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Abstract 

Two TJXl1am1ic alien ~taioo lines (MAS lines, 2n=41~5R)ofwtm TritiaonaestivwnL cv. 'Saratovskaya 
29' were used a.. recipms in the revelqxmlt of inter-varietal rubslitutioo lines fer duan::rones SA cnl 50. In the 
MAS lines, cfuoox:scmes SA er 50 of 'Saratovskaya 29' were repla::ed by hoin:x!o~ univalent chiarolome 
5R of l)e Secale cereale L cv. 'Onoktriskaya', which tears the Hp mad<er ~cOOing fer haiiy ~le. 'Ire 
cbxxs ioclucb:l18 sping 300 winter wrea varieties. 'Ire MAS lines were reveloped by~ rrxinrn1ic lines of 
'Saratovskaya 29' fer chiarolomes SA 300 50. to a wret-i)e sulEituioo line of 'Saratovskaya 29' 5R(50) 
followed by c)ID!ogical 300 l1nJfulogical seledioo of plants with chrorrm:xne coofiguratioo Xlii +SRI in 
~I of pollen ~cells fiun F1 300 ~ plar1s with slightly haiiy }Xrl.locles. h ~ srown tha MAS lines 
coold re mantaimi Wring lcog-tenn ~ (18 ~oos). Use of MAS lines with the Hp marl<er g;re 
allows~ ll1d al:treviatioo of C)tO!ogical analysis 300 eliminarioo of the {XObnlity of 'univalen switch' in 
the COOISe of the develq:m:nt of sub;titutioo lines. 'Ire rrettro was awlied to there~ of 22 'Saratovskaya 
29' lines with inter-varietal Slb;titutioo fer cfmm:Wnes SA 300 50. fuJrteen 300 thirteen rnicro;atellite rnarl<cs 
kx:ated in chiarolomes SA 300 50, resp~cthely, were used to (rove the authenticity of the inter-varietal sulEitutioo 
lines. Acccrdng to these mari<ers, 21 sub;titutioo lines fian 22 s!Wied werecooa::t 

Key words: Triliamt aestivwn L - Secale cerea/e L- rTXrOm1ic alien sub>li!Uioo lines - chrtm:mre 
sulEitutioos-rnicrootellite rnarl<e:s-~ markf:ls - Hp ~ 

Inter-varietal chiarolome ~tuioo lines of wrea Triliamt aestivwn L are applied to the genetic analysis 
of quantitmve traits in wtm (Law 300 Wamd 1973, Law eta!. 1978). 'Ire COOlllUl m:thcxl of <kvelqXng su:h 
lines involves JTOlCrolllic er m:n:te!annic lines of the recipient variety a<> the rean:rent ~ By now, m:n::ronic 
line seiS ha-.e lx::en re-.eiqro fer m:re than 40 OOI11ll'Ol wrea varieties (Waiard 1988). However, with the use of 
l'l'l(Xn;anic lines, the subititutioo of a S{Xrified recipient chrcm:rorre by the~ dnrc:hraro;are can re 
distUibed by either rep1a:etmt of ere chrtm:mre by ancther ctaamscrre of the 21-chrorTxmme set (\ali valent 
shift') er by a switch fiom the dnr c:hraronne to the recipient ctaamscrre ('univalent switch') (1\:r.m 1956). 
'Irere reWtioos oong alnJt either a line icbltical to the recipient er a sub;ti!liioo line with a rocanbined 
chroiro;are. 'Irere cmsequeoces can re avci<kd by using JTOlCroiTlic lines ~ with ~ rnad<ers. 
Unf<Xtl.lnltely, few OOITII1Ul wheat~ markf:ls are availible. Marker~ can re (XOvid::d byclalely related aOO 
wild cereal S{Xries. Fer example, l)e (Secale cereale L) is krown to ha-.e a~ chara:ter, haiiy ~le, 
which is COOirOlled by~ kx:ated in the loog arm of chrorrm:xne 5RL (/:lp er Ha2), a<> well a<> in d-aanmm:s 
6R(Ha3) 300 3R(Hal) (Chang 197S, Schlegel eta!. 1986, ~I eta!. 1998, Kooun eta!. 1996).1h:re is still little 
~in using alien rmkfr ~ ferirter-varietal chrorrm:xne sub;titutioo. 

