )
"pLiW414", G) pVRZ44-a, H) pVRZ44-g, I)
pUM24, J) pVR2446, E) pLW7é






Figure 32. Taql restriction maps for wild-type parental
CaMV DNAs. Numbers indicate kbp.
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due fo the 421 bp deletion. Two sites present in CHM4-184 but
absent in Cabb § are the sites at nts. 1073 and 1946 (2IZ67).
These sites vield a fragment of 871 bp. However, due to the
pLW76 mutation, the site at 1075 is deleted, cleavage occurs
at a site common to both parents (nt. 613), and a 200 bp
firagment results (lane K of Figuwre F1). Three more sites
present in Cabb 8 but not in CM4-184 are the sites at nts.
1784, 1793, and 2280, which should yield fragments of 9 bp
and 487 bp. However, cleavage does not occur at the sites at
1793 and 2280 as these are both dam =ites. Instead, cleavage
occwrs at nts. 1784 and 2481 to produce one.fragment of &97
bp (see pUM24, lane I of Figure Z1). - The site at 2481 is
rommun to both parents. pVR244-4 displayed the 627 bp
fragment (lane G of Figure 31), indicating the Cabb 8 site at
nt. 1784 was present. The presence of the 697 bp fragment in
pVR244-A also indicated that the CHM4-184 site at 23467 was not
present. pYRIZ44-B and pVRZ44 (lanes H and J of Figure 31,
respectively?) did not display the 697 bp fragment. They did,
however, display a fragment of 5873 bp that would result if

o

the Cabb 8 site at nt. 1784 were present and the CM4-184 site
2E5T were present.

A =ite that i found in Cabb 8 but not in CHM4-184 is the
gite at nt. 3841, This site yields a fragment of 286& bp in
pUME4 (lane I of Figwe 31). The absence of this site in

CMa-184 would produce a fragment of 3854 bp, but a dam site

peocwrs at nt. 5405 (5828) ., and cleavage instead occurs at nt.



6137 (6929, The result is a CM4-184-characteristic frag-

ment of 12846 bp. The 266 bp fragment was displayed for all
thiree recombinants: pVRZ244-4, pVRZ44-B, and pVYR246 (Figure
31, lanes G, H, and J, respectively), therefore indicating

that the Cabb S site at nt. 5341 was present.

Another site present in Cabb S but not in CM4-184 is the
site at nt. 6560, This site yields fragments of 732 bp and
1421 bp.

Mo diagnostic fragments could be resolved between pDLS1Y
and pUMi24 or between plIC2E and pUMiZ24, therefore no informa-—
tion was learned about the Tagl restriction patterns for

pVR1249 or pVR1243F.



CHAFTER IV

SUMMARY AND DISCUSSION

Deletions in Recombinants

Deletions were detected in both recombinants pVRZ44-R
and pVR1249. The deletion in pVRZ44-B was calculated to be 80
to 200 bp in length and was resolved to occur between nts.
I960 and 468%. The deletion in pVR1249 was calculated to be
800 to 900 bp in length and was resolved to occur between
nts. 124 and 1514.

The deletion in pVR1Z249 currently appears similar to a
fregquent site-specific deletion reported occurring in the
Japanese isolate CaMV-8 (Hirochika et al., 1983) . Analvsis
of the sequences around the deletion site revealed sequences
similar to the donor and acceptor consensus sequences of RMNA
splicing. Foint mutations of these sequences produced the
activation of new (cryptic) donor sites. The deletion was
found to be 835& bp in length and cccwred between ORFs i and
I, or more specifically, between nts. 652 and 1308,
Hirochika et al., (1983 proposed that the site-specific
deletion occurred by reverse trénacriptimn ot spliced viw%l
FM&, that a mechanisem to regulate the rate of splicing would

e required in a wvirus which replicates by reverse trans—
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cription, and that their S strain had a mutation in the
regulatory mechanism. While the exact location of the
deletion that occcurs in pVR1Z249 has not vet been located and
the sequences around the deletion site have not been
examined, pVR124%9, like the CaMV-5 strain, contains a

deletion of 800 to F00 bp between ntes. 124 and 1514.

