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AMrllACT 

Onaoina aacm:,u to introduce no\el traits in ~ nc:cessitatr the development of 

de1aiJed aa,etk maps lo facililale rhc,c pn,ccm. T1tinopyn1,n pontiCIIIII derived leaf 

NII raiwnc:c (Lr/fl Im been succaafully incorpora&cd as a terminal nns.ocarion 

onto chomo,omc 7DL of wheal (Shanna & Knott. 1966). Followina the induction of 

allotyndctic pmina bdwccn the tnr,tl-xated --~, and homoeoloaoua 
dwomo1or11c llfflS. a lhoncned trwlocation dcsi~ Lr/9-149, was ~ered 

(Marait 1992c). A number of nNr' i'°llfflk lanes ' :LsJ l.ave been developed llliaa 
dw two forms of lr/9 (Prins,, o/ 1997), u ~IJ u a set of 29 irradiation induced 

dcieeons of the oriplll lr/9 tnmloc#ioo (Marais. 19921). Tbc,e proved w:r, 

~ iu~ j1KICCSS ofmappina the ct.omoeomc rqion. 

A poorly ~ .... map hamper lllelnpll IO ltUdy and modify the 

ialac+ewd dlna:nin block. Polymolphic vW'ildoa between • NIL and ib. .ecw,u 
,._. can be ~•meted <>ft the molec:ular level rr.akiaa it pouibk 1o ....- Nlily 

Ullble matlen for NFl'illl purpoea. SiDJC the Random Amplified Polyaorpllic 

DNA (RAPD) eech,itqule (Williams ,, al, 1990) requires v«y lmlc lmowiedae of 

teqUCnCC infonnldon prior IO its employment. and since its suhability bu al~y 

been well~ in 1 •'lricty ofspc,cla (Webb and McClelland. 1990), it is a 

ICJSical choic:ie in the IC.-dl for nolymorpbk ma,kcn, 

In this IIUdy fow /.r/9 RAPD markers ha,-c been idcntifil!d.. and mapped sw:cessfully 

and • fwtbcr dwce rq,ulsion phase markcn for the ~ wheal chromotomc 

arm have been identified. The marker, XtU-0PKIJ,_.7c/1 i!. ioc1lttd the cl~ to the 

lr/9 aene. Thi• man.er was med to confirm two pu&llive Lr/9-14':l recombinants u 

lr/9 derivativa and suges1ed that• third recombinant bas apparently lost the marhr 

and must be the most u,eful (shortest) n:combir I 

iii 
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OPSOMMING 

Poain&s orn nuwe gene na korina oor le dra muk dit noodsaaklilt om aoed 
Fdcfinimdt acncticte k.urte te on~ikkcl om die proses te bespoedia. Die 

T1ti""P)""" ponlicllffl verhuldc blurrocs Wttntlndsaem. Lr/9, is u ·r. tcrminale 

nnslobsae op chromoloomarm 7D1. van korina (&CVOCI (Shum• & Knott 1966). 

Nadat allosindctic9e parina tuuen die aetranslokcmle ,epnent en die bomoeoloe 

korina chromoloomlnns aefnduseer is, is 'n nuwc. ,'etkorte translobsic berwin. 
nMmlik Lr/9-149 (Marais. 1992c). Naby itopruac lync (Nil.a) vtn die twee Lr/9 

trmslohlin is in verskcie k.orin&s ootwik.k.el (Prins~, o/, 1997) MOOk 'n stel van 29 

batnlint-aefnd~ tmninale dclcsies van die oorspronk.Jik.e Lr 19 tnmslokeric 

(Marais. 1992a). l...usacrlOCffl l)nc kon ..-ia aebruik word vir die k.arterina van 

die cbromoeoomlra. 

'n Swat onawikkdde llffldiac bart bdcmmcr posinp om die lpaie-Yfflllllde 

dvomadcnblok tc batuclecr of om dit tc vator1 vir kommeniflc aet,ruik. 

Polimorfinc Vlriasic tuaen 'n NIL en sy bdrok.k.c hcrhalcndc ouerlyn k.an 

aefdcnlimecr word op moldculbe vlak en 50docn.1c is dit moontJit om bruikblre 

merbn tc oncwikkcl vir kartcrinp-dotldndcs. Aaqesicn die .. Lukruk 

Gamplif1'Cade Polilr.orfiae ONA" (RAPD) tcpliek (Williams ~, al, 1990) blic min 

,.t>Ofaf kcnnis van DNA \-Olpdcs vcreis. en die bnaikburhcid van die tqnick. aoed 
aedcmontuur is in "n \'Cl'ikcidcnhcid spcsics (Welsh er, McClelland 1990), is dit ' n 

loaacse kC'UIC vir die ~n1 van nuwe, polimorfiese merten. 

In hindit: studk .s -.ier LrFi RAPD mcrlLcrs actdcntifi,ccr, en subesvol acbrtecr 
tcrwyl 'n verdcre drie rq,ttl,iefuc mcrlLcn mc1 die verplaudc korina 
chromoloomann puosien kon word. Die mcrur, Xus-OPKl5,.,.M1 is die nautc 

un die i r/9 ac,en. Hicrdic mcrker is ,ebruik om ~ ~crmoedelik Yatorte Lr/9-

149 rekombinantc tc bn'cstia u van Lr19 oorsprona. 'n Dente rck.ombiamc is ocw 
aetoeu en die dala dui daarop dat dit wursilynlik. die mcrkcr verloor hct e-, dus die 

mea bruikbatt (kortsk) rckominant moet wees. 

iv 
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CHAPTER I 

I.I INTRODUCTION 

U.I OVERVIEW 

Wheal (Trltku,,e outMIIII L. cm. Thtll.) is culth'llled acroa a wide nnae of climates 

lad eaviroameab. It is the mm, edapahLe of the .,.. ipeCics IO a.bane habilall 

lad ..._ CGDditions. Durinc cultivalioa., lempCl'&la may vwy &om • little • 3°C 

IO 4-C in bill- lalituda lad up IO ~ IO 32°C in equlllOrial repona. with• opcimum 

of 25-C (Male. I 910). Men land maa is beina lad for the cultivalioa of wheal 

dmt •Y odm con, n¥'fl':ial aop in lhc world. lad it -=nu • the moll important food 

,ource for ,,,_,.,ad raakiat bipcr drm maize. rice wl pocaa,oa. 

Wheal products arc • acdleat 10UtCe of dietary nwiam such u carbobydnla, 

amino acids. mi."laab. l&lrch. vitamins and fey acids. h is, howevu low in lhe 

eaential lffl1no add. lysine. Tbe consumption of pain in the early 1970'1 in dwd 

world counlrics siabilitcd at around 175 q J'CI' capita (Lupcon. 1917). This WU 

anribuled to chan&ina prefcrmces in the consumpbOn of u-aditional foods and taste 

preferences for specific grain species, such as rice, mm.e and sorghum. Little or no 

wheat is produced in these c:ounlries. With the &lot.I population increasina, and 

~ drutjc population ancreues being expcckd in third world countries. food 

raourcc ~lopnmc encourqed by the dtve~ countries will have to remain 

central to a,-oid faminr. Presently. the supplies and impons lO third world counlries 

arc mainly in the fonn of raw ~t.eac quotas (CIMMYT, :913', A srear deal ofeffort 

is currently beina employed lo :,timul:de the production of wheal. pa,icularty dwoup 

the education and tninina of per.-onncl and skilled labourers (Brigle and Curtis, 

1917). 
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I.I.I.I WHEAT IN SOUTH AFRICA 

In South Afnc. the land area devoted to the production of wheat hu increued 

ltadily and avcrapl approximately I 197 000 ha in the early sixties. It was 

atimeeed •,;, be more than I IOO 000 ba in the 1910s (CIMMYT 1913, 1985). Wheal 

yield per bcc:me is aencnJly low as• result of the dry climate. In mas of bc1I« 

l'linlall. poor IOila often raun in low yields (Brigie and Curtis. 1987). 

Globally, annual lows due to funpl, baclcrial wl viral dilCIIICI me lllllllanlial. 

Siem 1'\111 and yellow Nil rank am.ona the most desuuctivc funpl diseaes of wheal 

(CIMMYT 1971), wbaea leaf 1'\111 and ..-,ria acocnJly rault in lac dllDllf if not 

coiln>Ued. Stem 1'\111 md root di FF El such .. ~- F,,.,,,_,, 
~ and Pff'koltla S'f'P. under f'awunble conditions can dec-1 11 yield by• 

ad• 50%. Whell aphids are probably die IIIOII blrmfuJ iwt pall of wblll 111d 

may c:aa atlalivc lollea. 

Seecti!II ...,.Uy occun between April and AuplC except for die Nol1bcm 

Trwvul. whcrf': the moalbs Febnay ll' March are bat for plaad"I Hae, 

bavaliq ia doQe in July. In the ff'll of the counlr)' wbca! is ban-Cited in November 

10 Januay. Soulb A6ica ii l.qely ldf suffideat with reprd to wheat production. 

Pa. breed.in& dales back IO when plants were fina domesticaled by mankind wxl 

plants 1elec1ed on the basis of • variety of traits were ulCd for plantin&. dlUS 

inftuenclna the phenotypical and aenotYJ)ical evolution of the species. With the 

inlroductioo of molecular techniques (Williams ti al, 1990, Welsh and McClelland, 

1990; Caetano-Anollb ti al. 1991: Hantula ti al. 1996; Zietkiewicz ti al, 1994) to 

facih..ae classical and modem b~ng straregies, a realisation of the vast 

contribution this could make to help solve the food crisis wtfolded. Molecular 

technoloaY can a,atly speed up the process of trait oriented ~na and supplies 

incredibly powerful ways to reach lhis objective (fohuson, 1982). 

2 
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....................... IDCllldVllldaapaiaonlarlt'e,.i rrra pr 
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:: ,. llyfll ....... - ............ _ ............ 
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cbromali'l trmsfcr lhrouah chromosome cnaincerina- The vario·.is aneuploids may 

allo be UICld very succ~fully to allocate ae-,es to chromosomes and cluomolome .... 
I.IA ALTERNATIVE METHODS Of GENE TRANSnR 

Problbly the 11x»1 JU0Cad\al molecular syscan for trwfarina DNA into plant 

.-,mes. ii the~/,.,. l)'lllan (WIIIOn ,1 al, 1992). Tbil procedure utililes 

the Ti pl-ict of A,roboctmw,, • a vector to deliver alien DNA lo a boll 

dllCIIDOGDC. C..i cells have been infected IUCCCISfuU)' with dlt tramfectioa 

1yt11m. bul ail recmdy the n,covcry of plaall from the rauJtin1 calhll t.. bea 

prohlomecic: {Joahi ad Jolbi, 1991). Pramdy, tnnlpllic pllllll c■e be IIICOYerod iJt 

wheM makma me of the A,ob«t,,,_, 1yt1em (Ban:do ,, al, 1991). Another 

mdbod for alien DNA trllllCer ia .. _,..,. ll"amfonnllioa" or pmticJe halHMic:, la 

dm ...,aicadoa DNA cOIMd oak> the ufaces of heavy mew patk:lel ii lbot imo 

livinl celb. Proloplall fulioa. micro-injection IDd electropontion, are ocher metboda 

for~ tnmformadon (WIIIOn ,, al. 1992). Thele melbodl are IM!lnpcmt by 

traDlicnt expraaion and the fonnMion of chimeric tiuues. which makes it difficult lo 

recover stably tnmformcd plants. 

Accordina 10 Guswton (1914) the deve~ of hybrids of compebl>le species is 

the only wly proven way to acldcvc successful acnetk nnsformalion in TrltlCtlllt. 

This remained true wrtil recently since limited success bas been achieved with tM me 

of molecular and t!lalfection stratcaies (Joshi and Joshi. 1991 ). A survey by Barcelo 

,, ul, (1991) showed that Agrob«tmum transtbrmalion and panicle bonat.dment 

arc beina applied with powifta succas for the transformation of wheat. However, 

"chromololM cnaincerina' is still the only realistic approach to the transfer of 

multipn:c traits from wild species. 
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U.S.I THE T• TIIANILOCATION 

'11111M .,..._of .... willl J'libW'- w ..,.._. l,y T..._ Vlbr ad 

Va Mfw ·'\ ~ uia ill 1930 (llriall 19IO). .,11, 9 MCIIIII ... al? I • 

1,y1,aw_ • .• t ,_....,_.._. ... USA. n, r: a 
.. , • ••• lli1D .... Cllld--.a_.,o1nr ,,.,_ .,....._.._ 
I O f f Ill ltyMS 1 a t ... wllll 1'11 l ... a ....... of -

(I t rt IZDIJ'I ., • ..... 1"5). la 1957 a ....,. , • .._ • Ir ,1, w 
f O If IIIJ fmrl 1 , • - ,_ ,, I 2 1 ,._. Ill t t ,_ ....... 

11 2 I .. G ---■ (l!ltia7. l'57). a. a ... ..._ ~ (INI) 
•u f fl n s .,._,..11111 ,,_._.a._n, "w11.e ■1 

•* 1Dlf ..... lA■"1hsldz A.._lal'Atiaa"w111f11 0 
., S I ai Kall (ltM) • ¥1 II I 1Pa h O I 1 7 P Ht -

n, 119,., ,., 11111 , 1 , 111 11 • ....... T4 , c «•• _. 
.... .. 17 I,,,_ 111' ••». 1111 T4 I t 1 • * .. 11 2 t 0 

• I ,,, ..... , IIPII ..... .., • 11$ I 111 Ir 111 a -. au. " ' ., ..... .,...(...,_ 

7 

Stellenbosch University https://scholar.sun.ac.za



-

IJ!
!11

l!i
ii!

I 
ff

if
1 jli

 I~
 

s[
rl!

!r
il~

,, 
r-

l,
!.

ti
 

di
 

l.;:
tii

i~
Jl

~1
' 

i~
l~

·fl
:(i

 
1

~ 
t
r
~
1

■
11

w1
1 

a 
1 

ii
 

t. 
l.!

 f r
 ' ,

 l 
f I

 :f t 
i 1'

 ' 
• 

; 
t I

 
! 

l-
1

 
J~

1 
t 

1.
-t

a.
 

51!
 

':1
8 ·

•"' 
·f 

1.f
• 

g 
.t

1:
 

f 
; 

~;
 •l;

1
l18

:
, 

Ii
 

lt
'!

lf
i 

; 
· r

• 
s
l
 

I 
,~!

~ 
_ 

~ 

t 
-'

[ 
·1

11
1,

 ~ 
8 

, 
..

 

1 
r. J

 I 1
 1~-

:t
 

. 
Ir

 
, 

t .
. 1

 J
 , 

~ 

Stellenbosch University https://scholar.sun.ac.za



/ 

fla11n I.I Th,nopJrum d1.•,t1 hum pl41lt.s found on the shores of south-wesrem Cape. 

Bolh the 'lndis' and r.c translocallons occur on chromoaome arm 7DL and any 
genes for sian rust rcsutancc (SrZJ). ~llow floor p1pnencat.1on en and ,epqauon 

distoro;)fl (Sd/) (Marais 1992b: Marais 1992c; Sha.rma and Koon. 1966; IGbiriae­

Scbunya and Knou. 1983). Marais <1992<:) proposed the ,uffix "d" to disbnpish lhe 

'alleles' m ' lndn' fiom those 1n the T4 translocauon. Ho,.ever, tt was wer shown 

thal the 'lndas' tran.slocauon was 001 a new trans1ocauon, but rather the exu1.1ng T4 

run locauon (Prins tt al. 1996>. 

S,n .. e the lr/9 trarulocauoo tn ' lndis' beha.,.cd as a sample, large hnbge block: and 

dad not ~ombine with homocologous "~a, chromaun dunng mc1osa.s, deleterious 

~nes could not be separarcd from LJl9d through nonnal cr0$S1na o.,.er dunng meiosis 

(Marais, 19QO). The prc:scnce of the gene for ycUow endosperm piamcnlalion meant 

1ha1 the resistance gene could not be used .:ommcrctally. l\.n atrempc was therefore 

made by Maran (1992c) l() induce homocologous pamng between the Lrl9d 

1rarulocat1on and homocologous areas of 1~ w~at genome. Diploid pairing in wheal 

b regulated by genes prcsc'!nl throughout l~ genome Some of the genes (for example 

Ph, on chromosome 58 and Ph: on chromosome 30) arc k:nown to suppress pairing 

9 
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.... 

In • lldcmpt to funber the amount of T1ti""f1Y"'l'I chromatin UIOCialed with 

lr/9-149, Mns 111d Marais (1991) once apin produced lr/9-14«> belerozyaoca 

1ackiJ11 the Pll,b bomoeolopus pairina c:oab'Ol locus. Den• ;\; , from thele plaalf 
are bcina tclled for recombinanb. Three pldllive recoc· ; ve been recnwred 

dlUI far and daipaled lr/.9-149-462, lr/.9-l49-2S2 and lr/9-149-299. 

1.1.5.3 TRANSRR It 

San (1973, 1977) indlliCed bomoeolopus pairina bee•- wbell dnaiOIW 7D 

ad dnmolame 7el, of TJ,. po,,tlaa, and ..,.ned ~2 recomNPWIJI lines (1efeued to 

• 'Trwfer' I 10 12). It is belined dall thele COllllia t.■!lk)..catiom ol the 

~ po,n;v,, da.o.rm 7el1 (•7Aa) and da.~ 7D of wlllll. la 

1917 Ehr.. illlowed dall the resitlance in 'Trwfer 12' •• ,_,.,. rt 1 :I wida 

airmDODM 7A. and s-. (19n, suancect lbal the yellow pi....-a .- en is 

localed clole to lr/9. Swl (Im} a::m t d the reladve aim of tbe 711. po,rna.. 
• .,,...,, ia the moon,hiNJM c:bromoPne1 • 6>4>7 and 10>1 and 9>1.2.3 and 5. To 

achiew dm. be employed two ,eaetic marten in bis ..aysia. the wd protein locus. 

ho Oil da.o.rm 705, and the lc:al Nil rai111ncc locus. lr/9, in 7el1L (Swl 

1973, 1977). Zhana md Dvorik (1990) alto cbanctcriJed the 'Tnmfu' lines and 

Uled the i:,tcr,pened nucleotide !CIQuence. pLeUCD2, (T1t/nopyn,,,, lpecific) for this 

pu.poee. They COmlnacted • map usina this probe and alto escim.-d the r\. dive 

fliz:es of the alien •lfflCIIIS l'Clained in the ff'COfflbinant chromoaomes. They 

concluded.• did Sean, thal 'Transfer 6' ul the -sac 71t. pontino,, sqment and 

'Tramfa 4" tbe teCOnd Jaraest. The remainina 'Transfer' lines were, iklwever, 

cbsactaited difl':rcndy. Zhana anJ Dvcrik (!990) estimated the sizes of the Tit. 

po,,lkta ICplelda • 6>4>1>3>2 and S>l>7 and 9>10, and .t.o mapped the 

..,.aioa dillortion p=ne (Sd/) proximal to Lr /9. Prim and Msais (1991b) 

coacluded thal 'Transfer 10' bad l'Clained the smallest amount of 11rbtopyn,,,t 

cbromllin proximally of lr/9, abo when compared to the lr/9-149 recombinant. 
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ad ii_. in a..._.., widt die aew lPIW! .... P. rwor1•11 ·n. 1p1Cie1 P. 

,_,, 1 A lrllri ii ..wivided • IUDll'OUI pbysiolopc raca cte.,rn!NI .,. die 

.tlli11olc ■ --ilialN:ll(Lces iaada, 1967;Mcl.,..,,,a1, 1995). 

-flll l:d.■ bfdlil1 C ................ of ....... llWN 

r N adaa t li4■ w ..... liae(Lc111rils,11a, 1967). AreduclkmiDIIII 

.... ., .............. ll'u1aif 1111 lillllllol.- A.tec,r 11 ildll 

,... ___ irlml■ lirl....,..cmlllllol .......... F ■ 

..... --,ldl:d I f: ... ,.... ........... IDaniwclilllDa 

ta 11tl a' _.._.._...,ll!r fan llyad t ,,.._ 
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i.l.;I GF.cNETIC MARKERS 

Ometic markers used for ts&lina vary aread) in their natwe and utility. The9e 

include heritable biochemical, c)10loakal _ ,d lbOrpholo&icaJ feaaura auociated with 

lp(lcific .-,cypa. •Molecular marten·. 1111bclus of biochemical markers. exceed 

cytolopcal .s morphok>skal martm in a.'Nndlnce and me not limited by uuue 
apecifk,ty, expn.wion lcwl1 or arduout biocheinical detection techniques (Demeke " 

• • )992). 