'Ire cooect repla:etmt of the recipient ctaamscrre by the dnr ctaamscrre in Slbilitutioo Jines sOCuki 
re verified Nowa:la)S, rrolecular markf:ls can re used fer this p.l!pOOe. This was efficierdy ~ in many 
cereal~ Molecular markf:ls (RAPD, RfU>, and SIS) are used fermawing new ~and QIL, a<> well a<> fer 
genciy!:ing and catifica:ioo of a.urently existing cereal varieties. Micn:6atellites, cr SSR markers, rqxesent ooe of the 
rm;t {XOOlising rrolecular rmkfr t)'1XS fer OOI11ll'Ol wheat h ha<; lx::en srown tha JTlicroolrellites are m:re 
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polyrtnp1ic and, ~y. nne infamative than RRP-OOsed l'l'l3lkm in analyzing wlr:at varieties lid 
recoostnx:ted gen:rnes (Pmsajet a!. nx:l, Huanget al. ::ro3). Threecanpletesets of COOliim ~ sull;:titulioo lines 
('CaweJ!o-~'/ 'Bez.a;taya 1', '01inese SJxing'/ ·s~·. and 'Sarntovskaya 29'fYaretzlci.s Prcbt') were 
icb'lrified aldc:ham::terized bymicromllitel~J'lal)5is (Kooun et al1997; Pestrovaetal. :;nxa; Salinaet al. ::ro3). 

This JlliX2" ~ tre resulls of tSng ll010!0l1ic alien sull;:tiUial !ires (MAS tires) hartnlring I)e 
chramiare 5R with tre Hp !}refer~~ lines with irter-varietal Slbilitutioo of daonm:urs of 
hcrrologoos groop S. Thecarect repla:em:nt of wl-a dm1on Irs was verified by using micrawcllite rTl3lkels. 

