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Abstract
'lb estahlish the linkttge betwecn hiotechnolttgy tottls and hreeding progrctms, PCR mttlecu-
Ittr nturkers wert: usetl tts ttrttrkt:rs ttssisted selection in durum wheat at ICARDA kt selett the
geilotype wit.h gootl (strcng glttten) or bad (week gluten) pasta tluttl.it! insteatl protÊin ûtdr-
krrrr. PCR strtetiflc prittrers.for gLutenin Low Molecular Wtight (LMW) type 2 nnd I antl for
grrnmta-gliaclin typ(. 45 drrd 42, were used as markers a.ssisfed selectittn. A tollettion of I 580
dulunt wheat g(;n,orypes, were analysed. Ahrtut 85 to 89,9% of the genotyltes anulysetl pos-
se.tsetl grannra-gLiatlin45 and glutenin t,MW type 2, respectively l0 ta 8,7Va o.f the genotylte
had gtunnttt-gliadin 42 ttnd glutenin LMW type I and 2,4 to 2To ot'tlrc genotypes are hett:t'o-

ry.gotrs. Annl,ysi.s of 92 lines I'ntnt F-6 durunt wheat popula.Iions inhred lines .lentth Khtt-
tift,t/Chanrl shov, 47,827o oJ'lines h,ave glutenin LMW 2, 47,82ù/o with LMWI and 4,J4a/o ant
Itettt rctqygotts.

Key words : durum wheat, quality, marker-assisted selection, gliadin, glutenin,
PCR

Résumé : Utilisation des produits d'amplification par PCR des
glutenines et des gliadines comme mârqueurs de sélection pour
assister I'amélioration génétique du blé dur
PoLu' assister La sâlettion des variéttis de blé dur pour leurs qrtnlité,s tethn,ologi,ques, une
t:olleclion, de I-180 gtinorvpes séle.ttionnés à I'ICARDA, a été testée par I'utilisntiofl tI'atn,orc:c,s
,tpéciJirlues auv gliadines type 45 et type 42 et uur gluten.ines rlefaible poids rnolticultrire (LMW)
type 2 et typt: L Les rtisuhnts oblentts ont n,(.)ntrê qlte B5 à 89,9o/o dt.s génotypes unotlysés, pos-
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Material and methods

Plant materials

Dururn aclvanced yield trial gerrotypcs (ADYT) ancl dururn ICARIIA core collection wer-c plan-

tecl during 4 seasrtns (1994^95-96-97), A collection of 1388 genotypes l ionr aclvancccl yielcl
trials ADYT (380 genotypes in I994, 240 genotypes in 1995, ancl 264 genotypes in 1996 and
504 genotypes in I997), and 192 genotypes l i 'orn ICARDA core collection in 97 (DCC 97)
wcre usccl. 92 lines fi'om dururn whcat populations F6 have been also tcsted.

DNA extraction

Sccds l'ronr diftelcnt gerrotypcs of ADYT and the ctlre collectitln werc planted in the ficld with

two gerrotypos (Charnl und Jenah Khatita) uscd rr$ control. Lcaves were collected, frozen in
liquid nitlogen and dried in a frceze drier for at lcast thtee days. CTAII techrriquc was used
tbr DNA cxtraction (saghai Marrof et al., 1984). Dry rnatcrial was grounded [ry a rnixer or'
with liquid nitlogen using pestlc and mortar. About 5{J mg {'rom this material welc rnixccl with

DNA-C'IAB lrufI'er extraction (100rnM Tris-HCl pH 7, l5{J nrM NaC], l0 mM EDTA, L57t,

ofl CTAB and 1a/,, ol'b-McrcaptoEthanol) in 2 ml eppendorff tubes. After I h at 6"5'C uncler

agitation, the tubcs werc incubated in ice fbr 5 nrinutes. Onc volurne ol chlcnuform/isoatny-

lic alcohol (24 : l) wirs irdded and mixcd by agitation for 2t) minutes. Alfter centrilugation for

30 minr.rtes ar 120009, the aqueous phase rvas transf'erred to new tubcrs. DNA was prccipita-

ted with 0.3-M soclir.urr aÇelate ancl 2 volumes ol'Ethanol, then was washcd by Ethanol 757,:,

clried ancl resuspended in -50 prl ol'distilled water or TE (lOrnM Tris-HCl PH7 & EDTA I rnM

PH8).

PCR chain reaction

PCR analysis was calried out using specific plimers lbr the complcx coding regions ol'glu-

tenin LMW typc 1 and 2 trnd fcrr gamma-glirtclin 45 ancl 42. These PCR pritners wçre cleve-

Ioped in the Lhriversity ol'Ttrscia, Viterbo.

