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CHAPTER |
INTRCDUCTION
Cauliflowsr Mesale Virus

Biolozical Proweriiss

Canlifiower mosaic virus (Cabdv) is a plant virus with isometric
particles about 50 nm in diameter (Shepherd, 1970). It usually infects
members of the Cadffergsfamily. Sotme strains also infect members of the
Solanaceas or induce local necrotic lesions on Asdire siramomiiny (Lung and
Pirone, 1972} Recently, a sirain of Cals ' that causes chlorotic local lesions
on I sirgmominss nas besn fo d.m-i( choelz, 198&3

In general, inoculated leaves show mild symptoms consisting of
chlznmtic local lesions. Symptoms on the systemic leaves are more severe
and include chlorotic motiling, vein-clearing, stunting of growtl, and
wrinkling of young emerging leaves (Shephsrd, 1970).

11 the cytoplasm of infected cells, virus particlss ars asscciated with
granular, electron-denss structurss called inclusion bodise (Ehepherd,
19705

CarlV is transmitted from plant to plant in nature by aphids. The wirns
can alse be %ech cally transmitted by rubbing the virus on to the plant

leaves (Shepherd et al, 1963).

CakdV Genome and Its Products




The genome of CaMV consists of a circular, double-stranded DNA
molecule (Shepherd et al, 1977), which is slightly over 3000 bp (Hull and
Shepherd, 1977; Balazs ot al.,, 1982).

CaMV DNA is unusual in that it contains three single-strand
discontinuities which are refered to as 'gaps G1, G2, and G3 (Volovitch et al,
1975; Hull and Howell, 1973). G1, which is located in the minus strand, is
taken as the zero point of the conventional restriction map ( Hohn et al,
1930). The two breaks in the plus strand, G2 and G3 are situated at 0.20 and
0.53 map units, respectively. The nuclectide sequence of CablV reveals that

thess Zaps are not single strand b'reaks, but rather that the 3

wn

v

extremities of the interrupted strand overlap from § to 43 residuss (Franck
et al, 1980; Richards et al, 1‘33 1). Both 3 and 5' -termini ¢f the gaps have
free hydroxyl groups { Volovitch et al, 1978; Hull et al, 1979).

Eight open reading frames have been di:—:cWeréd in the plus strand
(Franck et al, 1980; Hohn et al., 1982). Regions I through VI are the major
dpen reading frames and are consid.eredn most likely to produce functional
- viral proteins. Regions VII and VIII are minor ones and are not thought to
code for any important viral proteins. Each of these coding regions has a

start coden close to its Beginning and ends with a step codon. The coding

Little is knowmn about the functicns of regicns I and I11 and their -
products. Both of these coding regions seem to be essential. The product of
region 11 is the helper compbnent for aphid transmissibility (Armour et al,
1933; Woolston st al,, 19383 ). It is not essential for infection, as it can be
either deleted or expanded by small insertions (Howell et al., 1981;

Gronenborn et al, 1981; Dixon et al, 1983). Both deletion and insertion at

-



CRF 11 refard infectivity. The ORF 11 product, an 18Kd polypeptide, was
found associated with viroplasms (Woolston et. al., 1983). Tms‘ peptide was
abgent from the viroplasm preparations of leaves infected witt’; the CM4-
184 isnlate of CaMV which lacks ORFIL Mutant SAl with deletion of 105 bp

at ORFII had a shorter peptide in the viroplasms. Both CM4-1384 and Sall

wera loge bound within the viroplasms (Givord P'f.. al., 1954).
The viral coat protein is produced by region IV, This was confirmso

Ly identificaticn of coaf profein antigens in lysates of Zacharinfhis volf cells
which contain plasmids with the region IV gene (Daubert et al, 19820
Begion V is thought to code [or the viral reverse transcriptase. A
portion of the predicted region V gene product is hemeologous o the aming
acid sequence of the pelymerase of Moloney murineg leukemia virus, a
retrovirus {Toh et al, 1933} Homology between CaMV gene V product and
the profease and polymerase domains of ratrovirus reverse transciptass is
also described (Toh et al, 10‘53". There was no homology with the retroviral
endonucisase region which has been implicated in integration (Panganiban
and Temin, 19584). Analysis by activity gals of the proteins in replication
complexes has shown that there are two polypeptides, 110K ar!d 75K, with
DA polymerasge activitiss (Pfeiffer and Hohn, 1984). The 110K polypeptide

was identifisd as a host DHNA polymerase. The 75K product might be the

CahMV-speciflic reverse transcriptass. The strongest evidence that Cabiyv DA
replication involves reverse transcription comes from fhe cloning expression

il

of the ORF V gene in the yeast Srodharudyoes oereyfadss The reverse
ranserip tage accumulated to si gnificant levels in yeast that have ORF V
zene (Takatusuji et al, 1930)

In vifro translation studiss showed that gene V1 coded for 2 62 Kd

polypeptide, which was very similar by peptide finger prmt analysis to the



major protein component of virus inclusion bodies (Odell and Howell, 1930;
Covey and Hull, 1981). Recent studies on CaMV genomic hybrids suggest that
th\, ORF VI product is also involved in disease expression, including local
symptoms of chlorosis and necrosis or systemic infection of the virus in
Svanzepous hosts (Daubert et al, 1984). This host range determinant is

controlled only by a 496-bp DA segmeant of the first half of CEF VI (Schoslz
et al, 1986), |

Littls is known about the functions of regions VII and VIII. Insertion or

deletion within ORFWII did not interfers with viral infectivity (Dixon et al,
194 3). Infectivity was retained only when the AUG initiation codon of
OEFVII was in-phase with a termination codet upstream of the initiation
coden of ORFI (Dixon and Hohn, 1984). & "relay race” mechanism for
translation of ORFs V11 and 1 from a polyeistronic mRMA was proposed to
interprat this fact.

Caldy Transcripts

Cnly the minus strand of the viral DHA is transcribed (Guiliovle, 19500
This gives RNA sequences equivalent Lo those of the plus strand, which
centains all of the potantial coding regions.

Two major polyadenylaled tra*:w-‘ripft* termed the 195 and 355 RMA
have been found. 195 RNA has an eleven nuclsctide leader sequence
transcribed from minus-strand DA lecated immediately upstream of the
AUG initiation codon of QRF V1. The 3~ ¢nd of the 19S RNA terminates about
400 nucleggides upstream of the TMA minus-strand discontinuity, G1 { Covey
and Hull, 1931). So 195 RNA ancomp ses ORF V1 and codes for the synthesis

of the inclusion body protein in an in vitro system ( Covey and Hull, 1681).



The 35S transcript beging at 0.93 map units 600 nucleotides upsirsam
from G1, connterclockwise o G 1, and ends at 0.95 map units (Cuvw af al,
1981). So 35S BMA i3 a transcript of the entire viral genoms pluc 3 direct

fepf.:-:at of 180 nucleotides at the 3 and 5 ends, thus resembling refroviral

S

-~

genomic RNA. The 355 RMA i3 considerad to be the template for DINA

Catd Be T‘;lh"«fia 138]

A model for the replication of CablV DMA has been proposed {Hull and
Covey, 1983; Pfeiffer and Hohn, 1983 Hohn stal, 1985 When a DA
maolecule gats into a cell, it becotnes associated with nuclsar proteins Lo form
a minichromesome (Clszewski, 1982; Menissisr et al, 1984) from which the
355 RIA is transcribed. This transcript iz transported into the cyioplasm
where it is revarse transcribed. & tRNA is thought to bind 600 bp
downstrsam of the promoter of 3535 RINA synthecis and act as a primer for

DN& synthesis. Reverse It aﬁ.,c,np Lase then synthesizes a DA strand using

355 ENA as a template. Synthesis is towards the 5 end of the RMA and stops
when it reaches the end of the molscule and Riface H degrades the

transcribed part of the template. The directly repeated sequence at the 3
end of the DMa strand reannseals toothe free analogons sequencs al the

of the original or another RNA fem plm‘e maoleculs and continues rever:

"o Ldi Q‘S’
transcription until the original minus primer binding site i3 passed | Plus

strand DA synthesis starts predominantly af two major plus primer binding
T

LO

(G2 ang G

\_»J

JoSynthesis from G2 procesds undisturped to the 5 end of
the minus strand DHA template and synthesis from G3 procesds o region G2,
This model explaing pretty well the formaticn of gaps and vwarious

subcellular DA forms fonnd in infacted plants, particularly moleculss which

2t .r‘-;-l



Figure 1. Genome structure of cautifiower mosaic virus. Viron DMNA has one
gapi 1} in the {-) strand and two (2, 3) in the {+) strand. Open

reading frames I-V1II are overlapped or packed together. 193

and 35S transoripls are alzo indicated. ’

from Covey, SN, and Hull, B. 1985 Oxford Surveys of Plant Mol

and Csll Biol. 2:340






are double-stranded with single-strand extensions of the plus-strand (Hull
and Covey, 1963). A host cell tRNATeL has been isolated from a CaMV
preparation, where it was covalently linked o the 5'-end of the CaMV DNA
fragment which is complementary to the CaMV 355 RNA transcript { Turner
and Covey, 1934). A 14 nucleotide sequence of perfect homolgy with the 3'-
end of plant tRNATeL {5 present in the DNA minus-strand adjacent to

G 1(Praiffer and Hohn, 1983). The presence of a mixture of R4 and DHA
templates is suggested by the partial inhibition of CalV DNA synthesis

both RIMAse and actinemyein D (Pfeiffer and Hohn, 1983)
Gene Conversion

Gene conversion is the nonreciprocal transfer of information from a
doner to a recipient DNA duplex. Two major mechanisms have been
proposed tor gene conversion: heterodupleX repalr (Meselson and Radding,
1975) and double strand gap repair (Orr-Weaver and Szostal, 1933). Both
are thought to occur as a consequence of the mechanisms of genetic
recombination (Radding, 1982; Orr-Weaver and Szostak, 1985). A brisf
description of the heteroduplex repair model follows(ses Fig.2)

1. & single-strand break in one DMA molsculs becomes the site of
strand displacement by a DHA polymerase.

