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Aims The important achievement of genetic analysis of Quantitative trait locus (QTLs) is to
facilitate the investigation of the inheritance of simple Mendelian traits. The aim of this study
was mapping genes controlling morphological traits in F3 Families caused by BecherxKavir
cross in barley.

Materials & Methods In the present experimental research, in order to map QTLs, 103 F3
families caused by BecherxKavir cross were cultivated in a randomized complete block design
with 3 replications during 2014-2015. Number of germinated seeds, during the grain filling
period, plant height, peduncle length, seed weight, and harvest index were evaluated. Linkage
map was prepared, using SSR, iPBS, IRAP, and ISSR marker. QTLs were identified by QGENE 4.0
software and QTL analysis was performed by composite interval mapping.

Findings The identified QTLs justified with load score of 2.007, 8.6% of variance of phenotype
germinated seed number, score of 22.2, 9.5% variance of phenotype grain filling period, score
of 2.74, 1.16% of variance of plant height, score of 2.19, 9.3% of the variance of the peduncle
length, the score of 2.04, 8.7% of variance of the seed weight, and with the scores of 2.38, 2.38,
and 2.16 justified 10.1, 10.1, and 9.2% of the variance of the harvest index, respectively.
Conclusion There are one QTL on chromosome 6 and ISSR38-4 closely marker for number of
germinated seeds, one QTL on chromosome 7 in iPBS2076-6-iPBS2085-1 distance of marker for
during the grain filling period, one QTL on chromosome 2 in iPBS2083-3-HVBKASI distance of
marker for plant height, one QTL on chromosome 6 and ISSR38-4 closely marker for peduncle
length, one QTL on chromosome 3 in iPBS2075-5-ISSR38-7 distance of marker for seed weight,
and 3 QTLs for harvest index, respectively.

Keywords Barley; Microsatellite; QTL

CITATION LINKS

[1] A simple sequence repeat-based linkage ... [2] Principles of field crop ... [3] Phylogenetic
analysis of Hordeum marinum ... [4] Mapping quantitative trait loci (QTLs) for seedling ... [5]
Marker-assisted selection as strategy for increasing ... [6] Assessing plant genetic diversity by
molecular ... [7] Plant comparative genetics ... [8] Mapping: A few key ... [9] Molecular mapping
of novel genes controlling Fusarium head blight resistance and deoxynivalenol accumulation
.. [10] QTL underlying some agronomic traits in barley detected by ... [11]| Quantitative trait
locus effects and environmental interaction in a sample of North American) ... [12] The search
for QTL in barley (Hordeum vulgare L.) using a new ... [13] Localising QTLs for leaf rust
resistance and agronomic traits ... [14| Genetic mapping of quantitative trait loci controlling
of leaf traits related to drought tolerance in the ... [15] Molecular detection of QTL controlling
plant height components in a doubled haploid ... [16] QTL analysis for phenologic traits in
doubled haploid population of ... [17] Model fitting and model testing in the method of joint
mapping ... [18] Precision mapping of quantitative .. [19] Ribosomal DNA spacer-length
polymorphisms in barley: Mendelian inheritance, chromosomal ... [20] Overview of QTL
mapping software and introduction to Map ... [21] Identification and verification of QTLs for
agronomic ... [22] Inheritance and QTL mapping of agronomical traits in ... [23] QTL analysis
of morphologic traits in doubled haploid .. [24] A new QTL for plant height in barley
(Hordeum vulgare L.) showing no negative effects .. [25] Identification and molecular
mapping of a dwarfing gene in barley (Hordeam vulgare L.) and its correlation with ... [26]
QTL analysis of forage quantity and quality-related ... [27] Mapping QTLs for morphological
traits in ... [28] Localization of QTLs conferring lodging resistance in ... [29] Mapping QTL
controlling yield and yield components in a spring barley ... [30] QTL mapping of yield and
yield components in ... [31] Identification of microsatellite markers linked with ... [32] QTL
analysis of some phenological and morphological traits in Babax ...