l\1ateriah am Methods 
Plant rmterial: Twelve lines of wheat cv. 'Sarntovskaya 29' ('S29') with inter-varietal Slbititutiro of chrc.m:mre 
SA and ten Slbitituticnlines fer chrc.m:mre 50 were ol:tained The following sping whea varieties were wed as 
chrormare SA dcxns: 'Novo;itilskaya 67', 'Grekum 114', 'Yanetlkis Prcbt', 'Atlas (:{j', 'Skala', 
'Bezen:hukskaya 98', 'Buryatsl<aya 34', 'Kz)i Bas'. 'Kzyl Shade', 'Kaneta', 'Sana 64' and 'Siete Cena> (:{j'. The 
dttaim:n~e5Dd::nasinciOOedspingvaridies 'No~birskaya67', 'Orelo..un 114', 'Yane:tzkisi'ttbll', 'Allas(:{j', 
'H)bid 21', 'Diamant' arxi '01inese Sp:ing' arxi winter varieties 'Ul'yanovka', 'Milax>vskaya ~· arxi 
'Skac6pelka 3S'. Fcc tre fir& time, two MAS lines of 'S29' with I)edlralm:xne 5R (2n::41=40+-5R) develqxn by 
Prof. 01 Ma~ (unp.lblisl'led data) were used as~ In tre MAS lines, duOIIOOIIe SA er 50 of 'S29' 
was reploced by hcrooeologws dllam;are 5R fran I)e cv. 'Oooldriskaya', tx3.ing tre marker !}re fer hairy 
~ (Hp).MeidicdttOIIm:xtlecoofigunmcn wasexaminedat~l (Ml) in pollen~~ (PMCs) 
usingtre2% ~Silleai'I'J'letOOd. The 'S29'5R(5D)~line.<belqxrlby~lldKra~va 
(1982~ was wed as tre d:nr of dllam;are 5R. After ei~ t:a::kaa;ses, m:nllCITiic planls were selfed in ea:h 
sull;:titl1icnline arxi diDnic plants were isolated 'Univalellt shift' was checked with SAL a00 SOL dildcmnic lines 
of'S29'. 
DeveJopment m llD10iOI'ric alim suhstibttim m with rye chronniloroo 5R: To deve.lq> tre 'S29'5R(SA) 
MAS line, an cv.'S29' ll010!0Tlic ferdroum:n1e SA was~ to tre 'S29'5R(5D) alien sOOitiUialline. A 
tripe ll010!0l1ic with 19D + 1(5R)I + 1(SA)I + 1(50)1 in MI ofPMCs was sdeded frcm the F1 h)bid plaT1s lid 
selfed TraitsCOOirolled by~ in I)edUOIIOOIIe 5R (Hp) aOO wheatc::tuaro>erre SA (Q, speltcickarinhilXtcr 
arxi Bl, inhitita of tre awned ccn::litioo) were used to ~ mooa;anic:s with 20 bivaletlls arxi ooe 5R univalellt 
having Sfdtdd arxi awned earn (ab;en;:e of SA) arxi hairy pnn::Je (I:xesen:e of 5R) frcm ~ In ~ 
~ these plants gave rise to a MAS line in \\hich ooe ctuorroore 5R of cv. 'Orokhciskaya' I)e was 
sub>titutedferduarx:mrreJllirSAofcv. 'S29' whea 

The 'S29'5R(5D) MAS line was <bained by simple ao;.-sing of cv. 'S29'mm.SD with the 'S29'5R(5D) 
di.nnic aJim subilituticnline folklwed byC)iOiogical arxi ~ selectioo <:>m planls having 20 bivalents arxi 
ooe univakrt fer 5R in MI of FMC's ~with hairy pedJocJe. The nnm:mic pialls Mile$ haiJy prllocks 
than tre male line. 
~ isolatioo and rria'OIIatellit anal)* TOOl! ~ DNA of ea:h wl:Gi!Woo line was isolatfd frcm 5-day 
old sredling; occading to Plarllke et a!. (1995). Fcc ~te anal~ 14 aOO 13 markers looted in 
chrcmrores SA arxi 50, respectively, werechalen Prilm'sequeoces. f'ragJTm sizes in the~· ard ·s~· 
~ arxi the duaroscrne ann localicns of rTlicm>cfe1lite mad<m were repated by RtXb' et al. (1998, 
~lished resulls) ard Pestrova et al. (nlh). Pd~ chain rea:tioo (PCR) was ~amecl as de<ailx:d by 
RlXler et al. (1995). ~ fulgrrenls were analyzed in an uanated laser flw:~:en.~ (AJ11 ~ 
(Phaom:-ja); fragmr:nt sizts were ®!I*<! by using the~ pognm Fragnrnt ~ Vezsiall2 ard by 
canprilm with inmlal size Slandartk 
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Results 
CytOOgical and rmrpldJgical analysis m rmiOOlic alim SJtbstihdbt lines 

In the MAS lines ci cv. 'S29' ~ a~ ci chn:m:s:mes SA oc 50 was rqD::ed by a txm:leologoos 
univalent 5R ci cv. 'Onoktriskaya' !)e. The m:n::lnllic pia'lts 1100 ~ ~ chrcnxmre }Eirs m me alien l)C 

chra 1osane. The MAS plam were viable. Theyshowedgxd tilleringand fam:d laqJ!ears with laqJ!~ The 
'S29'5R(SA) and 'S29'5R(50) MAS lines were OCilJally nullisanics foc ~ chra1'n;anes SA oc 50. Whea 