2. The displaced single-strand pairs with the complementary sequences
in another molecule of DHA

3 Brarlg:h migration extends the exchange region.

4 A or;;e-strand crossover becomss a two-strand crossover Dy
isomerization.

5. The joint molecule formed by strand exchange is resolved into two

separate duplex molecules by a further pair of nicks.
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nicking

assimilation

branch migration

isomerization

heterodupliex formation

mismatch repairing



6. Hetercduples mismatch repalr leads to gene conversion.

Evidence is accumulating favoring this model. Zoodf po -lvmwz ase could
facilitate the creation of single strand breaks(nicks) with & -h‘;&fdrv.:yl
terminus (Eelly, 1970). Rec& protein is able to assimilate 3-hydroxzyl
terminated strands (single or double) onto a complementary doubls strand
(West et al, 1951). The sxperiment used a mixture of a single-stranded
circle with a stall fragment annealed to 1t and a duplex rod that was
hotnolegous to the doubde-strandsed area on the circle but was slightly
longer. When recA protein and ATE were added, the two duplex areas
exchanged strands.

Recombination intermediates of strand crossever hiave been illustrated
by Thompson et al. (1975). They observed figure-§ structures, which wers
formed whett two circular molecules of DNA were linked by a two-strand
crossover. Using conditions that cause partial denaturation, Valenzuela and
Inman (1975) demonstrated that the two-strand crossover was joined at a
homologous site. Benbow et al. (1475) alse obssrved about a tenfold
reduction of figure-5 formation in recd” Fooll The existence of branch
migration was concluded from the work of Thompson st al, (1976). They
ussd a restriction endonuclease to convert figure-§ maolecules of phags G4
N4 inte X-Shaped structures. Migration of the crogsover to the end of the X-
form produced two linear monomers, By this way, they alse measured the
rate of branch migraticn. It appears that the crossover will move &50
nuclectides from its starting point in § mins.

he formdation of heterodupleses i5 not a stringent homologous pairing
process. DasGupta and Radding (19813 showed that a few single base pair
mismatches were not encugh to inhibit the formation ¢of heteroduplex DHA

by the recd protein. However, three mismatches in a row were sufficient to
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stop strand transfer (as was gross nonhomology). The mismatches in the
heteroduplex region lead to gene conversion, if the mismatches are repaired
before répli':a_tiw::xn

Mismatch repair congists of both exision and resynthesis of DNA Ly
using ong of the strands as template. Different directions of gene conversion
has been observed in different eystemms, In dabo/is fopmrarsis the longer
strand is copled (Leblon, 1972), while in bacteric :ﬁhawrf & oodf the
mismatched base in the longer strand is excieed (Benz and Berger, 1973
The same oocurs in pheumococcal transformation (Claverys ¢t al, 19560).

In general, the strand-breaking event in the initiation of recombination
may be randem. However, it has been proposed that inverted repeals of

palindromes are targels for cleavage and l2ad to initiation of strand
exchange (Sobell, 1975; Wagner and Radman, 1975). Certain DA sequences
terined chi, naturally present in £ oo/ actually enchance recombination,
both at regions neighb::«uring the sequence and at a distance {Stahl, et
al, 1975). The existence of specific sites for initiation of strand sxchanges is
alse implied by the polarities in gene conversion ssen in . fomarsys
{Liszouba, 1961; Hamza et al, 1981}, and the sxistance of mutants altered in
the regulation of initiation of gene conversion (Angel et al, 1970).

In the gap repair model, a donble-strandsd gap spanning the non-
homelogous region of one duplex is ¢reated. The gap s filled using
information from the intact double heliz Gene conversion in yeast
transfortmation is probably associated with gap repair (Orr-Weaver st al,
1681

.

L)

(L)
<
er”

Genie conversion has been observed both in prokarvotes and eukaryetes,
During the transformation of 2indacencns prramonize by a strand of donot

DA that is hetsroduplex and heterozygous, some markers transform
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efficiently and others inefficiently (Tiraby and Sicard, 1973). Gen
conversion happens in a number of transfections by heteroduplex DHAS
made in vitro, Examples of correction of heteroduplex DNA are X 174 { Bass
and Jansz, 1975) in £ «wf, phage SPP1 DA in Bselfus subiils (Spatz and

Trautner, 1970}, SV40 in African green monkey cells (Lai and Nathans,

19757 and polyoma DA in mouse embryo celle (Miller st al, 1576}
Allele Dominancs in CablV

CalV produces virion DA by reverse transcription as described
above. It is widely hisld that reverse transcription can account for genetic
1ntamf“tmn\, observed between Cally DNAs. Examination of the DHA

seque.-nw of Chl4-154 revealed that thiz sirain is a chimers of CM 1541 and a

Cabbs-like strain and profably arose by strand switch between the RNA
templates of two virus strains during reverse transcription(Dizorn et al,,
1966). Grimsley et al. (1986) used a hybrid plasmid, containing tandemlgr
arranged pieces of two different ‘but well-defined CaldV DIAS to study the
mechanism by which infecticus viral DNA can escape from transforming
DA They showed that the majority of viral nrogeny wers prebably
descendants of DA preduced by inframelscular template switching during
viral reverse transcription. The hot spot for template switching is very close

to the 5 end of the terminal repeal on the 355 ENL 1

o)
o>
Py
»
-

- et &

detectad some minority descendants arising from products of recomb:
belween hormolegous regions of CaMy DNA.
Qther ewdence ¢f CaMV DA undergoing homdaelogous recombination
carme from studies of the infectivily of some partial nested dimers. Partial
nested dimer pLW 113D-4, which can not be directly transcribyed to a full

length 355 RHA, 15 infectious (Walden and Howell, 1983), while partial
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dimer pUM 122, which can be transcribed o 355 RHA, is only weally

infectious (Melcher et al, 1986). Thus the infectivity of partial nested dimers

must be due Lo intramolecular recombination to produce an entire monomsr.
Virton DNAs exfracted from plants inoculated with a pair of mutant

DIAs of different CabV isolates have heen characterized (Choe et al, 1985)

Each recombinant analyzed had two (the minimum sxpected) or four
jnnctions betwesen parental alleles. Ons of the junclions betwesn parsntal
sequetnices oocurred near the 355 RMA start site, consistent with
recotnbdnation having ccourred during reverse transcription. However, two
junctions (J2 in IC141 and J4in 1C143) exhibited a mixture of parental
alleles in small stretches of sequence {fig.3). If the alternating alleles we
due to strand switching during reverse txan%nptmn the enzyme would
have to swilch strands several times ab a hot spot for switching. The random
junctions between parental sequences in retroviral recombinants (Coffin,
1979} argue against hot spots in switching. The alternation pattern of
paz ental alleleg in the CaMV recombdnants can be explained beller by the
repair in small patches of hete or:iu Dlewes created during recombination.

Melcher and Bssenberg (1985) have observed allele dominance at the
Epnl site, which is quite near hot strand swilching junction J2. UM 130 DRA
is a variant of Cabbf DNA& obtained by putting an exfra 12bp containing an
EcoRl site in the Epnl site. Since the reading frame is pres:ert.-*ed, URI130 18
a8 infecticus as Cabbs DA as judged by the time of appearance of symptime
on turnip plants, the severity of symptems and the yield of virus from
infected plants. The additional EceRI site is maintained during growth of the
virus in the plants. But when it was coincculated with Cabbs on turnip
leaves, all progeny virus had the CabbS EcoRI patisrn . It happened even

when three fold more UM 130 than CabbS DNA was inoculated and was



fesd

Figure 3. CabbS-W sequence junctions in CaldV DNA recombinants.
from Choe, 1.5, KMelcher, U, Richards, K, Lebeurier, G, and
Essenberg, RC. 1985 Plant Mel. Biol. 5: 261-289 ’
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highly reproducibls (20/20 plants). Most strikingly, allele dominance
occurred even when the Cabbs DNA was given a competitive disadwvantage.
When pUMZ4, a Cabbs DHA derivative which is not infectious dus to a
mutation in ORF ¥1, was mixed with pUM 130, complete conversion to the
Cahbs pattern was observed in § of 10 plants.

