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CHAPTER I 

INTRODUCTION 

CauliflO\.\rer ivlosaic ·virus 

Biological Pronerties 
--~ . . 

Cauliflo'{p1er mosaic ·Yirus (CaivIV) is a plant ;7frus ,,\litl1 isometric 

particles about 50 nm in diameter (S11epherd, 1970). It usually infects 

members of tl1e fJ"m'if,9.t' .. 1,9family. Some strains also infect members of t11e 

Solanaceae or induce local necrotic lesions on A9tU.t'i:1 st.r .. 11JJ,,_m1l.1.lJJ (Lung and 

Pirone, 1972 ). Recently, a strain C•f CaMV tL~at causes chlorotic local lesions 

on .lJ. st.r.rtn:1,,.?ofu.t.l1 has been f~und (Schoelz, 1986). 

In general, inoculated leaves show mild symptoms consisting of 

c111orotic local lesions. symptoms on the systemic leaves are more se'1"ere 

and inclucie chlorotic mottling, vein-cleari11g, stunting of gro\.'11:11, and 

·wrinkling of young emerging leaves (Sl1ep11en:i, 1970). 

In the cytoplasm of infected ce-lls, iJirus particles are associate(! \.\lith 

granular, electron-<jense structures called inclusion boclies (Shepher<.i, 

1970). 

Caivrv is transmitted from plant to plant in nature by apl1ids. The virus 
.i:.'t 

can also be mechanically transmitted by rubr)ing the virus on to the plant 

leaves (Shepherd et al., 1965). 

CaivI'il Genome and Its Products 

1 
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The genome of CaivIV consists of a circular, double-stranded DNA 

molecule (Shepherd et al., 1977), V\7llich is slightly over 8000 bp (Hull an(j 

Shepherd, 1977; Balazs et al., 1982). 

2 

Ca1vIV DNA is unusual in that it contains three single-strand 

discontinuities w.tiJch are refered to as ·gaps·: G 1, G2 .. and G3 (Volo-;1itc11 et al., 

197 8; Hull and Hovvell, 197 o). G 1 .. Which is located in the minus stranrj,. is 

talcen as tl1e zero point of tlle conventional restriction map ( Hohn et al ... 

1900 ). The two breaks in the plus strand, G 2 and G 3 are situated at 0.2 o and 

0.53 map units, respectively. The nucleotide sequence of Ca1vIV reveals wtiat 

these gaps are not single strand brealcs, but rather that the 3· and 5' 

extremities of the interrupted strand overlap from 8 to 43 residues (Franck 

et al., 1980; Richards et al., 1981 ). Both 3 · and 5 · -termini of the gaps have 

free hydro1.7l groups ( Volovitch et al., 1978; Hull et al., 1979).· 

Eight open reading frames have been discovered in the plus strand 

(Franck et al., 1980; Hohn et al., 1982). Regions I through VI are the major 

open reading frames and are considered most likely to produce functional 

viral proteins. Regions VII and VII I are minor ones and are not thought to 

code for any important viral proteins. Each of these coding regions has a 

start codon close to its beginning and ends \.\Tith a stop codon. The coding 

regions are packed closely together and man}T of them overlap (Balazs et al., 

1982; Howell, 1982 ). 

Little is kno·wn about the functions of regions I and I I I and their 

products. Botl1 of these coding regions seem to be essential. The product of 

region II is the helper component for aphid transmissibility U· ... rmour et al., 

1953; Woolston et al., 1983 ). It is not essential for infection, as it can be 

eitl1er deleted or expanded by small insertions (Howell et al., 1981; 

Gronenborn et al., 1951; Dixon et al.. 1983). Both deletion and insertion at 

·. 
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ORF II ret-1rd infectivity. Tl1e ORF II product, an l&Kd polypeptide, "Y\ras 

found associated \¥ith viroplasms (Woolston et. al., 1953). This peptide v·i'as 
" 

absent from the viroplasm preparations of leaves infected with the CM4-

164 isolate of CaMVwhich lacks ORF! I. Mutant SAii with deletion of 105 bp 

at ORF! I t1ad a shorter peptide in the viroplasms. Both CM4-184 anij Si.\! I 

· ... vere 1 ose bound ··,·vithi n the vi rap 1 as ms (Gi vord et. a 1., 1964). 

Tllo& viral coat protein is produced by region rv. Tl1is '-NUS confinwt(j 

by identification of coat protein antigens in lysates of E.1..~lJ&f:/(:./J.l~9 c~~·.li cells 

'#hich contain plasmids 'Vvitl1 t11e region IV gene (Daubert et al., 1982 ). 

Region Vis t.llought to cocie for tile -:1iral re,1erse transcriptase. A 

portion of tile prt?dicted region V gene proc!uct is homc)logous to the amino 

acid se-quence of the polymerase of Moloney mu.rine leukemia virus, a 

retrovirus (Toh et al., 1983). Homology bE-tween CaMV gene V product and 

the protease and polymerase domains of retrovirus reverse transciptase is 

also described (Toll et al., 19&3). There \.118.S no homology -vvith the retroviral 
.. 

endonuclease region which has been implicated in integration (Panganiban 

and Temin, 1934). Analysis by activity gels of ttie proteins in replication 

comple~{es has sho-....m that there are two polypeptides, 11 OK and 75K, with 

DNA polymerase activities (Pfeiffer and Hohn, 1934). T11e 1 lOK polypeptide 

\·1!8.S identified as a host DNA poly-merase. The 75K product might be ti.11.e 

Ca!vIV-specific reverse t.ranscriptase. The strongest evide-nce that CaZvIV DNi· .. 

replication involv-es rei:,;rerse t.ranscript.ion comes from tl1e cloningexpression 

of t11e ORF V gene in the yeast S..:1ccl1ar(JJJJ}'"'..'>9S ;,.'>9f"&VJS/~?&. Tl1e rev-erse 

transcriptase accumulated to significant le~.rels in yeast that have ORF V 

gene (Takatu.suji et al., 1906). 

In vit.ro translation studies shov'led that gene VI coded for a 62 Kd 

polypeptide, Ty1lhicl1 '=Nas very similar by peptide finger print analysis to the 
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major protein component of virus inclusion bodies (Odell and Howell, 1 g,30; 

Covey and Hull .. 1981 ). :Recent studies on ca:rvIV genomic hybrid~ suggest that 

the ORF VI product is also involved in disease expression, including local 

symptoms of c111orosis and necrosis or systemic infection of the virus in 

.f:.?k?ffa(>?(JllS l1osts (Daut1Ht et al, 1984). This host range determinant is 

controlle·(j only by a 496--t1p DNA segment of t11e first half of ORF VI (Sc11oelz 

Little is kno1Nn about t11e functions of regions VI I an 11 'lI I I. Ins.s-rtion or 

deletion iNi.t11in OP.FVII did not interfere i;Nit..11 viral inf0di'lity (Dixon et aL .. 

1 g,:).3). Infectiv-ity ·was retained only 'Nlien the AUG initiation c0c:ion of 

ORFVI I 'i·Vas in-phase v..r:it.11 a termination cc<ion upstream of the initiation 

codon of ORFI (Dtron and Hohn, 1984). i·J. "r.z.lay race" mechanism for 

translation of ORFs VI I and I from a polycist.ronic mRN .. e.J. r.1vas proposed to 

interpret t11is fact. 

CaMV Transcri2ts 

Only the minus strand of the >.iiral DNA is transcritied (Guilfoy"le, l 950). 

T11is givE-::S RNA sequences equtvalent to those of t11e plu.s strand, which 

contains all of t11e potential coding r·::gions. 

Titv'O major polya(;J.enylated transcripts termed tJ1e 19S an•j 35S RNA 

have l)~ien f oun(j_ 19S RN.i\ llas an eleV€·n nucleotide leader sequence 

transcrit1ed from minus-strand DN.b.. located immediately- upstream of the 

i1.TJG initiation codon of ORF VI. T!1e 3'- end of the 19S RNA terminates at1out 

400 nucleotides upstro&am of the DNA minus-strand discontinuity, G 1 ( Covey 

and Hull, 19\~ l ). So 1 gs RNA encompasses OF?.F VI and codes for tl1e synt11esis 

of the inclusion bo<Jy protein in an in vitro system ( covey and Hull, 198 1 ). 
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Tlle 35S transcript t 1egins at 0.93 map units 600 nucleotides upstream 

from G 1, count.erclodcv ... i.se to G 1, an<j 0nds at 0.95· map units (Covey et al, 

1951 ). So 35s ENA J.s a transcript of t11e entire viral genome plus a direct 

repeat of 100 nucleotides at t.lJ.e 3· and 5· 'a-nds, t11us resemtiling retroviral 

covey, I 9·3.3; Pf>S-iffer and Ho11n .. 1935; Ho11n et al. .. 1 q,35). vv11en a DNi·. 

rnolecule eets into ;:_i_ celL it 1::.ecotnes assoc:iat€«:i 'Nit11 nuclear proteins to f onn 
a n11.nicl1romosome (Olszei: .. 1,1sti .. 19·32; ~ .. 1Ienissier et al., 1 g,34) from 'N°11icl1 tlle 