nullisanics 5A and 50 are sterile; therefae, a single c:h!oonlane 5R cal make up foc the ablen:e ci the 
txm:leologoos wheat duCllO:OOie and restae the fertility of nul1isarics fa these dawounes. Selfing ci alien 
m:rosanics ~ve rise 10 d-,I'IXfir, and nullisoolic pblts. The nxmauic and disanic plal1s can be distinguished 
~to the~ citheHp l)C marker~~ ci 18 selfing~ cithe MAS lines and 
C)1ologjcal ~ of MI in PMCs revealed clear differen::es between alllllWpl<id types. The m + 2(5R)ll 
cb:mics had hairier prln::les (two Hp OOse:s) than the m + 1(5R)I rrnnanics (me Hp cble). whereas the 
IXrl-Jrcles ci the nulfuoolics (m) were ncx hairy at all. Ped.n;le hairiness varied in the rrxmm1ic p1arts fian sprse 
10 ~ hails. The nullinnic plants g;ew slower. They were weak and sterile. 

Uke SA nxroscrnics, JTX:l1Crol1ic and disanic plants ci the 'S29'5R(5A) MAS line had S(rltcid ears. his 
coojeaured that l)C c:h!oonlane 5R lxa's a~ SUJ¥eSSing the ~tOO cooditioo, tu it is weaker than the wrea Q 
~ (Bielig and Drilmll 1 CJ70). Maoover, the aOOenc:e ci the OOminant inhibiter of the awned cooditioo Bl fian 
cv. 'S29' as a result of SA nulli.nny lroJgtlt aboot loog awm throoglnJt the ear in rrxmm1ic !lld disanic planls. 
Plalts ciline 'S29'5R(50) 1100 awnless ears. 

Cytoiogica1 malysis ~a high llliOOivisioo ~ c:i univalent l)C c::hram;ane 5R. Of70 &F1s 
examined plants ci two MAS lines, 18% had tel<x:c1ric chn:m:s:mes 5R (tl). 2% had telo:entric tiVlllefts (til). arx1 
2% 1100 ~ 5R. 11 was s00wn thll the f~ ci the tekx:et1ric daatantle foc the loog arm c:i 
duat an 11e 5RL did ncx affect the manif~ of the hairy IXrlJrcle trait, becaJse the Hp ~was located just in 
the loog ann The 5RL m:n:tekxentric was fertile, !lld it COJld be used as a reci(ient in irter-varietal duatantle 

sullititUioo~ 
Loog-tenn selfing (18 ~)ofthe MAS lines showed that the 5R(50) SJtsillllioo OO:rea'led vialllity 

and fotility. Of the tdal ci440lllWtl seemofthe~g line, 12% didncx~andmoc:i~died 
at the 1-21eaf ~Of 400sown nrroSR(SA) Slele&, 3%did ncx~and less than 6% ci ~died. 

U9emtherye~ muicfrfordewqjng whmt!ildNihdbt lines 

Stb;ti1lllioo lines were cbelcfed by an unusual rrdxxi,l:leca.re MAS lines with l)C d mtan 11e 5R were 
used as the recipcnt insteal ci no ounic whe:at lines. This~ seledioo c:i female and im1e m:roanic plalts 
~ 10 the expessioo c:i the Hp ~ Rp 1 ~ the expocted alellplcid types arising <i.uing mJitipe 
~in the cwrse c:i the develqmot ci lines with inter-varic:tal repla:ermt ci chla'mun:s 5A and 50. 
mnaJe noantlic plalts were selected~ 10 the~ with weak ped.tncle hairinesi, resulting fian the 
cble effect ci the Hp ~ Cllraro;are; 5A oc 50 were inherited frcrn <kn:r varieties. ~Airing l:B:kaolsing. they 
were alwa~ univalent. having no tnrolog!.e Male plants with hairless IXrl-Jrcles (m:roanics with the cbn' 
chrarolare, (m + 11) were selected fian F1 ard CtOiSfd with no ounic plants c:i the carespcniing MAS lines. 
The mixed boc:l«:rois ~y o:mstfd of SA oc 50 m:rosanics (m + 11), 5R m:roanics (~H + 5RI). ard 
dimlics with me whe:at and me l)C chrouannes (J)H + 11 + 1-SRI). Fran this ~y. plants with l)C 