The goals of the present study wers to construct other infectious
mufants by lUnker inssrtion and to fest the affect of 3squence and site of

heterologias on thelr sus t,-:pﬁblht" o gens conversion.

%



CHAPTER 11

MATERIALS AND METHODS

Linker Preparation

Xnol and Kpnl linkers purchased from Collaboralive Research, Inc,
were obtained nonphosphorylated. Linksrs wers heatsd to 909C for 5 mins
and cooled slowly 1o room temperature. 30 prool Xhol linker and 33 pmol
Kpnl linker were mixed separately with 0.02 umol ATP, 15 pmol 32?%7?
with 20 pCi {(from Dupont), and 10 units polynucleotide kinase in Linker
kinase buffer (Table 1) at gzolgsme of 20 pl, and réacted“at 379C for 15 mins.
0.01 umol ATP and 10 units kinase in 10 gl of Linker kinase buffer were
sdded before a second incubation for 15 mins. The preparation was stored at

-200C. The final concentration was 11.3 pmol/yl for the Xhol linker and 10.0
pmtﬂfu! for the Kpnl linksr.

Test for linatahility of linkers.

57 pmol and S0 pmal of the above phosphorylated Xhol and Kpnl linkers
vere used in a self ligation reaction with 10 units T4 DM& ligase in ligation
buffer (table 1) at 37°C for 4 hours. |

28 pmol or 25 pmsl of the above ligated phospharglateﬂ #hol or Kpni
linker was digested with 10 units ¥hol or Kpnl resiriction enzyme at 37°C
for 1 hour.



TABLE 1
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EMZTME BUFFER

- .
ClP buifer

]
4
1)
<3

bd

0.05 mM Tris-HCL p
1 bl MgCip

0.1 mM ZnCly

1 mM spermiding

Lli”?m.a‘l’" fiaze buffsr

70 md Tris-HCL, pH 7.0
10 mM MgCls
5 mM DTT

LifT-'*.?' 71 bu f =l

—ai\--—_

IT TS
ph HRY

&6 mad Tris-HCl
Soradd BEChs
5mb OTT

1 mdl ATP

F

Reverse Transcriptase tutier

40 mM Tris-HTL, g,eH 3.0
S0 mbd ECE

5 mbd kiglly

5 mbi DTT

g
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40 pmo! phosphorylated Hinker, 25 pmal ligated linker and 25 pmal
digested linkers wers electrophoresed on 103 acrylamide gel in 0.5 X TBE
huffer (Table 11). The electrophoresis was terminated when the bromophenal
hlue marker moved to the middle of the gel. ¥-Ray film { Kodak) was exposed
to the gel Tor 10 hours. On developed T1im, a ladder of Dands shows the

linker was phosphorytated and ligatable.

NCS101 12 the plasmid which has CabhS DMA cloned at Sall site of
pBR3ZZ. nUM 41 was constructad by digestion of pCS101 at the Kpnl gite,
riushing the ends with T4 exonuciease-poiymerase followed Dg‘ﬁqm on of
an 8op Small linker. The CaMy DHA in a4l is non-infectious probabiy d
to Trame shift.

Sall, pCa-BB1 and Ca-NBZ are the other plasmids | used to check
allele dominance in ORFIHL SA hag a delstion within the ORFH from
hucleotide 1537 to 1643bp of Cabbs DNA (Givord et al., 1584). Ca-BE1
derived from CM4d-184 with whole ORFI deleted and :{nm(%m linker
inserted in 11s place. Ca-NB2 hag a 234bp dihydrofolate reductase gens
ingerted at the Xho! gite m" Ca-BB1 (Brisson et al, 1984}, Sall was o Dmrzr:sj

from G, Lebeurier and pCa-B61 ang Ca-NEZ from T. Hohn,
Mutant Construction

Reostriction enzume digestion

&5

Restriction enzyme digestion of DM4& was carried out in the appropriate
buffer (Table H1J AN reaction mixtures were supplemented with 100pg37/ml
BSa.



18

TABLE II

ELECTROPHORESIS BUFFER

Alkaling elecironhoresis buifer Loening buifer

30 mN HaCH 36 mM Tris base

{ mM EDTA I mM EDTA Iree acid
20 mM NaHzPOq4

TAE buffer ‘ TBE puffer

40 mM Tris Acetats ' 10.8 g/1 Tris base

2 M EDTA ' 5.5 g/1 Boric acid

0.2 mM EDTA




Table 111

RESTRICTION ENETME ASSAT BUFFERS
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ASDTLSG ilal

100 b Nall 50 mM HNaCl

& mM Tris-HCL pH 8.0 & rahd Tris-HCL pH 7.9
& miI MaClo 5 bl MzCly

& mM 2-Me & mhd 2-Me

EcoR| Kpni

30 mM MaCl ' - B mM NaCl

100 mM Trig-HCl, pH 7.2 6 mM Tris-HCI, pH 7.4
3 mi MgCis & mt MgCl»
6 mi 2-Me _ 6 mMZ-Me.

all” | Smal

Ay

150 mM NaCl | 25 mMKC

& mM Trig-HCl, pH 7.0 22 mM Tris-HCY, pH 7.8
& mM MgC12 10 mM MgCls

5 mM2-Te ' 2mi 2-HMe

#bal

160 mi Nall
5mMTris-HCl, pH 7.4
5 mM MgCl,

All buffers were supplemented with 100pg/mi BS&.
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Plasmid p4ZF is derived from pCS101 and pXZG from pUM41. 10pg
pC5101 DNA was digested with 40 units Xhol enzyme in 20041 yolume under
standard condition (3all assay buffer) at 37°C for more than 4 hours. 10 pg
pUM41 DNA was digested with 40 units of Smal in 200 pl volume. 2.5 i of
gach reaction mixture was mized with stop reagent (SO0 w/v glycerol, 1 mM
EDTA, and 1Z w/v bromphenol hlue, pH7.0) and electropharesed an a 1.08
agarose gel in Loening buffer (Table l1jto check whethsr digestion was

compleis.

Phenol extraciion and ethanol precipitation

1750 volume of 5 M Mall, 1710 volume of of 1.0 M Tris pH8.0, and |
volume of water saturated phenol wers added to gach digestion mixture. The
mixtures were vortexed and micro-centrifugsd 5 mins 10 separate two
phases. The agqueous phases ware transTerrad 10 other eppendort tubes and
traces of phenol in them were pxtracted by ether. After removal of the
gther, 2.5 volumes of 95% ethanol was added to precipitate the DHA
avernight at -20°C or one hour at =70, After S mins micro-centrifugation
to separate the DA pallet from solution, the DMA pallet was washed by
adding 0.5 mi af 75% ethanot and rmr“ro centrifuging for 3 mins. The pellet

was dried under vacuum.
End filling

The dry pC5 10% DMa& pellet was dissolved in 20 pl of reverse tranzcriptase
buffer {Tab IV with each Q.02 pmol of dATP, dGTP, dCTP and dTTP, andl1Q
units reverse transcriptase added The reaction was allowed to proceed far

S0 mins gt 37°C. Hp0 was added to make 200 pl total volume. Phenol
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gxtraction, ethanol preciptation, and drying was done as above. The dry
pellet was dissolved in 40 pul Ha0 .

Deohosphorylation

‘Dephosghmrglation was done as described by Maniatiz st a1, {1982). 3
unit of CIP in S0 pl CIP buffer (Table I} was added 1o dephosphorylate DHA
at 379C for 13 mins and 5&°% for another 1S5 mins. S unit of CIP wag addad
and the mixture incubated for a second time as above. The salution was
phienol extracted as described above. During ethanol precipitation, 25 gl of

7M MalAc was added to increase efficiency of ligation in the next step.

!"""

Ligatisn

Dry DNA (2.5 pmol ends) was combined with S0 pmol of phosphorylated
Kpnl tinker {1:20 ratio} and 10 units T40ONA ligase in ligase buffer at volume
of 20 pl and incubated at 4°C gvernight. 2 pl of the ligation mixture was
electrophoresed on an agarose gel to check whether the ligation reaction hed
worked.

Redigestion

The pC5101 and Kpnl tinker ligation mixture was diluted to 200 ui and
digested with Xhol at 37°C for 2 hours, while pUM41 and Xho! linker
Hgation mixture was digested with Smal. 20 11 of aliquots each wers

glectrophoresed ona 1.0% agaro

0’)

g gel.