Copyright© 2018, TMU Press. This open-access article is published under the terms of the Creative Commons Attribution-NonCommercial
4.0 International License which permits Share (copy and redistribute the material in any medium or format) and Adapt (remix, transform,
and build upon the material) under the Attribution-NonCommercial terms.


http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1461369/
https://www.amazon.com/Principles-Field-Crop-Production-4th/dp/0130259675
https://www.jstor.org/stable/23644268?seq=1#page_scan_tab_contents
https://doi.org/10.1016/j.fcr.2004.06.004
https://dl.sciencesocieties.org/publications/cs/abstracts/38/5/CS0380051164?access=0&view=article.
http://www.mdpi.com/1424-2818/1/1/19/htm
https://www.ncbi.nlm.nih.gov/pubmed/9784118
https://www.researchgate.net/publication/43772076_QTL_mapping_A_few_key_points.
https://www.ncbi.nlm.nih.gov/pubmed/12897863
https://bmcgenet.biomedcentral.com/articles/10.1186/s12863-016-0409-y
https://link.springer.com/article/10.1007/BF01184929
https://www.ncbi.nlm.nih.gov/pubmed/12378258
https://link.springer.com/article/10.1007/s001220051365
http://www.sid.ir/Fa/Journal/ViewPaper.aspx?id=76237
https://www.ncbi.nlm.nih.gov/pubmed/24782166
http://bit.ly/2Mf9ZOh
https://link.springer.com/article/10.1007/BF00223696
https://www.ncbi.nlm.nih.gov/pubmed/8013918
https://www.ncbi.nlm.nih.gov/pubmed/6096873
https://link.springer.com/article/10.1007/s003359900997
https://link.springer.com/article/10.1007/s00122-008-0915-z
http://www.sid.ir/Fa/Journal/ViewPaper.aspx?id=208189
http://jstnar.iut.ac.ir/article-1-904-fa.html
https://www.ncbi.nlm.nih.gov/pubmed/24587247
https://link.springer.com/article/10.1007/s10681-010-0175-2
http://jcpp.iut.ac.ir/article-1-1047-fa.html
https://journals.ut.ac.ir/article_17508_1735.html
http://mg.genetics.ir/pages/PublishedArticles.aspx?paid=1638
https://link.springer.com/article/10.1023/A:1009648220852
http://www.sid.ir/fa/journal/ViewPaper.aspx?id=215003
https://link.springer.com/article/10.1007/s10681-010-0242-8
http://mg.genetics.ir/Pages/PublishedArticles.aspx?paid=1482
https://www.ncbi.nlm.nih.gov/mesh/68001467
https://www.ncbi.nlm.nih.gov/mesh/68018895
https://www.ncbi.nlm.nih.gov/mesh/ C442239
http://www.daneshafarand.ir/index.php%0D

FYO 5S%m0s 615 395 5 ol 52 F3 (slimesl )3 Silidygn colis oauS s sl cololSe

5 68U RbplSe gly 38 Jl> 53 Sef cusez 3929
s pululy casez shil Godel] L)l ki yge (&S wde
6l GBS who calisid byl (JsSse (slaSilis (Siwsy
ohy slylles 3 olel lagby, wwamazr sl SHST
S o (Stgay 3 e 9 carigif slmosly 43 jglited,
e Bgliws 7 QTL a5 (55906 slaylil «QTL
o3y odlw (Juie wlio ¢yylgi asdlas Jupud QTL CEpC )
elio QTL ilols allhe ol Glaal o ege 1Bl
2 o nluwlis QTL 51 o9 5 o sl «Sjglsdign
5 wlio grincdlhy gumsd OB 390 cdio Goisld wihinss
s1iliplSe SQTL sl Glailly lad)l Gaalil 5l agu
g0 Gl bays ol (ol 390 95 (svedlgils 51 (galasd s
03iyS3 o o Ly sy (50 5103 4 (55906 SSlas yidos 4z
wlie oS yis slep; Ghoe ool Glagh S
295% 2 By B 51 Jol> 52 Fa glaesly 55 Sujslsdyse