Screening tnl glutenin was clone using thrce set of primcrs sclectccl at difTèrent positions ol'

cocling rcgions of gcrrornc DNA scquences of glutenin LMW. For gliadin, thc primer u$'ecl I't-

present thc first 20 nucleotidcs o['the 5'transcribed region and l9 nucleotides ol'the com-

plemcntaly strand in the 3' transcribed region tretween the position 986 ancl 1004 ol'a gitûlma-

gliaclin geue isolatcd ftotn Trit icum Lrestivum (D'Ovidio R., ct al., I99l).

PCR amplificrrtion was perfi:rmecl on PCR thcrrnocyclcr I'crkin Elnrcr 9600 using concli-

tions rcpçrted by D'Oviclio ct al. (1990) with nrinor moclitication. PCR antrlyses werc perlbrnrccl

in a l inal reaction volume ol'50p1 by using 50-200ng of genornic l)NA, I unit ol 'Ttrq DNA

polyrnerase (Bochringer), lxTaq PCR buffcr (l3oehringer'),250ptM of each dcoxyribttrru-

clcotidc, Z5tlng of each primcr. Amplilïcation conditions lbr glutenins LMW were for 30
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cycles at g4oC for I rnin, 60'C lbr 2 min ancl 72oC fbr 2 min. A flnal step itt 72oC fitr 7 rlin

wa$ also used. Amplification conclitions for gliaclins were perfonnecl in the same ccrnditions

rtnly annealing temperaturc wcrc 55oC irrsteacl of 60'C. Oligonrrcleotides used as primers were

sylthcsisccl on the basis of trhe glutenin LMW gcncs or gliadin genes pt'eviously putrlislrecl

(D'Ovidio R. et a1., 1992 ; 1993 ; 1996 ; 1997). The arnplifTcation PCR products were tiac-

tirrnirrccl on 1.5o/o irgarose gel in IXTAE bull'cr ibllowing standard procedures (Satrrbrook et

a l .  1989).

Nucleic sequences of the primers set 1 used in PÇR ampliTication of LMW-glutenin

5'ATg AAg ACC TTC CTC gTC TT 3'

5'CAA CgC CgA Afg gCA CAC TA 3'

Nucleic sequences of the primers set 2 used in PCR amplification of LMW-glutenin

5'CgT TgC ggC gAC AAg 1'gC AA 3'

5'eTA ggC ACC AAC TCC ggT gC 3'

Nucleic sequences of the primers set 3 used in PCR amplification of l-MW-glutenin

-5'-Cg'l"l'gC ggC gAC AAg TgC AA- 3'

5'-Cse AIIT gCA TCÀ TAg Cgg-3'

Nucleic sequences of the pr imers set used in PCR ampli f icat ion of Gamma-gl iadin

45 and 42

5'ATg AAg ACC TTA CTC ATC CT 3'

-5'ACA TAC ACg TTg CAC ATg g

Results

PCR amplification of glutenins low molecular weight (LMW) type 2
and 1

A nutrher of' 1388 genotypesi of clurum wheat advanced yield trials ADYT94-95-96-97 ancl

192 genotypes of dr.rrunr wheat cole collection DCC and 92 lines lïour F6 Jcnah Khatifi/Charnl

dulurn wheat population were analysed by PCR technique. ADYT 94 werc scrccncd ftrr glr.r-

tenin low mçleculnr weight using primer set I (Pagnotta et al., 1993),  ̂DYT 95 antl 9{r were

scrccnccl using primcr sct 2 (D'Ovidio R. et al., |993). ADYT 97 and DCC97 ancl F6 Jcnah

KhatifalCharnl clururn population werc scrccrrcd using plirncr set 3 (D'Ovidio R. et al., t996).

The PCR arnplif ication using primer set I shows thrcc bancls with mttleculal weights ran*eing

bctwccrr 900 arrrJ I 160 bp (lïg. l). The two lower bands were sitrt i lar in all genotypcs. The hi-
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ghest barrd varied be tween genotypes, its molecular weight was I I lObp or I I60bp. The band
with I l60bp was spccilÏc {'or genotypes possessing glutenin LMW type 2, ancl the bancl with
I I lObp was specifïc fbr genotypes possessing glutenin LMW typc I.

By using glutenin prirrrcrr set 2, PCR amplifîcation produccd only twtt brrnds. l l 'he lowest one
hacl l0lOhp and was sirnilar in all genotypcs, while the highest one hacl either I l60bp and was
charactcristic firr gerrotypes possessing glutenin LMW type 2 or I I IObp and wits characteristic
fbr genotypes with glutcnins LMW type | (fig. 2). For thesc two sets ol'pritners thc only dif:
f'crence wirs the gcneration o1'a slnrll fi'agment (900bp) ohtained by using primcr set I but not

try primer set 2.