duCliOUlle 5R were ci9:ani:d ~ !0 the hairy ~Je trait, which caiespalded to the Hp marker~ 
Frcm BCrBC& m:roanics fa' the whe:at dooocd oa tan tie wi1in1 hairy pedlooles were selected as male~ 
Nullisarics were nnt c&n inviable and sterile. 

After ~ \ve ~am:d a test foc 'univalent shift'. C)mlogical analysis c:i F1 h)bids txtwem 
n nom lie p1an1s ciBO!l:learing doooc d mtumle 5A oc 50 and ditela;cmic 'S29' Jines foc d aa1 an1~ 5AL 
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recipient variety donor variety 

2011 + t X ~ 2111 

mono5R (Hp) 

BCt 2011+ ~ X FI a 2o11+ i}-
mono5R (Hp) donor variety mono 5A (or 50) 

Genotypes expected in the BC.-BCs progeny and selection of monosomic plants with 
substituted donor chromosomes 

2011 2011+-tt- 2011+ 1 

nulli monoS A mono5R (Hp) 
(or5D) 

BCsF1 Self mono5A(or5D) 

Select 42-chromosome plant 
2111 

2011+ it+ f I 
monoS A mono5R (Hp) 

(or5D) 

Figure. 1: Scheme of development of wheat lines with inter-varietal chromosome substitution 
with the use of MAS lines tagged with the rye Hp gene. The recipient variety is 'Saratovskaya 
29' . Black bars indicate rye chromosome 5R; open bars, wheat chromosomes. 
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and 5DL showed tre alllenre of univalent repia:elrent from ea::h line. 'Ire F1 h)bids 1100 tre ~ 
COfl'liXStioo 20"+f in Ml ofPMCs. 
Micro;aUtiteanalysis 

'Ire cooed rep!Jnment was checkfd by tre use of rni<m;atellite marl<ets with koown map k:x3ioo oo 
wheat chn::m:rorTrs SA and 5D. Sn.rly of inter-varietal IX>!)'Il'nli1ism in 18 {lmlt varieties showed thlt tre rll.D'1'M 
of poi)'Il'XXIl1ic marl<ets varied from 4 to 14 in ~ SA and from 3 to 9 in 5D. In rro;t ~ varieties, 
{X>I)'llXIlitic marl<ets wereevenlydistrirutedover~arxi looted in t:xm aons (Figure 2). 

Carect repia:f:mert was coofinred fer all tre 12lines with S1.b;:till.Jtioo fer c:hrc:m:s::rre SA, as well as fa" 
tre 10 lines (of cv. 'S29' ~)with suh:ilitutioo f<r ~ 5D. However, cre:k oftre line <bained fu:m cv. 
'NoVC6iruskaya 67' wheat stowed that eight l'llali<efs located in tre loog ann were nct pol~. Thus, it remainrl 
unkoown wrether tre wholechrom:rore 5D was repiam ocooly its slxxt arm 

~ 

The cooventiooal tmOOd of revelqlng wtm suh:ititutioo lines involves nm<llCl1lic lines as recipients. It requires 
~ve c)IDiogical examinaioo of a great nt.I~Tlb!r of samples. inch.rlng c:hrc:m:s::rre coort, l:a:a.re 
~owing to rancbn univalent ~oo, }XCXU::e ~ with different c:hrc:m:s::rre numlx'.ls (Sears 
1954). 'Ire ~ of ~c lines is very lalxxious, and tre nne ro is their use foc tre revelcpmlt <:i 
suh:iti!Uioo li.res. 