Molecular mmtcn are a polmlialty ~ble IOUl'Ce of martas for lbe 

..-Mion for detailed acnccic 1111p1 and the tr.uin& of acnes whole efl'ectl are Imel 

10 didinpi-h Wida die edvwa made an DNA tcch."lOkv, ~ b..ct oa 

.,_ ca ill pn,lliD or DNA• becOIIK incr1.ana)y ........ ill fieldl of .....ch 

_..,.... p1Mc llr11fnt, ...... «olol)', ph lotc'II> and luonomy (W ... II ol, 

1995). PNllein bwd ...., lldl • die con"Ullioml lllozymc mnen, baw the 

~ &hat Ibey detect acne product dift'a ... .ca ntbcr dllia dift'aw:111 • the 
DNA ._,,.., :«.elf. Al!Ol)'IQC marbr mcchodolosY cannot ~ide IDllbn b lbs 

...... portiOft or die DNA ro.aad ill ooq,la o,p,inl, wndy non-codifta DNA 

-aumca D At.ednwtenareunbiatt,d1athe1awet·marl1te1Ddducan 

....- a po4allially -. number or pol)mo,phitml aaodlfied wi1h a lrait or 

IMeml < tea. 1919) Molecular mnm Gbould hl\'C spcafic ~ in 

order co be UICful n mokcu1ar labonloria. Wasa , al (1995) concluded lhu 

prnent)y no marbr l)'IICm fulfil all lhe propen, n 1111 ideal marbr. The-

~ fflOII ~ after an markm are 

• Tht)' ~ bt hiah)y polymorphic 

• they lholald hive ro-dominanl inlr.itancc (which alloNS dlJlinctiCH of homo-and 

hlterozy,ota In dipfoid otpUIIN) 

• llwy lhould be abundanl tn the acuome 

• 11w) lhould be ewmv di1Cntiu1ec1 dvouahout lhe aa,omc. 

• They lholald have a aelect.ivcly neuaral"' 'lavtour (i c no pkiocropic: cftecta) ill alt 

plant .... 

• they thouJd be aaaty eccaaable (I c. by pu,chuinc or f• procedures) 

14 
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• They should io\·ohc C8S) and rapid USl.)S (e.g. by pnx-edum, wu='l&ble to 

autooution ). 

• They sbowd be hil&,hly ~uciblc. 

• They should allow for C.U) ,!e of da1a bc1~o laboralories. 

U.1.1 PCR TECHNIQUES 

The de\-clopment of iechniqucs to amplify DNA in vitro, rcvolutic.niled all ICafCh 

mecbanilms availabk to the mo~:war scientist. RFLP bu remained tbe premier 

leCbniquc for idcncifyina pol)'fflOIJ)hisms in DNA sequences (Ahn,, oJ 1992). Ill 

com;,icxity and laborious Dllhft. as well u the level of cxpatilc required. often 

limi1od its applicabCIII and u. in exlalllve aop impn>Yancnl propmma. The 

polymerw chain rwtioa (Mullis Md Falooaa. 1917; Saiki ,, al, 1915; 1911; 

Ochnm, 1911) led to die dewlopmad of many rclaled amplification lbillepl for 

lhc dcuit'lion of poly. Otphic DNA -.,quenccs. Thctc technique, have bad• ims-i 
on aumcrous •·plira, iacludiJla fommcs. medicine. poptJlation a~ and 

molecw• biolosY (WciJina ,, al, 1995). 

The PCR technique i1 an In •·itro method whad)) acnomic DN .\ sequences of • 

aaraet genome IS cnzymaakally am died as directed by hiphly specific 

obpuclcotidc primers, typically in the order of 20 buc pairs. These primers are 

synthetically rroctuccd and 1.'lc sequences chosen from specifi rc&ions within the 

laJid ONA. Amplification of the aiu ~ rwo primers leads to the acneration of 

multiple copies (i.e. amplifacation) of the taractcJ template sequence. lnvestiption of 

the amplified frqmmt makes it possible to detect \wiation in I.he rc&ion between the 

annealina prinr.s and thus ditTermces ir. banding pancms, often visualised by gel 

~lectrophorais and CS1Cntiall~· creating a amctic polym?rJ>,'liJm (Skolruck and 

Wallau. 198£), PCR bucd protocols are le sophistica&ed screenina methods than 

RFLP ICChnoloay and allows safe, etTack-nt and fast scrcenan& of larac populations. 

PCR techniques al,o require less DNA and hi&fily pure tcmplaac DNA is not a 

prelimirwy requirement for the rcacuon to be succc fut lbc procedure is laraely 

aUIOmalCd and is les1 labour intensive. fh1s often allows a laracr number of sampics 

IS 

Stellenbosch University https://scholar.sun.ac.za



to be tested at a fractiGn of the .:osu in-.ol\cd with conventional RFLP analysis. 

Radioactive matmals are al not required. 

One of the most limitin& upecU of the PCR technique is Lhal prior DNA sequence 

informaaon 'is requited. Several adllpcations have, however, been ma to circumvent 

ebb tequirancnt i.e. AP·PCR ( .. arbitrary pruned PCR") (Welih and McClelland 

1990). RAPD-PCR (Williams ,, a/, 1990) IDd OAF (Cca:ar.o-An lies 11 al. 1991), 

Further variadom include cues where semi-random primal wm. uKd in COOJunction 

wi1b tpedfic primer ,c,quenca in plants (Weisina and l..upidac, l~l). AN>thtr 

limi1ldoo of PCR iJ the inlbilit)' of tl:c polymcrw enzyme to ,ynabai• very ~ 

~ - CheP.& 11 al, (I~) and Cohen (1994) 'ncroduccd .. lma-PCR" • • 

altffl>llivc ~ to ldiba5 this limitation This can wca&Jy increuc the a of the 

.aplifkadon p1'duc1 and ini.'1alet the likelihood 10 dc1ec:t a po:}mo,pbism (Ye ti ol, 

1996). 

Sr.wral PCR mlllld marka tech,,-'-.~ l''' · t:.t ~ of'a reliable and 

thalDOllllbk PCJl reaction and are \: ..icl,. !. "'tr ,n 1:K>lccul• biok>CY i.e. 

IIUCl'Olllellhes (Hups and Queller. 1993: QI.die:•• cl l993. rcsuicboa en..~ 

di,cstian of amplified products (Traaoonruna ,, al, 1992. Konm:zn> and Ausu!:::t. 

1993) and An.P {'Amplified Frapnenl Lenp Polymorphi,ms") (Buam cl al, 

1992). The di,ation of amplified products bu allowed another means of detecuna 
bue pur polymorphi,ms in amplifaed fraaments. This procedure is abo known as 

CAPS ("Cleaved Amphfaed Polymorphic Sequenca"). The PCR 1eehniquc liM alto 

proven in,-aluabk in acne cloni111 atratqies, i.e. an-.erx PCR (Trijlia ,, ::zl, 19:!; :.nd 

anchored PCR (Frohman,, al, 1918; Loh II al, 1998). 

1.1.1.l RANDOM PRIMER SEQUENCT, BA ED PCR 

The ability 10 amplify sequcnccs from multiple amplicOR1 in a target aa,ome 

addraNd one of the major disadvantqes \I.Mi nnployi111 the polymaue clM.in 

ractior.. Ccac:tano-Anolla ( 1994) termed this poop of techniques "multiple arbibat) 

amplicon profili"I (MAAP)". MAAP disti111uishes itself from PCR by usifll limitcd 

hue pair primers t c. S bp (OAF) to 10 bp u ts the cue in the RAPD reaction. This 
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pally reduces the primer s,ecificity durina the in ••itro reaction. and multl in 

finaerprints charac1mstic 10 certain primer and DNA templaac combinations. 1bit 

bas • 11 fcnnsic tcienca ,rcatl) and new allow, this 1eehnique to be med with 

aDOftYU'!OU- pntffla ~ DN of que&looablc orildll, The foUowina mecbodolopl 

• MA,\.P ledlDiquel. 

• ltmdom ampli5ed polymDl1lhic ONA (RAPD : Willimll ,, al, 1990) 

• .~ly primed PCR (AP-PCR : Webh IDd McClelland 1990). 

• DNA llellpliftclllioa ~ (DAF : Ceeteno-AnolWI., al, 1991 ). 

• Radn eenptilld mbc1nllU.. (RAMS : Haabala d ol, 1996~. 

• lahu emptiW micnm111U1e poijmorplaiam (RAMP : Zidkinicz., el, ,,,.,. 
MA.AP .. t f 1111 • u .... 111 iD dlilir ..,,.iafioa ad wla Vlrill wida ...... ID .. 

...._ of DNA- -.lti&:llioa ---- (ad ... loci wplifled) ad t & I ldh: 

ft I jiWI &Id RAPDlwhlbe.._.•hildlellCt 1.-lllilialCliDdlil 

IIIUdy IDd bad ID be die IDOll Wr&Mile. iafonnllive and COIi eftlcdve for dlie 

purpaa. 
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1.1.I.J RAPD ANALYSIS 

The RAPD technique has contributed to 1t.e consttuction of ge1'Clic maps in areas 

where RFLP and conventional biochemical analyses failed 10 produce ample 

polymorphisms. Low levels of polymorphic variation arc aa,erally fow,d in wheal 

UliJ1I C. conventional techniques and the problem wu Jmtially 10lved by RAPD 

llllllym. RAPD assays have proven cxc:cprionally 1.11eful in the taxonomic and 
'::] 

c:ompsllive ditciplines. Genetic variation can be meuured on a rqu1ar bu!s 

exclusively with" tbe aid of RAPDs. It has acclaimed 5'11\11 aa a reliable ,ec:hnique for 

unhrenal DNA finterprintina and has al10 been UICd in specific acne taraedni 
st.•pa (Ou,, al, 1995). This metbodolou uses arbitrary nuclooude primen of 9 

to 10 bw pain in leaadl and amplifies random DNA 1epneall from .-,mic 

lemfll• DNA. Thamll qcles and dMnnollable DNA polymaw enzyme me Uled 

similar eo rm\leaaioaal PCR {Innis ,, al, 1990). The UIC of oliaonucleociclc primen 

remoYCS die need for knowledae of specific primer 1eq11eaca and providel a 

potenriaOy ....aimiled number of lllllkcn. Anocher dclenniaiaa factor is tbal primer 

-.,111e ...ainc tempenhlrU me considenbly lower than chat Uled in PCR 

:r•ctiom, .-ncly 36 -C. This produca a spectnun of amplified products in die~ ·----=-: 
of0.5 IO 2.S kb. Thae products CID allo be Uled • probes 'in Soulbem h)'bridilarion, 

,Ind molt ocher bloains ••pes. i.e. u, 1llt1 hytiridi.-ion. Dcpcndint on lhc primer 

Ind tcmplacc combinadom. the specuum of frapncnts creeled v.-ia uniquely, 

produci.na I specific :repeatable ftnaa'print . . After ICplrltina the product, Oft a hip 
perccnlalC aprolC aeJ, the product bends arc visualiled. either by mans ;,l ,ethidium 

t.omide. or silver lllinin& (pol)'IICr)'lamide acl eleclrOpboresis), The finprprinu 

m:aaed are uaed IO detect polymorphisms (Williams ti al, 1990; Welsh Ind 

McClelland. 1990) 

IIIUII of unpor1allCC in RAPO fiftlC'l)rinu include i) bud intcnsiry, ii) becq,ound 

artifices due IO DNA dcpadation in the acl fflllrix, and iii) misHmplification due IO 

the lack of a proof radina m«hanitm in in vitro reactions. The prcNnCC of liptcr 

buds in the finaerprints is speculated IO be Mttribulable IO multiple copies of lhc 

fraamenl pracnl durina the initial Sl.l&CS of the reaction (Caetano-Anolla ,, al, 

1991). A more sati1fK10ry explanation was put forward by Thorman ti al, (1994). 

II 
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lllltina I.bat thuc differences arc not due to multiple template copies in the ,cmplatc 

DNA. but ntber dc1amlned by the dqrcc of homoloc between the primer and the 

template DNA. Sequencin& of RAPD products (Vcngupal ti al. 1993) ,ubeequently 

proved the lattff theory. A study by Fukuob ti al, in 1992 sugated that it it 

possible that products may be amplified e\icn if only one primn site is avail&~'-"' 

one end of the amplified DNA fraa,nent. Excessive cyclina durin1 the reaction it al,o 

known 1o produce DNA smears and abarations in the acnerlkd DNA finaerprint. It 

is known that the ampli(IQlion preSllft and the low strin,cncy primer annealina 
aa11n of the RAPD reaction encounaa ampli(ted products to double u primen after 

the available primer COIICCftb'Mions have been depleted an the RAPD reaction (Bell 

and DeMarini. 1991 ). This lceds to the annealina or products in such a manner durina 
acellive cyda • to mimic primer behaviour and lads to the production of 

acellivefy Ion, RAPO products of• 'Vandy of lfflalhs. 

Pol)'IDOfpbilnu in RAPD ractionl arc inchnd by: 

i) Sina)c of mu.'tiplc nucle<,ddc chlaaa prcventina prirucr annealmcnt to lhc 

tanpl,iee D A and prevcnliq ampla(IClltion of the specified amplic:on. 

ii) Deletion of a tanplalc bindina sile. 

iii) •meniont raultinc in amplifit.ation li&a accedina the maximum dimncc 1h11 

the enzyme ii capable of amp1 ,f)ina. 

iv) Dcletiom or i111C11ions m the amp!ificd fraament effcc:tively chtn&ina the 

productlizc. 

llAPDs arc inherited in• Mendelian fashioe and arc therefore, trac:able in P'Ol,Cll)', 

RAPDI arc donunant markers and arc Ulllble to distin,uiah amona homozy1ota and 

hdaoznota. This shoncQfflin, of the RAPD techniq11e hu noc made RAPDt a lea 

llled marker t)'llem, but ra&her its simplicity and fac rnethodoloty bu made it 

popular in ltUdia to detect polymorphisms amona Nils. RILs and ocher homozyaoua 
m bulked p01Milaaions (Manin,, al, 1991) Evidence hu, however, been supplied to 

question lhc Mendelian mode of inhericance of RAPD markers (&:ht ,, aJ, 1992). A 

clillldvantqc of RAPD polymorphisms is that they arc less informative for the 

detcnninMion of recombination frequencies I.ban the conventional RfLP marker 
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l)'llml. It is lbelefore DCCCIW)' IO llandardule RAPD pmanc1Crl and IO proceed ocly 

wt. tbey 1ft produciaa opdmal w1 RF r 2 He ......_ 
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1.1.t.l REPEAT ABILITY Of TH£ 14PD REACTION. 

After III i.ntau.vc study of the rcpea&ability of RAPDs in l')C (.~cal, c,nal, L.}. 

Iqbal and Rayburn ( 1994) concluded that despite the high IC\'CI of hetm>zyl()lity in 

the aop, RAPDI can indeed be n:hably and cffecth·rlJ used lo rapidly type 

-.,epaina pope!ecioos A similar stud) (flu and Quiros. 1991) with broccoli and 

cauliflower llhallnled thee RAPD profiles ranain constant within "specific cwtivar, 

but varies amona diff'crm1 cult.iv.-s of the same species. In Iqbal and Rayburn's 

IIUdy (1994), the rcr,dtbi1•ty on lbeir results wu comtandy emplwmd. The 

reproducibility of dw RAPD ractioa is ddcrmined to a lqc rx1cn1 by dw 

co.1Cie111rltioa of dw compoaalll en tbc rwtioa mix. such u the ~ DNA. 

......,...._ dlkwidc, pnmen. buffer. dNTP conccnuaiom. u wdl • the dlenMI 

cycles employed. The RAPD reectioa ii Ibo lmo,im to be inft&aeaeed by competilioa 

for predom. -...- (1WlcWn ,, al. 1996) and pnc,lypina enon from 

dlil IOUl'Cle may be• hip• 14%. This does, however, comlMc with lbe ltrinamcY 

of the polymaw chain ml'jtion (Williams ,, al, 1990; Welsh and McClelland. 

1990) Variation between labonloria and laboratory equipment hu bcal known to 

~ problrms for the reproductioa of RAPD results In studies compmna RAPDI 

and RFl.h in wheal. it WU fe>lftl •t..t the levels of polymorphilm amona the two 

martcr ,,-ms are Yer)' similar (He,, al. 1992) 

1,1.t,I.I THE T AJtGET GENOME 

Common Oriad> whaec belonp to the tnbe rnticae Dumor1 of the GrtlllUIWM or 

p1111 famil) , The tnbe includa 15 amen am which are the major aa,icwnnl 

aop species u well as a wide Vand) of Wlld &JUS species Allohcuploid whaits 

such u Tritktu,, OUIMIIII. have 42 chromo,omes (2n-6 2) which are orpnitcd 

into l bomoeolop,us pnomcs, namely A, 8 and U. Rennet (1972) estimated that the 

•vcraac wheal IOffllCic cell contains u much u II.I picoa,ams of aenomic DNA. 

Thit is equal to approximalcly 16 x Io• lb with II\ ■veraae of 760 Mb per 

chromolomc. Wheal cbromotomn differ minimall) in their relative siza which 

makes it difficult to distinauish chromosomes Junna bandma and cytoloaical 11udics 
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It is cstimaled that more than 75,-. of the wheat aenomc consisu of hi&h copy 

numbers or repetitive 1equcncea (Snutb and Flavell, 1975) which hampers aenetic 

mappin, of the aeoomes, Polypk,idy. the larae lfflOIDC si.z.es and the ,enerally low 

lndt of aaldic pol~sm has resulted in wheat ~na one of the most poorly 

mapped aop ,pecia (Hatt. 1994). r ne number of RAPD frqments aeoera&ed durina 
• ampli6cadon rac1ion has proved to be crnlaled to the complexity of the aenomc 
ltUdied. Thu is due to the fact thal competition for the available primer biodina lila 

in the ,enome pleys a bigcr role lhla the total number of bindina sita available 

breia (Rafabki ,, o1. 199 t ). Accordina to Sambrook ,, a1. < t 919) it ii poaiblc to 

..,.. .S predict the number of primer bindins si~ by mans of• ~ 

formula : N• (114/ C. ln the fonnu&. N • the number of primer sites. wi1b the 

ol.,..:leocidr primer ~ L M detmnined on a sinale DNA llraad of the pYCD 
I -, with compmhy C. &-Ah the primer and ....,._ C01a>&lbmon influence the 

AAPD rwtK1D ~vely. and arc criticai in detenninina the IUDber of rr.w,nta 
produced. II is no( mad)' a quation a incrcalina the concenlnbOnl of dae 

·,. the number of frapnmla acna-d. since filplcnt, 

produced from a low templltr ,;:oc...adlllllion often cti:apprar when the sane reaction 

ii bcinc c-,mphted vrltb bipcr ICmplase and primer conccncntioas. This is in 

COlllnll with coavmtional PCR reactions ~-here a qumllilllive effect on the amoun1 of 

PCR product s)Uhesited. can be induced by iDaasina lhe tcmpi.t.e and primer 

concmntionl (Muralidbann ~, al, 1993 > 

Modern wheal mappull llrllCaia att makina aood u. of wupk,id mappias 

popdacionl and Nil. popu1atiom for effective acne tagina and mappinc (San and 

Sean. 1971). ~ 11«b i e. mor1010mic-. ielotomic-, subltiaution-, addition 

and nullilOrllic lines, arc availabk for chromotoma and chromotomc arms (San, 

1cv.14, 1966; San and SeaB. 1971) for rapid acne localillllion. Oflimilar imponaacc 

is ~we mappina lb1llqia which rely on well mapped ,opuJationl in relaeed 

crope su.:h •• ric,. Mid maize o identify illusive and quantitative traits lhll could 

previously r.o& be mapped (Bri~c. 1910) n~ dcvelopnlfflt of deletion aneuploida 

1n wheal makin:i ,e ,, ,~ mutltJcnic cffi of a Truic111t1 ,#toro,w,u~ addition 

chromOIOffiC bu alw htcn tmncly L'. fol for c mappina of • variety of aena 
(Gill,1 1,/ l9%a: i9%lp; W, . ttal, 1992t. 

22 

Stellenbosch University https://scholar.sun.ac.za



r 

I.I.II INn.UE.NCT.S OF REAGENTS 

I.I.II.I THE PRJMER 

SincC' no prior kno"ledac of the tarJd ICftOfflC' is n«eaar)' for the development of 

prunen, the9C' can be obcaiDed commada.lly as pre prepared kits (OPERON 

Tedmolosia Inc.) Different primer bw ICIQUfflCCS lead IO the acnerllion of 

diftinal DNA fiaeerprinu. Chlnaa madt co the s· side of 1ilc primer do not have a 

slpificaal cff'ecl on lhc amplifled profile, and therefore lhc first I nucleotides in• I~ 

mer primer form a domain which is mainly responsible for the profik acna-llled. 