AL Awarnia 108- Décernbre 2003

nigurn;a:.fcR,ài'r'rillifiôdiroiriiii'lM\x*'=lufeninlçy.pg':2 g1lcl'.l,usiiig.priiïiËr',Scf'Z (D'Ov,iciitr Cr
alii,,,lç9r3),,,,t=
:itt;g.{D...Ijl:f..f.l.d1.pu,....Ifi9'j,F'Ï.IÏjlid'tli9!li5i1;;.;;:::li�uÏn=b....',c.'#l.i'zï;ii::l6.'r'r'njtl],q:atlq'������������
wiiliiL}v{fmiflut$n,t1,p.e,l.iËN{Wt.).,l,linpinrri4bclediïT.,is,;heïerozvgrltê ge1c1iy.[e,wi1l1'r-MW
gÏiuk;n1.l:li;hfai+.+utt.:liiuulË'lsi.li:iÏêÏ.i1ç*'.g*"�����������������������������������������������������������������������

' l 'he 
PCR rtnrplif ication using prirner set 3, slrowecl only one spccific barrd fbr glutenin LMW

type 2 (band with 840bp) or glutenin LMW glutenin type 1 (hand with 7g0bp) ({ ' ig. 3A, 3B).
'lhe 

tnolcculal weigltt of the specilTc band clralacteristic of genotypes posscssing glutenin LMW
type 2 obtained by using the thrcc printers se t l, 2 arrd 3 was larger by 5obp than rhe bancl o[-
tainecl in genotypes with glutenin LMW type l. ln thc heter:ozygous genotypes, thc bnnds cor-
responding t() glutenin LMW type I and 2 wcre detectcd using thc three scrs of prirncrs.

9 1
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Frïgufe g:iPCttiaTrillificrrtion:r.)LLMW,,g1uffi;n 1y,pc:i2,and,,l,,uiirs,1iLinÏer Seti.i3,.(DiP,,,ïltti,r.'*t

;rliftùUËj:1Àf,.iliË t$,u.* a'nVir'ùs,iiîain:nwgo uur:uiÏ catlc*titjni.:utne..M it,$ii.l..Êirrl+ri
înoÉiii.'#�t'e* Ç1,iniiti'r;f ii;i*,,i1"iffi*à'r,ii,'o,e Ïi '*iÈ"ti+ery,.rrymh1+ .t1g,qi,$i$li,i'x,f
utrdienrrh t(liarriaru,serttlsircolL.qi,;r,liirËi,1urnue11o,3to 1,t'iiu$rv,,flfi:'fflliffr-ïti"ffi.
coltê,ctiotr,,; vurictier$iCharn-I,,(ljq*t,,trùinbered, ,!,) lias uluiCiiin,',,L,MIV,'itVuç

Khrrtiltii'(!ine$ :nutriller'çd zl,iiart slutei'in l,M\M ttË.,ff,li+gi1i;peil*ât,r.5t,iË,,.;"tr ,i.ataic,eË',
nirrvp*s,,ç r lxaw glui;'iin,Ttiicr:t.,fLMwt) r ii"ë nû;lÈ'ôtgu qi!-11t+r',mystie sUlioiïi5r*1ih
ifiWsfri;1, in'i1n11i,zt(Hîi ; utri"rt iinet, u** ÉËirtltv.pËu'witn,lMrlv,glulcnin tVnciigifliMsf z)'

Fie (ts)i,is drr;urrr wlrçar:Ëi*JhlËil;;il;(tilj;Cii'it*itËi+i' :li"Ë$lËpilîil;;iii1;i'cr,Miifiinii'-t*tîffi.;Ëïstïi iffiei,vi,, i,r:ni.isiuiiilsry i"""ii r<nnfiL*iîich;i;rvâri;it"ër,aiÏrïrllp,riirlui.':'tjë.'
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PCR amplification of gamma gliadin type 45 and 42

Dulurl advanced yielcl trials ADYT94 (380 genotypcs) irnd ADYT95 (240 gcnotypes) werc
analysed using gliadin primer (D'Ovictio R. et al., 1992). The PCR product obtained using DNA
genomichasbeenass igncd toaspec i f Ï c l ocusG l i -B l  (D 'Ov id ioR .c t r r l . ,  l 99 l ) .PCRar l -
plification of tlte cornplcte coding regions ol'the genes at Gli-Bl locu$ of dururn gcn()rypes
regenerated fbur fi'agmcnts with diff'erent sizcs rirnging from 750bp to l0-50bp (iïg. 4). The
two fi'agtnents with grcatcr mobility (lower bands at 740 and 790tlp) irnd the fiagmcnt wir[
Iower rnobil ity (highest bancl at l055hp) were similar in all genotypcs. The flagrrrents within
trtecliurn nrobility at 950bp or at 900trp were charactcrised in clururn genotypes. T'he ti'agmcnt
at 950bp was spcciFic to the genotypc possessing garnrna gliaclin 4-5, whereas thc I'ragrrrent at
900bp was specifÏc to thc gcnotype possessirrg grtrrrmir-gliaclin 42. Irr the heterozygous genotypes,
the two li-agrnents at 9-50bp ancl 900bp present in gcrrotypes with garnma gtiadin 45 ancl in ge-
notypes wiûr garnma gliadin 42 were clcrccred (f ig. a).