BRIV

Lo sy, g 3lge

55U Sy sladigad 51 DNA augd sl pol> (i (gl 5
Ubgy a4 w9y DNA  zhaewl  ad oslaiwl o>
5 ladlyss (CTAB)  apegppgnigel futegs i
CadsS g CaeS LD ‘alle wesls .Lufo&.u'.) Sy o&quA)T
A s %) 38T J5 SeS b osdzlyi! DNA

S waedy WAY-RF el Jlo 5 (iolesl soaisid glails)l
oossSauS oBils dmgly 5 sel depie )3 el e
AiBY 5 42300 53 5 GBS §pd Jled g rteshiS)ee 5o &8l
V¥ 59d .l pladl Gledd (Bye ddiBaNF g 4z s WY g (B Job
C)ﬁ"‘”9 obajm.j )Jgfx)z.u ‘a@)l Usﬁbﬂ J@b F3 ‘J.uu o)|9jl5
on ol g IS5 aw s dslal S glacSsls LB s
w0ddilgs i slasi wlio A cudS (g0l slaciss,
5 4y pjg (S Job gy gl il adyd oy Job
A (2Ll ealgils w51 838 Ve g9y cublapn Haslis

5 sz 0ol @b ISPSS 23 Jsley L beosls Julas
wlie 4 byye sleosly 2553 pgdley Guony sl SudS
QGENE ,f380 51 oslital b bQTL 8,8 eigo Sajslsdyse
Glabols (b e (QTL ay i (S)lAT Uy ud (bl 4.0
2 Sy glabold (hplSe gy & ol 4 azsi b 39 Syo
GLole 5 ©SlaaST anjed slaghy, L awolis
Hl3e5 e (YL Lo u9_A)T 3,38 g Uﬂ)l_fﬂ oslw slalols
o3liil dsllhs 3,50 wloosas 63iiS i8S QTL ilylSe
olsisas 393 (LOD) 3¢ jluie oYU szly a5 (gldhads .o
opad 43‘.'&..»7)1 5 Rl (QTL 3¢9 Jlais! oy b ausl
oLiﬁL? D A oslaswl LQTL bl gly ¥ L ply 34
OBiseiile ey pudib (slaySilas 4 cuwd QTL &8s
Gl b coled )3 4 Gy edliil 390 slaSilas gl
9 dioga s (53l (slaySilias 5,85 LSS (s sla,Silis
SSR JT V) Jelis JT YW SSR Sl 488 S35 (slmog S
slolsales, slaSilas WT 5 g (IRAP) lagjgmdlyi iy o