C--.. made IO the 3' side is lhc detcnninina faccor in the amplificadoa ractioa 

(Cadano-Anolles ti ol. 1992). In• study by Fukuoka ti al, ( 1992) it was found tbll a 

biah O + C con1en1 in lhe RAPD primer leads co a Jvp number of amplified 

producu. Pftfaea-::c for G IDd C N8CI o,-a A and T an the bae pair makeup of tbe 

primer ii expected IO achkvC' this. Primers "ida a 60 co IO% G + C coatcat are 

expected co produce more bMds after 1el IMlysiJ «Williams et al, 1990}. This is 

nplaiNbLe becw the G C bw pur combinations employ three hydroaen bonds 

for bindma with the tanplalc. thus aa,cratina a hieher affinity than the A + T 

combination for the 1emplale D A (fukuob rt al. 1992) 

his alto pollible co UIC two RAPD pnmers simuhancousJy. The rault, howner, is 

not the sum of the products aa,eraaed when the primen are Uled individually, but 

radlcr a new RAPD profile. This as to be expccced u inlffaetion and the sblrina of 

Ulla'lnedialc products now occur. It bu. however, been noted that only a small 

amount of products are bcina shareJ in such a fashion. Thi• is nplainablc by the fact 

tbll ach primer uniquely amplifies an area of the senome and the levels of 

i'ller'actionl of such lllhpliflC&lion events are larFly dic:tatrd by tbt. propenin of lhe 

DNA t.:mplaae (K.aemmer II al, 1992; Caetano-Anolla ti al, 1992), As is the cae 

with the ocher reaction components in the RAPD reaction. primer conccntntioa alto 

has a uucial role in the ampliflCallon reacuon. Hi&her primer CODCenlrabOn.'i lead co 

the amplification o! smaller frqments u well whett the opposi1e is usually true in the 

cue whett lower quantities are Uled ( Ellsworth ti al, 1993 ). This merely C'fflpbasitcs 
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I.be need lO fulJy optimise I.be RAPD reaction for the generation of duplicable reaction 

results. 

t.UU MAGNUIUM CHWRIDE CONCENTRATION 

After cxba.ton of DNA from 901Datic cells by means of most mini prep protocols, • 

small IIDOUDt of mapcsium chloride ions remains in the DNA solution. This is 

UIUalJy due the incomplete ffl'QOVal and predpjtalion of various metalJic salts 

DIIUralJy present in the aripnal tissue. Hip purity of the DNA template is therefore 

imporlanl wt often plays a auci&I role in the subeequent amplification reaction. 

MaCh COIICelllnllion in the rcactio,1 alto bu a '-ae intlucocc in the raction mixture 

(Muralidhaa ,, al, 1993) and i.s o~ the easinc way to quickly alter the quality 1111d 

qaidty of bmd fflplCIIII proct&ICtd. It is speculaaed dw M,C'li enbmces the 

~ prime, bindina reaction and inaeues the specificity lhereof. Tbe 1arJC 
effect of M&Cli on lhe RAPD raction ofkn C&UIC'S ~ucibiHty problems and it is 

for this reaori dud its conccnndoo is crucial and should be kepc ID a minimum. 

1.1.IU 11IERMAL CYCU".S 

The trmpaana • w!uch the amplification reaction will be done is laracly dependen: 

on the type of polymcrac enzyme bcina utcd in the ttaetion, siocc moat enzymes 

bave a specific half life and all tlie fflZ)'fflC acttvity will be IOJt after a ces1aio number 

of cycles. Tbc composition of the sa,omic DNA involved and the lenlfh of the 

primers a1lo detamine lhe optimum tanpcraturcs (WelJh and McClelland, 1990). 

Thi, is possibly due to the slower ffllalUrin& and denalurina of more complex DNA 

types. Hiaber timealina tempenll\lla resuh in more specific template so primer 

bindina- 1bt 1'..Tlt standard proa,am wu produced by Williams et al. ( 1990) : 45 

cycles Ill 94°C for I min. 36 °C for I min (annealment) and 2 min at n°C for 

elooption of the annealed primer. 
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I.I.I I APPLICATIO S Of RAPDS IS WMEAT 

RFLP anal IS hM been applied \lo1UI ~ IA.~ ( Roao\lo i ~, "'· I 9S' I ) in the 

lagina of mhmled traits tr. "''heal or CN'Offl0900K' 9elfflffllS derh'Cd livoup 

~ It abo simphfws the consuucoon of'°'"''' de,-cloped acneuc maps 

(Kocbncr ti al 1916) The ffldbod. ~. I) llhoriou and reqwra ialiled 

equipma11 and huardnul chemicab (c I radioactive materials). PCR approecha 

only nquarc pnmers dcsiped to 1mphf ,peciftc amplic:ons u in the c.ue of the well• 

known ..---sliedtn 1111e in "'heal (D"Oridio d al, 1990) wt tbe ..... -ylw 

......, (Weiniftt ad Llnriclte, 1991) for the detection of meful polymoqit!m 

TIie llAPD metlmd Ulil ... nlm) primers (Wdlh and Mc:Oelland. 1990, Williams 

d ol. 1990) ad aa cwnady bdnc cmplo)'1ld by an incn••"I ....., o( ... 11111 ~ 

..... chin nil medlod avoida the lediolll COMiy ......... by uadia'c.., 

RFIJtledanolot)' 

In Nllfflaf), the ....-at •-..... of the RAPI> racuon rndhodoloSY an u1 

simpllCJl) and the lbiht) IO rapldl Kreen IIIJC numbers f 1) A ampks llAPDI 

arc not dependefll on expenuvc equlpmenl Md can be performed 1n any W..-.y 

bdioactivc lllllaials. IUch II lhole uaed wuh conVCftlionll Rf LP .,..._. ... , • 

aYOidfld wt the ICff .... proc:a1 CIA be pmonned 1n a fraction of die .._ 

r.ic:aa.y IO a compku a IU-1..P wlym RAPO. conform 10 a tA>Ullly radonl 

fMhion of pncrallftl amphflCd fra,menu. ladint lo Ill widnpaead .. for~ 

~ in m where lfflOIIWI ffll) be de\-oid of biochcmkAI rnarbn or 

rtlCrkUOn 1na. There I almost no hmu 1o the number of marun thll ca be 

...-,d by US?"f RAPl>s, nee III almote 1nnhmtliblc nwnbcr of pruner NCl'WC 

CCJfflbillllion an ht .-,.cd for UK 1n the ddectaon L'1'Nlllftl One of dw 

problems IIIOCilled With the me of. RAP() marbr .. Ill dom nanc Nlllft and 

inability w dillinpish bc1'°'-een homo- and hewn>Z)"JOUI lfflOCypr.s With tbe Ute of 

Nil. ICreauJl8 popullaaons, ll m&) be poatble IO 1dmlify Rpw IOII pMIC markcn, 

which can be UICd in a complemm&ar} fuht0n to m'ffCOIM lh1 ~ but thi 

has not founo widespcad USC Ille COn\ffSIOII of RAP() martccn tnlO c:o-dominanl 
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IS or SC R (Dlai.e tt al, 1996) mAJkers rt'mains a pov.erti.al altemath:e to the use of 

RAPDs, and can enhance its utilll) in MAS considttably. Reproducibility i 

unarguabl) a primAI) .shortcoming ofd~ RAPD technique. 

l.l.lJ,I SEQUENCE CHARACTERISED AMPLIFIED REGIONS (SCARS) 

The: dominant nature of RAPD nwk.cn coupled v.ith low reproduc1b1hty has led to 

the development of S~AR (Sequcnte Charactcnscd Amplified Reaions) markers. 

Thea arc ften no more than extended RAPD primers for use 1n a PCR reaction. The 

most favourable ar.tribuk hereof, is that this allows amplifiQlion of a specific locus in 

a ah,m aenome. and unhke the RA.PD reaction. may be performed under much lea 

optimited amplification coodiuons (l-hchelmott 111 u/, 1994}. They an: derived by 

i10l111ion of a RAPD fraament and its clonina into a vector for sequencina. RAPD 

1•~1\ls an: usually of such lfflllh that II may not be possibk to sequence the entire 

fracmatt It Is, for the construc.tion of SCAR markers, only necessary to ~UtOCC the 

ends on t!>c clontd frqmcnt. This all°" for the dc\elopment 01 two 1on,er PCR 

pnmcn (now termed SCAR primm), to spct:ifia&lly amplify the rceion identified by 

the RAPD martcr. The-sc marten arc free of the problems associated wilh the RAPD 

lCChmque and arc ftcn co-d:,minant Co-dormnant nu.rkm make il po ible to 

d1sunguish between h mozygous and hetcroZ) ous ifflOtypes. Allelic dafTerences in 

the amphcon ansc v.hcn chromo mu! changes ha\e occurred within lhe iqion 

flanked b) the AR p men. base p;iu odd11Jons or deletions. The dcvclopn:.en of 

thi t«hruque has mnJe the use of RAPI a much more appealing strateaY for the 

dc,elopmcnt of l!Kllrcular mancrs clo I) soclatcd with traits of intcrc t. 

1.1,U.l At.LELE SPECIFIC ASSOCIATED PRIMERS {ASAP) 

Gu ti a:, (1995) introduced a mmc:r technique sinular to SCARs, namely ASAP 

(allele pc:t:11ic ass.x1a1cJ pnmm). fhcse markers associate: exclusively with a 

pccifi~· allele und are i1c.11eratcJ b) usinl~ \Cr)' stringent amplification conditions. The 

main advanwgc v.1th SAP5 is that it eliminat the need to pc'!'form ac:I 

c:l~trophon:s1s anal)s1:. of the PCR reaction after its ,rnpletion. Samples are treated 
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direc:tly with ethidwm bromide (or s1m1lar DNA Slainina subsaance) and visuali-1 

under UV lipt. A pc.>sative •• ,,le would th111 produce amplified DNA and a 

ncpdvt ,anrle nv amplificalior, product. The strinpt 11111ft of the procedure does 

noc allow coo1amillllion lo be amplified readily. but nqative control ractiom are 

aehillble lince di:., may lad to fabe positive results This leChaiquc allows the rapid 

la'eCflina of extremely IUJC nwnbers of samples al vay low COJts. 

1.1.IU SEQUENCE-TAGGED-SITE ( •~) MARKERS 

~ lite marten are the IDOII meful IDllbr type for ,eac •Mppil· &l 

inwha a Id of apecific olaaonucleocidc pnmen UICd in a PCR rac:don. The 

.-iaciple ii limalar 1o SCAlb. cxcq,t that the tapted area occun nowlllK ellC in tbe 

11 me or ..,...ic libray. Convert&d RAPD markcn sc p,e(erably ..., ... SCAR 

marl:en ..._ of the difficuhy in idcmlifyina the orisfn of the marker. STSI Mn 

oriaiMIJy coaccaved • ONA lwlmarb med in the HunlM Ocnomc Project (Green •t 

ol. 1990). The reliability 111d rpeci6chy of this marker type bas led 1o 11Jbelaaaa1 STS 

m1p1 bdn, creased for ,evmJ orpnilm STS markm have further uae in 1h11 it is 

pouible to me the PCR mnphfaed fnamcnts • probn by radioactively labellina 

them This Im the advaaaa,se lhet &ah sina1e CO?)' probe 1toc:b can be aeneraacd 
wbcnevcr DNCled. and becaaa of the louaa lenath of the frqment. it •va in costs 

UtOCialed wicb the l)1llhail of Iona molecular probes DNA cloftes COGaNCted from 

RfLPI {after Soutbcm bloc analyli1) (Sailu et al, l91S) have been uul CX1Cnlively in 

mappns lludics 'Lin and Luty. 1919. Tauu. 1919; Weber,, al. 1919). STS-PC'R 

marten Weft succasfillly introduced in crop species by Lanoo (1996 ). RFLP 

markers were con,'ffled into TS-PC'R man.en thaa were co-dominaal and allelic. 

Cloned f'rapncnts from the PCR reactions were also s:qucnced &om the flankina ends 

and med for ilcsipina primer ICU to ramphf) I.he fr1tplCIIIJ ;,, vitro. This was w.~ 

succeufidly to dittiapilh between certain wild lype and cultivaaed rice species. The 

muhanl amplified frapwntl ~ of similar sau compercd to the ones cloned and its 

polymorphic IIIIUre provided proof of this l«hnique' s succaa. STS primer ICU have 

also been applied in comparative m11ppin1 stnae&ies ( falbert tt al, 1996) and have 

proven panjculmiy useful in evolutionar!' 5Ndies of the onams of several pus 

species F~ .. ad\'ances made will likely include the use of STS primer ICU 
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~ ·eloped for scnes alread) mapped in implcr aenomc species i.e the rice aenome, 

which has a well dcnloped acnetic map. to find the concspondina gene in less well 

mapped crop species (Blake ti al, 1996) The acneraJly easy conversion of clusical 

RFLP man:rn to their less l.t,orious STS counterparts in both the barley and wheat 

acnomes ",II incrcuc the availability ofSTS·bucd maps in the future. 

1.1.13 ... CLEAVED AMPLlnED N>LVMORPHIC SEQUENCE (CAPS) 

Sometimes the KR products of STS pruner lrtl arc not polymorphic. The use of 

rauictioa enzymes to diff'er:ntially dip these amplified products and lhut produce 

polymgrphic ,equcnccs bas proven valuable in situations like these. This 

polymorp!usm type wu tamed a Clcued AinphflCd Polymor,,hic Scqucoce (CAPS) 

and combines the advanla,a of RFLP bucd analysis "ith that of FCR bued 

techniques. A larac numbct of ratm1ion cruymcs are currently available, which 

facditarcs the dd«tion of RF. bucd polymorphisms (Rafalski ti al, 1993) 

l~ £ RJCHMENTSTRAl''J:GIF.S 

Hydrox)apetite chromalOgnlpby is usc,4 primanl) u a way to prepare radiolabellcd 

cD A probes. lO prepare subtracted cD A libraries. lO ISOiate DNA from low meltina 

ttnpcnnurc agarose (Wilkie and Conini. 1976} and to rcniove cont.aminan\S from 

D A. Calcium rniducs and h)droxyapatite binds lhc phosphate poups of the 

nucleotide backbone of DNA molccul" (Sambrook £1 al, 1989). B} means of 

phosphate buffer elution. 1t 1s possible to remove lhcsc bonded moleculct 11Clectivcly. 

inaJe-snanded 1:uclcic acids bind Ins stronaJy than double-stranded DNA and can 

thus be ranc,1,cd at lower phosphate concentrations at cl~atcd temperature. i.e. 60°C. 

lrus makes it poss1ble 1r. separate inglc and double trandeJ DNA, u "ell as 

DNA:RNA h)'brids from single trandcd molecules. 

One of the major dra"back.s of this lC<:hniquc is the low concentrations of the eluted 

D. A. as "ell as it being uspcndcd in phosphate buffers of hip ionic strcnat}I. 

( lhanol prec1p1tation of lhc nucleic acid will rcsull in imultaneous prccir,itation -,f 

Stellenbosch University https://scholar.sun.ac.za



the phosphate ions in the solution. malting tcco\·cry of the DNA almost impo~iblc. 

ln the put, these ions were removed by means of extended dialysis and led tO tti ASS 

of the major pan of the DNA sample against the wall of the dialysis tube. &mbroolc 

ti aJ. ( 1989) produced a simple way of circumventing this. ;,e. by prmpitation of the 

nucleic acids by 2-butanol and then desalting the samples by chromatography through 

Sq,hadex 0-50 colwnns. 

For optimum cleanness of sinale- and double stranded DNA. bydroxyap.uitc columns 

should be maintained at WC. Accepcable results have, however, been achieved at 

room temperatures in cases ~ilcre small columns were utilised. i.e. columns prepared 

in ~ piptttes and plugcd with siliconized glass wool. Hydroxyapatitc 

chromatography is more successful in cues whete the nucleic acids are of a lenath 
short enouah tr. succ:cssfuJJy bind and ttiU pass throuib the column durina the 

phosphate buffer elution. Lar,e DNA strands. like thole found in isolates of aenomic 

DNA, are known co be lost due to the sheer size and difficulty in pusing through such 

colwnns Sonication of genomic DNA bu pro'<cn effective in eliminat.ina this 

problem. 

AJ a stntegy fc r enrichment of DNA for low copy sequences, rc-annealment kinetics 

can be u,ed to sclect.ivctr n:mo"~ repetitive nucleic acid sequences from genomic 

DNA at elcvttcd tcmpcrat~. Rr-~in& al 6QCC o,·er a 24 hour period, would 

have a Cor value (I<>& value of moles of nucleotides per litre l( the re-annealing time in 

seconds) of more than I 00 (Smith ti oJ 1915 ). Separating the resulting single- and 

double stnmdc:d DNA will thus ~,..t,;., analysis of a DNA fract1011 suspectea to carry 

more codin& sequences. and makin1 the idmtifietiion of genes in this enriched ONA 

m-0rc likely. The ust of the RAPD methodology in conjunction "'ith enriched DNA 

ha.i proven sur.ccssful for amplifying DNA sequences within the coding regions of the 

genome. The large amow1t of repetitive sequences containrd in the wheat genome 

makes it a suitable candidalc for the use of such enrichment strategics. 
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. . 

I.J MAPPINGOfMOU<:l1URMAllKEIIS 

The I• :rmon of ,omprchealivc acnctic ffllPS lies CClllral IO llllrkr--eni_, 

Nllcliaa (MAS) in ~ The optimum pnetic map lhould COlllaia --­

naaly ...,.t aauM lbe enlirc paomc and include a may markl!II • pallible 

(Youn,- 1994). Map and NqUmCe cba promiln • whb of new__._. IINNI 

biol' bl proc I I I and lht ._;.., nt1 lhaeof for lht blalftt of nw+ind 1"bl 

dn1lop•nt "'......._ __ _...., ........... inftaill ._. of 

..._, available ilr .. allliaa of lll&:la dltlilld __. 1111p1. Q'n nw.i.-. ad 

___ ;_,,. ........ .,. ..... IIICCIIIMINft)iasof11■ an I 

CV-.. 1994). E¥Olulia111r, .... ia compllllliw IJlltlPbll Im .... • r■ Ill 

._ t ff I \IIIIOUI pwe and 1111 ....,_ ol pn,llia rala1ioa 
M'I,_ ..... IO I.IDdlrzmdi .. clilwe ad nm_. dilCldln iD .. ,,,_._ 

U■da 1intl clillw .- • ·ill lad to die wnwllilll of *N ........ ..S 

illlit nutr ........ .-alll• fD, ~ .... and CC'4'Netion. fr l ~ ,,..,. !Nl'llias 

w limilad in exlllll. 11111 dlia a. •allled IO a p,IJal ~ 0~ .,I'-. ~ 

...,. .... CXlllll!aalliw ...... labonloria .. ace set oft - "-"P'ftl' . 
p,wda bi dlia .. of ...-da. For du ,-. moat crop ~u,s• ,-, 

(Sdlw.-w:lw, 1994) are aow .... an cxlelllivc INI.P• ecdvit 

I.J.I ~l!NIC LIND tNILa) AND TRUE -DOING 

POPlJLA'ilONI 

Special .......... popeeleriooa -\IC been .... cxlealiv~!y for ftndiae mnen dollly 

liabd IO tpeeiftc nits ic pllllla (McMullen IDd lAUie. 1919; Alm •t ol. 1992; Yu d 

tll.. 1991; H A.:c d oJ. 1991: Sdlallcr ,, al. 1992; Hartl., tll.. 1993: William., t11.. 

1994). Near..,.aic lines Mn ueed by YOIIIII d ol. (1911) • one c,f die &. 

brNdina popeelerion 111&pa IO map aeaea of inleral IO Clll'lain dwomoJ,,lDl'J 

Thete Nil popeelerions are crealed by coabnUOU1 backcroacs. Backcroaiaa etld 

~ •lftna. lad IO lbc fiuaioo of lhe acne of inleral after five IO lix 

aeoallions .and result in low lewis of hctcrozyp,sity. Tbis inbnledina, or poeitivc 

wonaaivc ma1inaJ will alwaya incraae bomozypity in lhe f!"'IJ"el•iaa where it ii in 
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illdlaced. Unlike lnit-oJi.t tMd •lection. wbic:b affects oaly .,_ .... • wllic:II 

dis llleclioa it bwd (IDd die paa in liabac cliaquilibruim a1oaa wi1ll ._) dlil ........... 
Plin of NILi _.. CIOllllrUCted IUdl lbal die becknoa-derived NIL will bt 1• rliNlly 

-- ID ill NCUINIIII ... w.am.tMt nc:epl for die dlmnaome E pscrt 
imlQIJ1c11 ~ ......_ Since die depe of be....,._ty ii to ...U ha .._ NIL 

pain. it ca be a,.:1111 11111 my polyaapllia iclendfled by • ...,.. IWm 

a IJ, ii aDll prol,lllly liabd IO die ... Ell~ i111NtJm1• ..... 1'1111 

•" cl s as -.t ---,.- liDII dlriwd hm doullW llllplc,id paa1yp11 ad 
• I ti 7 iclnd lillll (ll.a) (8m II al. ......... -mi■ .. 
allir111dlil. 

0. ID lAPDI lllill ••---· ...... i: ..... fllr a pd._ of .... 
Hmeiftcllit• lfMIII lo ... ill coajaclioa widl NIL PF ldJl!I 1'1111 W Ml 

a 7 c ..-. IA• Lr14 la--. wae .......... badl llf1.P ad RAPD 

uabn ad >m. p,p ld:w (ldw 9wrnayr"-. 1994; 1995). 

1.J.2 GENn1C MAP r.a Of TlllNtWDVII DDIVU Ulf 

TllANILOCATION 

.... (1992a} aild Prilll "al. (1"6; Im) pllylicially ,....,.... •..._of loci a 

.. L,J91r■I •--1111U11111Cofuetof2'oelllioa ...... (Fiple 1.2). 