The DHA preparations went through phenol extraction, ethanol
precipitation, and drying. The final DN& was stored in 100 w1 TEM buffer (10
mM Tris-HCI pH 8.0, 1 mM EDT A, and 10 mM NaCl}), ready for transformation.
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Transformation

Competent cell{ £ea/7 K-12 strain HB10 1) for transformation were
prepared by the method of Morrison(1979). After deep-frozen competent
cells were thawed in ice water for 10 ming, 1 gl or 10 gl DNA was added to
80 ul of the cell suspension. The mixturs stood in ice water for 30 mins,
was transferrad to 429 for 2 mins of heal shock, cooled inice for 2 ming,
and incubated 30 mins at 379C with 200 pi nutrient broth (1L.OE tryptone,
0.5% yeast axtract, and 1.53 NaCl) added. Finally , 200 pi of the mixture was
spread onto an ampicillin antibiotic plate (20 pg/mi) for overnight growth
at 379C. The parental plasmids and ligated dephosphorylated plasmid were
used as contirols for each transformation to test that both transformation

and dephosphorylation worked properly.

Small scale plasmid isnlatinn suitabia for DNA digestion

Transformant c_o%omes were streaked o another aﬁtibiotic plate and
grown ogvernight at 379C. Colonies were inoculated in Smi nuirient broth |
with 20pg/ml ampicillin. After shaking at 379C overnight, sachiml culturs
vas harvested in a 1.5ml Eppenderf tube and used for isolating plasmid DN&
as described by ish~Horowicz and Burke {1331} Resuspended in 100 ui of
Solution | {50 mM glucose, 25 mM Tris~HCI, pH 8.0, and 10 mM EOTAJ, the
bacterial cells were lysed in 200 gl of Solution 1 (0.2 M HaD'H and 1% 505)
at 00C for 5 mins. 150 pl of Solution 11 (3.0 M KD&c and 2.0 M acetic acid)
was then added to precipitate denatured protein and bacterial chromosomes
for © mins. After S mins micro-centrifugation, 400 p1 suparnatant was

transfered to another tube containing 800 pi cold 95% ethanol to precipitate

DNA. A DMA pellet was obtained by S mins micro-centrifugation and washed



23

once with 75% ethanol . The final dried DNA was redissolved in 30 ul of TEN
buffer.

Screening for plasmid containing linkers

ahol-Sall double digestion and Kpni-Salt doubie digestion were used for
screening pRZF. Xhol-Sall digestion was carried out in 25 Wi reaction
mixture with ¥hol and Sall enzyme together at 37°C foar 1 hour. For Kpni-Sail
double digastion , the Kpnl reaction was performed first in 3 2041 volume at
370C 1 hour. 5 pl of a mixture of 2.3 pl of 3M MaCl, 210 of 10 unit/ul Sail
and 935.5 pul HoD was added and incubation continued for another 1 hour.

Reaction was stopped by adding stop reagent EF?UF‘T.G gel elgcirophoresi

”

Xhol-5Sall and Smal-5all double digestions were used 1o screen for
piZG. Xhoi-5ali digestion was dche ag described above. For Smal-5all
digestion, the reaction was first carried out in Smal for 1 hour in 20 pl.
Then 5 ul of 2.4 pl SM MaCl, 1.0u! 10unit/ul Sall, 86.6ul Hp0 was added for
Sall digestion. .

Bacterial Call Storage

- 0.83m1 fresh bacterial culture and 0.15mi glycerol were mixed in a
vial and placed at -70%C . To check that the bacteria wers alive, the surface
of the frozen material was scratched with a steriie nesdie and streaked

onto the ampiciilin plate(20pg/mij for overnight growth.
- Large Scale Plasmid isolation

Sml of bacterial culturs grown from a single colony was transferred o
250 ml nutrient broth containing 20g/m! ampicillin and subjected to 16~

20 hours vigrous shaking at 37°C.
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‘Plasmids were isolated by an alkaline lysis method(Maniatis et al.,I
1982). Bacterial cells were harvested by centrifugation in a J-14 rotor
(Beckman) at 8 Krpm for 10 mins and resuspended in 5 mi solution 1. 10 mi
solution 11 was added to lyse the cells and 7.2 ml solution 11l to precipitate
proteins and hacterial chromosomes. Plasmids were separated from cell
debris by centrifugation at 12 Krpm for 15 mins in a J-21 rotor (Backman).
To 18 ml plasmid containing liquid, 12ml isopropanal was added at room
temperature and the mixkture allowed 1o stand for 1S mins. Plasmid DA was
pelleted by 12 Krpm centrifugation for 10 min in a J-21 rotor (Beckman) and
resuspended in 4.0 mi Hal.

FPlasmid Furification

Plasmid DNA obtained by the alkaline 1ysis method was further purified
by cesium chloride (CsCh gradient centrifugation. 4.4 g CsC1, 0.4ml
ethidium bromide (10mg/m1) and 4.0m1 plasmid containing solution was
centrifuged at 65Krpm for wermght in a VTi65 rotor (Beckman). The
plasmid DNA band (the lower of two bands) was collected with an 18-G
sized needie attached to a syringe. A volume of water equal to twice the
volume of the plasmid DMNA containing CsCl solution and a volume of ethanol
equal to twice the total diluted volume were sdded sequentially. The
mixture was stored at -200C overnight. &fter centrifugation at 10 Krpm for
15 mins ina J-14 rotor, DMA pellet was saved and resuspended in 200p] TEN
buffer. Ethidium bromide was removed from the DM& by phenol extraction in
semi—darkr;gss. The DNA was then precipitated with ethansi overnight at -

200C and redissolved in 200u] TEM buffer.



DNA was diluted and the absorbance at 260 and 230nm read. DNA
concentration in ug/mi equals A260 X dilution factor { SO. DMA purity was

determined by AZ60/A280, which should be close to 2 for pure DMA,
CaMy DMA Inoculation of Piants

Turnips (&ressics raps Loy, Just Rightl were uzad as hosla Plants
Were griwn ina growth chamber with 12 hour of Hight and 12 hours of dark.
The temperature Tor these wo periods was approximately 720F and 6E8°F,
respectively. The plants were watered daily and fertilized twice a wesk.
Before inoculation, plasmid ONA was digested with Sall to release viral DA
{rom the vectar. 20 ul of inccula containing 20mg/1 of each plasmid, 2 ¥
SSC (0.3 M HaCl and 30 miM Mazcitrate) and 2g/1 celite were rubbed with a
gioved finger onto three-and-a half week old turnip leaf, three leaves per
piant.

CaM¥ Virion Isolation from Leaves.

The procedure was done by follawing Hull et al.’s method {1576) with
some modificutions. After 3-4 wesks of infeclion, plant leaves wers
homogenized in a Waring blender in 400m virus isolation buffer (68.05 g
moncbasic potassium phosphate ca 730mi water, pH adjust by adding KOH
peliet, q.2. 1000mI with water, and 7.5 g sodium sulfate). The homogenate
was filtered through chegsecloth and the filtrate stirred overnight in the
presence of ureal 50mg / ml ) and triton-¥-100 {2511/ m1). The homogenate
was centrifuged in a J-21 rotar (Beckman} at 3,000 rpm for 10 mins. The
supernatant was collected and centrifuged at 18.5 Krpm for another 3 hours
in a Ti4S rator (Beckman). The pellet was resuspended in 1.0 mi glass-

distilied water and centrifuged at 7,000rpm for 10 mins ina J-21 rotorThe
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supernatant was layered onto a continuous sucrose gradient made from 1
and 40% sucrose and centrifuged ina 3w 25.1 bucket rotor {Begkman} at
22.5 Krpm for 3 hours at 49C. The »iral band was recoved by puncturing the
side of the tube with an 18 G syringe-neadie. An equal yolume of water was
added to the viral suspension and the mixture anmfugpd at 45 Krpm for |
haur in g Ti75 rotor (Beckman). The wiral particles were finally stored in 2.0

HEE W R gy P IO
mi sterile waler at ~209C.

SOl virug solution was dituted in O.5Smi He0 and absardance at 260

and 250nm read. The concentration img/ml) was calculated as (A260 X

vl

ditution factor)/7. The virus yield {mg/Kg) was determined by concentration

ot td bl

% 2mi 7 weight of leaves (kgl.

CaMV ¥irion Inocylation aof Plants

20 ul of 2 ug /mi viral paricles in 18 KoHPD, and 29/1 celite was

rubbed Unw three-wesk-old turnip lsaves, thrae leaves per plant.
CaMV DiMa lsolalion from Leaves.