Modares Journal of Biotechnology

3 L10T el o UJL»LM» ‘JL» e s 3 Qils 039 9
wlio sx5SJS (3 slolKe I omsd jshiods (s
S o) G 51 Jol> canmaz 53 |y by ciho A (oS
G 9o (G 4 Jood) (solal gy e 5> giutul 5
sSloe @ boe sBQTL plabl slaalols 4 ulosls iy
3 ‘[11].3.3)% Gbio R oL'S L;A""'P g gy &L&S) ils
Jol> isliao 3sbla (1Y 3 53 Jud (55, 45 (5,505 aslllae
V0 51wl 418)3 olxil AngoraxW704/137 o5l 83 5|
5L 10 ((AFLP) osipiSs wlebd Job Ioais ,Slss
caled ) g eslatul Sosldiee il 5 g calilug Sao 532
ol 4wl ssd atidv caddsllbe wlie gl QTL A
Jsime QTL Ky (wlio %5Y) wlio ,iS1 gl o5 caiy
%\ sy g cauid wdl QTL cwlivw %YV (ly ond sl
%35 31 Giow el osd dl lsime QTL aw b 93 cwlio
Jb3 (BH 6H (7H) 9> ©0gj509,5 auw 55 Ll jlaiee QTL
slaes edo gl 6H g 3H LSlm\°9594°9)5 <95 QTL aw .sswisls
Gzgi Iy Cadgid wlhnsd %We/s U F/Y a5 culs 3929 axiy
LW usb 7H 9 6H L_glm‘as)'sps)s 33} QTL 939 sl o))s
GO/Y 3935 g cubls (Udl ddigh 5 il slasd céw JyusS 5
33 el 035 dmgi 1y jo5ie cho Culighd wlypuss %\V/E
31 (golss3 (QTLS) oS 5 slaey (s bl gacnd iasy
2 s iy g gl ersaline &b ki el wliogas
GloyidS 3929 88 wdeas 1) ZH pgjaegys 5l lamb
Blilesys plgie wlae ol J3uS sy 52 535 15 Glesiz
Camez S Suigledige wlae gl QTL ayjadi jshiod
Jol> 9> ciclae siishle Y WA LS55 4l 5> sisble
9 SSR Silas O aluwgey Wi2291xTadmor el3)l 335 5|
51 oselewnddy bt cwl oad 4y AFLP Slis v
o3ls gl (bl 390 wlio g 3Slee o Suidf Siucren
Syl aliu yidon zoy> «olisS eliyl canalsS gy sy oS
Al 395 ol GA2l8) ow cdlin 5> dils yidey slasli g @2y
sl 0l (w5548 Jlodd 53) I3y g Lisla 5 dihie g5 4o 5
P A A LSlmﬁ9}9‘°9)S)? &8lg QTL A slasi cdigs glasyl (sly
Hege pansid (gly siadmd s [MHglensds (el Vg
WY 9o sdsbla by cuses 5o oS elasyl slizl sWQTL
Byl o Wl Jel DH cases oY
Sbasds (hgy .cwl osd (»bj,l HuaaillxHuadamai6
6H ‘49)'9409)5 95 & 035 (mlwlics Iy QTL Yo cSypo (slalols
Y s»QTL 4o .cunl oaid bass 7H ¢ 2H 3H 5H
Lo ¥ p3590955 (595 DIwdl o) Susjs colS glas lizl o
Y Gadgid whiasd %03V 51 %YV QTL ¢l el ons
g 5 [Blewl osls (olais! 395 4 1y oS shis! o
omazr Sy il wlio gl QTL i jobicy
Gy g pslie ol L osr asblags
b SKiwgy aids aleyyS bjyl I, (Wi2291xTADMOR)
&y g oads aislw AFLP ;;L.».u ¥ 4 SSR)iJLI.MJ O 51 eslasiwl
QTL W g ¥ .8lo3)S jamdw |y QTL YV (Soj¢lsid wluogas
53 s pasie Cslhali 5 Golhe L baume 53 cuiyiay
» BQTL 4z 51 .3les,S ssmlie baymo 93 ;2 ;3 QTL ¥ o
6o Wl 5l lee Ll e gly egi309)5 Vo eled

L6l 3slosis yamdw Y g ¥ LSlm\°9594°9)5

Volume 9, Issue 3, Summer 2018



Gls gig @ baye sliie iYL g (VIAF) &ls adyd oy
@ldio 33 (s 3590 wlao Hhai 51 il duolis j3 390 (WV/FY)
5 4y pjg (Sl Job gy gl il adiyd op9d Job
03jdilgm 15 slaei cdio g S Wy lade cedblsy asls
(Y J992) 35 yitdion yze Mg jlade