Use <:i C)101ogically tap~ ~c lines of a recipient variety allows lnring of cooed cbxr 
univalen ~ This cuts tre time required fer inter-varietal dlrorn:mme SlbJtill1ioo and f.rilittes 
c)IDiogical SllXIies (Law and W<rlarxi 1973). 

To elalxr.ie simple and pecise tmhOOs of icbltificatioo of <XXTllln1 wheat chrorm;anes, it is~ to 
find ~ suitable as l'llali<efs fer certain ctuun:rones. Maoover, use of ~ marl<ets JX!IIDits ~ to 
minimize tre volurre of C)tOiogical analysis required ferrevelqlng sul:Situtioo lines erdisp:nle with it a aiL In ding 
so, it is essential that the recijlent variety shoold have SlX:h rnai<m fer tre majOOty <:i chroox:mn'S. As tt-fre are still 
no <XXTllln1 wtm varieties with~ ocC)IDlogicall'llali<efs ferea:h chrotm;ane, it is necessary to look fer~ 
cootrolling ~ traits, which would be suitable as markets fer recognitioo of~ plants. Several 
majc:r ~~are known in species of tre ~us Tritiam: s (~ q (spelt£id ear~~ C 
(~ spke} bh (OCarrll S(ili:) and P (loog glurre). They alter tre ~ <:i the ~ plait aro tre ear 
dramatically, which allows their use as ~c marl<ets fer certain ctaaro!orrrs (Mclnto;h eta!. 1998). 'Ire k:x3ioos 
of these ~ in ~ and tre rnxks of their inheritaoce are known. However, in crder to use ~ 
marl<ets f<r chn:nxmrre su!Eitulioo, a oomp1ete rrxn:romic set shoold be oiXained, in which a univaleft 
chrcm:s:xre shoold bear a <bminant mad<er trait &x::h a m::l1CllOO'lic would be a penect recipent fCITll fer 
chrcm:s:xre su!Eitltioo (Law and Waiand 1973). A1 ~a few~ sets rearing~ mad<er 
~ are available (Tsujinm> ::rot). Scientisls <:i tre Institute of Cjtology and Genetics (NoVC6il::Csk, Rima) 
<bained a~ lire of cv. 'S29' wheat f<r chimum1e 7 A having tre OOminant JYEg) ~fer loog awns, 
intrOO.x::ed frcm T. pdmiagn L, and~ fer~ 3D, 3B, and 3A, ~with theSJ, S2, andS3 
~ cootroll.ing the~ trait (Arb.lzova et al. 1996, Alb.rz.ova et al. 1998). l.Jnf'aturlltely, tt-fre are few 
~marl<etsinwhea 

Ancther ~ty of f.rilitating tre lnring <:i a univalent chrcm:s:xre is povi<hi by alien mad<er ~ 
from taxam1ically distant species(~ andr>M:clll%7). The best~ marl<etsae alien~ M follow 
tre simple J\.1era:lian laws of inheritm:e, clearly manifest themselves in tre<Xnl11m wtm ~and }XCXU::e no 
cytoJogicaJ revi~oos when intn:xix:ed into tre recipent variety. In ~tioo, it is desirOOie thlt a single~ shoold tag 
different wtm ctuun:rones. This appoo::h (31 be iiTlplelrented with tre Hp marl<.er ~from l)e (S. cereale), 
~xcause it allows revelqlng nJITr1Wliires with l)e chrorrm:rre 5R sOO;tituted roc different wtm ~ 
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300 furs with ~ tagg!d with the alien g;re (Schlegel et al., 1998~ ~ 5R can repla::e 
~of~ grwp 5. Aro, lines N ha!twr a fi'aglrw!ntof chroJro;are 5RL with the Hp g;re in 
arrm of several whea ~ ~ly, 4BL, SBS, SDL, 6DL, a00 6BL ~ te{XXted (Dris::oll a00 Seals 
1965,Sears 1%7,Bielig300Drimll970). 