Yiral DN& was prepa ording to the method of Gardner and
Shegherd (19300, 2 gm of leaf tissue from planis infected for 3 to 4 weeks
wag weighed , ground in Hauid nitrogen and suspended in 10ml TEY solution

(0.2 MTris-HCI, 002 MEDTA and 1.5 Murssl The contents were poursd into

1.

g 30ml Corex tube and the moriaer was rinssd with 2mi 108 triton ¥- 1040
After centrifugation at 10 Krpm for 15 mins in a J~14 rotor (Beckman], the
supernatant was filtersd through Micracioth, layered onto a 2.0 mi TeEU~
sucrose layer (7.5 g sucrose, 10ml 103 triton ¥~100 to S0ml with TEU}, and

centrifuged 34 Krpm for 2.5 hours in a Ti75 or Ti65 rotor. The liquid was



removed by using a pasteur pipet attached to a vacuum aspirator. 0.2 ml
viral resuspension buffer {0.1 M Tris-HCY, pH 7.5 and 2.5 miM MgCly) with 2ul
of Img/ml DNase were added to the pellet and the mixture inc*jbated at
37°C for 10 mins. 4yl 0.SM EDTA, 50 1 Smgzm! proteinase K, 12.5 ul 208
SDS were added and incubation was continued at 83°C for 10 mins. The
reaction was stopped oy phenot extraction by adding 30 g1 1M Trig~HCI, pH
8.0, 8 il S ?'Jatt 00 ul phenoi. ONA was pracipiiated with 0.75ml G3F

gihanal at -209C overnight and dissoived in 20 g TEM Duffer
Alkaline Denaturing Gel

An alkaling agarose gel was usad Lo examine single stranded DA caused

by gaps in Caltv DNA. 0.4
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40 mi water and heated
until the agarose dissolyed. Wh e the contents cooled to about 50-60°C, 0.4
ml af 100 ¥ alkaline electrophoresis buffer was added and the migture
poured into a gel mold. Before 1nading the samples, the gel was soaked in
alkaline electrophoresis buffe;’ (Tame; H}f about 30 minutes. About 300ng
D& wras Joaded with alkaline loading buffer (0.2 M aliali{MaOH or KOH), 53
glycargl and 0.023% bromphenol blue) and electrophoresis was performed at
50 volts for the desired time. |

Restriction Enzyme Digestion

#hot -Sall, and Asp7 18 - EcoRl digestions; ¥hol - Sail, and EcoRl
digestions; Asp718 ~ EcoRi, and Xhoi - EcoRl ; EcoRl, and Asp7 18 - ECoR|
digestions were used to characterize progenies of Cabbs and XZG, UM130 and
AZG, Cabbs and XZF,and UM130 and ¥ZF coinoculation, respectively. 2 ul DA
preparation from leaves in 2041 reaction solution was used at 379C for 1 to

2 hours. Xhol-Sall digestion was carried out in Sail buffer at the same
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time, as mentioned. For Asp718 - EcoRl double digestion, Asp718 digestion

was performed first and 10 pi of 25 p1 1M Tris-HCY, pH 7.0, 7S pi Ho0 , 2

units of EcoR! were added for the second reaction. 1.3% agarosajgel.s In TAE

buffer or 1.0 3 agarose gels in Loening buffer were used for electrophoresis.
In addition, EcoRl digestion was performed fbr the viral DNA isolated

from plants coinoculated with SAIN and CabbS or SAH and H¥S5153. Clal and

}

[}

o a_;} >3
-t it et

[y}

sual digestion wera used for La-B61 ve Ca-MEZ and MYS 133



CHAPTER I

RESULTS

pHIF and pEil

Constryction and structurs

#ZF and XZG wers designed 1o have 12bp insertions at unique sites of

IRFI and i1 of Capb5, for maintaining their infectivity., when pC5101 was
digested at its Xhol site, the sticky ends of 4bp filled and ligated with an
Bbp Kpnl linker, p4ZF was formad (Fig. 4). The construction of pXZG was
gtariad from pUM41, which had 4bp added at Kpni site of pC5101 by cutling
off the slicky ends of the K_pm' site with T4 exm‘za.sciease—pmgmérase and

‘ligating with an 8bp Smal linker. Digestion at the Sma!l site of pUM41 and
directiy ligating with an Sbp ¥hol Tinker resulted in piZ6 ( Fig. 5).

To reduce se}'f-mrcu}arizaﬁcn of the parent plasmid during the ligation
raction, the linear piasmid was dephosphoriylated. T4 DHA ligase will not
ligate DMA fragments lacking a 5° phosphate group. Since our commercial
linkers are also n0n~gh0:~:pvhorg}ateﬂ, the linkers had to be phosphorylated
before their uze. Phasphoryiation of the linker with 32P-ATP also provided
a way to test whether the linker was ligatable or not. When good ligated
finker is ex?nsed to ligase, a ladder pattern should be seen on
autoradiographs of gel electrophoresis of the products. | found that not aill

commercial linkers are ligatable under standard conditions.

29



Figure 4. Construction of XEF.
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Figure 5. Construction of ZIG
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Ancther way o increase linker insartion efficiency is to redigest the
plasmid after ligation. Plasmids containing linkers will not be cleaved and
will remain as relaxed circuler forms, while seif-ligated parental plasmids
{11 be cleaved into linear molecules that do not transfaorm bacteria in the
- next step. Afler redigestion a relaxed circle plasmid band and a linear
plasmid band wers seen on agarose gel electrophorasis. That was
interpreted 1o mean that | had tinker insertion in some pilasmids.

After bacteria wers transiormed with the above Higation mixturs,

singie colonies were picked and grown in broth. Plr:lb»"'!lﬂs wera {sgiats

(s}

from small bacterial culiuras.

0‘:

%hol-Sall, and Kpni-3all were usad {0 scraen for pXZF (fig.6). Sinca
there is no Xho! site at 5481 in paZF, ’hol and Sall digestion will give two
fragments of 4383 and 8032bp , matead of three fragments of 3194, 4383
and 4338bp as in the parents] plasmid pC5101. Eight out of 12 plasmids
screened had the expected piZF patiemn of 4363 and 80321‘:3;3 fragments (fig.
7). To ensura that & Kpnl ':i;iérk’&r Wés insaried at 5481, Kpnl and Sall
cﬁgestibn was performed. The additional Kpni linker at the 3481 site (fig.8)
will give two shorter fragments of 3170 ahd 33%0bp in Kpni and Sall -
dvigestiup yhile for pC2107 it is 3228hp. The resylt is shown in figurs 9.

Khai-Sail digestion of piZG should produce fragments of 4830, 4383,
2756 and 3930p , while 4820, 4353 and 3194 bp fragments are produced
from parental puM41 (fig.10) 3 aut 10 plasmids screenad had pXZG patiemn
(fig. 11).

£

infectivite and symptoms

Both XZF and ¥ZG were infectious. Plants inoculated with XZ2G showed

n ~ ~

symptoms as early as plants ingculated with Cahb3s (about 2 \: ks post



Fig. 6. Zhol, Sall restriction map of pCS101 and pEZF
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Figure 7. Xhol and Sall digestion: s¢reening for piZF. Lane 1 10 12, DNA from
transformants. Lane 13, pC310 1. The digests wers
glecirophoresed on a 1.0% agarose gel.
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Fig. . EKpnl, 5all restriction map of pC5101 and pZiF
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ingculation ). The appearance of symptoms on plants inocuwlataed with pXZF
DA was delayed about 1 week. Only one to three days delay of epperance of
sumpioms was observed in XZF inoculated plants. However the infetious
severity was not reduced as judged by the yields of virus from XZF and
Cabbs infected plants (3.68mg/Kg yields for XZF comparing 3.19mg/Kg for
CabbS). On inoculated leaves |, local lesion caused by KZF are sharp, defined

yellow spots much smaller than those formed by CabbS, UMI130 or ¥ZG.

Stability of ¥ZF and ¥2G DMA during growth in plants

Kpni-5ali, and Xhol-Sall digestions were used to check that the linkers
W&ré still present in XZF and £ZG DNA recovered from plants. The results
were positive.

Alkaline denatmﬁg elecirophoresis was slso performed io check
whether three gaps were maintained in XZF DRA or not. The three gaps in the
DA of most isolateds of CaMV will produce three single-stranded DNAs
under denaturation conditions. Figure 12 shows thal ¥ZF DNA has the same
pattern as CabbS DNA.

&llele dominsnce

b ve CabhS

Allele domipance was tested by incculating turnip plents with a
mixture of purified virions, isolating virion DNA from the infected plants
and restrictjon enzyme digestion of the recovered DNA. Viral DNA extracted
from plants inocuiéted with Cabb$S and XZ6 was digested by Xhol and Sall to
distinguish the pmgéng type. As mentioned above, 27956bp fragment is &

marker for XZ2G DNA, while that of 3194bp is disgnostic for Cabb5 in this



Figure 12. Alkaline denaluring of Cabbs and ZZF DNA. Lane 1, Cabbs DNA.
Lane 2, XZF DNA. Electrophorssis on a 1.0% agarose alkaling gel
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combination . A equal mixture of X756 and CabbS DMA existed in plants
inoculated with equal amounts of KZG &nd Cabb5 inecula (Fig. 13). when
ingcula contained three times more CabbS than XZ26G, traces of XZG DNA were

still found in the progeny as shown in the Xhol-Sall restriction digestion
pattemn.

¥eh ve UM130

UMi30 1s derived from Cabbs by insertion of an EcoRI Tinker at the
Smal site at 2040bp of pUM41. The EcoRl digestion patiern of UMi130 differs
from those of XZ6 or XZF in having a shorter fragment, 1632bp instead of
2009bp (fig.14 ). As shown in figure 15, DHA resulting from an equal
mixture of UM130 and XZ6 gave patterns after EcoRi digests of viral DRNA
showing fragments characteristic of both in 8 out of & plants. Since the XZ6
pattern could result from incompiete digestion at the 2040 site, Xhoi-5all
digestion was used to distinquish whether XZG was really there or not. The
presence of the X226 specific raghnem 2786hp inthe ¥ho! and Sall digest
confirmed the presence of X260 result. Virion D& from five other plants
coinoculated in & separate experiment with equal amounts of UM130 and XZ6
gave g pattern after EcoRi digestion with major XZG fragment and only s of
trace that for UM130 .