Woosls apjani g 39 lasine wlae S (sl oylSS o wglss
o3jdilyz Hiy slaed wlio b plxl Gdslas SlS Ui o
F=£IVF) Qs gadyd o9 Job  ((P<efees) (F=WVYI5Y)
F=5/\F) dils )59 «(P<+/+e+) sF=V/WF) JSilay Job «(P<efons)
33390 yl5 im0 (P<efeen) (FVE/0Y) il jasli g (P<e/oee)
F=FVISY) 395 jlaine boslgils o digs gl cio Ll
(P>l e5Y

435 31 s %pmn o8] L3 51 Jols F3 (slaoslgils dunlic ;>
03jdilgz Hdy slasd (gly iy Hlaie (yiteS g plden (oo
4 bgye b gy o9y Job ) ey 9 e @ b
ge ﬁﬁ) 9 O+ 031l b bgsyo digs &Léﬁ) Y g FF slaeslgils
4 baye JSShy Job Y 5 AF leeslgils 4 bgype dils o9
Y5 sodlgils a bayo cuilay (aslis g AY g VYV slaeslgils
(FoVisledysz) 30 ¥s

slodlsils (59) sadsxSojlail Sufslsdyoe wlin | Jol> gl (1 Jssz
255 %z )l (BW I ol o> Fa

ohlSen 5 diles Gl FY5
a5 b slol Bl 51 g annisls zaly Yol gaiylgs a5 (ISSR)
V50,0l slasi oyl 45 B adds 3lg andls edilhe ke
s S 8 (52 slopsises)S slaei Jalee) (Siwss 098
(201 Map ManagerQTL 17 ,fsleys 51 oslaiwl b (Siwsa
lpersts (PCR) WSl shacly slopay 25T ad a3
oSalz85 3 (suxio YL (BIORAD) iCycler Juo ;Sylugeys
() PSSy s Nyl

056,155k 5,87 (sla 3 31 Se ygeas (1 S5

odliyly  dipdey-dizaS (L aSilke wlio
WEAR/DY  VelooFYVIDe  YFVIOADANG  (slass) e3jailsn iy slass
VIOV YOID-YSIEY  FYISRUAY  (ay) dils il oy A i L s c. R
WBIMYASISYIVAIYY ARUSeVA) oijuuxst‘i) :;y):la:lsb 0355l B S| nSucran drlna sl SPSS 23 )l 51
=\ i d D é. “ . . . ..
FAY  WRFCWNY  YESFRYLY  (jieuile) JSiay Jsb o le duqliio 5 adb Sy Gulyly oS 5 s e
JEV VYUY \YVaY. (©5) @l s solel gy b eslatwl SAS 9.2 jl8ley 51 (So5 0eesl b
YEIYS  YEIVE-FOI VOISO (o) wudlay pasld LQTL (5,186 395 <Syo (5] dlols by oS QTL ayjes
cdo (g laisl cole Guw (g By el &S dgy wijgo (s
Se5lsdse wline i 51 (55 ) edlls dulio (¥ Jouz oylat 51 oy lad S5 SeS g b Aidgd S)ip B9y g0ty
295 S wlao 3 A s oy o (lelis C)T 9 QTL ' (og5909,5
Yay Yy (i) o3jdilg> iy slusi Y s S e
et A oalatwl ealgils . Lo 51 cio | TL a
Y ¥ Yviss Goy) Gl (33 ogg3 Job P> o8 o3ilee 5 o= il QTL e
V055 Asiss Gropiile) digs gla|
Yo/ Yo/¥a (sl JSlay Job Lnazsly
i /Ay (05 4ls o3 Mol Cans a4 YFY/OAL00 SKile b enjdilgs L slass
YY/Fs Y /-0 (uoyd) eudlny yasld R s - . .
2 SR Jsb widio a5 bgapo Caigid @hinsl Caps peS () Jsiz)
digy glatyl g dils oy 0)93 Job onjdilsz Hdu slael wlie i 5l 19 ymn ‘o@)l GO 5l Jols F3 slaeslgils dualio (¥ Jgaz
e 093 dsb  ,dalass < e 093 dsb  ,dalss < ey OM3093 Jeb sl slusi .
gl " o dmeldsl o " Oy el ; i 5
Oyl ob)dﬂy dils Oyl ob)dﬂy &ls ob)dﬂy
aAIsF ¥/ee WYiee A V¥ el0- VYOl VF Asl55 Friss YO e
33/ o YYi0e ve V5§ Ya/0- T ¥ VoI55 FEIPY YAV S
VP YA YOVS. W) Vs Yoo efes vr iy Y- Yefoo )
A/ ¥/ P¥eleo vy \eel55 Yoo YRVIO. By A¥/ee Yoo av/0- v
aa/s5 ¥o/0- Veofoe vy \p FEL YOVIO- VA 34/ e efes i
VF/e /oo YYVIDe  YF aAlss /e YYeleo q Vo¥/oo ¥ e YEVIO- ¥
iy FOIYY Vool oo Yo A/ /0 YAVIO-  Fe 34/ /e Aefee 0
Vool Y o YAVIO-  YF AF/ee o VYO £ A0/ Ya/¥e \Q+f-e #
Veel$$ TR IVIae Yy \visE /e Y5O/ Y V555 oo wriee Y
aE/ss ¥ e WY YA \FIYR el L T el YWYOe A
Veel$$ N2 efes va /Y Vel YYD FE Veefoo el YA 3
VeFoo O YOVIO- A av/e O YRV RO VoI55 o YRS N
Vw55 FEL efes A \viss ¥o/0- YPVIG-  FF QA TR Yol W
\F/s5 Yo/s5 N 33/ Y4/o YAl FY A/ /e YO W
WAY lianls ¥ olod & 6393 o oy olSatily (g y9libeuus;