1.J.J Da.&TION MAPPING 

1111 ---b die COllllrUCliaa o( delllian !Nllplll pnpeelesiont n limillr ID lbll o( 

...... odllr ........ pnpeehrioea, .... , .. Ibey ....., limplify .. 

baliWiaa of cer, U 'nill ID apeciftc c:lnmowne -. T1u ... bad a IIMlior 
•• 211 h !be o lll1rU&:CiCNl of pnedc 1111p1 ill wa-. 
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fipre l.l A s,hysecal map of the onpnal l.r/lJ (or T4) translocalion and two 

modified fonns (Prins~, u/, 1996, 1997) 

x,., , .. x,., ,. )t,:clH ,,. x-, 

ti ,u - 17 U 

II 

II 

I 
1--•-· 
I .. I ., • ,. fWIIII" 

I n: .,,_ aon_, 

- 171.1" 

y 

utll 11 1111■ 

• ..,.._, •• _ __,_, ... ,_, ... .,--7nu2JN n.,.........,..._,_. 
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Deletions arc induced in such populations by means of irradiation or gametocidal 

gene effects, but hne also been known to occur sponlADCOusly (Payne ~, al. 1984; 

Sn.pr~, al, 1985: Kota and lhorik. 1986; Marais. 1992a). lnadiation wu WICd to 

inJuce deletions in the~ line. 'lndis'. containing the lr/9 translocation (Marais 

1992a). Irradiated 'lndis' plants wett pollinated with the variety 'lnia 66'. The 

ICS1CrOSS f1 and F1-derived f 2 aeeds were scm:ncd for the presence of l.rl9, Srl5, r 
and WSP-Dlc. Radiat:on induced chromosome braks appear 10 be to&ally ra.lC.Om 

and in moll CU(., the ddetions resuhina from imdiation att of a tamina1 type 

(Friehe,, al, 1993). Wbca some or all of the marker ICIICS could DOI be recovered ln 

a~ family, a terminal deletion of the Lr/9 b'lllllocaled teplCllt wu ,w.~oJ. 

Deletion mUlald bomozy.,ca were then recovered b)· ,electing for the ~ o, Ep­

D, (endcpcptidae) producU. The Ep-D, locus occurs within the trwlocaled rqcJon 

(Maais 1992a) and the Lr/9 arwlocllioa doa not powsa/express this eenc. 

I.J.3.1 TIie NpeptiN 6terdN loClu, UJ 

The Lr 19 translocatioo cama its preferential trammission in heterozyac>fa (Zbana 
and Dv<rik. 1990: Manis, 1992c). This is the result of the selective abortion of 

pmeta lackina Lr/9. Zhan& and Ovorik (1990) a, well as Prins ,, al. (1996) 

mapped a eenc contributina to the effect. SJ/. proximal to the Lr/9 locus. 

I.J..U Water ...... , ..... --. w.-DJc 

This is a protein that can be extracted in water from the endosperm. Three 

brJmoeoloa enc:odina the protein occur on the group 7L chromosome anm of wheat. 

The prolein bas an unknown function (L!u ~, a/, 1919), and its oofonns can be 

sepanled by oo electric focusina. 
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TIie pnes Sr 1$ (ltelll 11111 rai•■ace) and Lr /9 (leaf n111 raill■ace) mo occur oa die 

T4 lnmlocalioa ad lbeir JNWDCC cm be ddecled usina lppl'Oprille .,....., ..... 
I.UAULP..._. 

Six RfLP ..... 111w beat ....,,.t ID die Lr/9 '"'emk ciMl'I •pw,« (Priaa _, Ill. 

1996). 1'lleir Older - de111mined ea: X,.,,/6J - X,.,Jtu - X,.,119 - bSIHll-1 -

X.S--X-.1062. 

1.J.15 v .... :cot-., • 

il1lie ..__a••• 11, ar 1 ,e.t ,...c• ibei raull ill ,.now colouNd eada1p 1ra 
SillC,e ,..,. Coia N lollr ii I f • ebk ia die ..... iadllllry. die ~ ..... 

tr rv'lliaa iaaoc ladccwmlly ia w ....._ COUlll1ria 
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.... AIM Of THI: ~,-uo,· 

The shonened Lr/9-149 lranSJocation exh1b1ts trona sclf-climanalion due IO the lou 

of SJ I and the tttcn1ion of the SJ1 a~ This hampers attanpes IO recover 

homozyaoces in I practical bftcdina prosram. It is al10 known that pmetocidal 

lfflCS often Induce muaaacnic effects, and t"iis is undcsinble when u9Cd in I Df'eedina 
prosram. Comcquently, efforts are bcina made IO minimitc the alien c:bromllin 

-■ocialed wilh Lr/ 9 b)· means of the induction of ~OUI rec:ombiDllion wilh 

wbcal dlra11,oeoa11tS (Prins~, al. 1991&; 1991b). For this purpotc, ii is occeaary 10 

have appropriate marbn which can be used IO identify and clmaclerilC 

recombinaa1s. 

The tct of 29 delecion nnunu (Marais 1992a) for the Lr/9 lnlnlk>calioa 1s • Uld'ul 

IOOI for the physical mappma of the ames on this chromosome ann. Due IO the 

limhcd number of markers 1\-ailablc for this larJC nnslocation ii bu DOI been 

pouable IO arnnac the mlllMU c:omctly accordillj IO the sizes of their deletions. The 

u,e of new marun wiU faetl1ta1e an the classification of the deletion mUlantl. 

The aim 1f this study "• IO identif) more markm for the Lr I 9 transJoc:alioa and 

etpeeially for the lhoncncd Lr I 9-149 b'amlocation and IO utili,e the act of 29 deletion 

muaanu IO map dae new marker loci pby,ically with reprd IO existina markers. 

The taraec acne, Lr/9, is lnnlleriptionaliy acthc and is expected io reside within an 

ara of codina DNA. Anempu were therefore made IO enrich DNA for low COVY 

,equmca. wbi.:h ii likely IO oriainalc from codina areas in the wheat acnomc. II WU 

cxpet1ed that this may increase the hulihood of idcntifyiq markers closely linked IO 

the Lr I 9 acne. 
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CHAPTERl 

1.1 MA at:RJALS AND METHODS 

?.I.I PLANT MATERIAL 

ear isoi.:nic lines of both th.: original lr/9 tnnslocation (Marais. 1990), as well u 

the reduced lr/9-1 ◄9 translOQlion. in the lffldic blc:karoWlds of the vvietics •tnia 

66". 'Chinelc Spcina' , •SST66' and the hm:dina line, 'WM-17' (Marais, 1990; Prins 

,r al, 1996), "-ere used in the search for polymorphisms usocialed wilb the Lr/9 

lnmlocaaion (Tshlc 2.1). A SCI 0129 ddction !'lu&aDLI (Marais, 1992a) of the oriainal 
Lr/9 tnmlocatioo WU then used lO physically map polymorµhic RAPD loci fmmJ. 

TaWt 1.1 ear isoacnk lines ha,ing either the lr/ 0 translocation or the shoncned 

Lr/9-149 ll'M!lloc.alion in the &cnctic bacqround of ' lnia 66', 'Chinese Spring'. 

• ST66' or the brecdina line ' \\'84.1 7'. 

l.llM'6° C Sp,-, 

Nils ha,c been wed cxtcnsi,cly to screen for ma.rkcN where ~ introgressed alien 

chromatin segment is involved (Iqbal anJ Ra) bum, 1995) The ~"I Ls differ from their 

parent.al lines only "ith rTgard to the translocatcd sca,ncnt (Marais, 1992a) and arc 
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lffldkally similar otherwise. Heterozyaosit)' and ber.,powld aencric vviat!oo 

between members of a NII. pan arc expected to be ncaliaible after 4-6 comec:1•hc 

beckcroues and with the added control of ha,ina the translocated ,epnmt in KVcnl 

breedina lines. the chances of ddectina false polymorphisms arc even less. 

7.1.1.1 DNA ISOLATION 

A number of pn,cocols ~ avaalabk for DNA cxll'IICtion in plants and vwy ~ina 

OD lhc t1smc type and qe. The nor i10pnic lines and deletion mutmts were pawn 

in a p•1ibw IO provide leaf tiuue for DNA extraction. Extractiom were 

pebmed OD lhc NILi by cmployina a modified ,'Cl'Sioa of the Doyle and Doyle 

liquid nilrOfm prolOCOI ( 1990) Adapc.alions were made IO include lhc u. of a 

l)'Olllulin IO allow leaf tisaae IO be on:d for exL,dcd periods of time. T11a1e 

umpla ~ac ready for harvadna approxiffllllely 3 weeks after pnninaacm. 

Followifta IMtuid nitropn freezina of th.- leaf ussue. the samples were placed in • 

lyophilin for S daya. Approximaacly SOO ma of the freezc-dricd tiaue weft' pound 

and supplied adequaac !>N~ quantiues of hiah quality. Ten ml p-ehcatcd (60°C) 

CTAB (5% w/v Myhrimcthylammonuim bromide), 1.4M NaCl, 0.2% v/v 2-

mcrcaptocthanol. 20mM EDTA, IOOmM Tns-HCI pH 1.0) were aJded to the pound 

tiaue. FolJowina incubaiion for JO min with occuioaal mixina at 60°C, it wu 
extracted once with I volume of chloroform-itoamyl alco~l (24:1 v:v) and mixed 

thoroulftly bul pdy. This wu ccnlri(upd at 5000a for IO min • room tanpcnue. 

The..._,. phw wu trwfcrred to• a)aa ccnaifuae rube by nm of•~ 

pipcae and 213 volwnc of ice cold ilOpopMOI (2-p,>pr'll) was added and mixed 

Fftlly. A DNA lpindJc became "i11ble which could be booked by means of a lterile 

necdJc and transferred IO 10 IO 20 ml of wub buffer (76o/e vi\• ethanol, IOmM 

ammonium acelale). This wu the preferred method of transfer. yd if this wu not 

poaible, the IOlution WU t.entnfuacd II 5000a for 10 min and the supcmallll& 

ran(J'<cd Ir; upiralion, leavina the pellet u dry u possabl.:. The wash buffer wu 

added ther:aftcr. Wuhina was done for at least 20 min. This was lhcn cencrifupd at 

I WOO& for IO min and the buffer mnovcd b)· dccanwion. The pellet wu vacuumed 

(or .ir-dricd) and resuspended in 500 µI deionised water. DNA dqrada&ion was 
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examined by ael clcc~tS. and quantified h> means of• nuoromcter (Hoefer) 

and spcctrophotometr (lJltnlSpCC Ill) 

A simpler and considcnbly fuau 1«hnique for DNA cxtnletion from leaf tissue was 

liled 10 extnlCt DNA from leaves of the deletion mutants. The carborandum method 

for DNA extnletion allows for the extraction of DNA from leaf tissue in a similar 

faahion IO thal of the Doyle and Doyle extraction prococol. It is a mini-pacpmllbDCl 

..-,col for rapidly ilola&iaa smaller amow111 of DNA of lower quality, yet adequate 

b RAPD amplificalion purpc.a. Sefdlinp were pown in a ~~ and leaf 

~ Ml lm\'elled A microfuee tube's 1:ap wat med to press 2 leaf clilb 6om the 

bs)11111d leaf and 10 place 11 in thl' tube. A pinch ofcarboraadum wadded and 1111 

malerial-pound whh a pindina llick (Wbitcbead Sdcnlifk) IO a ftm mah. Four 

bulldred nucrolitra of pnf:e lid (60°C) 2% CTAB buffer (2% w/v 

~bromide)• well• 1% ,-...~., waw added ad 

die mix1111e incublled • 60"C for 30 IO 60 min witb a cclliaml mixiDs, T1lil WII 

fbUa •ed by dne clllarofonn---, (24: I) exllKlicw. 111c DIIIA W11 dlea 

pncipilad widl 0.1 \'Olwne o( ilopn,-ol (room laiipGIIIWc) ad left ownipL 

A lldiliNII precipi-- w done by alJowilll a 10 min cooliaa ■ -WC. FolJowiaa 

l:lflllrifuallicm • 12 OOC I for 30 mia the .. wYed by detene◄i-4 

n A w dmolved in 20 • 50 f,11 of deioniaed ~ dep,Pdi• on lbe aD011D1 of 

DNA br-aled and lmpectioa of lbe rckvenl pellet sm. DNA w qumdfted • 

prnioudy delcn'bed 

1.1.2 DNA ENRICHMENT 

J.lil SONICATION 

As ditcUUed in the introduc1ion ( 1.2). lap molecular weipa DNA is not IUiled for 

hydroxyapllitc duom◄opaphy. An appropriate mclhod for breakina up ;eaomic 

DNA is the ICJnicaoon thereof. Numerous techniques IO do dlis hive been publilbed 

(Sambrook ti ol, 1919). 111c prnem prococol was adopced fiom a protocol for lbe 

1onicr ion of almon 11pa111 ONA and human placental DNA ( 1990). 
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A 900icalor (Heat Systems Inc. Sonicator - model for cell disaibution W-220F) with 

micro-tap placed in a sound controlled chamber was used. Specifications differ 

depcndina on the machine. Approxi~ly 2ml of a 500 ma,'ml DNA tolution 

ilOlaled from the wbcal leaf tissue were transferred IO a strona pall tube for 

1011ic:alioa. The ldlinp ,electi:d 0.1 the Dlicalor were: Output • 6, Duty cycle • 60% 

■id Hold • '"coatinuow". The micro-lip was 11erilaled with ethanol and .. Kimwipea". 

After puaias nn earmuff's. the micro-ti, was immened halfway into the DNA 

IOiulion. Soairll'.0.1 w perfanmd on ice for S min in I min pulla, coolina the 

IOlulioa after f\'ay pulte (a minule OD ice). TIie micro-tip WII cJNned after wit 

...... The DNA me wa vaified by clectropborail oa a 0.1% LE. 111108e ,el 

widl a llallrdiaed BRL I kb ladder. Tbe IOmCllioa llldbocloloo ii cft'ecdw b 

~,ty lnlkiDc .. DNA and produced almc>II ida•al hpJeal Iba. The bult 

oC I. • 'p,ealed DNA lbould be around 600 bp. howner, re-90Dkallioa w 

1G. II •• -- II ry ID oblain the ripuim. 
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1.1.l.l H\'DROX\'APATITE CHROMATOGRAPHY 

Sonia!ed DNA was l'CCO\-m:d b'.)' ethanol pn:cis,iwion and cenlrifuptjon. The DNA 

wu re•suspmded in 0.12M phosphate buffer. Phosphalc buffer (PB) stock (2M) wu 

pepattd from equal amounts of 2M NaH1PO• and 2M Na:HPO• (pH 6.1) A buffer 

leries of incrasin& coocentntions of IOdium photphMc- (0.12, 0.15 and 4.0 M) ii 

necemry for thc elution of ONA from the hydroxyap11i1e column. Uirually sinaJe. 
11:randed DNA elutes in 0.14 • 0.16 M PB <,H 6.1) llld dol.bf.e Jtranded DNA al 

.:ooceutaalions nceedina 0.36 M. Hydroxyapetitc chromaaopapby columns were 

prepared <Fi&. ~.n with dilpOllblc plastic syrin,a. The syrinae w:is blocked with 

wt .aaru.n Gr IC fihc:!".I aft« mno,ina the plunaer. A needle wu -u..hecl to lbe 

copr;ot pike( cmuri,_, m&. •he filler w• ptuued ,ecurel>. ~ with moll ocbcr 

l'Wli.:·w, ,..,,,,Mtim ol the r~.,-flllDll'lpby procaa wu Ibo mcm y since 

bllda of hydro,., ..... differ ai1Jhdy in ct.actcrillic:a from oae to lbe other. 

flle DNA ..... (1111p1nded ia PB). w hell-denllumt by boilint for 10 min IDd 

~ ..... ,lled .a WC for 24 b. DNA pade hycnc,,..,.aite powder (Bio-Rid 

DNA pack) was 1111p111tted in 0.12 M PB (la in 5 ml 0.12 M PB). DNA--pade Die,. 

Gel HTP pl is a dry powder with unaJI rwticle siz.e to allow for incn•ecl DNA 

bindina c:apecity, it is autoc:.vahk and recommended for small-lCale 

chromaaopapby in very lhcwt columns. lli Row rate is l«:$1 UWl 5 cm /hr and the 

hydrwd volume is 2·3 ml/a. Tht IUlpClllion wu well mixed and rluxd in boilifta 

water for equilibnlboe for :JO min. The buffer was removed and repl11cd ith fretb 

buffer. The IUlpClllion and the column were mainwned at 60°C. 11-.c c~lurnn was 

loaded with tht p.epa,ed slurry and the r.eopt'ene stopper removed to allow the PB to 

flow lhrouah The column was washed with 3 volumes of 0.12 M PB until lbe slurry 

had ldlled. The column wu plugc,d apiu before thc san: !e WL'i applied to allow 

a.-nplc time ;~r the DNA OOldma procaa. Sinalc·stnnded ON ,sipify'.:11 the 

comple,r o.r sl .w ~i~ DNA) could be dUled by 4 column volumes of0.15 M ~ 

and were kepi ,er P✓,fD 111-:..~.vais. The double-llrlnded DNA could be eluted with 3 

c:olumn volumes or <1 4 H PS. crac1ions were tated by ethidium bromide IP')t 

th.oracencc (Siinbroo~ d , • ! ~.i')), 
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..... 2.1 ~ uaed durias the bydroxyapatitc chromaloplphy with Bio-acl. (Sambrook d al, 1919) 

et 

, ... , ...... 
.,... "•"' .,...,.... 

............ 
_,.. ....... ,ra...,, 

....... 
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1be 0.15 M PB elUllel COlllainina the Jinale-copy or complex DNA were pooled. 

1be DNA W CCIDCCillrilkd by addina one YOIIDDC of 2-butanol. vortexina. 111d 

cealrifilsinl for 20 ICC II 12 000 I • Tbe top (orpruc) phae WIii ditearded 111d the 

pn,cedure N~ elled until III end volume of a,,proximalely 200 µI was nhtained 

Seplwt,11 0-:50 -,in cohlnm (Boebrinaer Mannheim) were Uled co remove lbe PB 

Ill" l'llilhln llld die DNA wu ~--- throap precipitation with 2 voluma 100% 

...... 0-C 111d clia>lved in ddomed -..er. 

42 

• 

Stellenbosch University https://scholar.sun.ac.za



2.1.l RANDOM AMPLIFIED POLYMORPHIC ONA (RAPD) ANALYSIS 

2.1.l.l PRIMERS 

Synlhesi,cd oliao-nucleoddel with l'W'ldomly aenenred .equmca arc available from 

Operon Tcchnoloaies ™ (Alamcde, California) and are Jistribu&ed in primer kits 

concainina 20 primers each. The primcn med and their .equence dala are listed in 

Table 2.2. A coca.I oflO primm were kited on the NIL lines dacribcd. 

TaWe 1.l Table delailina the ,equcnce data of the 0pcron primer kits uaed. totallina 

IOJWDffl. 

Of'AI CA.OOCU.TTC a,,;: I CATTC'OAOCC 

OPA2 TOCCOAOC'tO OPICl OICICCOCM 

O,,\J ~ (ft) CCAOCTTAOO 

0,,\4 MTCOOOCTO Oft:4 CC'OCCCMAC 

OPAS AOOOOTC'TTO OPlt s TCl'O'TOOAOO 

Of'A6 OOTcccroAC Cft:. CACCTITOCC 

OPA7 <lAMCGOOTO on: 7 AOCOAOCMO 

OPAi moACmMJO °"'' OAACACTOOO 

OPAt OOOlMCOC on:. <.'CCT ACCO AC 

OPAIO GTGATCOCAO OPt:10 OTOCAACOTO 

0,,A II CMTCOC:1.'0T tft II MTOCC<'CAli 

OPA ll Tt'OG(OATAO OPK ll TOOCOCTCAC 

OPA I) CAOCACl AC ()Pl; IJ r,onor ACCC 

OPA 14 n,cnocroo ()Pl; 14 C'Cl"OCTM:N: 

Oi'A IS TTC'l<.iAN.''C't.' (JIik" CTl't 'TO(.'CM 

0,,\ .. AOOCAOCGM °""" OA<lC'OTC:OM 

OPA 17 OAC'COCi TOT °"' 17 CCCAOCTOTO 

OPAII A(l(JTOAC("OT OPltll <:CT AOn:oAO 
0,,\ .. CMACOTlOO Ofltl9 CACAOOCOOA 

Of'A :to CJTTOC'OATC'C' OPlt 20 OTOTCOCOAO 
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Plpn 2.3 (continued) 

Oft. I CIOCAnMCCT OPYI 0100CA1'CTC' 

Oft. 2 TOOOCOICM OP'Y2 CATl'OCt'OCA 

Oft.J CCMJCMJCTT OP'YJ ACMJCC10CT 
Oft.4 GACTOCACAC OPY• CIDC10CM10 

Oft.' /01ICMlaCIIC °"' OOCTCICCIACA 

Ol'l.6 QIIODOAMIMJ OP'Yt AMIOC"ICM:'C ... , MJOCOOQA,C 0PY7 AOMICXOl'CA .... Mlt'MICffllGA OP'YI MJOCAOMICA ... , TOCIIMIMJ'IC OPY• MICNIC'OCN: 

Oft. .. TOCIIWl,\100 OP'Ylt CAMt'OtOOO 

Oft. II AalA'IQAOC'C CIPY II AOM.'Q41UOO 

0ft. 12 ooot'OOT /I/CT OPY 12 AMICC'IU0Q4 

0ft. u i.a:G0CIUCI Cll'YIJ GuOKICIIIDI 
0ft. 14 cmw:Mlllt'T Cll'YM CIOIQMff."IO 

0ft. IS AMIMIMIOOO Cll'YIS AUIUICUII 
Clft.N MICfflOCMJO Cll'YM OOIICCAA1Vr 

Clft.17 Mlt'rlOAGCC Cll'Yl7 GM.'VIOOl'Cl4 

GR.II AICICGlCMX' Cll'YII G'lalMOICMI 

0ft." o.wmJOIOAC Cll'Ylt "TGiliiDII01UX 
Oft.a 10CJIOOMx:I\ ana Ml00lffllCIM 

1.1.12 Allft.lnCATION 

Opl ._._ ~ .. RAPD pnlll>OOl m wrificadoa or it. 1+0 kiWUty, ,_. ._ 

tH ...... T-.p,ab.ul. Five .......... M11111hclld1Ddo 

jiMhNW, ....... Sewnl pn,IOCOla a.we ......... far .. MCI) ftl 

,....,, ollbe ltAPD ..,.., iD .... (Wei 111d w-.. 1995; lqlNII -■I Rayt,ara. 