¥ZF ve Cabbs

¥/hen viral DiHAs were subjected {o combined Kpnl and EcoR! digestion,
g 1234 bp&fragment or 1632bp fragment was specific for XZF or Cabbs,
respectively(fig. 16 ) When the amount of XZF in the inoculum was three
times that of Cabbs, the fragments of progeny DNA digested with Kpnl end

EcoRl contained both1234bp and 1632bp fragments(fig.17). The presence of



Figure 13. Xhol and Sall digestion of DNA prepared from equal amousnts XZ6
and Cabbs coinocunlated turnips. Lansg 1. Cabbl. Lane 2, piiG.
Lane 3 to 9, viral DNA from plants. Electrophorssison a 1.03
agarose gel.
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triction map of UMI130 and XZ2G or ZIF
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Figure 15. EcoRI digsstion of DHA preparsd from equal amounts X2G and
UM 130 coinoculated turnips. Lane 1, pUM 130, Lane 2, Cabbs.
Lane 3 to 10, viral DHA from plants. Electrophoresisona 123
agarose gel
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¢, Epnl, EcoRI restriction map of Cabbs and ZEF.
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Figure 17. Epnl and EcoRI digestion ¢f viral DHA prepared from turnip
- plants that had been coinocudated with a concentration ratio of
three IIF to one Cabbl. Lane 1, EcoRI digestion of CabbS DHA.
Lane 2, Zhol and EcoRI digestion of CabbSDHA. Lane 4 o 11,
Ernl and EcoRk digestion of wiral DNA from plants.
Electrophoresis on a 1.5% agarose gel
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{Cabb5 DN& was also pmvmj by Sall and Kol analysiswhen Cabbs and ¥IF

wers present in equal amounts in the inoculum of planis, ¥2F pr ogeny could
1

not be detected any more by Asp?716 and EcoR! digestion. Asp?

g igan
isoschizomer of Kpnl. | found that Kpnl is very ineffecient in cutting CaMy
DA, probably due to its substrate preference. 10 times more units of Kpnl

than Asp7 15 needed to be used in the reaction to obtain compiete digestion.

¥ZF vg LMI130

inplants inoculated with agual amounts of UMI1Z20 and ¥2F, viral D&

&L,

isolated showed muiuri 130 and minor ¥2F patlern in Asp7i8 [

A4r palles 718 ang Zool
digestion from 4/7 plants {fig. 183 Two plants had UMI130 and one plant had
REFI the XIF content in the inocula was Uwo time that of UM130, ¥2F was
the only DNA in the progeny in 575 plants as shown by EcoR] digestion. &
ratio of 1.5 or more UM130 to X2F in the inocuwla resulted in only the GMI30

LS i

pattern from 6/6 plants by Asp718 and EcoR! digestion fig.18).
Table VY1 summarizes the shove descriplion.
SAll vs Caihs

The deltetion of 105 bp from 1237 1o 1642 in Sall reduces the size of
the Cabbs 2003bp ?rramprt o 1594hp in kol

concantration of 241l was 11514




Fizure 15

Aspa7ld and EcoRI di igestion of viral DHNA exfracted from plants
inoculated with Ubl130 and XZF. Lans 1, pUM 130, Lane 2, piZF.
Lanel ¥iF DHA. Lane 4 and 5, DMNA from plants inoculated with
equal amonnts of UM130 and ZIZF. Lane  to &, DNA from plants
incculated with a concent '*1%if~n ratioc of 1.5 or more UM 12010
TZF. Lane G, UK 130 DNA from plants. & XZF specific fragment
1234bp is indicaied.

Lred
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Table IV

ALLELE DOMIMANCE OF CaMV BETWEEN X2G AND Cabbs, X2G AND UM 120,

#ZF AND Cabbf$, AND XZF AND UM 130

ratio| Cabb3 vs XZG UMI30 vs XZG Cabb3 vs XZF UMI130 vs XZF

| . 4 130,trace F
131 8m ' 8m 8C 2 130

S G, tracel30 ' IF

i22 . 5 F

6 150

3:1 8 C, trace G

C: Cacts

F. ITF

G: G

m: mizture ¢f parsots
120: U130

o i.



FigureiS. EcoRI digestion of virai DNA extracted from plants inoculated
with Sall and CabbS. Lane 1, CabhS DNA from plants. Lane 2 1o 7,
DMA from plants inoculated with Sall and Cabb%S ina ratio
ranged from 11.5:1 to 1:11.5. Lane 8, CabbS DNA from plants.
Electrophoresis on a 1.9% agarose gel Fragments 1894 and
2008bp ars indicated.
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Differences between the EcoR! digestion patterns of NYS 1353 (4340,
3172 and 45 aim) gnd Sall (2325,18%94,1721 and 14660bp) made it gasy to
test whether they coexisied or not in progeny when they were coinoculated.
A mixed pattern was detected.

Ca~-BE1 vs Ca-NE2

¥hen Ca-B81 and Ca-NBZ were subjected to Clal digestion, the anly
ditference between the fragments was a 1440bp fragment in Ca-B81 and
1674bp fragment Ca-NB2. Only when Ca-NS2 was 11.5 times over Ca- BB1 in

the coinccula, could Ca-HB2 DNA be detected in progeny (7ig.20)

Ca~-BE{ vg NYBIEZ

£bat digesUon of NYG153 and Ca-BB1 will resull in 3882, 2430, G&4d and
G44bp fragmems for BYB153 and 3692,2430 and 1267bp Tragments for Ca-
GB1. A mixture of Ca-DB1 and NYG1335 DNA patlerns was seen in Xbal
digestion of viral DNA isa‘iated from plants coinoculated with Ca-BB1 and

NY 1853 at a concentration ratios from 1: 10 through 10 1



rigura 20. Clal digestion of virsl DMA from plants inoculated with Ca-BB1
and Ca-NB2. Lane 1, Ca-B81 DNA from plants. Lane 2 10 6, DN&
from plants inoculated with Ca~-B81 and Ca-NB2 inaratio of
P12t tot:11.5 Lane 7, Ca-NB2 from planis. Elecirephoresis on
a 1.2% agarose gel. Fragments 1440 and 1674bp are indicated.
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CHAPTER IV
DISCUSSION

Daubert et al. {1983) have introduced & series of small insertions into
the various translational reading frames of Cabki¥. They found thata 12bp
in-phase insertion in ORF 111 destroyed infeclivily. However my construct
PEZG and pURL 130, both have 12bp insertions st ORFIIL, and are as

infectious as the parents. The construction of Daubert e al’s has 12bp
inserted at nucleotide 2149 of Cabblb strain, curs at 20400p of CabbS. What
makes the difference {s interesting. The insertion aming acid sequneces
- prolsugluglyala. of 26 and progly pheargala. of UM 130 probably didn't
cwﬁmmtzy change the etmcture of their protein products.

ORF 11 encodes an aphid transmission factor (Armour etal, 1983;
Woniston et al, 1983.). It is net essential for infaction, as it ¢can be either
deletad or expanded by small inserfions (Howell et al., 1981; Gronenborn et
al, 1981; Dizon et al, 1983). Both deletion and insertion at ORF 11 retard

h e

infectivity. ZJF, with a 12bp incertion at ORF 11 causes disease with about

ong weell delay of symptom appearance. In addition, X2F ¢a 1568 much
staller local lesions on inoculated leaves. [ has bean shown that the OFF 11

proguct influences the structure of the viral inclusion body or firmness with
which virioas are held within the viroplasm (Givord et al, 1984). 1 also
ocheerved Ca-Nb2, which has an insertion of 2 34bp at ORFII of Chi4-1084
abolished or reduced the severity of vein clearing. The exact function of CRF
IT remains to be elucidated.

53
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¥IF has the 12 bp insertion very close to G3 (fig.21). It has been

~'

reported (Pietrzak and Hohn, 1845) that long polyliniers inserted bes

H';

ide G3
affected the ctability of the insertion in progeny viral DWA in plants oy

acting as recombination targets. {ZF retained its linker insertion during plant
infection. DA sequence arcund G3 is thought as the pm_s-s;trand primer-
binding site for polymerase(Pieiffer and Hohn, 1983; Hull and Covey

'ﬁ‘.:‘ beod ™ .- ™ET ot de o 2T Fammamge Yt b At AT A e
Hohn etal, 1885). That .4*...* viron DHA isolaled {rom piasit shows three

synthesis at the G3 sile. Known ORFII delelion mutant S& 103 produced only
geﬁctmer-lengm sin gl strands{Armour et al, 1983).