3:;.s RNA is transcribed. This transcript is transport.rJ-(l into tl1.s- cytoplasm 

wllere it is reverse transcribed. i"'. tRI··L.8"' is t11oug11t to bincl 600 bp 

doi:n11strean1 of t11e promoter of 3'.5S RNA syntliesis and act as a prin1er for 

DTtT i1 C-i1nttii::..c:1·c RAiT,:::.rc·~ tr·;r·1·~'...r1·p.t:,c,:::. .i..lh,:::.~1 C~in,.,.111~c1"?A•~ a D1"1 t:. c-tra"'1-'.I .uc1'rH:r l.'~.i.; ~ o..> 1 ,,. . ., . ..; ..,,. ..., l . .,, v,, .. a:.~ ._.1~... ..,,. .,..-;,;. . ...,; .... ·l .... ..!."' w 1 l. .. J•-' _ .... ....; . .L'4'*' J.....,,. 1 .u.~ w ...... 0 

3:;,s RNA as a te-mplate. Synthesis is tov .. ;rar(ls tl1e 5· end of t11e RNi·. and stops 

i;p11,:::.n 1•t r;:::.:;i(~~lAC: t·1·-1A ~n(·l ·Y1' t11A ~Y!(·,1,:::.(~u1;:;. ·'.'.lnd· R1\T-~-c·,:::. H r~.c.o·rac~AC ttlA ,'vJ. .., .,, . .,,._, ..... '.J'·..J EJ..,..... ... ...+ i,... ,,,.. J..1..i..,;..· .. · ~ .,.. CJ. ...i.<cJ ...... l.... A. .......... ·o.a t .. + ... ··j .. J. '"" 

transcrit,e(j part of tl1e templat•S?. The directly repeated sequence at tlie 3· 

strand DNA synt11esis ~;tarts pre(iomi11::.1.ntly at tii11To major plus primer bin(!ing 

sites (G2 and G.3). Synt11e·sis from G2 proceeds undistUr1)&(1 to tlle 5· en(l of 

Tllis model explains pretty 'N·en t11e formation of gaps and various 

suticellular DNi\ forr.n:; foun<:i in infected. plants. particularly rnolt2cu1es ~ .. ,111ic11 



Figure 1. Genome structure of cau.lifiower mosaic virus. Viron DNA has one 
gap( 1) in the (-)strand and ti:1.10 (2, 3) in t11e (+)strand. Open 
reading frames I-1·lIII are overlapped or pac1~ed together. 19S 
and 35S tra.."!scripts are also indicated. 

·. 

from Covey, S.N_., and Hull, R. 19&5 Oxford Surveys of Plant Mol. 
and C~!l Biol. 2:340 

.-
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are double-stranded With single-strand extensions of the plus-strand (Hull 

and Covey, 1983). A host cell tRNA met has been isolated from a Ga!'lI°<l 

preparation, where it -was covalently linked to the 5·-end of the Calvl'il DNA 

fragment \.llhich is complementary to the Ca1v!V 35S RNA transcript (Turner 

and Covey, 1904). A 14 nucleotide sequence of perfect homolgy \.vi th the 3 ·­

encl of plant mr·u~.met is pn~sent in t11e DNA minus-strand a(:1.j::v)s-nt to 

G 1 (Pfeiffer an(l Hohn .. 1 q.:13). Tlie presence of a mixture of RNi·. and DNA 

templates is suggesttS-d by tt1G· partial in11ibition of CahfV DNA synt11esis: by 

t•c•tl1 RNAse and actinomycin D (Pfeiffer and Holln, 1933). 

Gt-::ne ConYersion 

Gene conversion is tl1e nonreciprocal transfer of infOrmation from a 

donerr to a recipient DNA duplex. Two major mechanisms have been 

proposeci ror gen€' conversion: netero<tup1ex repa1r U·1Iese1son an<l Ra(:imng, 

1975) an<:i double- strand gap r~pair (Orr-1iiteaser and Szostak, 1953). Both 

are thought to occur as a consequence of the mi-;chanisms of genetic 

recombination (Radding, 1952; Orr-Weaver and Szostal{, 1985). A brief 

description of tl1e 11etero•juplex repair model f ollo'YVis(see Fig.2 ). 

1. A single-strand brealc in one Dr·U1• molecule t·ecomes the site- of 

strancl displacement. t•y a DNA polymerase. 

2. Tl1e displacecl singlE--strand pairs ~Nit.h t11e complemt:-ntary sequence 

in anotl1er molecule of DNAb •. 

3. Branch migration e::rtends the exchange region. 
,t;..i11; 

4. A one-stran1j crossover becomes a tTYV"o-strand crossover by 

isomerization. 

S. The joint molecule formed by strand exc.hange is resolved into t1No 

separate duplex molecules by a further pair of nicks. 



Figure 2. Gene conversion mocle1 proposed by iv1esa1:3on and Ra1jding 
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6. Heterocluplex misr.natcll repair leads to gene conversion. 

Evicl0nc0 is accumulating favoring tl1is model. £(:()./f polyrnerase could 

facilitate tlh:.- creation of single strand breaJcs(nicts) >..vitb a 3·-11yciroxyl 

terminus (Kelly, 1970). R0cA protein is able to assimilate 3·-tqdroxyl 

terminat.E:·d st.ra1Kis (single or dou.Ne) onto a complementary (!ouNe strand 

(Vilest et al. .. 19.31 ). Tl1e ezperiment used a rnixtu.re of a single-strandecl 

circle Vlitl1 a small f ragrnent. annealHi to it and a duplex ro·1 tlia.t v1,ras 

Recomt·ination intermt'diat.es of strand crossover lnve tiE:-en illustrn.te(j 

by Thompson et al. ( 1975). Tl1ey observ(~d figure-ti structures, 'i&?l1ich v .. rere 

formed iN'hen t'i.;,ro circular molecules of DrL~A v\rere linl~ed t)}r a two-strand 

crossover. Using conditions that cau~~€' partial cienatu.ration, Valenzuela and 

Inman ( 1975) demonstrated t11at tl1e t\qo-strand crossover v\ras joined at a 

homologous site. f,enl)OW et al. ( 1975) also ol)served about a tenfold 

reduction of figure-{i fonnatkm in reel!>~ - .Eco.ii T110 existence of l)fancll 

migration v..ras concluded frorn tJ1e i;,qorlc of Tllompson et al. ( 1976). They 

used a restriction is·ndonuclease to c:onv·e:rt figure-o molecu.les of pllage G4 

9 

DNi'·. into X-Sl1aped structures. Iv!igration of tl1e crossover to tile end of t11e X-

fonn produced tw·o linear monornE'.'rs. By t1:1is 1l'lra.y, t11,s-y also measunKi tlh~ 

rate of branc11 migration. It appears tJ1at the crossover -:Arill move 55,0 

nucleoti·jes from its st-1rting point in .~, rains. 

Tlle f ornmtion of 11eteroduplexes is not a stringent 11omologous pairing 

process. DasGupta and Radding ( 1951) sl10\.1,red tl1at a few· single base pair 

misrnatcties \.l?ere not enoug11 to inl1iNt tlle formation of hets-roduplex DNA 
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stop strand t.ran::;for (as v\ra.s gros~: nonllomology). Tlle misrnat.clws in U1e 

heteroduplex region lead to gene conversion, if tlie mismatc:lies are rB·paired . 
t·ef ore repl1cab.on. 

1vHsmat.c11 repair consists of botli excision an·:! resyntlw·sis of DNA l::·y 

using ow;. of t110 stran(!S as t01nplate. Different (:lirections of gene conversion 

n1ismatcl1€-cl base in t11e longer strand is excised Wenz and Bi.:.·rger.. 1973). 

Tl1e sarne occurs in pneumococc:al tranE:formation (Claverys et ;;:1.l., 1 g.30). 

In g'2nern.1 .. tl1e strand-1)reaking event in t11e initiation of recotntiination 

may b€' ranclom. Ho\.1,rev·er, it. l1as t:ieen proposed tllat. invert.eel repeats or 

palindromes are targets for cleavage and 1B-ad to initiation of strand 

excl1angE?? (Sot•E:>ll, 1975; 'YVa.gner and Radman, 1975). Certain DNi·. sequenc€'s 

termed chi .. naturally present in .£. (),?Ji actually enchance recombination, 

both at regions neighbouring tllB- sequence and at a distance (Stal11, et 

al., 1975). The existence of specific sites for initiation of strancl exc11anges is 

also impli€'(l. by t11e polariti.€·s in gene conversion seen in A. JrrJ.lJ:t'f=YSllS 

(Lissouba, 1961; Harnza et al., 196 i ), and the i&xistance of mutants altered in 

tl1e regulation of initiation of gene conversion (~e .. ngel et al., 1970). 

In t.!1e gap repair mode·l, a douNe-stranclo&d gap spanning tt1e non-

hornologous region of one dupl0x i.s createcL T11e gap is filled using 

information from tl1€· inta.c:t. (jouble helix. GenE:- conversion in yeast. 

transfonnation is probably associate« .. i 'Nit:l:"l gap repair (Orr- ·r,;r.1eaver et al. .. 

1931). 

Gene conversion lla~: r)een observed ·botl1 in protaryotes and eul::.aryotes. 

DNA tt1at is 11et.eroduplex and lrnterozygous, some marlcers transform 



efficiently and others inefficiently (Tiraby and Sicard, 1973). Ge-ne 

conversion happens in a number of transf ections by heteroduple:fr DNAs . 
made in vitro. E~-ramples of correction of heteroduple:{ DNA are ~;X 174 (Bass 

and Jansz, 1975) in E. coli, p11age SPP 1 DNA in . .8..1-:~iJJus subt.tlis (Spatz and 

Trautner, 1970), SV 40 in ,.i.\Jrican green monl{..s-y cells (Lai and Natl1ans, 

1975) and polyoma DNA in mouse embqro cells (11,o~iller et al., 1976). 