1995: r-«• 1994; r .. ., •. 1993; Kini«•. 1993; l>wlikll«ol. 1993, 

Vilrlilla ad N..,.., 1992; Devoe 111d GIie. 1992; Refehki ad °TIii',. 1991 

W ..... ad 1991). After oprieilMOI\ it w D01111 • ., DN 

11111111• lllllbod oftlD iaftmaca lbe ......... llllpllficldaa .... 1111 llAPO 

■-olicm 111iail ■-ialy•ID,.._,.,.....orewa .... ol&!....._ To 

-1111•+ ol ...... iwdam_..daDeP ... klllOLdifLM 

Cl CCUIDlll CCIIIINI ....,_ wn iDduded CNI eacll ... in wlaicll all 1111 IWlioa 

CCllllfCW MlaOlplDNA•n;llleWll'eprllllll. AlqnM•leed•CIGIIW .... bl 
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de1cc1cd and the reaction rq,eated if necessary. It is imponant to be careful to avoid 

contamination. For this f'U30II ac:otol resistant tis,. L"ld a laminar flow cabinet were 

med. 

RA.PO ampliftcal on ractions wert perfonnetl in IUIOC&aved thin-walled P( ,. ,-.., 

IIIUII I IOcal wt\llllC of 24JAI Oplimally amplified fnpl<:lltl were obtained by na 

20 .. of~ DNA and 10 pmol primer. In c:ws where f'ew amplified prckWCtl 

wn olwned. conditiom were cMftlCd to compenule. Ina c •e• in the primt: 

oa1ca11umoa (20 pmol) were in IDOlt cws adequlk to acbievc this. Buffer (ftom 

Advanced Bioleca.dopes. London) .o I total or 10% of the rwtion volume (2.S t,11) 

,.. ...S. 111c buffer con1mned 200mM (N"4)2SO .. 750 mM Tril-HCI DH 9.0 (25-c) 

0.1"9 TY4m and 1.5 mM M,Ch. In addition. IOOmM of each deoxy­

.. a.t-41"9 ,,.,._ (dt:tP} and O 5 Units of AB Taq DNA po1,,_,w ( 

liaMf lp+,pa_ London) ~ u,ed ic die rwticm mix. A Tedllle PHC-3 dlllmal 

c,cllr w ...S for ~ the .aplificalion reac:tiw Cycles of one mill II 

94-C, 60 11C II 94-C, 20 IIC II J5•(' and 60 NC II 72-c for 45 cyda Wft induded 

ill tbe piOjiW. .... ill a 10 au, cycle 11 72-c to c:omplelc any iaoallfJI• 

,..... •• ayalhclillld .... the rerx1io 1. 

Ploftlilla w done on completion of the c~l:s by usina 24 JAi of die RAPD 

-.,lificalion l'W1ion nd mixint it with 6 5 JAi t.,lc:' ~ 8utrcr type IV (0.25% 

.....,,_nol llluc IDd 40% (w/v) IUCroM on Wllff • Sambrook ,: ol, 1919), IDd 

loadiJII the mixture on • elecuophocais 1.-4% LE -.,;.••~ acl. Rllllllina buffa 

comi_, of 0.5 x lBE (I x TBE : 0.019M Ins-~ 0.019 Boric Add. 0.002M 

EDTA) IDd Edlidium bromid.: ( 10 JAl/dm,) and t?le sell were r •• 11 al IO Volta for 5 10 

ti houn. Vi••lilllion of die RAPD products ~ done b) m, • ullmiolec 

trwi•hn..,, (\NP Inc.) and rauhl ~ r mc:w of than 81 ~ 

J.1.1.J PIID&NTATION Of USULTS 

T1lamal prillll (lbmnal ......... ) of lpl'OIC acts were med u, doamieal ... 

Polymorpbisml were identified and ICOrCd either by the prc1m:::e or ■--ce of 1 

tpecific amplific:alioa pl'O'luct. .-Otymorphic amplificllioa producta cxhibitina 
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U. ATTDfPT TO CONVt:RT THE D0'11NA.Vf X,a-Ol'~l5,.,.1EL, 

MAR.Kt:R INTO A CODOMINANT SCAR MARKER 

' 
ClorJna and the partial 1equencina of a polymorphic RAPD frqmcnt arc the fin.t 

... IOWUds its con\-asion into a aHlomiNDt SCAR mner (Paran .t: Mic:belmore 

1993). The RAPO mater Xta-OPKH.-7,11 wu found to be the clotest 10 Lr/9 of 

lhe itolaled polymorphic frqments and wu therefore used in this anempt. 

UI.I ntAGM£NT ISOLATION AND PURlflCATION 

Tbe polya,rphic t........- was amplified by mans of the IIIDdlrcl RAPD proc:edure, 

bul peefo.med in a a.., YOlumc (75 Jal) and nm on a 3.0% LE apro,e pl. Tbc me 

of a ...., slot me was DK } IO accn ffllDl.deae the a.., mnple volume. 

I wnMa ladder ..... were included IOldher whb tbe oripal NIL templalc DNA 

to provide edditioaal conlrob. The tarF1 DNA fi'llplmb were exciNd fiom the 

aproN ael utint a ,..ailc ape) blade and procaNd with a DNA tr.,... ilOladon 

kit (Amerchmn). Tb is 1ec11ffllNl!:W, ~ital., removes any PCR produces. i.e. 

primer, left Mftcr the completion of the raction. The ,el slice wu baled with an 

....- cti-,lvina aaenr. incubllled • 50°C and ccntrit\ipd slowly throup a DNA• 

bindiat malrix. The DNA wu m:ovaed after cleaning the mini coll.UM with 

~- re-clmolvin& lhe DNA in waler and ;emrifuaina the DNA-bindina cohann 

apin. Oef decuopbo,ai, quantirlCalion of the subeequad i9olation WU performed 

in order IO be able tu calculllr tbe volume of D1" • neceswy for ldtin& up the 

lipdon reaction ad clcJoina. 
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U.I.J CLONING OF THE N>L VMORPHIC FRAGM .. NT 

Tbe Ille of PCR baed cloniq syseems pally simplify the arduous COL11allioml 

cJoniac procedures. i.e. super-a,mpetent "ll1 and a suitable plasmid vector. pOEM • 

T Easy Vce10r SJllrml (Promer) are desiped for cloaiJle of PCR produced 

,....,..,., Vec:IOn are- p.epaed &om pOEM-5ZJ{+) vec:ton (Plomep). cut willl 

uoR V. Tbit pn,cNhn adds 3' lerminal thymidiae IO both mds of the wctor. Tbe 

efficiency of die liplioa of the PCR product is thus plldy 2mpnwed by 1111 l'Clldliaa 
3"T ~---- and die .-.ealioo ofrecircullriDido of the VICIOr. A ..... ofTaq 

DNA pol)w em:,aea (abillit.• 5' - 3' cxoaudcw adivity i.e. AB Taq 

Pol)rww • ... lme) add lhne rrl li'II mll IO thc PCR .,.Uftadcm 
pladada dley pn,duce. 11lil ...... ia the quick _, dfediw dolliaa of PCll 

trm: 

U.I.J.I r 's d ■ 

A mollrralioof 1:1 o(ima, DNA to wet.or DNA i, necm11rfor •ICClCIIIAd lipricm. 

ewe lhouail ratioe of I :I_, 1:1 have mo !,em bmd IO be dl'ec:tiw. nil WIii ._ 

by compaaint the ..,._. polymorphic DNA from the RAPD ae1 to lambda DNA 

- ....... Tbe foUowiat equalioa 'VIII used for ddenniJiaa the quality of 

imerl DNA required for liplioa : 

•af=-1--M>,tac · r x 1wn : w.-mc111rrado • •°'.,... 
a(kb)ol .. wcaor 

Tbe liplioa readion w■1 Id up for overnipl liplioa in ICCOl'dwe widl the clonint 

kit pvMCJI. A~ NKtiolll included I :3 and 3: I vector : imat raliol • well • 

111& lllndlnl polidw _, bacqrouDd coalrols. 
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lll.l.l Traalfo,-atioa 

The pGEM CU} vcc10t It system uses the l}•galactosidue coding system found in£. 

coli JMI09 . uper compctml c-elis to !Crttn for n:c.ombinant cells. Transformations 

were completed and • transformation efficiency control was included in the form of 

linearited pUCII ,-ector. LB Ampicillin plaes (100 )&a,'ml) wa-e uted for 

tnnsf'ormation (10a bllcto-uypconc; .Sa bec1o-yeut ex t; 10a NaCl; I.Sa Apr per I 

litre wmer pH 7.0). Forty miaolitres of X-Gal <5-bromo-4-dlloro-3-indoyHJ-D­

plac10lidc - SOmafml) per 9an plalc and 40 µI 0.024a,'m) IPTG (i,opropyl­

thiopl~) ~ plated out for ,crcauna. After heat-shock trwformalion the 

edit 'WffC pla&ad out and incubeled ll 3 7°C for 16 houn. 

Plaanid doniaa ... done by UlilisiJls • ~ plMnid mini-prepaation 

prOIOCOI (Promep). Tm rm11ilitra of LB medium (la bcto-eypeone; 0.51 t.»­
ycatt cxtnct; O.S1 NaCl to I litre of WBler) conwnin& 50 µa,'ml Ampicil1in wae 

moculaled with recombuad colonia picked from the trmst'ormalioa (2.3.1.2.2). 

Tbae 'Weft incub II e d ll 3 -,.C ovemisht and 1.5 ml of the culture were c:iemrifupd at 

12 000a fur I min. The mn,ai-. cuhurc was l&oftd at 4°C. The medium w 

ranoYOd by card'ul dcanlalion and the baclcriaJ pellet rampcnded t,y V011WJ11 in 

100 µI of ice-cold mini~ lysis buffer. It was then inaaaed at room 

IClllpCl'MUfC for S min and 200 µI of a 0.2N N.OH; 1% SOS solution were added. 

Thia 'WIii followed by incubaliol. for S min aftr.r aentk mixln&- Hundred and fifty 

mic:rolitres of ke-cold Pocalwm«ctalc solu:ioa (29.4' Pocauium-ecetale and 

I 1.5ml Glacial Acetic Acid to toeal of 100 ml pH 4.1) were lidded and the mix placed 

or. ice for 5 min. Followi.q Cealrifuplion for S min a1 12 000 a the supemataDt was 

tlaldL!. ,ed Md RNAle A added to • finlAl cor.ccub.-ioa of 20 µa,'mJ followed by 

incubalioa al 3,-C for 10 min. One volume ofTE-l8luraled phenoVcbloroform WIii 

added. the miX1lft vor1cXed for I min and cenlrifupd for 2 min at 12 OOOa- The 

upper aqueous pbw was trwfared to • f'rab tube and I volmac of 

cblorofonn:isomnyl alcohol (24: I) added. The mixture WIii vor1cXed for I min and 
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• 

ccntrifuac,d and transfemd as in the prc\ious stq,. Two and a half volumes of 

dhlnol were added, mixed and allowed to precipiwc at -IO°C for S min. The 

supematant wu mnovcd and the pellet washed with 70 % dhlnol. The pellet was 

dried under a vacuum and diaolved in IO • 20 ~I of deionised water . 

Al • altemaliw for anaJysina the plurnid DNA, the bllctaia,; clones may be 

IUlljec:led to I m nu1e of br-ilin& in a W1kr Nib aud I ~I Uled for a PCR nm with M 13 

lorwlrd and rnerK 111qucnc::e primers. Considcrinc the risk of amplafyina noa­

lll'pllld baderial DNA. ii wa decided 10 ndbcr complete the entire plwnid mini­

pepaiilioa. and dlen IO coafinD 1hal f.he plmid conlained the c:onect imm'l lllllkiaa 
me of the RAPO primer teqUCnCa. 

2.11 ICltUNING Of fllAGMENT 

TheoncicalJy the RAPD primer aha llhould be included in lhe cloned hplcnt. bul 

CCl■liiler~ lbe IIIIIW'e of the mplCIII ilOlalioa and cJomna procedures. it ii quite 

poaib!c 11111 the primer cads may be dnn•rt or • led lbor1cmd. Amplific:ldoa of 

the cloned Ima, WIii ldaicYod by uliaa the Ml J forward and revaw aequenca • the 

MCS (Muhq,le ClouiQs itc) in the wctor • 2959-2975 IDd 176-192 bp, rapectiw!y 

(the IGtll plalmid conlllina 301 lbp). The expected amplifaed product lhould tbaef.'.ft 

haw a fiapM:111 me of approximately iOObps plus the sequences Daina the inlat 

up 10 the M13 ~ ucnces. The PCR reaction was performed with a Technc thermal 

cyder, and in\'ol,'ed one cycle of 1 min at 91 °C an..-t 40 cycles at 91°C, 60°C and 

72-C and a final ,,lonption cycle al 72-C for 10 minuta. The PCR products were 

wed with the 1t•,dard '111uc juice" loedina buffer (Sambrook~, al, lffl) and were 

nm oa a 1.4 % apOIC electrophoresis &el al IO volts, for 5 boun with 0.5 x TBE and 

ElBr (10 ~1/L). nc &el wu docummted by means of UV trlnlilluminance and a 

1bennal print WU obtained. 
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J.UIKQIJDCING 

0.1111111,claatol .. H ••hrz s-iawnl1m•a.,111 ..... _. 
........................... ..-., I 1-..u ■rl 

... -.flbaol( .. a11 I I 2"'ol ....... ) .. w .... •..-C. 
1'1111 I Cr of ...... _ _.•• lzzz P ,OlllolLI' ■ I 111 .. 

., ... ,.-. ,a I 11111• 11• ltzAI nh■ .. ■1•1-■l■t .. llowuc,.. J Wz4 

tp S_._. ... ., ......... M1;111 •·-• I ;tt 
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CHAPTERJ 

3.1 RESULTS 

3.1.1 DNA ISOLATION 

The near iqenic lina and deletion mUllnlJ were pown in a pccnhoule. Lrif ti-.c 

w ~elled &om che wdlinp and Uled to prqme lyopbiliaed leal tialC ltOCka 

wbich were stored • -IO°C. 1 be ONA extnctioa procodurc produced intact DNA of 

w,ta quality. Minimal lhariraa of che DNA • well • limi,ect cnzymadc activity in 

lhe ilOlala are pre&nble. ahhoup this is DOC crucial for che paealllioa of reliable 

RAPD pn,ftJa. The UK of RNw A durina lhe extl'ICUOD procell allo improved .. 

procedure idnce RNA it often wocilled with the pracnce ~f proleina 1h11 uld l,e 

dalructiw durina euasiw lbawina • is done with the DNA Uled durina llAPDa. 

An ~ yield of 500ta&f t&l w obtained and verified t,y bolh ael electlopborail 

3.1~ ENRICHMENT STRATEGY 

1ft • ananpc to maximise the likelihood of findina suitable acnctic: markm ck>IC lo 

lhe Lr/9 b'lnSlocatioa (located wichin the codina rqlons of the chromolomt). 

hydroxyapwtc colwnns ~ UICd to enrich the DNA for unique aequenca. 

Followina IOflicadon. denaturina and rc-anncalina of the DNA. the unique aequcnca 

were rcwncd whnas the repetitiV<: DNA was mostly eluted. This siptificanlly 

reduced the amount of DNA available for amplification. The u,e of the enrichment 

process there({ te requi~ lqcr lfflOWltS of DNA and often necessitaacd additional 

DNA oolation. 
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\ • .-......ay ........... of prims loci .... enptifled. 11lia - - ...... 

of .. pnlllll'I lllllll AIID. Cllllllia prillln produced..., •••&adoa ..... 
prior ID ad ... _. t m llAPDI aa •idled DNA did aat ...... -, 

hp .. .._ ..... ,.DNA< ,• _,_..._....S&11t111•• 

.. t11a•tsr ; .. ._,_..._ llwlllDbad .. _,.._. 

.... did aal ...... ay i 11::ae+- ,...._ l■•'Jila .. II 11 C:I of 1■Y 

.. ...,.__ .. ,.... .... ..:.:,•DNA. a.-·cr ..... 1ly 

ofa._. I J J? ..... lfi t m of .. DNA. AD• al. l'e ■ _ .... _ 
,11t11 , ........ - a ,., .... _ :r •• : ,1a .... 1 •••••• 

1a t,r,,,.._.,.., ... _,"",._....._ a.t,.•rtr as 
flE , ; ..... • .. r4 hut dn6nnily. 1'il IIIEf " en ti • 
I IQ J I ................................. .. 

c1 P s flliHH n. a 115ln1 11n ■Ir DNA la t s .. ti, - _. 

.... la. of .. ll'U. ta l I .... L tat .. 7 J I wll 

............ ...,DNA1(11, Pllw.-" I ,11 IPJ I 11")•1 S-..cr61::J4 

.._. ... A AtaolowlCllljllll J _e ..... 1Dar11 IS cllly .... &lnl 

ofDNA1 ........ n■, .. •llialaoc,py•nJ711hal»IA. 1'IMu 

..-...... 11 rl I G _.. llAPD 5111 du of ..-i t t DNA. La. (I) .. .... 

DNA I lie ■la ), (ii) .. llct • W17 h .,_ ._.. n,, ... • 
r I lid ID .. - of - III. DNA. (iii) .. W17 poor awlri• ad 
:+ ill:clilily of ....... lly of i Ill 121• ~ ad (iv) .. _ of .... 

JU tnlred t,y dlit wh;qPe. 1111 lld ID itt lie cadu..aaae. 

,.._. J., F• ...... of RAPD jllOftla:' JH 11111 U1U11 (a) earicllad DNA (I,) r.11 

p:-'c DNA (mxt p1111). 

-------------------------54 
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{a) I nri~hed D~,\ u .. rng pnmer OPK 11 

'5'-,\,\ Hi('( CTA<i-J") 

i 
i l ~ ! f t:l 

I i l ! : - i i J ! 5 t:l 5 f 5 5 

(a) EnricheJ D!'-iA using rrim •r OPK 12 

<~'-1<,<iCC CTCAC- l'J 

a 
I 

E 
l 

(b) Genomic D~ \ using primer OPKl 1 

<5'-AAfGCCC'C'ACi-.l') 

I l ! . I I s 
A J 5 

l 
J 

... 
! j ~ ! i 

... 

f s s 
t:l 5 5 5 

----­' 

-
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Flpn l.l RAPD profile indicatina the siz.e and llllhcnticity of the polymorpbin 

identified with the RAPD marlter OPK9. The lalt lane contaim the DNA a 
slandard pOEM. 

... 
1a 

,_.......,. 
11• 

811 

57 
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J.U IIAfD +r -r..o,m,,..,.,, 

1111 ......... 13 Ir.I. OPltlO., (S'.oTOCMCOTO-J') w a .... 

0r, , ....... ot cs e: ,~Jso.,..,..., •• n•••••• 
_ ........... (a) ............. ~J.J). ......... -,, •• 

a .... 2 f ml h w1 a (lwW It .. c la ..... 3.J) alll I 21. IIJ 11111 
,.__ 1111, n ••at~..._ ... L11•11r._11,r"1 rl,J-,w 
..... la 11111. • • ti \ .. ._ • d a•• :+1 s a ...... 

k I 1£ ....... 