When 3 zed with Cabbs was used to incculate plants, no aliele
dominace was observed in the DHA recovered from pmgemr virjons. Even
when the amount of Cabbs was thres fold more than that of X6 in the
inocula, traces of XiG DHA were deteciad. In the case of X6 coinoculals
with UK130, 8 yldi’lnS had a mixture of parental DA and five hiad mostly

£ZG and small amounts of UK 130 in the progeny viral DNA. UM 130, which

fos

as an g¢xtra 12bp inserted al nuciectide 2040 of Cabbsl, has been observed
to convert completely to Cabbs, even when the armount of UM 130 was three
times over that of Cabbs in the inocula { Melcher and Essenberg, 1485). XIG
has a 1200 lnker inserted at the same site as UM 130, The only difference
betwesn them is the § bp DHA sequence, GGAATTIC for U130 and
CCTCGAGE for ¥ZG. We atlribute allele dominance in the Cabbs and UM 130
combination to mismatch repeiriezcision loop structure) of a heteroduplex
during recombination. In many syelems, mismatch repadr for many markers
involves the pfezerem’dal correction of one or the other strand . In 5.

Yol i it er {1977) found that opposite strands were not equally



Figure 21. Structure of the G3 dizcontinuity. Xhol linker insertion gite is
indicated.
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effeclive in transformation. Alse in S, poenaronize a deletion of Cin the
sequence 5'----- TTCCCT Ammmmm 3 was corracted with nigh efficiency,
whereas 3 deletion of Cin the sequence 5'---wn GACCTT —mmmm 3 had an

intermediate efficiency of correction (Sicard et al, 2%‘«6’5) ne efficlency of

P

e,
s

methyl-directed DA mismatch-repair of Zond acting on phags #1353 was

. N _‘_‘\ % .0 1 oy Pl
raporied o be controllad Uy wo paramets

Svw

; £ Bta g eamm e et 3 e e b et 1~ 2
1472 M & 4 3 angn o 3 \ 3 e Tat ol - O
e of e misraatoh eadf (Zramer et al, 1584

Y T ol R e b odamryad
the mismaich and the gimeh L rarne

iy

*F . WU S s
T T

FUERS: 1.,‘1 & 'ﬁn;m_u..u"‘ e A leErs L]
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plants) resulling when X2G and Uhi 130 were coinfectad, could be dus to no
correction of mismatches, Whan K26 and UM 130 recombination happsns,

mismatches will form in the heteroduplex instead of a loop siructurs as in

E)

kg

E2G and Cabbs combination.

------ COOGGGAATTCOCCCG -~ URL130

.
iy

—————— GCCCGGAGK T'“"‘f'}\mt.,w-«m"

3
3

1t appears that most single base mismatches can e repaired. A/C, C/T,
A4, C/T and G/C conld be corrected very efficienly, T/T efficiently, and &/G
and C/T not at a detectabls frequency. This single base repair specificity is

identical in Feodf and Spneumonize syetams (Xramer et al, 1954; Dohset ot

4l o HEPUNRINE S . -~ spombasl T s . (pem Py R SN
roultipie mismaliches conld be complicated | In Somesmorsfss the correcticon

a

- %= § -~ R - 3 2.3 % 4~ L PRI L o~ .
of & padr of indsmnalchss could be changed LY mading e second mismalel
2

eight base pairs {rom the first, and two mismaiches, normally not corvecisd
singly, were recognized when both were present (Claverys et al, 1983} This
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When XZF was coinoculated with CabbSs in egual amounts, allele
conversion to Cabbs happened in 8/8 plants. But when XZF was three times

great than CabbS ininocula, both parents were recoversg BFODEIB?Q

(¥

could say RZF is only weakly converted. As mentionad above 5S4l and Ca-MB2
are much more strongly converted. Also as in the £oa/7 system, larga

deletions ara befter subsirates for conversion than small deletion
ZF, since AZF has delayed appearace of symplame.

The interaction of XZF and UM130 s complicated 1o analyze, due 10 th

lD

presance of Uwo heterclogous regions. 'IME!" AZF was inoculsted with LM130,

Cabbs allele dominance gver UMI120 at ORFI was i

1

&
p)
o0
3
fow. N
———d
[&p]
[¥s]
(1]
=3
-
I:.l

ph

aT»
L_A.

=)
just when XZF (Cabbs allele), was two fold mors than UM130. in one to
migture of ¥ZF and UM130, 6 out of 7 plants had UM130 DNA |, while 5 aut
& plants had UM130 when UM130 was 1.5 times more than X2F in ?.he
coinoculation. XZF differs from Cabbs in having an extra i:}iﬁp at the 1542hp
site, that making a heternlogous fégien 398Dbp away from the site of the
converted allele in CabbS and UM130 interaction. When plIM24, which has a
40Qbp delelion from 629G o 6338 , was mixed with pliM130, the
heteroiogous sequence present didn't prevent UM130 allele conversion io

Cabbs in § of 10 plants (Melcher and Essenberg, 1985). why should the 12bp

heterolegy at 1642 depress conversion? Gne hypothesis is thatl near ihe
164200 positian is a specific recognition site for the initiation of
conversion. Another explanation is that exact pairing between homologues, a

prerequi site for normal recombination and gene conversion, is not possibie
in heterolagous regions. That heterologies will prevent allele dominance
has been ghserved when UM130 was mixed with CM4-184 or MY 1853 (they

have 5% sequence difference scattersd throughout the whole viral genome;.



| also abserved several casas in ORFIL When SAl, which is a deletion

., 19843,
was mixed with Cabbs complete conversion 1o Cabbs happened even when

mutant within ORFI! from 1337 1o 1643 of CaDD OMa (Givorg et al

Sall »as three times high than Cabbs in the inoculum. Alleie dominance was
abalished when SA11 was coinoculated with NY 1853, The Ca-N32 allels was
Tost when it was coinooulated with Ca-8C1. Ca-gB1 is derfved from CMa-

184 with the whole CRFI deleted and an the $hai (Sbp) linker ingart

insiead Ca-MBZ has a dhfr gene 2340p inseried al

»14

ihol site of Ca-go
(Brisson et al., 1964). Ca-BB1 coexisted with NY1833 at a wide rangs
concentration ratios from 1 (10 ratioor 10 1 ralig of Ca-BB1 o MY 1833
Whether Ca-HB2 would be converind at the presence of NY 1353 would b2
interesting in test.

TheiZbp exira in UM130 also depressed m%}a'éa doeminance that
happenad in OEF 1L Ina one 10 one mizture of ZF and UM130, 377 planis
kept AZF viral progeny, while no 'siIZF weare detectad in planis when AZF was
mixed with Cabbs.

Various recombination models postulates heteroduplex structurss
petweaen Uwo parental DHAS an which mismalch correction 15 suppo
accur. & study of mismatch correction mechanism in CalMV is likely to be of
g

1)

neral significance to the theory.



SUMMARY

pAZF and pXZG have Deen constructed by inserting 12bp into specific
sitez of 2OZI00 to study allels dominance in CaMthy.

GAZF was obiained by dhol digestion of pC3i01, T11ling the ends with
reverse transcriptase ang Hgation with a €ont linker pRZh was mads by
smial digestion of pUMdl and Tigaiing with Zhol Hnker

pAZF and pAIG wers inoculated anto turnips to determine their
infectivity. Both pdiF and pidh weare infectious. With p¥dF aboutl ong waek
gelay of sumplom appearance occurred, X2F alsc differed from the parsnt by
having smalier local lesions on inoculatad eaves.

- Allele dominance was investigated by o ‘o‘u%.@mq turnip plants with
mizturas of purified wirus, extraciing wirion DMA from infected plants and
analyzing »ith restriction enzymes.

Mo allele dominanca was observed between ¥ZG and Cabbs DMA, in

- contrast to the allele dominance of CabhS over UM130, which has the 120p

7]

Sy emom = -~ 3 -~ S
insarvicn at the same sits

=
[ye
&
s
>
g
¥
B d
O
(11
L
-
-3
]
=3
fw
[}
{0

2 was 3130 hardly

%

gyserved in L{{’HBO and X206 combination tested in d plants, while in S plants
475 seemad dominant aver LMI30 |

Thers were mixturas of Cabbs and X2F ONA& in virtan progeny whean 5CZF
was three.times over XZF in inocula, bul not when ¥2F and CabbS were in
gqual amounts. |

The dominance of Cabbs over UMI130 at ORF U was non-existent in 27

and UM1Z0 combination. &/7 plant had UM120 DMa when infectad with squal



60

amounts of UM130 and XZF. The extra 12bp at UM130 also interfered with
allele converion of XZF at ORF | site.

Allete loss in ORF 11 was observed when other mutants SAll and Ca-MB2
were used in mixed infection with their homlogous uareg}‘:s but not with
neterglogous strains.

The possible mechanism of allele dominance happenad in Calty was

discussed.