Allele Dominance in CaMV 

11 

CalvlV produces virion DNA t•y reverse transcription as described 

above. It is V·tidely t1eld that reverse transcription can account for genetic 

interactions observed between CaMV DNAs. Examination of the DNA 

sequence of CM 4-184 revealed that t11is strain is a chimera of CM 1341 and a 

. CabbS-like strain and probably arose by strand s~vitch bet\.\reen the RN.e. .. 

templates of two virus strains during reverse transcription(Dixon et al., 

1956). Grimsley et al. ( 198~) u_sed a hybrid plasmid .. containing tandemly 

arranged pieces of two different but well-defined CaMV DNAs to study the 

mechanism by 'Which infectious viral DNA can escape from transforming 

DNA. They sl1o~N·ed that the majority of \liral progeny vvere probably 

descendants of DNA produced by· intramolecular template S\·\ritching during 

viral reYerse transcription. Tt1e hot spot for template S\Nitching is v·ery close 

to tl1e 5' end of the terminal repeat on tl1e 35S RNA molecule. Tl1ey also 

detected some minority descendants arising from products of recomtiination 

between homologous regions of CaivIV DNA. 
~ 

Other e\1idence of CalvfV DNA undergoing homc·logous re·:ombination 

came from studies of the inf ectivity of some partial nested dimers. Partial 

nested dimer pL W 113D-A, wl1ich can not be directly transcrit11&d to a full 

· length 35S RNA, is infectious ('rlalden and Ho1: .. 11ell, 1983), while partial 
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dimer pUM 122, wl1ich can be transcribed to 35S RNA, is only i:1w,•a1c.1y 

infectious (Ivielcher et al., 1966). T11us tl1e infectivity of partial n&sted dimers 

must be due to intramolecular recombination to produce an entire monomer. 

Virion DNAs extra.cte-d from plants inoculated ,.,~tl1 a pair of mutant 

DNi!..s of different CaMV isolates have l)een characterized {Choe et al., 1985). 

Each r.z.combinant analyzed 11a.j two (tlie minimum expected) or four 

junctic·ns bet-....v·een parental alleles. One of tl1e junctions t 1et\.11een parental 

seque-nces occurred near tile 35s RNA start site, consistent ·1.-11itt1 

recomtiination having occurred during reverse transcription. Ho\ . .v-ever, ti..o110 

junctions (J2 in IC 141 and J 4 in IC 143) &xhibited a mixture of parental 

alleles L.11 small stretches of sequence (fig.3). If tl1e alternating alleles were 

due to strand SV·litcl1ing during reyvrerse transcription, tl1e enzyme would 

ha\1e to S\hl'itch strands several times at a hot spot for sWitching. The random 

junctions between parental sequences in retrov·iral recombinant.s (Coffin, 

1979) argue against hot spots in sWitching. The alternation pattern of 

parental alleles in the CaMV recombinants can be explained better by tile 

repair in small patche-s of heteroduplexes created during recombination. 

Melcher and Essenberg ( 1985) 11ave obserYed allele dominance at thtC> 

KpnI site, 'W11ich is quite near hot strand S\.Yitc:hing junction J2. UM 130 DNA 

is a Yariant of CabbS DNA obtained l)y putting an e:Ktra 12bp containing an 

EcoRI site in tl"1e KpnI site. Since tl1e reading frame is presen:red, UivI 130 is 

as infectious as CabbS DNA as judged by tl1e time of appearance of syn1ptoms 

on turnip pl3:R-ts, tile severity of symptoms and the yield of v-irus from 

infected plants. Tl1e additional EcoRI site is maintained during gro'l.ovtl1 of tl1e 

virus in the plants. But when it \o\raS coinoculated v1!itl1 CabbS on turnip 

lea\:res, all progeny virus llad tl1e Cabl)S EcoRI pattern . It t1appened even 

w11en tl1ree fold more UM 130 tl1an CabbS DNA was inoculated and 'i11"as 



Figure .3. CabbS-V\' sequence junctions in caMV DNA recombinants. 
from Choe, LS., Ivielcher, U., PJchards, K., Lebeurier, G,, and 
Essenberg, R.C. 1985 Plant ~'/fol. Biol. 5: 281-289 
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highly reproducible (2 0/2 O plants). Ivlost strikingly, allele dominance 

occurred even i;,1lhen the Cabt·S DNA ·wc1s gi~.:ren a competitiv·e disad>.rantage. 

vn1en pU:rv!24 .. a CabbS DNA derivative which is not infE?Ctious clue to a 

mutation in ORF VI .. 'i/v'd.s mized ii11'it11pUivI130, complete conversion to tl1e 

Cat•1)S pattern 'N'.1.S observed in ,5 of 1 o plants. 

~l .IlP- i:,.t"'1·:i 1c·, r·,f 'L"ll;::. n1·1:::,;:~;::.11 t ·:·t11 tlir \,\'f;::.t·;::. tr, 1·'1'1nc.tr· ll•'t ('1tJ·1r::.r i' nf P.('t"i('l1 'le .... i:=t ... '-"' ·- ._. ...,, I"" .... ._;·.,,. • ·.J ... v. .... I I .... .A, .... ..-v • .,,. .... ·- .... ,.~ .,,, ..... .... .... ....... "" ....1.. L. ._, 
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CHAPTER II 

M~~ .. TERIALS ..A ... ND :METHODS 

Linker Preparation 

Linb?r Phosr·horYlation 
~-----=----..;;;.;;;_ 

Xhol and Kpnl lin..1c~rs purchased from .Collaborative Research, Inc., 

were obtained nonphosphorylated. Linkers '=PTere neawa to gooc for 5 mins 

and cooled slowly to room temperature. 30 pmo1 ::rho! linker and 33 pmol 

Kpnl llnker were mixed separately with 0.02 jlmol ATP. 15 pmol 32P-ATP 

with 20 µCi (from Dupont), and 1 o un1ts polynucleotide kinase in Linker 

kinase buffer (Table I) at volume of 20 µ1, and reacted -at 370C for 15 mins. 

0.0 l µmol ATP and 1 o units kinase in 1 o .u1 of Linker kinase buffer were 

added before a second incubation for 15 mins. The preparation was stored at 

-2ooc. The flnal concentration was 11.3 pmol/J.11 for the Xhol linker and 10.0 

pmol/µl for the Kpnl linker. 

Test for ligatability of linkers. 

57 pmol and 50 pmol of the above phosphorylated Xhol and Kpnl linkers 

were used 1n a self ligation reaction witl1 1 o units T 4 DNA 11gase 1n ligation 
<M 

buffer (table I) at 37oc for 4 hours. 

28 pmol or 25 pmo1 of the above ligated phosphorylated Xhol or Kpnl 

linker was digested 'Nith 1 O unas }(hol or Kpnl restriction enzyme at 37°C 

for 1 hour. 

15 



CIP buffer 

0 05 ... ,f - • - .. -1 ... tj 0 . ID.11/.1. l f1S-htJ ... , p.ti -,. 
1 mI·1l l1IgCl2 
0.1 fill\ll ZnClz 
1 mM spermidine 

Lin..1cer kinase butfer 

70 rruil Tris-HCl, pH 7.6 
lOmMMgClz 
SmMDTT 

16 

TABLE I 

ENZTh1E BUFFER 

Ligation bu.ff er 

66 mlvI Tris-HCl, pE 7.6 
5 mr1I iv!gC12 
5 m!vI DTT 
1 m}1I ATP 

Rev€'rse Transcrtgtase buff er 

40 mM Tris-HC1, pH 8.0 
SOmMKC1 
5 m11I MgClz 
5mMDTT 
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40 pmol ptwsphorylate1j linker, 25 pmo111gated linker and 25 pmol 

1jigested. linkers ·were electrophoresed on 10% acrylam1de gel ip 0.5 X TBE 

buffer (Table II). The electrophoresis was terminated "Nl1en tt1e bromophenol 

blUe marker moved to the middle of the gel. X-Ray film (Kodak) was e~'(posed 

to tne gel ror 1 o nours. on 1jeve1oped f11m, a ladder of bands sh0\1\1s the 

1 inker was pt10spt·1ory1 ate1j and 1 i gatab1 e. 

Parental plesrnids 

pCS 1o1 is the plasmid wh1ch hes CabbS DNA c1one1j at Sal I site of 

pBR322. pur1 41 was constructed by digestion of pCS 1o1 at tt1e Kpnl site, 

rwsnrng me ends vrnn 14 exonuc1ease-po1ymerase ro11owea oy 11gat1on or 

an Bbp Smal I linker. The CaMV DNA in pUM41 is non-infectious probably due 

to rrame shtrt. 

S.b.11, pea-BB 1 and ca-NB2 are the other plasmids I used to check 

allele dominance in ORF! I. S.b.l l t1as a deletion within the ORF! I from 

nuc 1 eoti de 1537 to 1643bp of CabbS DNA (Gi vord et a 1., 1984). ca-BB 1 1 s 

derived from CM4-154 with whole ORF!! deleted and Xhol(9bp) 11nker 

1nserted in its place. ca-NB2 has a 234bp dihydrofolate reductase gene 

inserted at the Xhol site ot Ca-BB1 (Brisson et al., 1984). SD.II was obtained 

from G. Lebeurier and pea-BB 1 and ca-NB2 from T. Hohn. 