••ssz ._ ,. r ,t Is I a s t') _. (c) .... • .. ...., ,.. (lllalnll 

U) .... • I I 11 la I I I 2 ll■lhn ,_.. • ..... -

111M '11111 - wS f ,.._ • ..... w ..._ • .. .. 
,,_, /I lllnJ1f1F1ln u·c111rs1z u,. ..... ,,. • 1 ., .. 

jX 1 Rlllh n, II IIFf .. I I 11 tc 111M, s+ fa u - "' i 
.,... .. _.6 .. ...,_.__ .... ol...,_, ____ ... 
._._. n :n, _.._ 1 ., 71w U.af•M ••u•n 1, 

.., ...... ,, Dh·-,•a If 2 "'* taaa ..... hp I 

51 

Stellenbosch University https://scholar.sun.ac.za



fipn .L1 RAPl> profile of the ~II lines \\llh the pnmer OP!( 10 "ho\\ mg three 

pol)morph1 .. m Inc pol~morphi.m~ indicated (h' ~ "Cre not repeatable. The 

last lane contains the DSA ne&athe contml reiM:tio1. 

i 
I I ! ::: ! 
I I ~ 

I i J ! i ::: i i ) f s ~ s f s s 

+- Polymorp/1,am (c) 

+- Polymorpt11sm (b) 

+- Polymorph,sm ,., 

J.l.J RAPD •arbr X,u-OPKl5..-7tl1 

Polymorphic locus Xw-OPK J 5'1<!1r ~t/1 was identified with the primer sequence 5·. 

CTCCTG<.'CAA-3 • and is shown in Fig1.1tt 3 4a The frqmmt was, ho"e"er. closely 

associated 1,1,ith a second. slightly larger fragment. Additional higher pcrcentaae 

agarosc gels were run (Figure 3.4b) to separate the t\\0 fragments and to clearly 

distinguish between them (sma!l arrows). This pol)morphism was also reproducible 

and later pro, cd to be \he closest to the l.r I 9 gene. 

59 
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hi:un: .l4 I he I{ \l'l> rn•tik, gen,·r,11eJ t-,~ th,· Pl'I..: IS pruner I he la~, I.till' 

,nllt.1111, the I)~ \ nq!Jll\ e ..:,mtr,,I re.1, t1<>n I he um1\\, mJ1.:.11e the P''I~ nlllrphi,m. 

I r,ll_!llll'llh ,, er\.' 'l'pJr,111.'J nn 1.11 I -'0 o JfJTlhl' !_!d, ,mJ ft-,) , 0 o u~.tnhl.' gd t,1 1-icttc:r 

l.2.4 f<APD mul..er .\ 'us-OP> U ,.,r 7~/, 

I he: 11,c: of RAP[) m.ir~cr <>PY I ➔ 15'-C ,C, In, \IC IC;. r I pw<lu<.:c:<l u pol) momhr'>m 

60 
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gcncnitcd h} OPY 14 fingerpnntcJ the :,,.:11 \ anJ a., in all thi· other case-; confinncJ 

the homoiienous genetic had;grounJ an the different SIL rai~. 

Fiprt J~ Pol}morphi m Xur-OPrl.Ju,o- -d, and the RAPD profile generated C) the 

pnmcr OPYl4. The I t lane contain the DSA ncgathe control reaction. 

• I 

I 
I 
i 
5 

i 
J 
i 
5 

t 
i s 

Polymorphism 
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3.3.1 RAPD fn&mcat OPLI-R•..,. 

nu RAPD marker "~ the fir;t •:pulsion pha~ maiker identified (Figure 3 6). 

Pnml"r0Pl I (S'-GG<.",\TGACCT-3'1"~ useJ The fragment size is pproximatel} 

7robr, 

Fip" 3.6 RAPD r,ofilc generated on the ~IL lines b) u~mg primer OPl.1 . Inc last 

lane represent, the: ON,\ nc 11,c comrol 

PolymorphtMI 
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fh1 f'lll)mury,h1 m ,~ c~~-cpuonall) dear and 11 is ::rrn,xmullcl) 8'ill hp in 11c 

Cl 1gurc ' 71 

F ... n J ,7 RAPI> pn file produce,! \\1th the NII . h~ t,) using RAP() primer 

OPl.3. Ille I t :am• h-, the nc • 11,c D!'~A oontrol reaction 

• 
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I his ,s l!.. other rcpubton pha!.c marl.er 1dcntiticd \\ith primer OPY 17 I his fragment. 

like the 1,rc, 1ous om."'> ts specili.: to \I.heat and is not amplified on the Tl11napyrum 

rranshlC 1ti11n \ Figure 3 .II) 

Fip~ 3.8 RAPD prolilc~ of the :0-:11 lines \\ith <>PY! 7 The final lane show:. the 

DNA nrg .. 11\ c control rcaclwn 

Polymorphism _. 

I 
! 

I 
l 
i 
5 
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M IIJMMARY 

AIDlllolt.Np10Millll,-.,lilapllwRAPD1WU11fbrtlleu/ftt In ldoa 

• cht-••- 7DL W11W idendW • well • dnt atpiilliaa .... ..... 

- ti ........ ,.,:■tad ......... Aaollllr- .............. ... 

If ew (aly 1WD .,__ ,.._ 3.l). N ... .... MIi ID Ill a+ IIINlh _. 

... 11:taf1I ._ ..._ -,. II-, Ill pa11IMI, ,.__,ID ..... 

gS161-,mcmdltim11adla- c Ir 11:, 1ep1a.._ ..... ,..,. 1t1 

u.. IIAll'IIIG. IOIJII ......... 

1111._IAPD, 1 , .... r"''-.,""' ·u•r•rrm-. .. 
_ol .. ••11111 11lqp I ldr IAPDI .......... •• ----~~~,.... 

a nft' • ..__.._.,.,., •.,1 • 1pan■ 1'111 cs I a ..... 
., ......... __ ._ ... •a 111•0-.-•• I •>----(NII• 
Ill. •-). Al 2t -- ... _. ID .....,, h1 nl• ..... ._ IAIO 
,..... ad .. la11Rlaa ., .. ,at,...,tlc loci llllllfw ID.. t I....., 

H 1i .... , .. ,d '1111 anp p111l1laa ol .. II ltad LVD 2111111■ • 
.... la,. ... J.9 . ....,. atr I •• ... ._..., ... :rueH • _..., 

•••,-,loll .... ol .. u/1 m h..,. (Prial., Ill. 1-. ..,_., Ill. 1"7). 
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...... J.t Resub of a dclelioa ......... -:xpenrnenl ID add die 1'our RAPD ....... 

ID I..,... 1111p pn,duced by Prial do/, ( 1996) 

. . .., .. JIIIIIIHtf. -~ ..,. w.,. .. y ,.,.,, ,.,.,, ,.,, Ofc 

' -•• 
a3 II 114 0 16 13 111 22.2 I.I 111 27 -

I 171m-14S ♦ • 
2.171m-l• ♦ • 1 ... ,.,. ♦ • 4 171GJ-I ♦ • ♦ 

s IIID-m ♦ • ♦ 

6.171GJ-111 ♦ • ♦ ♦ 

, 171GJ-D'7 ♦ C + + 
l.fflGW'n ♦ ♦ ♦ , .... ~ ♦ + ♦ 

IO -.Cl• ♦ ♦ • 
II IIIGMI ♦ ♦ ♦ 

I" 171GJ-Jl4 • ♦ ♦ 

IJ lffilU-111 ♦ ♦ ♦ ♦ ♦ 

14aD-Jt ♦ ♦ ♦ ♦ .. 
IS171GJ.27 ♦ .. ♦ • ♦ . 
II 171GJ-J ♦ ♦ ♦ + • • + 

17 171GJ-IT.i ♦ .. ♦ ♦ ♦ • .. .. .,.,_,. ♦ ♦ • ♦ ♦ ♦ ♦ ♦ 

19 171G). I IS • • ♦ ♦ ♦ ♦ • .. 
a 171G).121 ♦ ♦ t ♦ • • ♦ • 
21 ....... ♦ ♦ .. ♦ + ♦ ♦ ♦ ♦f.a 
22 171GJ-219 + ♦ + ♦ ♦ ♦ ♦ ♦ 

., . 
2J aG-40 ♦ ♦ ♦ ♦ ♦ • ♦ ♦ 

M 171G).IQJ ♦ C ♦ ♦ ♦ • ♦ • ♦ ♦ +t . 
25 aa-MS ♦ • ♦ ♦ ♦ • ♦ ♦ ♦ ♦ 

a171GJ.m • • ♦ • + • • ♦ ♦ ♦ + 
•a.a.at ♦ • ♦ • • • • • ♦ ♦ + ♦ 

21 ... , ... ♦ • .. • • ♦ • ♦ • • + ♦ +(a 
2t 1711D-3M ♦ • • • ♦ ♦ .. • ♦ • ♦ ♦ .. + 

CM• .... ••• I fll ......... II' . .............. , .... 1, ..... ' ii ..... , Ph 
•OIIJIIIF I I I ..,,.. . ' ii ., ........ I ............ ..... II ff 'ri .... ..... , ...... ,.,..... . • cl .... I ... ., .. a f ..... pal I 11,,c,1 ............ 
•o.. I -.. Allinr,..,....., .... 
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M TMIINvCWDC011811Wff IOIBIIOI' Ult ANDUJ,-ae 
TIWl&XATION IOll TIIS PIIIIDICS OI' TIIIX. _,,,_.111, 
LOCUI 

IAPD .._ x..or~u_.,.,, <,n•: n _. x..o,ru,_.1.,, <...,..,.. • 
........ • ult. 1111 Md .._ x..o,a,,..1_,, sr•• _, - .. 
cl I I ULP 11111. J)lr l1'-1.,, _. J)lr JIJ-1.,,. x..o,a._.,.,, .... 
....... , , .. _ .. .., ............. t1h1 Ii II. ....... 
1111._ IAID t 1 _ .. _. ... 011:s t ,.,,,.,e • t 111 

O'll■IIJ.11). 'lllllw1111tl ,'JJJld■a•fllNIL_ ............. .. 
ii &It I I td ......... 4J t IAm 1111 1111111■ 1111, .. 
l«"'t rat 11a,1111 ......... , tu t.-c· , ._.. ... 
..a1 iii a'laW-17. 11111,-,111 :r 1 ■ 111 ••1C n•t11• 
♦ n 1 l.r/f.(14') 1 r s II• a...._.._ .. oW 1 ._ ,,,, 

t I 1 C 2 '11111APD.._x..orD,_.7_,,w .. -,-■-r• 

.. ,, •• ,.... 1111111 

• 
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Fip" 3.IO rhc locus Xw.,.OPKl51etr1c11 \mfied on the shortened Lr/9-149 

translocat1on The first and last lines indicates the DNA sizes as indicated by the 

pGEM DNA ladder standard. 

I 

I 
I 

I i 
I ! 

I 
J 

::: 

i 

+- Polymorphism 

+-en 

Plant nwmaJ of the recomt'llnanl '1 ransf.._-r IO' produced by Sean (1977) and the 

lhrff pu1at1\c /.r/Y- 149 recombiNU'lts produced b) Marais .t Maraas C 199¥) WIii uted 

10 tnl for the RAPI> marker XMJ•OPK/5_,. ~t/1 fhc marker l.cSlcd posauvc (fll'ft 

3 Ill on transfer 10 and l'Ao of the /.r/9-149 recombinants (nos. 252 and 462) The 

l, I Y- 149 m:ombinan1 no :?99. did not produce the orK I 5IOO fraa,ncn1 This would 

,mpl) lha1 the lana rccomb1nan1 hu lo I the ~,ion on the 1ranslocauon canyina this 

locus and must lhncfott be ubstanuall) shortcnrd All lhrff of lhc recombinant 

Ir I Y-149 hnrs sllll Carr) the SJ} SCllfCpllon d1 lortmn locus ( Marais, 1991 -

pcr10nal i:ommumcauon) 
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Fiptt 3.11 R,\PD pn1lilcs ~em:ratcd h} appl) in~ the OPK 15 primer to three 

putatJ\ c recomhtnanb of the l r i 9- i 4Q trans location and the l.r 19 recombinant, 

· r ran fer 1 o· produc<.-d h) Scar.. { 19771 

I 
I 

I i 
I s 

L.---"L.r-.-J 

I 

70 
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•·iiur~ " · ' \ i:ompan,11n 111 t\\11 J1tt.:n:nt nmphticaium cn/)mC~ using the same 

1>:--: \ anJ rc.-a .. uun .. ond111on, I he amm mJ11.'atc the R,\PD marlcr frJgmc.-nt 

Ol'Yl4 

E 
i I L 

a ::: ! 
l t • Cl') 

I ::: I 
.,, 

~ ! i ::: s s I .. 
A I ~ .:> ~ :s 5 s 

i ::: 

:s 

l'he 

\pfr /ll • .. .,, and \pv I. II -1'1 l'h11, hromu ,m I f the lrug t inter• 

nlML.cr !!Cgmmh. panmn • l1t1 • h dc,01d ol m lcr I 1 •ht delet1nn lmc 

h:l, C' hrealp,,,mh 111 th1 ,~ •inn and up to no" 11 " , imp,., 1blc to order them 

.. ordm to 11c \\ llh the mnpptn" ul th \111 , )A,/''.J 

M:uler \m on:.1 
rn -i1 nd / ,/CJ '" tJ/'A. I 

ppcd bct\\1.:en the C'\1 1111~ RI I I' n rlcr \u" 

the do ~, pruxtm3l m r er lld, / 'i nd 11 

nu1, be ,, .. nh \\h1lc to H'II\C'n II mll• s, \k marl,·r 1111\\C\Ct, 11 \\tll be d1lfi ult 11, 

1sol tc the mrk Ira •men! 111, e the p,:•I\ rnt1rph1 .. m I d sch 

lr.i •nwnt, 111 s11111lar 11e (11 •ure l 41 l'rnhlC'm" en ountcrcd N."\ use ol th,., ha,c 

hampcn.-,1 t1 c durun • ul tlm pohmurphtl hand \llcntpls \\l.'rc m~ule tn belier 
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separate the fraa,ncnts on higher pm:"111qe gels to enable clonina. However, only 

small amow1ts of D A could be recovered from lhcsc gels. 

The lhn:ie puw1\.! recombinan1 lines Lr,9-149-299, lr/9-149-252 :,nd l.r/9-149--%2 

which ha\r-e exchanaed chromatin proximal 10 Lr 19 for wheat chromatin in 111 

allosyndetac painna cxpcnmcnt (Marais and Marais. 1991) were alto 1ested with the 

Xta-OPK/j_,.7~1, muter ff11lft 3.11) Positi"c polymorphilml were detected on 

lua lr/9-149-252 and lr/9-149--462. The third line lr/9-149-299 docs not conlai11 

1W marker 1mpl)ina thM this is the shor1cst of the lhrcc rccombinanta. Tbae piadl 

haw been tested with a virulenl isollk to confum the pmencc of resistance 

coqaable IO Lr/~. The prc1cnc:c of the marker Xm-OPK/$_.7,11 therefore ICl'vel 

as evidence of the IUlhenticily of the two lua c:oawnina die marker. Fipre 3.10 

Ibo lhows tha& X,u.QP,,:Jj_. ,I, is amplified on the •Transfer 10' translocalioo 

(Sean ~, al, 1977) This transloc:abon differs from the T4 (lr/9) and lr/9-14') 

translocations in~ II contains let 11unop)nun chromatin proximal to /,r/9. This 

could therefore be used in crosses ~,th the l.r/9-149 translocation in an aaempc to 

funhtr reduce the amount of TltinoP, """ chromatin t.hrouah recombination. 

Uowc\er, the on.:scnt results would SJJgcst that the recomoinant, lr/ 9-149-299 

conwns e\en less '11111t0P)Y11m chromatin proximal of Lr/9 as compared lo Transfer 

It) 

Tht roal RAPD marker OPY14tsc,.. mapped to the diSl&l side of lr/9 and appears to 

be the most diul marker The siu of the area distally to the two phcnotypic markers, 

ST 2 j t 11ml rust rcs1 1.ance} and the ) ello" endosperm i~ laracly unknown. 

4.1.1 t: ' ill('HMENT OF DNA FOR RAPD ANALYSIS 

F.nrichment stratciie to increase the likelihood of detecting polymorphiims among 

different genotypes lw e b«n used to a 1;m11ed degree in cases whae hiah-coJ,y 

ONA sequence can be casal) rcmO\cJ. ChromatollfllPhY combined \\ith selective 

() A binding methods 1s usuall) used for thi .,urposc. This approach is based on the 

pnncaple of complex DNA H non-complex DN/, and their relation to codina and 

lli.l0-C•1'img sequence found m the gc;nomc. In plant species with .: tCflSive genomes, 

------
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such is the case in ,,..'heal, the rq,ctifr1.c sequences m&J account for up to 7S% of 

the D A and thus s:ead> outn· nber the non-repcthi,c or 'codina DNA ,eq~· 

Smuh and ~la,cll, 1975) As aenomes are studied and more insiaht is pined in the 

makeup of lqer acnomes, spcculatjon ancrases reprdana the evolutionar) 

11pirance of repea1:d sequences. When working ,,..;th lar&t plant aenomes. one 

would expect the loss of D A after enrichment to be mott than '213 bec&IIC of the 

large number of repeaud sequences found in wheat. This -AU found after the 

complctioo of RAPDs on the cnnched D ' A, ince approxinwcly this proportion of 

fntpnents. and thus RAPD loci detected b)' the specific pnmers. were effecuvely 

raDOWd (F1,-c 3 I) Gi-.-en lhaa a P.APD reaction is Jaracl)' driven by the 

avaalability of ,equenca complancntina that of the pnme:. the rano'lal thereof, will 

lad to a sunilar reduction in thc number of fnarncnu amplified. The initial purpoec 

of the cariclunenc --ay was to amplify RAPD loci pmal in enriched DNA, u 

expected in codina RIJOIII thal ma1 be wlder-rq,raaded durina the RAPD raction 

due to tbe u-.ilabibt) of muluplc ,equmccs of the IM'" son brina preferentially 

amphficd ID the RAPD reaction E\idcncc lO suppor1 this could, l;owe\-er, noc be 

found since no nrw fr.lfflfflts ~'a'C obsa'\'Cd usang the cnndied D 'A as opposed to 

the D A that was not enrid.ccl D binding tn the hydro )-apallte column is h!;h)y 

dtpenocnt on the ccmperanD"C of the colwnn 11nce rapid rcnaturin(l of the denatured 

D A will occur C\'Cll wtth the h:Jitest of tmtperahft decreases This \\111 inevitably 

lead tCt a much lar er frxuon of the D 'A being rcmo,cd m thc double stranded fonn 

anddisardeci 

The RAPD rcacuon mcthodol<>a) IS strongl) influenced by the template 

concentratiOn. wthkc :ts PCR counterpart where minimal templaac quantities arc 

required for succcssfuJ amplification at h.iah annealing temperatures, leading l(I very 

specific reaction amplification, reprdlcss of thc amount of DNA used. F.,cn 1f the 

samples are treated in cxac&I) the same wa} d>mr & enrichment a acmpcraturc &J11dicnt 

may dc,-clop in the water beth leading to small differences in the amounts of DNA 

rcco1.m:d Thi an be upcctcd to ~uh in RAPD loci being present in some 

sampl, sand absfflt from others., malunii the detection thereof inconsistent. They may 

then be class1ficJ as polymorphic. "t-cn the fraamcnts are in fact not. 
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As explaintd in the second chapter. a major problem experienced in the enrichment of 

DNA on a hydroxyapa11tc colWM was the low amounts of DNA recovered and the 

need to conccntralC it. for this reason. \.Cf)' large amounts of DNA are required 

initiall), which have to be produced usina the more laborious •maxi-preparation' 

D A isolation proced:ues Howe\.'n', optimisation of the enridaed protocol may 

imprc ,e DNA retnn'al. The results obla.incd with the RAPDs performed on the 

enriched DNA su~ that a considerably decrcucd number of fraaments is likely 

to rault. the number of amplifica11on fi'aaments scored and analysed in the 

s.-.recnina process remains ccntnl to the chances of a valid polymorphic fiaamcnt 
ban& idcnliracd and tested. The low number of amplified fraamcnts oblaincd from 

die cnricbed DNA. and the Jarae number of fiaamcnts needed for scorina, bu made 

this technique lea suitable for the llUdy. 

4.3 EXTENT Of TH£ STIJDY 

Schaechcnna)T ~, a/, (199-4) tested 395 RAPD primcn m a similar study to find 

marten for L,9 (carried on • chromosomal tnm!ocation from Tr,tiaa 

111"MllaJa1'lllft) NIL.s were constructed ~ith the Lr9 acne in Tr11icaun autivtllft and 

Tr,tinnn ~/ta bldgrounds. Only three of the primc:n produced polymorphic bands. 

In a lalff Study Iqbal and Ra)1'um, ( 1995) also used RAPDs in an attempt to find 

man.m on the 1 RS mtrogrcsscd rye chromosomal seamcnt in wheat and identified 

polymorphivns 1n a surular way. The latter translocation was similar to the lrl9 

translocaled seamcnt used here in that an entire chromosome arm was translocated. 

and 1t required !20 arb1trar) primers to ideruif> two repeatable polymorphisms. 
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4.4 IMPACT ON &REF.DING STRATEGIES 

The complete l.r/9 translocation bu no detrimental effects un the quality and 

aponomic performance of a ~'heat plant. Ho\\--c~er. in man) \\-CStcm countries the 

yellow endosperm pigmentation auociated ""ith its u.te is commercially unac~lc. 