Figurc 4- PCR arnplif ication ol'garrttrta-gliadin type 45 and 42 using ganrrna-gliadin priner
set 4 (D'Ovoclio et ir l., 1994) ; Marq is trtoleculal weight markcr III (Roche) ; l ine nurl6erecl
I ancl 2 rrrÊ durum whcrrt varieties Charrrl and Jcnah Khatilh u$ecl as cclntrrrl : lincs nurnbe-
ted 3 to l9 are ADYT 94 and ADYTS-S genotypcs dururn collection ; varietics Charnl hrrs gantrn.ir
gliaclin 42 and varietics Jenah Khatil ir has gamma gliadin 45 ; l ines nurrrfierecl l-5, 16. I7 ancl
i 8 aro genotypes with gamttta-gliatlin type 42 ; others lirrcs ale genotypes with garrrma-glia-
clin tvrrc 4-5.

rl3
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Durum genotypes screening

ICARDA clururn collection ADYT94 (380 gcnotypes) and ADYT 95 (240 genotypÈf;) were

anrrlysed using glutenin prirlers set I and 2 and gliadin primers set. Durum ADY'I'96 (264

genotypes) wils anirlysed using glutenin primers sot 2, ADYT97 (504 gcnotypes) and DCC97

( 192 gcrrotypes) wcrc analysed by glutenin prirners set 3.

In thc case of glutenin, using glutenins prirners set 1,2, sitrt i l irrrcsults were ohtainccl in the

analysis 6fthe dulunr collcction during krur seasons, About 89.9% ofthe gcnotypes analy-

sed showcd the patteln ltrr glutenin LMW type 2 (genotypes with good pasta quality), 8.77d

of tlrc genotypes hacl glutenins LMV/ type I (genotypes with bad pasta quality) and2.4t/o of

thc genotypes were lteterozygous (fig. 5).

PCR prirner set 2 irnd 3 were used to evaluate durum ADYT 96 (264 lirtes) ADYT 97 (504)

arnd durum ICARDA Çole collection, DCC (192 lines). Thc screening sh()ws that more than

85% of the gcnotypes havc glutenin ltlw molecular weight 2, about l07o has glutenin low mo-

lecular weight I arrd about 2% o1'genotypç$ are heterozygous (fiS 5)'

1'he analysis o[ 92 ]ines fi'orl F6 Jenah Khatil'a/Chaml dururrr population, using prilnef siet 3

show tlrat 41,82Va (44 lines) of lines have glutcrrin LMW typc 2, 41,82% (44 lines) of lincs

lrave glutenin LMW type I and 4,34u/a (4 lincs) were heterozygous (fig. -5)'
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In case of gliadin similar results as glutenins were obtained in the analysis of the collectiorr

of dururn ADYT 94 and ADYT95 with gliadin prirners set 4. More than 88.97e ol'thc sarle

genorypes with glutenin LM'W type 2 have gliadin 45 ;7,9o/o of the genotypcs with glutenin

LMV/ type t have gliadin 42 and abouT2.4t/a were heterozygous (lig. fr).

ADYT 95
1 {

w

r,'ieffir,nvol'llîl,1gffif;s,+IniiÏu::Ëii,rctrrl ttoê 1.5f,typËri4z.l11,ttuiù1-t**tËu,,,r,ltla.1'ttis

Discussion
DNArnolecul i t rmarkerswereusecl toscreen l -5S0durutnwhcatgenotypescul t ivatedint l tc
'WANA 

(West Àsia irntl North Africa) rcgion, firr their perf'orrnance in pasttr rrraking and tcr
assist durum-breeding prograrns. The scrccning of the clifl'ercnt genotypes. using tlre spcci-
fic primers fbr glutcnins and gliadins, shorvcd about 85 to 897o oil ADYT posscssed glutenin
I-MW type 2 ancl glirrrlin 4-5. 'Ihis high value is the result of intensive selcctions conductcd
Ior rrrany years. Almo$t all the new rclcirscd varieties are ctrrrying glutenin LMW typc 2
which is irnportant c()rrponent to fireet thc derland of the cxprtnding pasta industr:y.

Tl"ris screening of durum ADY'I- 94 -95 ibr glutcnins and gliaclins has so fhr not iclcnïified truc
recombinânt genotypes. Thc absence of recomlrinant genotypcs within the gcnrttypes analy-
sed by glutenin ancl gljadin prirncrs could be explaincd by the high irssociation bctwccn glu-

95
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