Mutant Construction 

Restr-i ct ion enzyme digest 1 on 

Restriction enzyme digestion of DNA was carried out in the appropriate 

buffer (Table Ill). All reaction rnixtures ·.,.vere supplemented with lOOµg/ml 

BSA. 



30 mN NaOH 
1 mr.;I EDTA 

TAE buifer 

40 mM Tris Acetate 
2 mM EDTA 

TABLE Ii 

ELECTROPHORESIS BUFFER 

·-------
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Loening buffor 

36 ntM Tris bas€' 
1 mr1I EDTA free acid 
30 ITu.\1 NaH2F-04 

TBE buffer 

10.8 g/1 Tris base 
5.5 g/1 Boric acid 
0.2 mMEDTA 



Table III 

RESTRICTION ENZYME ASSAY BUFFERS 

100 m.M NaCl 
6 mM Tris-HCl, pH o.O 
6 mlvI MgClz 
6mM 2-Me 

EcoRI 

50 mM NaCl 
100 mM Tris-HCl, pH 7.2 
5 mM MgC12 
6 mM 2-Me 

150 mM NaCl 
6 mM Tris-HCl, pH 7.0 
6 mM MqC12 .... 

100 mM NaCl 
6 mM Tris-HCl, pH 7.4 
6 mM MgCl2 

C: Q ...,.., 1i1;r: T1Ta1~1 
.) .l..l..1..1.I! .. ~ '--.I. 

6 mM Tris-HCl, pH 7.9 
6mMMgC12 
6 m1v1 2-Me 

6 mM NaCl 
6 mM Tris-HCl, pH 7.4 
6 mM MgClz 
6 mM 2-Me. 

25 mM KCl 
25 mM Tris-HCl .. pH 7.B 
10 mM MgCl2 
2 mt1 2-Me 

All buffers were supplemented "With lOOµg/ml BSA. 

19 
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Plasmid p~<ZF is derived from pCS 1o1 and p)<ZG from pUM41. 1 Oµg 

pCS 1o1 DNA was digested with 40 units ~<ho! enzyme in 200µ1 yolume under 

standard condition (Sal I assay buffer) at 37°C for more than 4 hours. 1 o µ.g 

pUM41 DNA vvas digested with 40 units of Smal in 200 µ1 volume. 2.5 µ1 of 

each reaction mixture v·tas mi>rnd ··rtith stop reagent (50% v'//v gl ycero 1, l mM 

EDTA, and 1% "N/v brompt1enol blue .. pH7.0) and electropt1oresed on a 1.0% 

agerose gel in Loeni ng buff er (Table I !)to ct1ec}< "NheU"1er digestion "Nas 

complete. 

Phenol e~<traction anc! ethanol Qrecigitation 

l /50 volume of 5 M NaCl, 1/1 o volume of of l.O M Tris pHB.O .. and l 

volume of water saturated pt1enol were added to each digestion mixture. The 

mixtures were vortexed and micro-centrifuged 5 mins to separate two 

phases. Tt1e aqueous phases were transferred to other eppendorf tubes and 

traces of phenol in them w~re .extracted by ether. After removal of the 

ether, 2.5 volumes of 95% ethanol was added to precipitate the DNA 

overnight at -2ooc or one hour at -7ooc. After 5 m1ns micro-centrifugation 

to separate the DNA pellet from solution, the DNA pellet was washed by 

adding 0.5 ml of 75% ethanol and micro-centrifuging for 5 mins. The pellet 

was dried under vacuum. 

End filling 

The dry pCS 1 o t DNA pellet was dissolved in 20 .u1 of reverse transcriptase 
~ 

buff er (Table i) with each 0.02 .umol of dATP ,_ dGTP, dCTP and dTTP, and to 

units reverse transcriptase ad1jed.Tt1e reaction was allov·te1j to proceed for 

30 rnins at 37°C. H10 was added to make 200 µl total volume. Phenol 

--



e~-<traction, ethanol preciptation, and drying vvas done as above. The dry 

pellet was dissolved in 40 µ1 H20. 
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Dephosphorylation was done as described by ~1aniatis et al., ( 1962). 5 

unit of C!P in 50 itl CIP buffer (Table I) was ad1je1j to dept1ospt1ory1ate DNA 

at 37oc for t 5 mi ns and 55cc for anott1er 15 mi ns. 5 unit of c IP "Nf!,S ac!1je1j 

and the mixture incubate1j for a second tim13 as above. Tt1e solution "Nas 

phenol extracted as describe1j above. During ethanol precipitation, 25 _1..tl of 

7M NaOAc "Nas added to increase efficiency of ligation in the next step. 

Ligation 

Dry DNA (2.5 pmol ends) was com bf ned with. 50 pmol of phosphorylated 

Kpnl linker ( 1 :20 ratio) and 1OunitsT4 DNA 1igase in ligase buffer at volume 

of 20 µl and incubated at 4°c .overnight. 2 µ1 of the llgation mixture was 

electrophoresed on an agarose gel to check whether the ligation reaction had 

worked. 

Re di a est ion --..... 

The pCS 1 o t and Kpnl linker ligation mi:i<ture w·as diluted to 200 µ1 and 

digested with Xhol at 37oc for 2 hours,-while pUM41 and Xhol linker 

ligation mixture 'Has digested ·vvith Smal. 20 µ1 of allquots each were 

electrophoresed on a 1.0% agarose gel. 
~ 

The DNA preparations went througt1 pt1enol e~-<traction, ethanol 

precipitation, and drying. Tt1e final DNA was stored in 100 J.tl TEN buffer (10 

mM Tris-HCl pH B.O, 1 mM EDTA, and 10 mr-1 NaCl), ready for transformation . 

. -
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Tran sf ormat ion 

Competent cell(E.coli K-12 strain HB 1o1) for transformation were 

prepared by the method of Morrison( 1979). After deep-frozen competent 

cells were thawed in ice water for 1 O mins, 1 µ1 or 1 o µ1 DNA was added to 

80 µ1 of the cell suspension. The mixture stood in ice v1ater for 30 rnins, 

was transferred to 42oc for 2 rnins of heat st10ck, coole1j in ice for 2 rnins, 

and incubated 30 rnins at 37°C witt1 200 µ.1 nutrient broth (1.0% tryptone .. 

0.5% yeast extract, and 1.5% NaCl) adde1j. Finally , 200 µ1 of the mixture was 

spread onto an ampicillin. antibiotic plate (20 µg/ml) for overnight growth 

at 37°C. The parental plasmids an1j ligated dephosphorylated plasmid were 

used as controls for each transformation to test that both transformation 

and dephosphorylation worked properly. 

Small scale glasmfd isolation suitable for DNA.digestion 

Transf ormant colonies were streaked to another antibiotic plate and 

grown overnight at 37°C. Colonies were inoculated in 5ml nutrient broth 

with 20µg/m1 ampiclllin. After shaking at 37oc overnight, each 1 ml culture 

was harvested in a 1.5m1 Eppendorf tube and used for isolating plasmid DNA 

as described by lsh-Horowicz and Burke ( 1981 ). Resuspended in l 00 µ.l of 

So 1 ut ion I (50 mM glucose, 25 mM Tri s-HCl, pH 8.0, and 1 O mM EDT A), the 

bacterial cells were lyse1j in 200 µ1 of Solution II (0.2 M NaOH and 1% SOS) 

et ooc for 5 mins. 150 µ1 of Solution 111 (3.0 M KOAc and 2.0 11 acetic aci1j) 

was then aQA:led to precipitate denatured protein and bacterial chromosomes 

for 5 mins. After 5 mins micro-centrifugation, 400 µl supernatant was 

transfered to another tube containing 800 µ1 cold 95% ettrnnol to precipitate 

DNA. A DNA pellet was obtaine1j by 5 mins micro-centrifugation and washed 

·. 
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once with 75% ethanol . The final dried DNA was redissolved in 30 J.ll of TEN 

buffer. 

Screening for plasmid containing linkers 

Xhol-Sal I double digestion and Kpn!-Sall double digestion were used for 

screening pXZF. Xhol-Sa1 I digestion ··rtas carried out in 25 µl reaction 

mt<ture \.Yith }(hol and Sal I enzyme toget11er at 37oc for 1 hour. For Kpnl-Sa1 i 

double digestion , the Kpnl reaction was perf armed r'irst in a 20µ1 volume at 

37oc 1 hour. 5 _ul of a mtxture of 2.5 ul of 5M NaCl, 2µ1 of 10 unit/.Ul Sail 

and 95.5 µl H20 was added and incubation continued for another 1 hour. 

Reaction was stopped by adding stop reagent prior to gel electrophoresis. 

Xhol-Sall and Smal-Sa1 I double digestions were used to screen for 

pXZG. Xho I-Sal I digestion was done as described above. For Sma I-Sa 11 

digestion, the reaction was first carried out in Smal for t hour in 20 .UL 

Then 5 µ1 of 2.4 µ1 5M NaCl 1 1.0_ul 1 OunH/_ul Sall, 96.6µ1 H20 was added for 

Sal I digestlon. 

Bacterial Cell Storage 

0.65ml fresh bacterial culture and 0.15m1 glycerol were mixed 1n a 

vial and placed at -1ooc. To chec~< that the bacteria were alive, the surface 

of the frozen material was scratched \4tlth a sterile needle and streaked 

onto the ampic11lin p1ate(20.ug/ml) for overnight grov·tth. 

Large Scale Plasmid Isolation 

5ml of bacterial culture grown from a single colony was transferred to 

250 ml nutrient broth containing 20µg/ml ampicillin and subjected to 16-

20 hours vigrous shaking at 37oc. 