Junction 1

Some junctions in plICi41l, pICl43,and plCl4a8 found by
restriction mapping (ChoeAet al., 1983) occurred between nts.
7228 and 14 (J1 in Figuwre 3). Nucleotide sequencing further
resolved these junctions as occurring between nts. 8022 and
19 (Melcher, unpublished). The distance between these
nucleotides is 27 bp, with gap 1 occuwrring between nts.

8024 and 1. For each recombinant, nucleotides like Cabb S
were detected up to nt. 8022, then nucleotides like Cabb B-JI
were detected from nt. 19. Restriction mapping of three of
ziy of this study’'s new recombinants (pVR24&, pVR2Z244-4, and
pVRZ44-8) revealed similar junctions occwring between nts.
7724 and 197. Mucleotide seguencing has further resolved the

junction for pVRZ4E, as well as revealing the presence of

junctions in pVR1249 and pWR1I24Z {(Melcher, unpublished),
which had not been revealed by restriction mapping. Mucl eo—

tide differences between each recombinants’ parental DMAs
were detected with the apparent junction again ness gap 1.
The presence of nuclsotides from one parent and nucleo-

tides from the obher parent occurring on each side of gap 1



provides supporting evidence for the model of replication of
CaMV by reverse transcription (Ffeifer and Hohn, 1983;
Guilley et al., 1983; and Hull and Covey, 1783). In the
model , dap 1 arises as a result of the mecha-nisms of reverse
transcription (see Figuwe 2). Synthesis of the DNA minus—
strand is initiated when the host cell tRNA™=t initiator base
pairs with the fourteen nuclectides immediately to the right
of gap 1 (as depicted in "C" of Figuwe 2). After reverse
tiranscriptase has copied the 388 RMA to its 3° end, the
enzyme switches templates by "jumping" to the 3’ end of a 3585
RMA and minus-stirand synthesis continues. I+ RNAs from two
isolates were used, the resulting DNA would be chimeric with
one junction occurring near the position of the 5° end of the
FE8 RMA (Mnt. 7433). FRecombinants pVR244-A and pVRZ244-RB
contain a junction between nts. 7224 and 197. Sequencing
data (Melcher, unpublished) has revealed that their junction
does not occur at gap 1. It could be passible that the
Junction in these recbmbinantﬁ occws near nt. 7435, For the
above recombinants with junctions at gap 1, if no other, or
an even number of subseguent template switches occurred, the
resulting DMA would be chimeric with a junction also
ococwring at gap 1.

pYR124% contains a junction between nts. 7118
armd V224, If this junction arose as a result of template
awitching, it was most likelv due to an "illegal" template

switch {(described below).



Junction 2

Restriction mapping of recombinante pICi41, pIC14%F, and
pICl48 revealed junctions between the parental alleles in
fouwr regions (Choe et al., 1985 and Figure 3). Regions
considered to be near junction 2 (J2 of Figure 3) were seqgu-—
enced to determine the junctiorns at the nucleoctide level. OFf
the regions sequenced, junction 2 of the recombinants pIC143
and pICl48 was found to be between nts. 2100-2224 and 2224~
2233, respectively (see Table 5). Junction 2 of plICi4l was
found to be hetween nts. 2878 and 262%F (Melcher, unpub-
lished). FRestriction analysis of new recombinants revealed
junctions near the junction 2 region for three of the five
recombinants. A junction between parental alleles occurred
between nts. 1784 and 2236 in both pVR2Z24&6 and pVRZ44-RB, while
a junction occurred in pVR1243 between nts. 1218 and 2238
(Tables 7 and 9, respectively, and Table 12).

Several possible mechanisms could have produced junction
2 in the above-mentioned recombinants. In the general region
ancompassed, nts. 1218 through 262%, there could exist a
region in the wild-tvpe DMA seguences where recombination
preferentially occurs; i.e. a "hot spot" for recombination.