Abo, the tnnslocation hu rq,laced a larae portion of chromosome um 7DL of wheat 

mcanina 1hll in tnedina the u/9 resistance c:annoc be combined with other 1JC11CS 

such a lhote (or Russian wheat aphid resisaance (Dn1 and DnS) or eyespot resistlnce 

Pelt/ . For this reason an attempt wu made to reduce the llffl04mt of foreip 

dll"Offlalin. Xus-Of'KJJ.-7~1, has been UICfuJ in the process of decidina which of 

tine pulalivc lhortaed forms will be the most 111tful. Since the shortest form. /;J9-

149-299, docs no kJnacr have the Xia-OPK/J_. ~,, loc.a. it camol be UICd in 

martcr lllilted ,election. 

The oripnal Lr/9(T4) cranslocat.ion is med u s.x:h in somc countries. It can abo be 

UICd to provide rcsistancc in feed wbeau. An)' of the 4 RAPD markm identified heft 

can be med to follow the transk,cai;on. 
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CHAP'nR5 

5.1 CONCLUSIO,-i 

Tbc widespread appliation and 111efulness uf the RAPD technique. hu ;eel IO larac 
IUl\bcrs of RAPD markers beina mapp,d in many species. A toe.al of four 

polymorphic RAPD marten ban bun idenlified on the I.r I 9 tnwloca&ed 

dlHlmoeollie arm. In addition. three repulsion phw marken have alto been 

llliDCilled with the ditplaced ._. chromolOllie arm 7DL Three more marbn 

._. bad DOC IO be aufficicntly repeaaable. and may produce fflOff ccmiltat radu 

UDder apecifically o,ambcd conditions. 

The four c:ouplina pbMe m.nci • ha\'C been physically mapped relative IO tbe odlCr 

known loci on the Lr/9 b'anllocation. The RAP£? Incl Xtu-OPKl$.-71l1 i, the 

cto.t IO die l.r/9 ,enc and could ~ usc:,J lO identify the shonat o.' 

recomhinlra of l.r/9-149. 

pulativc 

78 

Stellenbosch University https://scholar.sun.ac.za



CHAPTER6 

R£rt:R£NCES 

Ahn. S.N .• Bollich. C.N. and Tanksley. S.D 1992. RFtP tauina ofa aenc for aroma 

1n rice. Theor. Appl. Genet. 14 82S•l21. 

Barcelo, P .. Ruco-01unt. S • Spam. C. Cannell M •• Sai&udro, S., Rooke. L .. He. 

G.Y., Lamacchia C., De la Vifta. G.. hcwry, P.R. and Lazzeri, P.A. 1991. 

TrMSfo of \Ilia&: S&a&e of the technolO&) and examples of applicalion. 

,,. · Proceedinas .>f the 91h lnlffluational Wheal Genetics Sympoaium, 

Subloon, Sukalchewan. Canada, Vol. I: pp 143-146 

Bauam. BJ. Caetano-Anollb and 0. Oresshoff P.M. 1992. DNA amplification 

finaen,rintina of bacteria. Applted Microbial Biotechnology 31(1 ).70.76, 

Bell, D. A and DeM!.rini, D M. 1991. Ex l\e cyclinic converts PCR products to 

random-lcnfth molecular \\eipl fragments. Nuclr .. Acids Research 19( 18) 

r,pS079. 

"'.cnne11. M.D. 1'>72. Nuclear {) . content and rnirumwn genera1ion time 1r 

hc?biiceou1 plants Proc. R. ooc. London Ser. 8 . 111:109-135. 

Blake. T.K .• Kadyrzlwlo~·!'. OM hq,erd. K.W .• 1 lam, A.K M.R. l.angridae, P.L .. 

McDonald, C.l .. , Erpelding, J., Larson, S., Blake, N.K. and Talbert, L.E. 1996 

STS-PCR markers appropnale for whca1-barlc) mtroiJ'CS5ion. Thcor. Appl. 

Genet. 9l 826-8'\2. 

81rr. 8 , Burr. f .A., ' ! .... 1J)S(1n, ti H., Albertson, M.C. anJ Stuber. C.W. 1918, Gene 

mapr,tni ~•th t. omb1nant mh~J m maize. Genetics, 111:519-52<,. 

Ruggle, I..\\'. 1980. Origin anJ botany of \,heat. In E. lllfliger (ed ,l Wheat. 

l>.."lCumcnta C'iha-<,cig} , Basel , ~~11/erlanJ pp 6-!3. 

79 

• 

Stellenbosch University https://scholar.sun.ac.za



r 

Brigle. L.W .. and Cwus, B.C. 1917. Wheal world-wide. In: Wheat and Wheal 

Improvement - Agronomy Monoarapb ( 13) 2• Edition. pp 1-3 I . 

Cactano-Annola, G .• Bauam. 8.J, and GrcsshofT. P.M. 1991. DNA amplification 

finaerprinlina Ulina very shon arbitrary oliaonucleo\ide primers. 

BioTechnolo&Y t :553-557. 

CacllnO-Annola. G., Baaan. BJ. and Oreuhoff. P.M. 1992. Primer 1emp1ate 

inlaactiona dW'ina DNA amplification finaaprinlina with sin&Je arbitrary 

olipucleiotides. MoLGen. Genct. ll5:IS7-16S. 

c.tano-Annola, G. 1994. MAAP: a versatile and unh-enal tool for pnome 

analysis. Plant Molecular BioloaY. 15:1011-11026. 

CIMMYT (CenlrO lnlemacionaJ de Mejoramicn10 de Maiz )' Triao). 1•178. 

ClMMYT Repon on \\'heal Improvement. CIMMYT. Mexico, D.F., Mexico. 

CIMMYT (CcnbO lnlemaeional de MejoramicnlO de Maiz y Triao). 1983. World 

wheat fact.I and tffllds. Report rwo: An analysis of rapidly risin, third world 

comumption and imports of wheat. October. CIMMYT, Mexico. O.F .• 

Mel<ic.:o. 

CIMMYT (Ccnln> lnlemaeional de Mejoramicnto de Mm y Tnao). 1985 World 

wheat facts and trends. Report three: ft. discussion of selected wheal 

markelina and pricina issues in ckvelopina cowlries. October. CIMMYT. 

Mexico, O.F .• Mexico. 

Clea, M.T. 1919. Mol~ular diversity in plants populations .. In: Brown A.H.D., 

Clega M.T.. Kahler A.L. and Weir B.S. Plant population genetics. breeding. 

and genetic resources. Sinauer As.'IC, Sunderland. Mass. pp 98-11 S 

Chen&, S., Chana, S-Y ., Gravitt, P. and Respess, R. 1994. Lons PCR. Nature, 

369:384-385. 

80 

Stellenbosch University https://scholar.sun.ac.za



Cohen, J . 1994. 'l.ona-PCR' laps into lar&e DNA sequences. Sc~. W :1564-

1565. 

Dancke T., Adams.RP. and Ch.ibber, R. 1992. Pocential taxonomic u,c of random 

amplified polymorphic DNA (RAPD): a cue study in Braaica. Theor. AppL 

Genet. 1992 N:990-994. 

Dcvoa, ICM and Gale, M.D. 1992. The me of random amplified polymorpbic DNA 

mancn aa what. Tbeor. Appl. Genet. N:S67-.sn. 

Dewey, DJ. 1914. Tbc acaamic system of clauificaaion a• auiclc to Jlleramer~ 

bybridiulion in lhe pcramial Triticae: /,e Ousaa&on J.P. (ed) 0-

manipulalion an plant improvement Plenum, New York. pp 20~279. 

D'Oridio, R., Tamardlc. O.A and Porceddu. E. 1990 Rapid and efficient clctectioa of 

lffldk polymorpbitm in "''heal tbrouah amplification by polymcntC chain 

reaction. Plana Molecular BioloaY 15:167-171. 

Doylt, JJ. and Doylt, J L 199G bolation of plant D A from fresh tissue. Focus 

11.13-!5. 

Dweika&. I .. Mackenzie S .. Levy. M. and Ohm, H. 1993 I\: lipee wcancn1 U1iaa 
RAPD-DGGE in ctreal crop ,pecies. Theor. Appl. Genct. 15:497-505. 

Ecbt, C.S., Erdahl, L.A. and McCoy, T J. 1992. Genetic sepptlOll of random 

amplified polymorphic ONA in diploid cultivaled alfalfL Tbeor. Appl. Genet. 

16:329-332. 

Eiz.mp. G .C. 1917. Locatina lht Agropyron 1epncnt in wbeal-Agropyro,e tran1fcr 

no. 12. Genome 29:365-366. 

Elliot. F.C. 1957. X-ray induced tranSlocation of AgroP}"'O" Stem rust resislancc to 

common wheat. Journal ofHm:dit} 41:77-81. 

81 

• 
Stellenbosch University https://scholar.sun.ac.za



Ellswor1h. O.l". Rinmhou9c, K D. and Ho.1eycutt., R.I •. 1993 Artofactual variation in 

randomly amplified polymorphic DNA bendina pancms. BicTcchniqucs 

114(2): 21 ... 217. 

Endo, T.R. 1971. On the • .ftgllops chromoJOmes havina aametoc:1dal act.iOft on 

common wlal. Proc. s• lntemat1onal Whc&1 Genetics Symposil•:-11., New 

Delhi, India. pp 306-314. 

Fricbe. 8. Jiq. J .• Gill, B.S. an,1 Dyck. P.L. 1993 Radiation-induced 

nonbomoelotJous wheal-• .fgropyron lnltr,,etdium. chromosomal transloawons 
conffflUII rcsistlncc lO leaf rust. Theor. Appl. Gcnet.16:141-149. 

Frohman. M.A .. Dush.MK. and Martin.GR. 1911. Rapid production offull-leqtb 

cDNAs from rare transcripU: amplification usina single-specific 

oliac,nudeotide primers. Proc. Natl. Acad Sci. USA.15:8991-9002. 

Fukuoka. S .• Hosaka K. and Kamijima, 0 . 1992. Use of amplified pol)morphic DNA 

(RAPDs) for 1dentific.rlon of nee accessions. Jpn. J Genetics. '7:243-252. 

Gale, M.D. and Miller, T.E. 1987 In l.upcon. F.G.H. Wheat Breediq Its scientific 

buis Chapman and Hall, London. pp 173-206. 

Gill, K.S , Gill, D.S .. Endo. T.R. and Bo)ko, E. 1996&. Identification and hip­
density mapping of gene-rich regions in chror:lOsome group S of wheal. 

Genetics, 1'3.1001- 1012. 

Gill, K.S .• Gil'. 8 S • EnJ o. f .R. and I&) lor, T. 1996b. tdcntificat1on and higl\­

dcnsity mapping of gene-rich regions in chromo~mc group I of wheat. 

Genetics, 1"4: 1883-1891. 

Gu, WK .. Weeden, N.F. Yu. J. and Walla.er. D.H. IWS. Large-scale, cost-effective 

screenin& of PCR products in marLcr•assistcd selection applicatiom. 7.bcor. 

Appl. Genet. 91.465-470. 

82 

• 
Stellenbosch University https://scholar.sun.ac.za



~son J.P. 19'4. Gene manipulation in plant imrro\nnent. Plenum, New York. 

pp 209-279. 

Green. E.D. and Olson. M.V. 1990. Chromosomal ~gion of the C)stic fibrosis aene . 
in )cut • ·1ificial chromosomes: a model for human aenome mappin,~ Ptoc. 

Ill. Acad. Aci. USA, 17:1213-1217. 

llallden. C •• Hanten, M., Nilsson. N.-0 .. Hjerdin, A. and Sill T 1996. Competition 

a a '°'-W'Ce of errors in RAPD analysis. Tbeor. Appl. Gcnd. '3:l llS-1192. 

llaawla. J., Duubcnyapsani, M., and Hamelin. R.C. 1996. Random aq,lified 

microsalellita (RAMS,-. no\el method for charaC'terizina ~ ;.. 'Ilion 

within funaj . Eur. J, For. Path, 2':159-166. 

Han, 0.1•:. 1994. RJ-1.P maps of bread wheal. In D A bued awlcen; in plants. 

Edned: Phillips. R.L, and Vasil, I.K., Kluwer Academic Publishers, 

etherlaods, 327-351. 

Hartl, L., We" H., Zeller, f J. and Jahoor, A. 1903. Use of RFLP markers for the 

identiflalion of alleles of the PmJ locus conferring powdery mildew 

reslswlcc in "'beat (TrltlCIIM aeJth'Wlf L) Theor. Appl. Genct. 16:959-963. 

He, .. Ohm. H. and Mackenzie S. 1992. Detection of DNA sequence polymorphisms 

amon& 'l''beat \-aneties. Thcor. Appl. Genet. 14:573-578. 

}hnz.e, K., Thompson. R.D .. R.intt, E. Salamini, F. and Schilze-Lefert. P. 1991. 

Restriction fragment lenath pol)morphism-mediatcd taraetin& of the ml-o 

resistance locus in barley (Hordium ,,Jgar~). Proc. Natl . Acad. Sci. USA, 

11.3691-3695. 

Hu. J. and Quiro • C f'. 1991. Identification of broccoli and caulifl->~cr cultivars with 

RAPD mari.;ers. Plant Cell Rep 10 ·05.511. 

83 

• 
Stellenbosch University https://scholar.sun.ac.za



Hue11a-f.spino, J. and intib. R.P. 1994. First report of virulence to wheat with leaf 

Nil rcsis&ance lfflC Lr/9 in Mexico. Plant Disease, 71640. 

Hughes. C.R. and Queller, DC. 1993. Detection ofhi&}lly polymorphic microsatellite 

loc1 in a species \\ith ltttJe allol)me pol)morphism. Mokular Ecol. l. 131-

137. 

Innis. M.S .. Gelfond. D.H., Sininsky, JJ. and White, T J. 1990. PCR protocols: a 

p:ide to methods and applications. Academic Press. New York. 

Iqbal, M.J. and Rayburn. A.L 1994 tabilil) of RAPD markers for the detenniniria 
cultivar specific DNA profiles tn rye (Sec-alt «raJt L.) Euphytica. 75: 

215:220. 

Iqbal, M.J. and Rayburn. A.I- 1995. Identification of the IRS rye chromosomal 

aqpnmt in whea! b) kAPD anal) i Theor. Appl. Genet. ti: 1048-1053. 

Johnson. V • 1912. cw horimns in ccral production. In · EJ. GalJaahez (td) 

CercaJ production B~ rth. in association "ith the Royal Dublin Society. 

Dublin. ~land pp 1-1 I. 

Joshi, R 1- and Joshi,\', 1991. tralq1cs for expression of foreign genes in plants -

poecntial use ofcnaincmd viruses. Fcbslctte.s 11::1-1. 

Kacnuner. D, Afza. R .• Weisi K, Kahl, G. anJ Novak. J. 1992. Oliaonucleitide 

and amphfication finlffPllnUng of \\tld species and cultivan of banana (musa 

spp) B:oTcchnolo&Y 11:1030,1034. 

Kibirige-Scbun)• I. anJ Knon. DR. 1983. Transfer of stcm-rus' resista.m:e to wheal 

from an AgroP)ron chromo~~ ha\in, a gamctocidal effect. Can J. Genet. 

C)lOl. lS 215-221 

Kimber, G. and fddman, M. 1987 Wild WheJ\t • An lntrodur.1.ion. Special Report 

353. College ot Ainculture. Unhcr;ity of Missouri. 

84 

• 
Stellenbosch University https://scholar.sun.ac.za



Kina. I.P .• Purdie, K.A .. Rezanoor. H.N .• Koeoncr. R.M.D .• Miller, T.E., Rc.der, 

R.M. and Nicholson. P. 1993. Chlllactcriz.ation of a T1tinopyn11rt 

Msso,-al,inu,, chromotome ~amcnt in "heat usmg random amplified 

polymorphic D As (RAPDs) and &cnomic m slt11 h)bridiz.ation. Thccr Appl. 

Genet. 16:195-900. 

Kaou, D.R. 1961. The inheritance of rust resistance VI. The transfer of S1em rust 

raimnce from Af"OP)n>n tlongatflllf to :.ommon wheat. Can. J. Plant Sci. 

41:109. 

Knott. D.R.. l9IO. Mu&alioa ofa acne for yellow pipncnt liabd 1.> Lr/9 in wheat. 

C• J. of Genetics ll:65 l -6S4. 

Kocbncr. R.M.D., Appel , R. and Shq,crd. K.W. IQ&6. R)e hcterochromalui. II 

Characleriution of a dcrfrathc from chromosome IDS.IRI. "ith a reduced 

amount of the major rq,catina sequence. Can. J. Genet. Cytol. ll:6Sa.664. 

Konrccmy, A and Austibd, F.M 1993. A procedure for mappina Arabidopsis 

muwions usina co-dominant eco1ype~1fic PCR martm. Plant Journal 4: 

403-410. 

Kata. R.S. and Dv<rik. J. 1916. Mappina of a chromosome pairina acne and 5S 

rRNA acnes in Tritinu,, «stn'IIIN L. by a ~tancous deletion in 

chromolomc ann 5Bp. Can J. Genet. C)10l. ll: 266-271. 

Lanon, S.R. K.adynhano\a, D .• McDonald, C., Sorrells, M., and Blake, T.K. 1996. 

Evaluation of berte) chromosome-) )ield Ql Ls in a backcross F2 population 

usin& STS-PCR. Thcor. Appl. Ga,et 93. 611-625. 

Locgcriug, W.Q .• Johnston, C.O. and Hendrix B. 1967. Wheal rusts In · Wheal and 

Wheat impro\cocnt £d11td b) Quisenberry K.S. and Reitz.. LP American 

Society uf AIPOnomy, Inc., Wisconsin, U.S.A. 

85 

Stellenbosch University https://scholar.sun.ac.za



Lin. M and Lut), J.A. 1989. A h)l>en-ariable microsatellite revealed by 11t-vitro 

amphficat1on of a dinucleot1de repeat wtthin the cardiac musde actin aene, 
Am J. Human Genet. 44: 397-401. 

Liu. CJ .. Cnao, S. and Gale M.D. 1919. Wsp-1. a let of aenes c:ontrollina waller• 

,olublc proteins in wheal and rela&ed species. Genet. Res. 5': 173-111. 

Loh. E.Y., Elliot. J.F .• Cwirta. S .• Lanier, L.L. and ~is. M.M. 1991. Vo!ymerw 

chain reaction with tincJc sided specificity: analysis of T cell recepcOt S cbah•. 

Science, W :217-220. 

L~ AJ. and Curtin. C.A. 1993. Ph)'lical distribulion ofrecombi,.;,- in 

D-pnomc ~ of tctnploid wheal. Theor. Appl. Oenet. M:239-

241. 

1.upton. l'.O.H. 1917 Wheal Breedias, Its sdcaliflc bais. 

London. 

Mailis. 0 F .. Roux, HS., Pretorios. 7- A. and Picr..w. R. de\ . 1911. Re,,.i.......,, ro 

leaf NII of wheal derived from 71ti"°"'""" dutk,_,, (Thunb.) UM. ht 

Proceedinp of the Scvcnlh lntcmalional Wheat Genetic Sympoeimn. held ll 

C•llbridae. EnaJand, 13-19 July 1911. &Jii,J by T.E. Miller and R.M.D. 

Koctirw. Institute of Plant Sc,encc: Reteach. Cambridae, U.K., pp 369-149. 

Marais, 0 F. 1990 P?Cfcrcntial cransmission in bread wheal of a chromolC>mc 

,qment derived from Tldnopyn,,,, disticlnu,, (Th~.) LOvc. Plant Breediq. 

IN:152-159. 

Marais. G.F. and Marais. A.S. 1990. Ole usipun:nt of a 711,"""'""" disticla• 

(Thunb.) UM-derived translocalion to the Iona arm of wheal cbromotome 7D 

usina endopq,tiduc polymorphisms. Thcoretkal and Applied Genetics 

79:112-116. 

16 

• 

Stellenbosch University https://scholar.sun.ac.za



Marais. G.F. 1992&. Gamma imdiation induced deletions in an alien chromolome 

,qm II of the wheat "lndis' and their use in ,enc rn-.,png. Genome. 35:225-

229 

Manis. O.f . 1992b. Ocnctic coab'OI of a re:1p0111e to the •peplion dillOrtiou allele 

Sd-/d, in the common wbeM hnc 'lndis'. Euphytica, • : 19-95. 

Ma-. O.F. 1992c. The modifiealion of a CIClGlilll','.ai wbeal-nw.o,,,n.. tJistidaa 

lrMIP!clled dlromoeomc wi1h • locus bomoeollle'Jc to /.r/9. Theor. Appl. 

Oenet.15·73-71. 