·. 

.-
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·Plasmids were isolated by an alkaline lysis method(Maniatis et al., 

1982). Bacterial cells were harvested by centrifugation in a J-J4 rotor 

(Beckman) at 8 Krpm for 1 O mtns and resuspended in 5 ml solution I. 1 o ml 

solution II was added to lyse the cells and 7.5 ml solution Ill to precipitate 

proteins and bacterial chromosomes. Plasmids were separated from cell 

debris by centrifugation at 12 Krpm for 15 mins in a J-21 rotor (Beckman). 

To 18 ml plasmid containing liquid, 12m1 isopropanol was aclded at room 

temperature and the mi~-<ture an owed to stand for 15 mins. Plasmid DNA was 

pelleted by 12 Krpm centrifugation for 1 o min in a J-21 rotor (Beckman) and 

resuspended in 4.0 ml H20. 

Plasmid Purification 

Plasmid DNA obtained by the alkaline lysis method was further purified 

by cesium chloride (CsCl) gradient centrifugation. 4.4 g CsCl, 0.4ml 

ethtdium bromide ( 1 omg/1111) ~nd 4.0ml plasmid containing solution was 

centrifuged at 65Krpm for overnight 1n a VT165 rotor (Beckman). The 

plasmid DNA band (the lower of two bands) was collected wlth an 18-G 

sized needle attached to a syringe. A volume of water equal to twice the 

volume of the plasmid DNA containing CsCl solution and a volume of ethanol 

equal to twice the total diluted volume were added sequentially. The 

mixture was stored at -2ooc overnight. After centrifugation at 1 o Krpm for 

15 mins in a J-14 rotor, DNA pellet was saved end resuspended in 2oou1 TEN 

buffer. Ethid1um bromide was removed from the DNA by phenol extraction in 
M 

semi-darkness. The DNA was then precipitated with ethanol overnight at -

zooc and redissolved in 200µ1 TEN buffer. 
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DNA was diluted and the absorbance at 260 and 260nm read. DNA 

concentration in ug/ml equals A260 )(dilution factor x 50. DNA. purity was 

determined by A260/ A260, \Athich should be close to 2 for pure DNA. 

CaMV DNA Inoculation of Plants 

were grovm in a grov·t'th chamber v·titfl i 2 hour of 1 ight and i 2 i1ours of dar~~­

Tl1e temperature for these two periods vvas approximate1y 720F and 660F, 

respectively. The plants were watered daily and fertilized twice a "Neek. 

Before inoculation, plasmid DNA was digested ·-rtlth Sal I to release viral ONA 

from the vector. 20 µl of inocu1a containing 20mg/1 of each plasmid, 2 }( 

SSC (0.3 M NaCl and 30 mM Na3citrate) and 2g/1 cellte were rubbed with a 

gloved finger onto three-and-a half week old turnip leaf, three leaves per 

plant. 

CaMV Virion Isolation from Leaves. 

The procedure was done by following Hull et al.'s method ( 1976) wlth 

some modificijtions. After 3-4 weeks of infection, pi ant leaves were 

homogenized 1n a Waring blender in 400ml virus isolation buffer (66.05 g 

monobasic potassium phosphate ca 750ml \Nater .. pH adjust by adding KOH 

pe11et, Q.s. · 1 OOOml wlth 1t1ater, and 7.5 g so1jium sulfate). The homogenate 

was filtered through cheesecloth and the filtrate stirred overnight in the 

presence of urea( 60mg I ml ) and triton-X-100 (25µ1/ml). The homogenate 
~ 

was centrifuged in a J-21 rotor (Beckman) at 5,000 rpm for 1 O mins. The 

supernatant was collected and centrifuged at 18.5 Krpm for another 3 hours 

in a Ti45 rotor (Beckman). The pellet \AtaS resuspended in 1.0 ml glass­

distilled water and centrifuged at 7,000rpm for 10 mins in a J-21 rotor.The 

.-
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supernatant was layered onto a continuous sucrose gradient made from 10% 

and 40% sucrose and centrifuged in a SW 25.1 bucket rotor (Be~!<man) at 

22.5 Krpm for 3 hours at 4oc. The viral band was recoved by puncturing the 

side of the tube with an 18 G syringe-needle. An equal volume of water was 

added to the viral suspension and the mixture centrifuged at 45 Krpm for 1 

hour in a Ti75 rotor (Beckman). The viral particles vvere finally stored in 2.0 

ml sterile "Nater at -2ooc. 

50.1-tl virus solution vo1as 1jiiuted in 0.95mi H20 .:in1j absorbance at 260 

and 280nm reed. The concentration (mg/ml) '·Nas calculated as (A260 :~ 

dilution f actor)/7. The vfrus yield (mg/Kg) was determine1j by concentration 

X 2m 1 I \Nei gM of 1 eaves (kg). 

CaMV V1rion Inoculation of Plants 

20 µl of 2 µg /ml viral paricles in 1 % K2HP04.. and 2g/l celite was 

rubbed onto three-week-old turnip leaves, three Jeeves per plant. 

car1v DNA Isolation from Leaves. 

Viral DNA ··was prepared according to the method of Gardner and 

Shepherd ( 1980). 2 gm of leaf tissue from plants infected for 3 to 4 weeks 

·was \·vei gheij , ground in 1 i quid nitrogen and suspended in 1 Om l TE!J so 1 uti on 

(0.2 M Tris-HCI, 0.02 M EDTA and 1.5 M urea). The contents '-Nere poured into 

a 30m1 Corex tube and the mortar v1as rinseij '-Nith 2ml 10% triton:~- l 00. 

After centri.Jugation at 1 O Krpm for 15 mins in a .J-14 rotor (Beckman), the 

supernatant was filtered through Micracloth, layered onto a 2.0 m1 TEU­

sucrose layer (7.5 g sucrose, 1 Om1 10% triton :~-100 to 50m1 with TEIJ), and 

centrifuged 34 Krpm for 2.5 hours in a Ti75 or Ti65 rotor. The liquid \·Ve~ 

.-
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removed by using a pasteur pipet attached to a vacuum aspirator. 0.2 ml 

viral resuspension buffer (0.1 M Tris-HCl, pH 7.5 and 2.5 mM MgClz) with 2ul 

of 1 mg/ml DNase were added to the pellet and the mi~<ture incubated at 

37°C for 1 O mins. 4 J.ll 0.5i"1 EDTA, 50 µl 2.5mg/ml proteinase K, 12.5 ul 20% 

SOS were added and incubation ·was continued at 55oc for iO mins. The 

react.ion vvas stoppe1j by phenol e;~traction by addin!J 30 Jll lM Tris-HCl, pH 

8.0, 6 .Ll.i 5iy1 NaC1, 300 J-l1 phenol. DNA ·Nas prec:ipitat.e1j_ with 0.75rnl 95% 

ethanol at -20°c overnight an1j 1jisso1ved in 30 .u1 TEN tiuffer. 

Alkaline Denaturing Ge! 

An alkalfne agarose gel was use1j to e;-::amine single stranded DNA caused 

by gaps in CaMV DNA. 0.4 g or agarose was acta to 40 mt water ano neatei:l 

until the agarose dissolved. When the contents cooled to about 50-60°C, 0.4 

ml of 1 co X alkaline electrophoresis buffer was added and the mixture 

poured into a gel mold. Before loading the samples, the gel was soaked in 
- . 

alkaline electrophoresis buffer (Table 11) about 30 minutes. About 500ng 

DNA was loaded with alkaline loading buffer (0.2 N ali<ali(NaOH or KOH), 5~ 

glycerol and 0.025% bromphenol blue) and electrophoresis was performed at 

50 volts for the desired time. 

Restriction Enzyme Digestion 

Xhol -Sal I, and Asp718 - EcoRI diqestions; Xhol - Sa1l, and EcoRI ... 

digestions; Asp718 - EcoRI, and i<hol - EcoRI; EcoRI. and Asp716 - EcoRI 

digestions were used to characterize progenies of CabbS and XZG, UM130 and 

XZG, CabbS and XZF,and UM130 and XZF coinoculation, respectively. 2 Ul DNA 

preparation from leaves in 2ou1 reaction solution was used at 37oc for 1 to 

2 hours. ::<hol-Sall digestion "NflS carried out in Sall buffer at the same 
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time, as mentioned. For Asp718 - EcoRI double digestion, Asp718 df gestion 

was performed first and 10 µl of 25 µl 1 M Tris-HCl, pH 7.0, 75 µ1 H20 , 20 
. 

units of EcoRI were added for the second reaction. 1.5% agarose gels in TAE 

buffer or 1.0 % agarose gels in Loening buffer were used for electrophoresis. 

In addition, EcoRI digestion was performed for the viral DNA isolated 

from plants coinoculated v·1ith SD.I I and CabbS or S6l! and NV6153. C1al and 

::<bi)l 1jigestion ·were use1j for Ca-BB1 vs Ca-NB2 and NV8153 vs Ca-BB i 

proqemi DNA. respective111. 
- - . d 



CHAPTER Ill 

RESULTS 

pXZF and pXZG 

Construction end structure 

XZF and XZG were designed to have 12bp insertions at un1Que sites of 

ORFll and Iii of CabbS, for maintaining their infectivity. When pCS101 was 

digested at as Xhol site, the sticky ends of 4bp filled and ligated wHh an 

Bbp Kpnl linker, pXZF was formed (Fig. 4). The construction of pXZG was 

started from pUM41, which had 4bp added at Kpnl site of pCS 1o1 by cutting 

off the sticky ends of the K_Dnl. site wfth T4 exonuclease-polymerase and 

ligating with an Bbp Smal linker. Digest1on at the Smal site of pUM41 and 

directiy iigating with an 8bp xhol linker resulted in pXZG (Fig. 5). 