Here we ~t oor &udy of MAS lines with l)e ctuoox:mrre 5R aro their ~ as reci~ in 
chrorram1e sullilitutioo pograilllre. Our mednl of dwelqlng lines with inter-varietal chrorram1e &bitiu.ioo is 
l:med oo the expessioo of the Hp g;re f<r haity prl.locle, which otrers several ~ Rrst. MAS lines are 
diarocterized by an ~Y cktectable rrx:q:OOlogjcal trait, whole exrressioo allows distinguiS1ing rrrro-aro di$;:mic 

pla!1s. This was aJoo <bJetved by Bielig a00 I:>M::oll (1970). Therefae, lalxxioos C)10logjcal examina!ioo, re;:essary 
f<rselectioo of parental frons in thecoorseof rroltiple OO::kcro;sescan re fa::ilitated <reven dispensed with by making 
use of this gp-e In a:ktitioo, use of MAS lines tagg!d with an alien g;re eliminates the~ of switch i:Jetwem the 
OCnx aOO recipient chrcm::Eanes in the ln:kcro;ses, te:ause m::roscmic plal1s with the univalent <k:nr 
chrorram1e can re ~y distinguistui frcrn m:msanic plants with l)e chrcm:s:me 5R a:xx:ning to p:d.n::le 
hairiness. Generally, pograil11re imclving ccmnm rTXXlCilOI11ics ~ altermoo of OO::kcro;ses m llUlOmlic 
selfing to eliminate 'univalent switch', which OOubles the time required f<rcbelq:mgsubstitltioo lines. Awficali<n ci 
oor me:dxxl pennitted us to reve!q> 22 sullilill1ioo lines of cv. 'S29' whea in which c:hraronre ~ SA oc 5D 
~ repllnrl by the ln:rologtl: of the dnr variety. 

Testing of the sullilitutioo lines with ~te marl<e:rs sh::lwed tta all of tran ~ carect Only ooe 
sullilitutioo line f<rch!mn;are 5D of the dnr 'Novai100skay.i67' had no J:Xli)TTDliric rnicro:;ateUites ~ 
with cv. 'S29'. The lbleoce of univalent shift, ~vioosly sOOw!l by diteloo:xnic analysis, was coofiitm1 by 
microsltellite anal )Sis of all sulliliu.ioo lines. Thus, use of the l)e ~ mari<et fa- tagging wheat chrcm::Eanes 
overonne enas duing chrorocs:xne &bititl:dioo. Earlier rroleoJlar analysis of three &bititutioo line sets ('S:!J'/ 
'YaneuJ<is ~·. 'Olinese Sping'/ ·s~·. aro 'Qq:¢1(}.~'/ 'Bezaitay.11') sOOwed tha ~ 
marl<e:rs did ro ensure~ su!Eiu.ioo (Koo:un et al. 1997, Pestsova eta!. am, Salina et al. 2003). 'Micrcstellite 
analy.;is sOOwed that ooly 15-181ines of2llines ci ea::h set were cared,~ the rest had enas in the suiEituioo 
of whole chrormm'e; <rtheir arms. 

Thus, fa-the first time MAS lines with l)echrorram1e 5R ~used fcrdevelqlng lines with irm-Vllietal 
chrorram1e sub;titutioo. Strlllines can reused, as well as ctrer aneupkjd lines, fer~ stOOies as an altemaive to 
cooventiooal whea m::roscmic lines. 
A~ 'Ire 3l.1tm are grnreful to Dr.~ (IPK. ~ Gernmy) fer 1Te ~to use 
~ l1lllkeJs. This resean:h owasSI.JRX.I100 by1Te~cf1Te RAS ''DeveJq:mrt of~~· a-d cftre 
SBRAS '~ir1egJalm~··. 
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