Another possibility for preferential recombination in

the junction 2 region could be the result of the mechanisms
of reverse transcription. Condit and Meagher (1983) detected
saveral genome-length 355 CaMVy RNA transcripts. UOne minor

transcript was characterized as having its 5 end lving with-



Table XII. Distances detected ijunctions occur from
parental mutations.
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in 30 nts. of the AUG codon for ORF IV (nt. 2201). If tem—
plate switching were to occur from one parental. minor I35 RNA
having its 5° end near the ORF IV AUG codon region onto the
other parent’s major 358 RMA, the detected junction (J2)
would result.

The recombinants plICl41l, pICl43, and pIC148 arose from
the coinoculation of pUM4l and pICli. pUM4l’ 's mutation is a
Smal linker bhetween nts. 2041 and 2044 (Choe et al., 1983).
The altered sequence of the mutant parentél allele may have
caused preferential‘recombination in the region 2200 to 2600.
Likewise, the sequeiices resulting from the presence of the
CMa~-184 421 bp deletion in pLW214 and pLiW76, as well as
their respective mutations, may have caused preferential
recombination in the region 1784 to 2236 in the recombinants
pWR244-B and pVRZ246.

A variation of the above-proposed mechanism of the
mutated parental allele causing preferential recombination
could support the idea of "illegal" template switching during
reverse transcription, as postulated by Grimsley et. al.,
(1984 . In support of a "strong stop DMA" theorvy, Grimsley
@t. al., (1984) reported an unpublished observation {(of R.
Gronenborn) of a DMNA sequence that corresponded to within one
nucleotide from the 57 end af‘the 35958 RMA transcript linked
to a region further upstream in the genome, and swaoested
Lhat an "illegal” template switch ocourred. The sequences

resulting from the mutated parental DMAs used in this study
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could have created a sequence similar to the S° end of the
338 RMA and effected an "illegal" template switch.

Junction 2 occcws in pVYRZ446 and pVRZ44-R, which is very
near (from 1-400 bﬁ) the position of the 421 bp deletion in
the CM4-184-derived parental DNA (Table 12). Junctions weire
detected near a region of parental mutation in these (Table
123, Similarly, juncfions were detected near (Y200 to “1100
bp) regions of much smaller parental mutations in the above
recombinants as well as others (see Table 12). It should be
noted that the above-mentioned recombinant’'s junctions (near
parental mutations) occurred distal to the parental mutation
and gap 1l i.e.. the parental mutation was between the
junction and gap 1 as depicted in a circular genome {as in
Figure 1). Thies observation provides evidence in support of
a recently proposed model {(Melcher, unpublished) to be
discussed below. These results are also consistent with the
proposed mechanism for recombinatién by DMNA repair of
miz=matches in a heteroduplex region Formed»during general
recombination between duplex DMAs {(Choe et al., 1983). Im
these cases (Table 12), the mismatches could have encompassed
large deletions (™4090 bp). Heteroduplex loops would have
formed at these large mismatches {(and the emaller
mismatches), and repair of the DMA would have ensued, using
eitherr the mutant or wild-tvpe allele as the template. CaMy
DA molecules that resulted from the use of the mutant
template would not be detected, as these products would be

ron-infectiouws. Therefore, the resulting infectiouw

i



recombinants would possess junctions near the regions of
parental alleles’ miﬁmatchés.

The CHM4-184 421 bp deletion does not render the virus
nor the excised recombinant pliWd4ld (CM4-184 cloned in the
pBRIEZZ vector) non—infectious {(Howarth et al., 1981 and
Howell et al., 1982). The model for heteroduplex repair
considers the use of either mutant or wild-type allele as a
potential template in DMA repair (Choe =t al., 1285). I+ so,
then the naturally occurring 421 bp delestion of the CM4-184
isolate could theoretically be incorporated into the recom-
binant’'= genome and result in an infectious recombinant. Yet
no recombinant that arose from a coinoculation with a CM4-184
derived-plasmid contained the CM4-184 421 bp deletion {(recom—
binants pVR244, pVR244-A, and pVRIE44-R). One possible
explanation for this observation could involve the proximity
af the CM4-184 deletion to the mutation of the parental
allele. plW74& contains a 433 bp deletion from nts. 777 to
12083, The CM4-184 naturally-occurring deletion extends firom
nte. 1382 to 1802. Thersfore, only 173 bp of the wild-tvype
allele are present between nts. 774 and 1803 that are hbmola~
gows with the 1024 wild-type nucleotides that are present
bhetween those pozitions in the other parent (pUM24). Like-
wise, the mubation in plWZ2ld4d is at nt. 1285, approcimatelv
1l bp from the CHM4-184 deletion. Approximately 590 bp of
homology sare reguired for assimilation (8inger et al., 1981
and Gonda and Radding, 198%). It could be possible that the