To reduce self-circularization of the parent plasmid during the 11gat1on 

ract ion, the 11 near p 1 as mid v1as dephosphoryl at ed. T 4 DNA 1i gase wn l not 

l1gate DNA fragments lacking a 5· phosphate group. Since our commercial 

linkers are also non-phosphorylated, the linkers had to be phosphorylated 

before their use. Phosphorylation of the linker vvith 32P-ATP also provided 

a "Ney to test whether the linker was llgatable or not. When good ligated 
~ 

linker is exposed to ligase, a ladder pattern should be seen on 

autoradiographs of gel electrophoresis of the products. I found that not all 

commercial linkers are llgatable under standard conditions. 

29 



Figure 4. Construction of XZF. 
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Figure 5. Construction of XZG 
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Another way to 1ncrease linker insertion effic?ency 1s to redigest the 

plasmid after 11gat1on. Plasmids containtng linkers will not be cleaved and 

will remain as rela;<ed circular forms, while salf-ligated parental plasmids 

will be cleaved into linear molecules that do not transform bacteria in the 

. next step. After redigestion a relaxed circ1e ,Plasmid tiar.d and a linear 

pJ;:ismid band were seen on agarose gel :~iectrophoresis. That 'Nos 

interpreted to mean that. l had linker insertion in some plasmi!jS. 

,.. "'tar .... - .... ~ ::.r'·· ... ,...r- t·····n,.....:-·-··n· j "t.""h •h:; ·-o· i"- 1 1·g.,,•;1-·"' ........ , ... -a HI 'J• uijiJ~L 1ij 't"{r:;, c .I di .;:,1 IJJ ll I:;;! 'I' 11.1 U ~ 1j L ·11::! I •.JL1 i..111 l1lli,L;.;1 :J, 

c-1· ng' P. '"'Ol on• A,:- '.','u - 0 01' .~t-.~ 1j ·=·n1j ,,-A "·"'n ; n I"· rot r··, P1 .j. -=-m1· dC ',,\iere 1· ·=-n ·1 ·=-tad ~ 1.,,....... tc:~-' 1r._., . .., t "-"1"c u ~1 u ~r 1 ..J 1 .. .. ,, Yll ..J 1r ~~ ...sl..i t...; ._,.-i. 

from small bacteriai cultures. 

Xhol-Sall, and Kpnl-Sa!l "Nere used to screen for pXZF (fig.6). Since 

there is no }\hol site at 5481 in pXZF, i<hol and Sall digest1on Y·ti11 give tv10 

fragments of 4363 and 5032bp , instead of three fragments of 3194, 4353 

and 4835bp as in the parental plasm·td pCS 1O1. Eight out of 12 plasmids 

screened ha1j the expected p~ZF pattern of 4363 and 8032bp fragments (fig. 
, . -- .. . 

7). To ensure thet a Kpnl linker was inserted at 5481, Kpn! and Sal I 

digestion was performed. The additional Kpnl Hnker at the 5451 site (fig.8) 

will give two shorter fragments of 5170 and 369tip in Kpnl and Sal! 

digestion, whlle for pCS 1o1 it is 5226bp. The result is sho\·vn in figure 9. 

:<ho i-Sal l digestion of pXZG should produce fragments of 4(330, 4363, 

2796 and 39obp , v·1hn e 4530, 4353 and 3194 bp fragments an~ produced 

from parental pUM41 (f1g.10). 3 out 1 o plasmids screene!j had pXZG pattern 

(fig. 11). 

lnfectivHy end symgt.om,? 

Both XZF and l<ZG were infectious. Plants inoculated with XZG showecJ 

symptoms as early as plants inoculated with CabbS (about 2 weeks post 

. ' 
•. 

-.-



Fig. 6. XhoI, SaH restriction map of pCS 1o1 and pXZF 



33 

~ / Sall(55l) 

(8675)5al I pCSlOI 

'.. Xho1(5481) 

Sall (651) 

(8675)5al l pXZF 



Figure 7. XlloI and Sau digestion: screening for pXZF. Lane 1 to 12, DNA from 
transf ormants. Lane 13, pCS 1o1. The digests were 
electrophoresed on a 1.0:f> agarose gel. 

.-
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Fig_ o. KpnI, Sall restriction map of pCS 101 and pitt.F 



{:;::c. 7=:\1-.-1 f \. ._.1.:i • ._. i .::i .j 1 

· . . 

35 

i 

.·' 
""·"·· ..... / 

.,..., _,..t" 
.. - ..... ..__,_ ___ J-..... 



Figur~ (}. Kon I and Saii dif!'estion of oCS i O i and pXZF. Lant: i. oY~F. Lane 2. 
\.JI ., ..&. V J. ,.. A or 

. pCS 1o1. Electrophoresis on a 1.5% agarose ge-1. 

-- . ... 
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:3alf (65 i) 



Figure 11. XhoI an:d S~lI dige,$ion: scre€1ningf or pXZG. lan~ 1, pU1v14 l. lane 2 
· ro 11, D~A from transf ormants. Electr.oplloresis on a 1.5% 
agarofie gel. 
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inoculation ). The appearance of symptoms on plants inoculataed w1tt1 pXZF 

DNA was delayed about 1 week. Only one to three days delay of appenmce of 
,, 

symptoms was observed 1n XZF inoculated plants. However the infetlous 

severity was not reduced as judged by the ytelds of v1rus 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 XZF ere sharp, defined 

yellow spots much smaller than those formed by CabbS, UM 130 or XZG. 

Stability of XZF and XZG DNA during_growth in JJlants 

Kpnl-Sall, and Xhol-Sa11 d1gesttons were used to check that the Hnkers 

were stnl present tn XZF and XZG DNA recovered from plants. The results 

were positive. 

AlkaHne denaturing electrophoresis was also performed to check 

whether three gaps were maintained in XZF DNA or not. The three gaps 1n the 

DNA of most isolateds of CaMV will produce three single-stranded DNAs 

under denaturat1on cond1tlons. Figure 12 shows that XZF DNA has the same 

pat tern as CabbS DNA. 

Allele dominance 

XZG vs Cab!§ 

Allele dominance was tested by inoculating turnip plants with a 
' 

mixture of purified virions, isolating virion DNA from the infected plants 

and restric\jon enzyme digestion of the recovered DNA. Viral DNA extracted _ 

from plants inoculated with CabbS and XZG was digested by Xhol and Sall to· 

distinguish the progeny type. As mentioned above, 2796bp fragment is a 

marker for XZG DNA, whfle that of 3194bp is diagnostic for CabbS in this 



Figure 12. Alkaline d~naturing of CabbS and XZF DNA. Lane 1, cabbs DNA. 
Lane 2, XZF DNA. Electrop11onS?sis on a 1.0% agarose alkalin>S' gel. 
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combination. A equal mixture of XZG and CabbS DNA existed in plants 

inoculated with equal amounts of XZG and CabbS 1nocula (Fig. 13). When . 
inocula contained three times more CabbS than XZG, traces of XZG DNA were 

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

pattern. 

XZG vs UM 130 

UM 130 is derived from CabbS by insertion of an EcoRI linlrnr at the ... 

Smal site at 2040bp of pUM41. The EcoRI digestion pat tern of UM 130 differs 

from those of XZG or XZF 1n having a shorter fragment, 1632bp instead of 

2009bp (fig.14 ). As shown in figure 15 • DNA resulting from an equal 

mixture of UM 130 and XZG gave patterns after EcoR I digests of vi ra 1 DNA 

showing fragments characteristic of both in 8 out of 8 plants. Since the XZG 

pattern could result from incomplete digestion at the 2040 site, Xhol-Sall 

d1gest1on was used to distinquish whether XZG was really there or not. The - . 
presence of the XZG specific fragment 2796bp in the Xhol and Sal I d1gest 

confirmed the presence of XZG result. Virion DNA from ffve other plants 

coi nocul ated 1 n e separate experiment wfth equal amounts of UM 130 and XZG 

gave a pattern after EcoRI d1gestton 'vVith major XZG fragment and only a of 

trace that for UM t 30 . 

XZF YS CebbS 

Y.lhen viral DNAs were subjected to combined Kpnl and EcoRI digestion, 

a 1234 bp fragment or 1532bp fragment was speclff c for XZF or CabbS, 

respectively(fig.16) .¥/hen the amount of XZF in the inoculum was three 

times that of CabbS, the fragments of progeny DNA digested with Kpnl and 

EcoRI contained both 1234bp and 1632bp fragments(flg.17). The presence of 



Figure 13. x110I and Sall digestion of DNA prepared from equal amounts XZG 
and CabbS coinocu1ate•j turnips. I.ane 1. catbS. Lane 2, pXZG. 
Lane 3 to 9, viral DNA from plants. Electrophoresis on a 1.o:;g 
agarose gel. 
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Fig. i 4. EcoRI restriction map of UM 130 and XZG or XZF 
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Figure 15. Eco RI digestion of DNA prepared from equal amounts XZG and 
. UM 130 coinoculated turnips. Lan~ 1, pTJM 130. Lane 2, CabbS. 
Lane- 3 to 1 o .. Yira1 DNA from plants. Electrophoresis on a 1.2 % 
agarose gel. 
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Figure 16. KpnI, EcoRI restricti0n map of CabbS and XZF. 
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Figure 17. Kpnl and EcoRI digestion of viral DNA prepared from turnip 
plants that had been coL.+ioculated ~lith a concentration ratio of 
three XZF to one CabbS. Lane 1, EcoRI digestion of catbS DNA. 
Lane 2, XhoI and EcoRI digestion of CabbS DNA. Lane 4 to 11, 
KpnI a.nd EcoR digestion of viral DNA from plants. 
Electrophoresis on a 1.5% agarose gel. 
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CabbS DNA v1as also proved by Sal I and Xhol analysis.'w'hen CabbS and :aF 

were present 1n equal amounts fn the inoculum of plants, XZF progeny could . 
not be detected any more by Asp 716 and EcoR I digestion. Asp 716 is an 

isoschizomer of Kpnl. I found that Kpnl is very ineff ecient in cutting CaMV 

DNA, probably 1jue to its substrate preference. 1 o times more units of Kpnl 

than Asp718 needed to be used in the reaction to obtain complete digestion. 