™



4 SELECTED BIBLIOGRAPHY

L Austing B and Catcheside, DG 1670 Aust. 1L Biol. 5ci. 2% 1220-

Kot T g o Ty ¥ ~ T
svmour, S.L, Melcher, U, Pircone, TP, Lyttle, D]
Vircl, 129:25-30

Brisson, M., Paszkawske, |, Pengwick, [ R, Gronenborn, B, Polrvhus, I, and
Hohn, T. 19864 Haturs 31 :511-514

Choe, 1.5, Meicher, U, Richards, E., Lebeurier, G, and essenberg, RC, 1685
t”mt Hol Biol 5:281-289

Claverys, [P, Roger, M, anfi xmard. AM 1980 Mol Gen Genet. 174: 191-201

=
’::’

Clawerys, [P, Mejsan, V., Gasc, 8 M, Galiber, F, and Michel, &. 1981 Hucl.
Acid Res. §: 22 ZZE‘G

Claverys, | P, Mejean, ¥V, Gase, &M, and Sicard, AWM. 1983 Proc. Hatl, Acad.
Sci. USA 860: 5956- 5%0

Coffin, [RI 1681 [GenViroel 4

i‘«.."

- 1-6

Covey, SN, and Hull, B. 1941 Virol. 111: 463-474

Co*«?»z«?,’ EN; Lomonossoff, G P, and Hull, K. 19&1 Nucl. Acld Res. 9: 6735
DasGu;*;; :C.;sand Radding, CI. 1961 Proc. Hatl. Acad. Sci. USA 78:4786-4730

Daubert S, Richins, R, Shepherd, R], and Gardner, RC. 1982 Virol. 122:
444-449

Daubert,S, Shepherd, R ], and Gardner, R.C. 1983 Geneg 25: 201-208

o dor

61



62

Dauber,S, Schoelz, ], Debao, L, and Shephsrd, R, 19584 ]. Mol Appl. Genet.
2:337-547

Dizon, LK,L@*mg,I and Hohn, T. 1983, 3ene 25: 169-109

Dixon, LK, and Hohn, T. 1984 EMBO 3: 2731-2736

I’ .

Dizmon, LK, Nyffensgger, T, Delley, G, Martinez-lequisrdo, |, and Hohn, T.
lkjuE.: Viral, 150: 463 -~z€'|

Dudley, RE, Cdell, ].T, and Howell, SH. 1982 ¥irel 117 19-23

Franck, m.l:uille-‘;L H, Jonard, G, Richards, £, and Hirth, L. 1950 Cell 21

e

PR :) % “A.'i
Gardner, R, and Shepherd, R. 1650 Virol. 108: 159- 161

Giverd, L, Zlong, C, Giband, 1, Koenig, 1, and Hohy, T. 1984 EMEC 20 1
1427

AN

Q]

(W5
1

ot

Grimsley, M, Hohn, T, and Hobn, B. 1986 EMBO 5: 641-564

Gronenbort, B. Gur:ine:r:, RC, Schaefer,S, and She pmd Rz {981 Hature
294: 773-T76

Guilfoyle, T.]. 1980 Virol 107: 71-40

Hamza, H., Haedens, V., and Iqiﬁk},.i-hezr'xde. A, 1980, Pro¢. Hatl. Acad. &

53
s:t
J‘*‘
"\]
C::l
-3
™
o
o
'
“a
)
un
[y

Hohn, T, Hohn, B, Lesot, A, and Lebeurier, G, 1980 Gene 11:21-31

Hoh, T, Richards, K., and Lebeurier, G. 1951 Curr. Topdes Microbic, Immunol.

Hohn, T, Hohn, B, and Pleiffer, P, 1945 TIBS 10: 205-209
Howelll, SHS and Hull, B, 1978 Virol. 86: 4568-481
Howell, SH, and Walker, L.L, and Waldern, RM. 1681 Nature 289: 453-480

Hull, R, and Covey, SH. 1983 TIES & 119-121



63

Hull, R, and Covey, SH. 1953 Mucl. Acd Res. 11: 1881-1895%

Hull, R, and Shepherd, RJ.1977 Virol. 79: 216-23

Py

8!

Lo’

Ish-Horocicz, D, and Burke, [, 1981 Hucl. &ccid. Res. G0 29493-2993

Kelly, RE, Cozzaralli, MR, Deutschgr, MF, lshman, IR, and Arthur, K. 1970
I. Biol. Chem 245 19-a5

= e T Vo W oand Rreite 1 GRg Call TR AT
Erammes B, Eramer, W, and Britg, H1, 1934 Call 38 &7T¢

Lai, ©], and Hathans, D, 1975 Virol. 66 70-51

Leblon, G 1972 Mol Gen. Genst. 115 36-44

e N 5 - FT - -y . 1'7__ -~ "f . o F‘l.'“ R
Lissoua, P 1961 Ann. Sci Nab Blol Zer Weg, 121 0641-T20

Lung, MC, and Pirene, TP, 1972 Phylopathol. ©

Maniatis, T, Fritzch, EF ., and Sambroed, ]. 1982 Molecular Cloning. &

-

Labor a.twrgz Manual. Cold spring Harbor Laboratory.
bleleher, U, and Essenbery, RO, 1985 [ Cell Biochem. 4C: 260

IS F'r:mf-:is,. K. Lebeurisr, G, and Essenbery, RC, 1986
18t 21 Y

;-*-n

,:A

Loy I

5B -
H
x:{.- f,-
c"-

Menizaier, |, Lebeurier, G, and Hirth, L, 1942 Virol 117 322-3245

o

son, BLS, and Radding, CML 1975 Proc. Nall, Acad. Soi USA 720 3548-351

1ML 1976 Proc, Matl Acad. Scl USA TH

Morrison, I 14979 Methods in Enzvmology 04 326-331
Cdell, I.T, and Howeldl, SH. 13280 Wirel. 102: 349-359

St =

Odsll, [T, Dudley, RK, and Howell, SH. 1081 Virol 111 377-385

a

Qlszeweks, W, Hagen, G, and Guilfoyle, T.], 1962 Macl. acld Res. 11 8901-



Ory-Weaver, T.L, and Zzostal, J'W. 1983 Proc. Natl. Acad.Scl USA 800 4417~
4421

orr-Weaver, T.L, and Szostale, 1W. 1635 Microbio. Rev, 4% 33-58
ol UEa

Pletrzak, M, and Hohn, T. 1985 Gene 3% 161-175
Radding, Ch. 19582 Ann. Rev. Genet. 16 405-437

Richards, K1, Guilley, H, and Jonard, G, 1941 FEBS Letis 134 07-70

*

Schoslz, ], Shepherd, R, and Richins, R, 1430 Phytopathol. 74; 405-42 %

Shepherd, B 1970 Commonw. Myc ::1 Inst. Descriptions Plant Viruses. Ho.

zhepherd, K, Brusning, G E, and Waksman, R, 1970, Virol, 105 575-581
£ N 2 e P

Bl o

scard, M, Lefevre, 1O, Mostachli, P, Gasc, &AM, Mejean, ¥, and Claverys,
™ - o LT RTIVE G
1P, 19385 Blochimde 67 377-3484

apatz, HO, and Trantner, T.A, 1970 Mol Gen. Genat. 109 84- 100

Y

stakl, FW, Craseman, [M, Stahl, MM, 1975 1Mol Biol Q4 203~ 12

Takats{i, H, Hirochika, H, Fukushi, T, and Ikela, | 1936 Nature 319 240-

2473

Thompson, B, Escarmis, C, Parker, B, Slater, WO, Dondzer, 1, Tessman, I,

=



65
Thompson, B, Cam'en MN., and Warner, RC., 1976 Proc. Natl. Acad. Sci.
USA 73:229%-2
Tiraby, G., and Sicard, A M. 19” ]. Bacteriol. 116: 1120-1135
Turner, D.S, and Covey, SN, 1034, FEBS Letts. 1&‘ 285-28Q

v

Toh, H, Havashida, H, and Mivata, T. 19483 Hature 305 827-8

[t

Velowiteh, M, Drugeon, G, and ¥

of, P 1978 Nucl. &0id. Fes. 5: 2913-2925

Walden, B, and Howeldl, 5. 1933 Plant Mol Biol. 2: 27-31

l-'.bl.

West, SC., Cassule, E, Howard-Flanders, P, 1951 Pro¢. Hatl. Acad. Sci. US4
r‘-; - - s &

Woolston, C.J, Covey, SH, Penswick, TR, and Davies, L W. 1983 Gene 23
15-21



pe
VITA

fu Shao Zhang

Candidate for the Dearee of

Master of Science
Thesis: STUDY OF ALLELE DOMINANCE IN CAULIFLOWER MOSAIC VIRUS

Major Field: Biochemistry

Biographical:

Personal Data: Born in Shanglai, People's Republic of China, June 7,
1960, the daughter of “Iuc Jing Feng and Chi Bo Zhang.

-Education: Graduate from Luding High School, Shanglad, in July 1973;
received Bachelor of Science Degree in Genetics from Fudan
University in July 1982; comnlét d requirements for the Master
of Scisnice degres at xllfhhﬁmd State University in December,

19856,
Professio 13.1 Exparti ience: Instructor, D
Ce nd I%ui« :ﬂ .,011~"~ kucy

Um"wr’ t*', “n.fm 1‘4~~ ‘m Angust,
Cancer Center, Dm‘mr ity of Temas ’j*a S
present.