ragion of homology in pLW7é6 and plW21l4 with the wild-tvpe
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allele of pUM24 is too small to effectively allow the cross-
opver that would be reguired to incorporate the CHM4-184
natural deletion but not the mutation of pLW746 or pUM24,
Although these crossovers may happen, they could occuwr less
frrequently than the recombinations that utilized the non-
mutated allele as the repair template across the entire
region of DNA mismatch.

Infectious recombinants have been reported arising from
the coinoculations of mutant parental DMAs with complementary
asticky ends wvia two possible mechanisms (Walden and Howell,
1982 and Geldreich, 198&8). One possible mechanism (Walden
and Howell, 1982) would produce infectious recombinants by
the formation of dimers (or concatamers) using complementary
sticky ends which could be resolved into normal genomes by a
single crossover event. The other mechanism produces
infectious recombinantes by dimerization of two heterologous
CaMV DNA molecules, and subsequent transcription into a
hybrid ZI58 RMNA, which would be responsible for the
replication of the recombinant genomes (Beldreich st al..
198&) . In either situation, a junction between the parental
DMAs would be detected occcurring at the site of dimerization.
All the coinoculations that produced new recombinants in this
study were freed from the pBRIZZ vector ONA at the S5all site,
except the combination of pUMLIZ24 and pICEE, which were
cleaved at the Sall site and Xhol SiE?¢ respectively. Mo
recombinants obtained from the coincculations wtilizing only

Sall sitee revealed junctions ccourring near the Sall site
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(nt. 483&%). A junction did occcur between nts. 4149 and 4660
in pYR2446 (see Table 7)), but from nt. 4660 to 5943, only Cabb
S—derived sites were detected.

Choe et al., (1983), reported the detection of allele
interspersions near junction 2 of pICl41l and junction 4 of
pIC143 (Figwe Z). Junction 2's interspersion in pICl141 had
been resolved as the presence of a Haelll site, which was |
thought to be a Cabb S-unique site. However, sequencing data
{(Melcher, unpublished) has shown that the HaellIl site also
exists in W DMA, and is therefore not different between the

parents. Sequencing of the recombinants pICi43 and pIC1483,

as well as pICl4l, also revealed the presence of the Haelll

site at nt. 2203. Therefore, no allele interspersions
gcocurred at nt. 2203, ’ .

A model recently proposed (Melcher, unpublished) could
account for the junctions detected at gap 1 and also for the
junctions detected near the parental mutations. In this
madel (see Figuwre 3I3), reverse transcription produces the DN&
minus—-strand off of the 355 RNA template and the plus-strand
is subsequently synthesized, as predicted by the model for
reverse transcription (see pp. 7-11, and Figuwre 2. Instead

af base pairing with the 14 tENA™*:® nuclectides newly-—
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Figure 33. Froposed model that accounts for junctions near
gap 1 and mutations in parental DNAs. {Melcher,
unpublished.)
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synthesized in the DNA minus-strand {(which would normally
cirularize the moleculel), the complementary sequences in the
DNA plus—strand would base pair with the tRMA™™® nucleoctides
in another CaMV molecule, creating a DNA dimer molecule. At
this point, intramol®cular recombination, occwring so as not
to incorporate the regions of mismatches due to mutations,

could produce an infectious recombinant CaMV DNA molecule.



A SELECTED BRIBLIOGRAFHY

Armowr-, S5.L., Melcher, U., Firone, T.F., Lyttle, D.J., and
Essenberg, R.C. (1983). Helper component for aphid
transmission encoded by region II of cauliflower mo=saic

virus DMA. Virology 129, 25-30.

Eolivar, F., Rodriguez, R.L., Greene, P.J., Betlach, M.C.,
Heynecker, H.l., and Baover, H.W. (1777). Construction
and characterization of new cloning vehicles II. A
multipurpose cloning system. Gene 2, 95-113.