XZF vs UM130 

In plants inoculated with equal amounts of UM i 30 and ~<ZF, viral DNA 

isolated showed major UM 130 and minor XZF pattern in Asp718 and EcoRl 

digest1on from 4/7 plants (fig.18). Two plants had UM 130 and one pi ant ha1j 

XZF. If the XZF content in the inocula "Nas hvo time that of Ui1130, i<ZF was 

the only DNA in the progeny in 5/5 plants as shown by EcoRI dtgestton. A 

ratio of 1.5 or more UM 130 to i<ZF in the inocula resulted in only the lJf1130 

pattern from 6/6 plants by Asp718 and EcoRI digestion fig.16). 

Table VI summarizes the above description. 

Sb.I I vs CabbS 

The deletion of 105 bp frnm 1537 to 1643 in St.II reduces the size of 

the CabbS 2009bp fragment to 1894bp in EcoRI digestion. \A/hen the 

concentration of S.6.i! was 11.5 times greeter CebbS in coinocula, still no 

1894 bp fragment could be detected in the EcoRI 1jigests of progeny DNA (fig. 

19). 

S&ll vs NVS 153 



Fi9"Uf~ 1 tt Aspa 718 and EcoRI t-H~·~stion ol' viral DNA e1rtracted from plants 0 4 Q 

inocuiated ~Nitii UM 130 and XZF. Lane 1, ptJ~1! 130. Lane 2 .. pXZF. 
Lane.3, XZF DNA. La.--:te 4 and 5, DNA from plants inoculated v1ith 
equal amounts of U1vI 130 and XZF. Lane 6 to 8, DNA from plants 
inoculated ~"lith a concentrati.:.m ratio of 1.5 or more UM 13,0 to 
XZF. Lane 9, Ulv1130 DNi~ .. from plants. A XZF specific fragment 
12 34bp is indicat .. ~d-
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Table IV 

ALLELE DOiv1IN ... t. ... NCE OF CaMV l:·ETWEEN XZG AND CabbS, XZG AND Ul'·..1: 1~.o, 
XZF ...i\ND Cab b S, ... c..ND XZF .'1.ND U1vI 1 ~:. 0 

ratio\ CabbS VS XZG ur1130 vs XZG CabbS vs XZF ur1130 vs XZF 

1 : ! 8m 8m 

5 G, trace 130 

1 :2 . 

1 :3 
. ·-. ~ 

. .... .:· : · ..... . 
... ::._-··_·· .. ~·-. :· .:..-- . : 

·. :· ...... ~' . . . 

8C 

am 
• .. · 

. . -· 

4 130, trace F 

2 130 
lF 

.. · .. 

5F 

1.5: 1 6 t 30 

3: 1 8 C, trace G 

C: Cab~S 
F: .L:.: 
G: :S:ZG 

m . ..,...;"':'"M,.,..~ "'·!· ,...':l.,..c.nte 
• ~ .............. ·- ...... 1:: ...... ·---~ 

130: UM130 

..... 



Figure 19. EcoRI d1gest1on of viral ONA extracted from plants inoculated 
with Sil I I and CabbS. Lane 1, CabbS DNA f rorn p 1 ants. Lane 2 to 7, 
DNA from p1ants inoculated with S.&11 and CabbS in a ratio 
ranged from 11.5: 1 to 1: 11.5. Lane 8, CabbS QNA from plants. 
Electrophoresis on a 1.5% agarose gel. Fragments 1894 and 
2009bp are fndicated. 
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Differences between the EcoRI digestion patterns of NV8153 (4340, 

3172 and 456bp) and Std I (2325, 1894, 1721 and 1466bp) made it easy to 

test whether they coexisted or not in progeny when they v-rnre co1noculated. 

A mixed pattern was detected. 

Ce-BB 1 vs Ce-N82 

\"/hen Ca-551 and Ce-NS2 were subjected to Clal digestion, the only 

difference betvveen the 'fragments V·las a 1440bp fragment in Ca-BB 1 and 

1674bp fragment Ca-NB2. Only when Ca-NB2 was 11.5 times over Ca- BB 1 in 

the coinocula, could Ca-NB2 DJ~A be detected in progeny (fig.20). 

Ca-BB 1 vs NV8 l 53 

Xba I digest 1 on of NV6153 and Ca-BB 1 wi 11 result t n 3692, 2430, 864 and 

844bp fragments for NVS 153 and 3892,2430 and 1287bp fragments for Ca-

661. A mixture of Ca-551 and NV8153 DNA patterns was seen in Xba l 

digestlon of v1ra1 DNA isolated from plants coinoculated with ca-661 and 

NV 1653 at a concentration ratios from 1 : 1 O through 1 O: 1. 



Figure 20. Clal digestion of virnl DNA from plants inoculated wHh Ca-651 
and Ca-NB2. Lane 1, Ca-661 DNA from pi ants. Lane 2 to 6, DN~\ 
from plants inoculated with Ca-BB 1 and Ca-NB2 in e rat1o of 
11.5:1 to1:11.5. leine 7, Co-NB2 from plents. E1ectrophores1s on 
a 1.2% agarose get Fragments 1440 and 1674bp are indicated. 
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CHAPTER IV 

DISCUSSION 

Dautiert et. e 1. ( 1953) have introduced a series of sma 11 insertions into 

t.t1e various translational reading f ran::1es of CaJ1,.fV. Tl1ey found that a l 2bp 

in-phase insertion in ORF III destroyed infectivity. Hov.1ever rny construct 

pXZG and pUr ... '1130, botl1 have 12bp insertions at ORFIII, and are as 

infectious as tt1e parents. Tue construction of Daubert et al.'s bas 12··op 

inserted at nucleotide 2 149 of CabbB strain, ours at 2 040bp of CabbS. ·what 

mates t.11e difference is interesting. The inserJc·n amino acid sequneces 

pro1eu.glu.gly.a1a. of XZG and pr<).gly.phe.arg.ala. of UM: 130 probably didn't 

significantly change t.~e structure 1')f their protein products. 

ORF I I encodes an aphid transmission factor (Armour et al., 1953; 

1i1lo<.'Jlston et al., l 983J. It is not essential for infection, as it can be eitt1er 

deleted or ei~anded by small insertions (Ho·well et al., 19&1; G:ronenborn et 

al., 1981; Dixon et al., 1933). Both deletion and insertion at ORF II retard 

one v.1eet delay of symptQm appearance. In addition .. XZF causes mucr1 

sm8ller local lesions on inoculated leaves. It has t:·een s11ov\m t.11.at t11e ORF I I 

pro<iuct influences t..11.e structure of w".l.e viral inclusion body or firmness vlitl1 

1.-\lllicb. virions are held Within the Yiroplasm (Givord et al., 1904). I also 

observed ca·-NB2, '1V1lich has an insertion of 234bp at ORFII of C1v14-184 

abolished or reduced the severity of vein clearing. The e:::ra.ct function of OP._.k" 

II remains to be elucidated. 
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XZF t1as the 12 bp insertion very close to G 3 (fig.2 1 ). It has been 

reported (Pietrzat and Hohn, 1 ge,5) that long polylinlrnrs insert€'d beside G 3 

affected the stability of t.11.e insertion in progeny viral DNA in plants by 

acting as recombination targets. XZF retained its linl(er insertion during plant 
J.'i' 

infection. DNA sequence around G3 is t110ug11t as t.t1e plus-strand primer-

binding site for polymerase(Pf eiff er and Hohn, 1983; Hun and Co-r..re~T, 19&3; 

Hohn et al., 1935). Tt1atXZF viron DNA isolated from plant sho"vs t.t:ree 

single-stranded bands in allrnline denaturing gel, demonstrates tl1e smali 

insertion at tl1e x110I site does not disrupt the polymerase starting DNA 

synthesis at the G3 site. Kno""''n ORFII deletion mutant SA 103 produced only 

genome-length single strands(Armour et al., 1983). 