Manis. O.F. 1992d. Studies oa a COIIIDOCI wbeal-n-o,,,.-~ 
dlloaDWmal IIWllliomioa. Pb.D lbaia. U-iwwwlily of SlellalllJIClt 

Slela.t,Dedl 

Maraia. O.F. 1993. C....-ialioa of Modified Fonm of a Lr/9 T•-- r:aliDII 

Pftl .,,.,,., of lbc ,. lnlenltioMI Wheal Oemlic.l Sympoaium. Wp II 

Beijins. Cllim, l0,,25July 1993. Edited by Z.S. Uc A Z. Y. Via. Cllila 

Apicuhural Sda-h Praa, Beijias- pp 937-941. 

M,._, O.F. and Marais. A.S. 1991. Aaanpt to further lbortea lbc Lr/9-149 

1m11!ocaled tepneat of wheat. Proceedin;s of tbe 91h lntcmaliGnal Wheat 

Gme1ics Sympolium. Satblchewan. Canada. pp 19-91. 

Manin. 0 .8 .. Walliams. J.G.K. and Tanksley. S.D. 1991. Rapid idealificllioa of 

manen linked to a P:1,""°"""'41 rahuncc .- in tomaao usina nndom 

primers and near iJopic lines. Proc. Natl. Acad. Sci. U.S.A .• • :2336-2340. 

MclnlOlb. R.A., Wellinp. C.R. and Part. R.F. 1995. Wheal rusts. An ai1lls of 

raitl.mCe lfflCI. CSIRO Publiclliona. Alllllralia. 

McIntosh. R.A., Hart. O.E .• Devos, K.M .• Gale, M.D. and R~r.:rs, W ; . 1991 

Cacalopc o(Ocnt Symbols for wheat /n · Proceedinp ofdac 91h lntetnadonal 

Whal Ocnctics Symposilal'I. Sask11oon, Sask.atcbcwma. Canada, Vol. S. 

87 

• 

Stellenbosch University https://scholar.sun.ac.za



McMullen. M.D. and Louie. R. 1919. The l:nbac of molecular marten ID a pne 

COlllllollilll lbe ., .... NIF 1:N• in maize dwarf moaic virus. Mol. Plant. 

Micn>b. • 2: 309-314. 

Miclnl8'ft. llW .. K II Ii, R.V. and Ryder, E.J. 1994. Owlil; u-, ... la IMa. 

hr. DNA..._. ..... ill plants. ~ PldUipl. llL ad V..U. !.It., 

Kluwllr Ac..,_ir Publilben, Londoa 223-2:9. 

Miller. T.E. 1915. Owlica ad br .... of 7'rlttcGN. Ew:a,p!,, »,. ,,,,_.,. 
Fcrnad. Fraa. 1914, INRA Pllil pp~I04. 

Manii. I. " S--. E.ll 1967. 1111 CJIMI &.1 of.._. ad HI Hhd.._ It: 

Wheal~ ~,_ ...,_e. zmrs • Aa,many ~• (13) "r Edldat pp 

IM7 . 

...... UI. ad F..._ F. 1917. Specific _,.,.2111 of DNA • ,.,,_ YID a 

Jd.,w caaalylld~ IW!liora. Medlodl f.mym. 195:33S-350. 

u .. r ►-. K. and ,.,.e1anc1. s:.JC 1993. Coec•11111ic1a "'primrr and 1 .,, •• 

quali11d¥11y •~•1S produdl in RAPD PCR. BioT ....... 14(3)-.362-364. 

Oct n, H., Gab, A.S. and HMI, D.L 1911. Gcnecic applic:aliom of• iavme 

..,.,_.. CMin IW1ion. Oemdct lJl:62'-623 

Payne. P.I .• HGh, I..M., Hvkhi--. J. wl ~ M.D. a~. ~ ad 

c:lllractaiDlio of a line of brat wheal. 1'rllkla auttw.t, wbic:b lac:b Iba 

lbort-- .-llile of dlloalOIOIDC m Nld die VII-Bl loa3. Theoncal NXI 

Applied Oenetics M:327-334. 

P !a.'l, ! ~ Michelme. It W. 1993. ldeadficalioa of reliable PCJl-bwd ..... 

! )keel k> diaew miM•a pms in leauce -. ...-. :·,;• .... 

C""°•,.~: :M:1021-IU27. 

n 

Stellenbosch University https://scholar.sun.ac.za



Penner, v .A Chon&, J. Wight C.P. folnar S.J. and Fedak G. 1993. ltlcntification of 

a RAPD marlcer for the crown rust resistance acne Pc68 in oats. Genome 3': 

818-@20 

Picnaar. R. de V .. Roux. HS .. Vmnculcn. E.C. and Lombard, M.G. 197 . "n 

lntcraencriac buier uit die kruisina broodkorina (T,itlc""' attsm,nn L. en 

Thell. v. •stMllff cv. 'Chinelt Sprina'> x stnndkorina <Apopyron distk,_ 

(Thunb ) Bauv.)' 6• C.c:,npas SA Gcnctics Society, Unh-enity or Prelnria. 

South Africa. October 19-21 1977: 76-13. 

Pienalr, R de V., 1911. Ocnomc relatiolllbipa in wtieaa Agropyron d&tk,._ 
(llunb.) 8-av. Hybrida. Z. Pnam.enzlchlun& 17:143-212. 

Pienllr, R.de V., Roux, HS. and Lin.lejohn. GM. 1915. l11m1 from Soulh Africa. 

Dqaw.a of Omecics. Uniwr11ty of Slellenb«-:h Amlual Wh,-,. 

Ncwdcttcr 3 t :99-10 I • 

ricaalr. R. de V, l.ittJejohn. O.M and San.ER. 1911 Genomic mationlhips in 

T1tl""I')"""• South AtricMI Joomal ofBotMy St(6) 5'41-550 

Pimur, R. de V., Hom. M and Lach. AJ O 1997 Re-ch lnfonnaaon. WbeM 

Information Sen-ice 15.49-61. 

Pienur, R. de V. 1990. Wheat x 17tlnopyrvm Hybrids BiotechnoloaY in Apiculture, 

Wheat and foralr)· Vol 13. 

Prins, R .. Marais. 1 f., Marais, AS, Jan,e, BJ.H. and Pretorius, Z.A. 1996. A 

physktl map of the 71tinopynm,-derived l.r I 9 tnnslocation Genome 

.Jt: I 008-1016. 

Prins, R., Marais, O.F., P:-etori111, '/,.A .. Jame, 8.J H. and Marais, A.S. 1997. A study 

of modified fonn'I of the /.r/9 translocation of common wheal. Theor. Appl. 

Genet. 95:-424--430. 

89 

• 

Stellenbosch University https://scholar.sun.ac.za



Prins. R. and Marais, G.f . 1991a. A IJCIIC'UC study of the pmetocidal effect of the 

l.r/9translocation of common wheat. S.A. J. Plant and Soil (In press). 

Prim. R. wt Manis. O.F. 1991b. An extended deletion map of the 1.,;9 

tnnslocaion and modified forms. Euphytka (In praa). 

Queller, D.C., sn ....... , J.E. and Hups, C.R. 1993. Microllltellitm and kimbip. 

Trmdl Ecol. EYOI. 1:215-211. 

R•Wri, J.A., TIIII')', s.v. and v.·, ...... J .O.K. 1991. RAPD men.a - mw 

M .... ¥11 fof ..... ffllPIMI end pleal breedina- AaBkJeecb Newt end 

........ J:64U41. 

P+Hri I.A. ad TlaalY, S.V. 1993. Oeaetif- ....,.._ in pin breedias: RAPDI, 

_, c IM 1Uiw ao iY>OhMWI Treads in Genet. t :275-210. 

■..w-Y, P.M., n rt d. K.W .• Lenpidae, P., Slalphen. K.W. end KOINlr, 

~M.D. 1991 . ..,.,.. and dlenic1crizMioa or whlet-ryc reco.attr ·, 
involvin& dnaoe!-.. IDS or wheel. T'lleor. A,pl. Omct. a.537-544. 

II~ 1990. Soaicelion of placcalal DNA 
0 

ehed on the llllaDII (Link 

·Ml d). 

Seiki, R.K •• Scarf, S., Faloou. F., Mullis. K.B., Hom. O.T .• fJricb. H.A. end 

Amheim. N. 1915. Enzymelic emplifkalioa of bela-p,bia pnomic 

......- and racriction lite enelylil for diepo,is of lictJe.ccl• MWmie 

Science, lll:1350-1354. 

Saw. R.K., Gelfand, D.H., Sloff'cl. S., Sdmf. S.J., Hipc11i. R., Hom. O.T., Mullia, 

K.B. and Ehrlich, H.A. I 911. Primer-directed mzymelic •pliftcelioa of 

DNA witb a ..-a--...: DNA polymaw. Sciaa, ut:417◄91. 

90 

• 

Stellenbosch University https://scholar.sun.ac.za



Sanbrook. J •• Frilleh. F .. F. and Maniali1 T. 1919. Molecular cloain&, a labanklly 

maual, 2"" etf:.don Cold Sprina Harbor Labonlory Praa. Cold Sprint Harbor, 

N.Y. 

Sdwdwnlayr. 0 ., Siedllr, H .• Gale. M.D., Wimeler, H., Wilmler, M. ad ac.u..a. 
1994. W-,,1~ ad localizalicm of ---- _._. linbd ID .. Ll9 

...,.,.. n,lr: e .-or ..... Theor. Appl. a.et.. ■:110-115. 

St hrFRI)•, O.M., M1 1 r•. M.M., Feuillel. C., w .... H., W...._, M. ad 

Keila, 8 . 1995. ldllldftcllioa of molecular ..... linbd ID .. ,.,,.,._ 

,.,...,.. dtriwd lelf 11111 ruin e .- Lr24 ia wlllllL TIiiar. Appl. 

0...91:912-990. 

Sdlllls, C .. ....._ O .. Ant.:t, 0 . ad ..._, A. 1992. RFLP ..... ID 

idlafy .. ....._ .... 1oaau O , .. po..,,~fl :a •• 
._..,_ n... Appl. o..t. M:330-331. 

Sehwwlw, T. 1994. M...,... hi,._..: PfOl'W ad prmprc:11 Carr. Op. 0.... 

Dnel 4:161-174. 

s.n. E.ll. 1954. ne wuploidl of<mMNJn wt... At;ric. Exp. s111. Ra. lull., 

Uaiwnily of Miaouri. ffl•i-51. 

Sein, E.ll. 1966. ~ullimk-'ltraomic ca....,_ in bmploid wheal. ht: 

a.,......., maipullliaa ad ,_.. 1r idea. Edl#tl: Riley, R. and Lewis. 

K.ll. Oliwr ad Boyd. London_ pp. 29-45. 

Sein, E.ll. 1972a. c.,.,..,.,._ ....-erinl in whNl. Sllilllr Symp. 4:23-31. 

San. E.R. 19721, . ....,._........, lrWln dllOup i.._. by b11moeolo11• 

plirias. C.. J. Cylol. 14:-:'36. 

Stellenbosch University https://scholar.sun.ac.za



Sein. E.R. 1973. A~whall tnmfen induced by bomoelol()las pairiJ11. ltt: 

E.R. San A L.M.S. San (Eds.). Proc. 4• Int. Wheal Genet. SYI"'.'..; , 

Uaivenity of Miaouri. Columbia. pp.191-199. 

S.... E.R. 1977. AmlJIU ol wbal-A.vopy,o,r recombiwll c:1nmoaa- :n: 

.... .-cl&: llyt-il...._ in planl tnedina, Proc . .. Eucarpia Coaa,., 

Madrld,63-il. 

lllra, E.R. ad Sean, L.M.S. 1971. TIM. leloc:callic: c:hromoeam1 of COffDNI ,.._ 

hr. ........... o( lhe Fifth bllemllionll Wheat OIDetb Syllplli-. 

&tllal; 11•• J•. S., ladial Society of Oeallicl and PIIIII ........ New 

Dlllll.llldia.lAIU.,319-i07. 

--. D. ad Kaaa. D.R. 1966. The tr+r llleef nllf re■i•►• &rm 

ID 7Hfkla by m Ca J. Oencl. Cytol. l:4M9. 

Siap. R.P .• 1991a. Pwc•►.-ity vlrillion■ of 1"wcWo fff'Olltllllo F Sp 1'rltld ad 

P-11"•••• f Sp Trltk#aa wheal-p,wu111 ... of Mexico--. 1911ad 

1919. Pllllll>ilellc'9:~794. 

S.. R.P., 19911, Relilllmee ID ht:dltlo rttOltdlk, f Sp Trltkl in 50 Maica .._. 

wheal cultivan. Crop Scimc:e 31 :(6): 1472-1479. 

W, M.H. and W.U.C, R.B. 1911. Sialhaneoul ..aysil of multiple 

pol)malfDC loci--■ -.,lifted.....- polyma,plliml {ASP.). • • imica, 

J:273-J79. 

Smida. o. and FbwU. a.a. :ns. a.a:111iNdua or lhe w1m1 ..,_. bJ 
l'lllllunlioa kinetics. ChromolCna 91:223-242. 

Snape. J .W., Flawll, R.8., O'Dell, M •• H ....... W.O. and ,.,__ P.I. 1915. 

~ .,..., .. {)f the nucleolar orpauer NpJll l'llld¥e ID .. 

tine ..... loci OD chromoeome 18 of wheal (1°r'llina ..,,,_), '111eor. 

Appl. Omit. 69:263-270. 

92 

Stellenbosch University https://scholar.sun.ac.za



Talben. LE •• Bruckner, P.L .. Smith. L.Y .. Scars, R. and Martin. T.J. 1996. 

Development of PCR markers linked to rai51anee to wheat str't'ak mosaic 

virus in wheat. Theor. Appl. Genet. 93:463-467. 

T&Jblcy, S.D., Gana! M.W. and Martin 0.8. 1995 Chi "' , .,-.:omc Ian :,a: a 

.,..tipn for map-bwd aene cionina in plants ~ith lar, aenomcs- TIO 

11(2):63-61. 

Tlllbley, S.D., Oanal. M.W .• Prince, J.P .. de Vicente. M.C., Bonierbale, M.W., 

Broun. P., Fuhon. T .M.. Oiovannoni, J.J., Onadillo, S. Martin, 0.8., 

Mcnlcpr, R., Miller, J.C, Miller, L .. Patenon. A.H .• Pineda. 0., Roder, M.S, 

\ •;'- R.A., Wu, W. and Youad. N.D 1992. Hip c1emity molecular a-. 
1111p or l.!ie 1011111o and potallO ....... Oenctic:a 132: 1141-1160. 

Taa. D. 1919. H~ity of simple -.-,es• a ..... 1011rCe fDr 

polymorphic !>NA mnen. Nucleic Acids Ra. pp 646J-647I. 

nor-, C.E., Ferml'li. M.£., c.....,, LE.A., Tivana, T .O. and Olbom, T.C. 

1994. ~ J f RFLP and RAPO markers to etdm#e ~ 

rdatiomhipt within• ·:d a1110111 m,cif11ro,u species. Theor. Appl. Genet.•: 

973-980. 

Tiabr, N.A., Fortin. M.O. ~ Mllher, r).E. 19?3. Random amplified :,olymo1pbic 

DNA and pedi,ree re~ 1n s,rq barley. lbeor. Appl. Ocnet.15:976-

984. 

Traaoc,nruna. s .. Kaazin, v .. H■).:S. P.M. and e,,,~~. T.K. •m 5el.~ aged 

ste-facilillled PCR for t.ley .-r.om~ ~~ Theor. Apr,I. Genet.14:!002-

1008. 

TrmllUC, D.K .• Fiarbanb, DJ .. Robinson. LR. c.r:J Ant 'enen W.R. 1994 ~iet 

Identification Analysis of Grain Amaranth Genetic Re9ourc:a. Crop Sci. 

34:1385-1319. 

93 

• Stellenbosch University https://scholar.sun.ac.za



Triclia. T .. Peter-. M.O. and Kanp, DJ. 1911. A procedmc for bt wtro 

lllllplifk:llio of DNA •p1e1111 11111 lie oUllide tbe bouadariel of DOWD 

,equraca. Nudeic Acids. Ra. 16: IIIO-ll 16. 

"-.i;,al. 0 ., Mobf:-a, S. Dllo, D. m ........ S. 1993. Multiple mi I h 

-•••iPlla:: BIiis for nadrm amplified polymorpbic DNA 1111111-1111111-. 

lie t ital and Biopl)lical r••dl COIDIIMlicldom 1'7(3):IJl2.IJl7. 

V ..... I.A. ad N..,._ H.T. 1992. U• of lAPD ..._, ID •111 I .. 

...-dha.rily of diploid. ..... ,-o1Yp11. nw. Appl. Oalll. M:135-131. 

w--. J.D. OU... M. Wi1kow1ti. J. ad Zollar, M. 1992. lteNlctl:I ; DNA­
lecmd Edilia Sd..,iflc America Boob. pp 276-211. 

w--.J.LadW.,,P.E.1919, A• hMdlaol.._DNApltje/1 

wllidtcabJ.,.. ..... lhepol)'lllll'llldllialWtiaa. Am.J ...... 

0...44:311-396. 

Wei, J..Z. m v.· ... llll-C. 1995. Oewnt- w speci• 1peciftc ..... ad 
Q1DD1111 Nlllia ...,_ of diploid,.,....., lpldu in Trltkw bwd cm lAPD 

_,,., Guc:nc. 31: I 230-1236. 

w--..s ............. P. 1991 ldlallr..-oaw.....,... ,Jf~,i)'QGlfltinsia 

..... owd cm .. palymlra ... c:Min mcdon 1,-,. Appl. C•et. a. 209-

216. 

w--.. K., N~ H. Wolff. K. m Me,er, W. 1995. 

plants m f'IRgi. CkC rraa. Loa"-. pp. 1-315. 

Wela J. ai McCWllr.d, M. 1990. fia+alllialiai .,. • ._, U1U11 PCR wi1II 

na■y primer . , , r.: ~- 11:1213-1211. 

• 

Stellenbosch University https://scholar.sun.ac.za



Wcmcr, J.E., Endo. f .R. and Gill, B.S. 199l. Distribution of telomeric repeats and 

their role in the haling of broLcn chromosome ends in wheat. Genome, 

35·184-8-48. 

Wilkie. N.M. and Conini, R 1976. Sequence amngm,ent in herpes simplex virus 

type l DNA· ldentifkabon of terminal frapnmt in restriction mdonucleuc 

diaests and n ·idencc for im,ersions in RlChlDdant and unique sequences. J. 

Virol. Jt:211 . 

Wilkie, S.E .. lsuc, P.G. and Slater, R.J. 1993. Random amplified polymorphic DNA 

(RAPD) marten for ametic analysis in Allilllff. Thcor. Appl. Genet. 16: 497-

504. 

WUlilms, J.G.K., Kubdik. A.R., Uvak, K.J, Rafabki, J.A. and TIIIFY, S.V. 1990. 

DNA polymorphitms amplified by arbitrwy primcn arc U1Cful a .-tic 
amten. Nucleic Iles. II: 6S31-6S3S 

Williams K.. J., F"uiba-, JM. and Lanpidae, P. 1994. ldentificarioa of RFLP marten 

linked 10 the caal Cy,I ncmalOdc resiJtanee lffle (Crt') in wheat. Theor. 

Appl. Ocnd. 19: 927-930. 

Ye. G.•N., Hmunat., M., Lodhi, M.A., Weeden, N.F. and Rei,cb, 8.1. 1996. Lona 
Primers for RAPD Mappina and Fiffaaprinting of Grape and Par. 

Bio T echniqucs Jt:361-3 71 

Youna, N.D., Zam.ir, D .. Ganal, M.W. and Tanksley, S.D. 1918. Use ofi~c lines 

and simult.mcous probing IO i( \fy DNA markers tiptly linked to the 7,,,.J, 

acne in u,mato. Genetics. l2t:S79-SIS. 

YC'IUft@. N.D. 19CM. Comuuctill@ a plant genetic map with DNA markers. In: DNA 

bued markers in plants. Edited: Philips, R.L., and Vasil, I.K., Kluwer 

Ar. mic Publishers. Nethmands, 39-S7. 

9S 

Stellenbosch University https://scholar.sun.ac.za



Yu, Z.H., Mackill. DJ,, Boamln, J.M .• and Tanksley, S.D. 1991. Tlllinl ..- for 

blall reliMICt in rice via linbF to RFLP markers. Theor. Appl. Oeaet.. 

11:471-476. 

1-ls. H.B. al IMl6. J. 1990. ~ ud dillnllulioa of m mlellptdld 

lilfl 1111 LI aacleacicle -,w e flan Lt,,;,l,t,y,,a ..... md !Hppi• '>f • 

lllfe.-;on clillOrlioa factor with it Genome, 33: 927-936. 

z.illkiewkz.E .. Re&hki,A.mdJ+e+ D.1994. Genome fl C P.DIIDlibJ ....... 
-, e r11p111 (SSll)-M hind polyma• c:haia ...._ ■•'fllklc:..a 

Oeeswir, 11:176-113. 

96 

Stellenbosch University https://scholar.sun.ac.za