Burger, J.G., and DuFlessis, D. (1983). Detection of par-
tially proteolysed cauliflower mosaic virus protein in
infected leaf tissue by western blotting. J. Viroel.
Meth. 7, 11-19,

Chang, A.C.Y. and Cohen, S5.NM. (1978). Construction and char—
acterization of amplifiable multicopy DMA cloning
vehicles derived from the P15A cryptic miniplasmid.

J. Bacteriel. 134, 1141-1149.

Choe, I.85. "Construction and characterization of deletion
and insertion mutants in region VYI of cauliflower
mosaic virus DMA.LY (Unpub. Fh.D. dissertation, Okla-
homa Btate University, 1784.)

Clark, A.J. (1971). Toward a metabolic interpretation of
genetic recombination of £. coli and its phages.
Annu. Rev. MNicrobiol. 23, 4356-4é61.

Condit, C. and Meagher, R.B. (1984). Multiple, discrete 3585
transcripte of cauliflower mosaic virus. J. Mol., Appl.
Genet., 2, 30D1-314.

Covey, .M. (1985). {Organization and expression of the
cauliflower mosaic viuwrs gename. MNolecular Plant
Virology 11, 13%9.

Covev, S.M. and Hull, R. (1981). Transcription of cauliflowesr
mosaic virus DMA.  Detecticon of transcripts, properties,
and location of the gene encoding the virus inclusion
hody protein. Viroiogy 111, 4463474,

Covey, S.M. and Hall, R, (1985 ., Advances in cauliflowsr
mosalc virus research. JxFford Survevs of Plant Nolecu-

,_..
;

4
i



lar & Cell Biology 2, I39-346.

Covey, 8.M., Lomonossotf, G.P., and Hull, R. (i981). Char-
acterisation of cauliflower mosaic virus DNA seguences
which code major polyadenylated transcripts. Nucl.
Acids Res. 9, &735-5747.

Dauvbert, 8., Shepherd, R.J., Gardner R.C. (1%83). Insertional
mutagenesis of the cauliflower mosaic virus genome.
Gene 25, 201-208.

Dixon, L., MNMyffenegger, T., Delley, G., Martinez~Izguierdo, J.,
and Hohn, T. {198%). Evidence for treplicative recombina-
tion in cauliflower mosaic virus. Vireology 130, 44&3-
448.

Franck, A., Builley, H., Jonard, G., Richards, kK., and Hirth,
.. (1580). DhMucleotide sequence of cauliflower mosaic
virus DM&. Cell 21, 285--294.

Furusawa, I., Yamaoka, N., Okuno, T., Yamamoto, M., EKohno, M.,
and Punoch, H. (1980). Infection of turnip, Brassica
rapa cultivar Perviribis, protoplasts with cauliflower
mosaic virus. J. General Virology 48, 431-434.

Gardner, R.C. and Shepherd, R.J. {(1980). A procedure for
rapid isolation of cauliflower mosaic viruses. Virology
106, 139-161.

Gardner, R.C. (1983). FPlant viral vectors: CaMV as an
experimental tool. In Genetic Engineering of Plants.
Fosuge, T., Meredith, C.F, and Hollaender, A., Eds.,
Flenum Fress. Mew York, 1983. 1Z21-14%Z.

Geldreich, A., Lebeurier G., and Hirth, L. {198&). In vivo
dimerization of cauliflower mosaic virus DMA can explain
recombination. Gene 48, 277-286.

Giband, M., Stoeckel, M.E., and Lebeuwier, G. (1984). Use of
the immuno—gold technigue for Iin situ localtization of
cauliflower mosaic virus (CaMV) particles and the major
protein of the inclusion bodies. J. Virol. Heth., 9,

E77-281.

Giband, M., Mesnard, J.M., and Lebewier, G. (1986). The
gerne [II product (FL13) of cauwliflower masaic virus is a
DMA-binding protein while arm immunologically related PL1
polyvpeptide is associated with virions. EMBEG J. D,

RATI-RAEE.