Yv"hen XZG mixed 'With CabbS vvas used to inoculat.e plants, no allele 

dominace \'y'aS observed in tl1e DNA recovered from progeny virions. Ev .. en 

·when the amount of CabbS was three fold more tt1an that of XZG in the 

inocula, traces of XZG DNA were detected. In the case of XZG coinocu.lated 

with UM 130, 8 plants had a mixture of parental DNA and five had mostly 

XZG and small amounts of U1\>f 130 in the progeny viral DNA. Ulvl 130, '\fy'!lich 

has an extra 12bp inserted at nucleotide 2 040 of CabbS, has been obserYed 

to convert completely to CabbS, even wllen t.11.e amount of UM 130 was three 

times over that of CabbS in t."1e inocula { l'v1elc11er and Essenberg, 1935). XZG 

has a 12bp linker inserted at the same site as UivI 130. The only difference 

betv·Neen them is tl1e o bp DNA sequence, GGi·4ATTCC for UivI 130 and 

CCTCGAGG for XZG. We attribute allele dominance in the CabbS and UM 130 

combination to mismatch repair(excision loop structure) of a heteroduplex 

during recombination. In many syst.ems, mismatch repair for many markers 

involves the preferential correction of one or the other strand. In s. 

pneu.m{wkf~ Roger ( 1977) found that opposite strands were not equally 



Figure 21. Structure of the G3 discontinuity. Xhol linker insertion site is 
in1jicated. 
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A3 HH 
fl s::.T AAGAGTGGGGGGGTTGATT ACTCCiA • 1' 

)' 5'•rPu •• -..i>uGGTTGATT ACT CGAGCCAACT.,..J' 

.a ~l'ATTCTCACCCCCCCAACTAATGAGCTCGGTTG~:.s' 
-:ri.;;;.---
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effective in transformation. Also in S. p.a'9ll.lJJ,,.?11JBf. a deletion of C in tlle 

sequence )"-----TICCCT.i~.------3· 1:Nas corrected v.,'ith high efficiency, 

Whereas a deletion of C in the sequence 5"-----G.~.CCTT----- 3· had an 

intermediate efficiency of correction (Sicard et al., 195'.:i). 1ne efficiency- of 
.w 

methyl-directed DNA mismatch-repair of E.>.'>.?Jf acting on phage M 13 was 

rep()fted to ·oe controUed by· t~No p8.ramet.ers: tl1e sequence en11ironment of 

plants) resulting when k"'ZG and U!vi 130 V•lere coinfect.ed, could ·oe due to no 

correction of mismatches. 1Nh-~n XZG and UlvI 1.30 recombination happens, 

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

XZG and cabbS combiiJ.ation. 

------CGGGGGAATTCCCCCG------ U!v1 1.30 

------GCCCGGAGCTCCGGGC------- XZG 

It appears that most single base mismatches C:."1!1 be repaired. A/C, CIT~ 

A/A, CIT and GiC could be corrected very efficienly_. T /T efficiently, and l·JG 

and CIT not at a detectable frequency. This single base repair specificity is 

identical in £().?Jj and S.pn$-um~?niae syst~ms (Kramer et al., 1934; Dohet et 

al., 1985; Cla~rnrys et al., 19&0 .. 19& 1 and 1933). But the correction of 

eight base pairs from w~e first, and t:i11To mismatches, normally not corrected 

singly, were recognized vvhen bot.11 were present (Claverys et al., 1933). This 

stfucture of mismatches. 
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When XZF vras coinoculated with CabbS in equal amounts, allele 

conversion to CabbS happened tn 8/8 plants. But when ~<ZF was three times 

great than CabbS in inocula, both parents "Nere recovered. So probably I 

could say XZF is only 1Neakly converted. As mentioned above S.6.11 and Ca-NB2 

are much more strongly converted. Also as in the E.cali system, large 

deletions are better substrates for conversion than sma 11 de 1 eti ens (Benz 

and Berger .. 1973). The ou·1er posibilit1~ is .that CabbS is c:ompetitivl1d 

advantage over XZF, si nee XZF ilas 1je l aye1j appearace of symptome. 

The interaction of XZF and UM 130 is complicated to anal!,!ze, due to the . ~ 

presence of tv10 heterologous regions.\N'hen XZF was inoculated \·Vith Ut'1130, 

CabDS a 11e1 e dominance over UM 130 at ORF l 11 v1as hard1 y seen. it. happene1j 

just when XZF (CabDS allele), was two fold more than UM 130. In one to one 

mixture of XZF and UM 130, 6 out of 7 plants had UM 130 DNA , while 6 out of 

6 pl ants had UM 130 when UM 130 was 1.5 ti mes more than XZF in the 

coinoculation. XZF differs from CabDS in having an extra l 2bp at the l 642bp 

site, that making a heterologous region 398bp •:tway from the site of the 

converted allele in CabbS and UM 130 interaction. When pUM24, which has a 

40bp deletion from 6299 to 6338, was mixed with pUM 130, the 

heterologous sequence present didn·t prevent UM 130 allele conversion to 

CabbS in 8 of i O plants (Melcher and Essenberg, 1965). V./hy should the 12bp 

heterology at 1642 depress conversion? One hypothesis is u1at near the 

1642bp posit.ton is a specific recognition site for the initiation of 

conversion. Another explanation is that exact pairing bet'·Neen homologues, a 
'-"t 

prerequisite for normal recombination and gene conversion, is not possible 

in heterologous regions. That heterologies "Nill prevent allele dominance 

has been observed when Ur-1130 ·was mixed with Ci'-14-184 or N'v' 1853 (they 

have 5% sequence difference scattered throughout the "Nhole viral genome). 
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I also observed several cases in ORF! I. \N'hen Si!.! I , which is a deletion 

mutant within ORF 11 from 1537 to 1643 of CabbS DNA (Gi vord et a 1., 1984), 
c 

was mixed v1ith CabbS complete conversion to CabbS happened even when 

5!111 ·01as three times high than CabbS in the inoculum. Allele dominance 'Has 

abolished when 5611 was coinoculated with N'Tl 853. The Ca-N62 ailele v·tas 

lost v1hen it ''f'tas coinoculated v·tith Ca-BB 1. ca-BB i is ijerive,j from Ci'14-

H34 'ftiti·i the 'ft ho 1 e ORF i l de i eted ani:i an the i<t10 i (9bp) 1 inker inserted 

1·~<.:-•.-.""u ... Ca-r·.1B'"' t-.-:.~ ad· 11~r .~.one 'J"Z ··''"•pr 1·n·=-i:.r~i:uj ::.;+ •,;:,11-·l s•to er· r:=.--c-'P' llvl..C•.J • 1 <I L. 111.;,_. I I !;Jvl .<....l"°tU ••J'-' l._., YI. i\l _, ~I ._. .1 ._.._. ,.__1 I 

(Brisson et al., 1984). Ca-BB 1 coexisted "Nith MV i 653 at a wi1je range of 

concentration ratios from 1 : 1 o ratio or 1 o: 1 ratio of ca-BB 1 to NV 1653. 

V·lhether ca-NB2 would be converted at the presence of NV 1853 \Atould be 

interesting to test. 

Tt1e i 2bp extra in UM 130 also depressed allele dominance that 

happened in ORF 11. In a one to one mixture of XZF and UM 130 • 3/7 plants 

kept XZF viral piOgeny, w~ile. no ){ZF were detected in plants when XZF was 

mixed w1 th CabbS. 

Various recombination models postulate heteroduplex structures 

between two parentai DNAs on ~rthich mismatch correction is supposed to 

occur. A study of mismatch correction mechanism in Cai1V is likely to be of 

general s1gniff ca nee to tt1e theory. 
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SUMMARY 

pi<ZF and pXZG fv~ve been constructed by inserting 12bp into specific 

c•+;:;,.:· .-,f :";i<::•n1 t.-, .:-t•·rlfl °"11-lo 1-in"Jin~nr.o J·n c-;:,IM\,' ._.i ••• _.._. i_., t-tl_._. t·~- ... ,_, ._. ... u."".:t •..1 ,~ .... 1_,L,,, .1 ,,.. 1........ l.J 1 1 ... 

reverse transcriptase and lii~ation v·tith a ((pn! linker. p;<ZG 'N8S meije bu 
~ ~ 

Srnal di!Jestion of pUM41 and ligating v·iith Xrioi iinker. 

pXZF and p;QG were inoculated onto turnips to determine their 

infectiVit!J Both pXZF and p;<ZG v·tere infectious. V1ith p;<ZF about one 'Neek 

delay of symptom appearance occurred, XZF also differed from the parent by 

having smaller local lesions on inoculated leaves. 

Allele dominance was -investigated oy inoculating turnip plants \Atith 

mixtures of purifled viri..1s, e~tracting virion DNA from infected plents and 

analyzing with restriction enzymes. 

No allele dominance was observed between XZG and CabbS DNA, in 

. contrast to the allele dominance of CabbS over UM 130, which hes the 12bp 

insertion at the same s1te with }(ZG. Allele 1jominancae 'Nas also hardly 

ovserved in ~f1130 and }<ZG cornbinaUon tested in 5 plants, "Nhi1e 1n 5 plants 

:cs seemed i:lomi nant over Ur--1130. 

There 'Ne re rni::~tures of CabbS and l<ZF DNA in vi ri on pro!~en!d v·1hen ::<ZF 

·11as three.Ji mes over XZF in i no cul a, but not ".¥hen XZF and CabbS 'Here in 

equal amounts. 

The dorni nance of CabbS over un 130 i~t ORF 11 vvas non-existent. in KZF 

an1j Ut'l 130 combination. 6/7 plant ha1:l ur1130 DNA when infected "Nith equai 

.-
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amounts of UM 130 and XZF. The extra l 2bp at UM 130 also interfered with 

allele converion of XZF at ORF 11 site. 

Allele loss in ORF II was observed when other mutants S.6.11 and ca-NB2 

were used 1n mixed 1nfect1on with their homlogous parents but not with 
. ~ 

hetero I ogous stra1 ns. 

The possible mechanism of allele dominance happened in Caf"lV was 

discussed. 
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