Gir-imsley, M., Hohn, T.., and Hohn, B. (19286). Fecombination
in a plant virus: template switching in cauliflower

léaé



mosaic virus. EMBO J. 5, &41-6446.

Guiliey, H., Dudley, R.k., Jonard, G., Balazs, E., and
Richards, EK.E. {(1982). Transcription of cauliflower
mosaic virus DNA: detection of promoter sequences and
characterization of transcripts. Cell 30, 763-773.

Guilley, H., Richards, kK.E., and Jonard, 6. (198%). 0Obvetrsa—
tions concerning the discontinuous DMAs of cauliflower
mosaic virus. ENBO J. 2, 277-282.

Hahn, F. and Shepherd, R. (1982). Evidence for a 58-kilo-
dalton polypeptide as precursor of the coat protein of
cauliflower mosaic virus. Virology 1146, 480-488.

Hirochika, H., Takatsuji, H., Ubasawa, A., and Ikeda, J.
(1985). Site specific deletion in cauliflower mosaic
virus DMNA: possible involvement of RMNA splicing and
reverse transcription. ENBO J. 4, 16873-14680.

Hobhn, T., Hohn, B., and Ffeiffer, F. (1983). Reverse trans-—
cription in CaMV. Trends in Biochem. Sci. 10,
205-209.

Howell, S.H., and Hull, R. (1978). Replication of cauli-
flower mosaic virus and transcription of its genome in
turnip protoplasts. Virology 86, 468-481.

Howell, 5.H., Walker, L.L., and Dudley, R.E. (1980). Cloned
cauliflower mosaic virus DNA infects twnips (Brassica
rapa). Science 208, 12683-12&67.

Howell, S.H., Walker, L.L., and Walden, R.M. {198l). FRescue
of In vitro generated mutants of clones cauliflower
mosaic virus genome in infected plants. Nature 293,
483F-486.

Hull, R. (1980). Structuwre of cauliflower mosaic virus
genome III. Restriction endonuclease mapping of thirty-—
three isolates. Virology 100, 79-90.

HMull, R. and Covey, S.M. (1983). Replication of cauwliflower
mosalc virus DM&. Soi. Proge., Oxt. 68, 403-42Z2,

Hull, R. and Covey, S.M. (1983%). Does cauliflower mosaic
virus replicate by reverse transcription? 7TIBE g,

119-121.

Hull, F. and Covey, S.M. (1985). Cauliflowsr mosaic wvirus:
pathways of infection. BieoEsszays 3, 1&0-163.

Teh-Horowicz, D. and Bwke, J.F. (19281). Rapid and efficient



cosmid vector cloning. Nuc. Acid Reszs. 9, Z2989-2999.

Lagquel, F., Ziegler, V., and Hirth, L. (1?986). The 80k
polypeptide associated with the replication complexes of
cauliflower mosaic virus is recognized by antibodies to
gene V translation product. J. Gen. Virol. 67, 197-
201.

Lebeurier, G., Hirth, L., Hohn, EB., and Hohn, T. (1980).
Infectivities of native and cloned DNA of cauliflower
mosaic virus. Gene 12, 139-144

Lebeurier, G., Hirth, L., Hobhn, B., and Hohn, T. (1982).
In vivo recombination of cauliflower mosaic virus DNA.
Proc. Natl. Acad. Sci. 79, 2932-2934.

Marinus, M.G. and Morris, N.R. (1973). Isolation of deoxy-—
ribonucleic acid methvylase mutants of Escherichia colil
F=-12. J. Bacteriol. 114, 11435-1130.

Maxam, A.M. and Gilbert, W. (1980). Sequencing end-labeled
DNA with base-specific chemical cleavages. Methods
In Enzymalogy &5, 499-359.

Melcher, U., Steffens, D.L., Lyttle, D.J., Lebeurier, G.,
l.in, H., Choe, [.8., and Essenberg, R.C. (198&4).
Infectious and non-infectious mutants of cauliflower
mosaic virus DMA. J. Gewn. Viroi. 67, 1491-1498.

Odell, J.T. and Howell, S.H. {(1980)., The identification,
mapping. and characterization of mRMA for PSS, a cauli-
flower mosaic virus—coded protein. Virology 102,
I49-359.

Olezewski, M., Hagen, G., and Guilfovyle, T.J. (1982). A
transcriptionally active, covalently closed minichromo-
some of cauliflower mosaic virus DMNA isolated from
infected trunip leaves. Cell 29, 3I95-4032.

Ffeiffer, FP. and Hohn, T. (1983). Invaolvement of reverse
transcription in the replication of cauliflowsr mosaic
viruss a detailsd model and test of some aspects.
Cell 33, 781-78%.

Richards, F.E., Guilley, H., and Jonard, G (1%81). Further
characterization of the discontinuities in cauliflower
mosaic virus DMA.  FEBS Letdt. 134, &7-70.

Bchoelz, J., Shepherd, R.J., and Daubert, 5. (198&4). FRegion
VI of cauliflower mosaic virus encodes a host range
determinant. MNolec. and Cell. Biol. &, 26IE2-2&E7.




Steffens, D.L. "Studies of the replication ability of cauli-
flower mosaic virus mutants and partial DNA sequence of
the NYBL13ZF strain.” {Unpublished Fh.D. dissertation,
Oklahoma State University, 1984.)

Takatsuji, H., Hirochika, H., Fukushi, T.., and Ikeda, J.
(1986). Expression of cauliflower mosaic virus reverse

-

tiranscriptase in yeast. Nature 319, 240-247Z,

Toh, H.., Havashida, H., and Miyata, T. (1983). Seqguence hom-—
oclogy between retrovitral reverse transcriptase and puta-
tive polymerases of hepatitis B virus and cauliflower
mosaic virus. Nature (London?) 305, B827-82%.

Volovitch, M., Drugeon, G., and Yot, F. (1978). Studies on
the single strand discontinuities of the cauliflower
mosaic virus genome. MNucl. Acids Res. 5, 291353-2923.

Yolovitech, M., Modijtahedi, M., Yot, F., and Brun, G. {(1%984).
RMa—~dependent DMA polymerase activity in cauliflower

mosaic virus—-infected plant leaves. ENBO J. I,
F09-314.

Walden, R.M. and Howell, S.H. (1982). Intergenomic recombina-
tion events among pairs of defective cauliflower mosaic
virus genomes. J. Molec. Appl. Gen. 1, 447-436.

Walden, R.M. and Howell, S5.H. (1983). Uncut recombinant
plasmids bearing nested cauliflower mosaic virus genomes
infect plants by intiragenomic recombination. Plant
Molec., Biol., 2, 27-31.

Woolston, C.J., Covey, S.N., Fenwick J.R., and Davies J.W.
(19873 . Aphid transmission and a polypeptide are
specified by a defined region of the cauliflower mosaic

gy~

virue genome. Gene 23, 15-273%.

Aiong, C. Lebeurier, G., and Hirth, L. {(12384). Detecticn

¥ K " 4 ]
In vivo of a new gene product (gene III) of cauwliflower
mosaic virus. Proc. Mat. Acad. Sci. 81, S5&808-44612.



viTa N
Valerie Ray Vaden
Candidate for the Degree of

Master of Science

Thesis: FPARENTAL JUNCTIONS IN RECOMBINANT CAULIFLOWER MOSAIC
VIRUS DNAS

Major Field: Riochemistry
Biographicals:

Fersonal Data: BRorn in Atoka, Oklahoma, July 15, 1941,
the daughter of Thomas R. and Elma L. Ray.
Married to David W. Vaden, April 24, 1982.

Education: Graduated from Atoka High School, Atoka,
Dkl ahoma, in May, 19793 received Bachelor of
Science Degree in Microbiology from Oklahoma State
University in May, 1984; completed requirements
for the Master of Science degree at Oklahoma State
University in July, 1987.

Frofessional Experience: Research Technician, Depart-—
ment of Riochemistry, Oklahoma State University,
September, 1984 to July, 19873 Graduate Research
Assistant, January, 198% to August, 1986.

Frofessional Organizations:
International Society for Flant Molecular
Biologists
Phi Lambda Upsilon, Honorary Chemical Society
Fhi kappa Fhi, National Honor Society