FYY 55 5] 3953 ol 3 3 cslines 3 Siiloypn i ostiS5i s ool

dgy eL&SJ 9 ails U'\“’):”. 09 ng mbjdﬂy ).'\g Slass u[mo)b.\) )‘.ggfxﬁ_‘g |°l§)| Us)b) J;ab F3 L;Lmob|93l’> duolis (V¥ dg.&? aolsl
093 dob  ydslass < oo £la 093 dob  dslass OByl 090 Job ks slass
&l gy a3jdilg> £ 9 % &l gy a3jdilg> &ls a3jdilg>

gy glas| ps) g gla) 05

QY/ee VYoo YFY/ O A¥ VeV oo VYoo YEVIO. a av/rs \nated YFQ/ e ¥

AAIEF Ya/h. Yol es N4 E\tled YYIYY YO/ o) ARVE VYoo YOY/Oe g

ARATRS YV e YYViQ. A QF /e Yoo Y\V/ e oy gy ¥/ A[AATRD A

VeV 75 ¥/ YEYI O ) av/ee Yol VY YOO+ (A1) Q)+ Yol e YEYI O Y.

Vel VY e YO Ay /55 Yo YAdee OV 38/ 21 Vel WY

AAIES VE/YY YYY/Q. 0 aa/55 \nlizd Yo o ol VeV oo Yoloe YAQ/ Yf

\e¥/ VY Ya/he YoV ay ARVE YO AT £ AAIYY Yoloe Yoo/ 74

Ve oo YYIYY Yov/Be a av/ss \ngied YYQ e Y Vool 55 Yyiss A LR YA

VeV 75 YO AIZATRS D] av/ss YYIYY WYIQ. 70 av/ss ARpIAS ANZATRS Y.

Q)+ YV e WY/ Yoy QF /e \nated YFVIQ. Y VY55 YV e YYY/ e Yy

a/+0 Yoy FOINF HSD a/+0 Yoy FOINF HSD a/+0 Yoy SOINF HSD

cdtlay gaslis 5 &l g (JSily Job wlie Jhi 5l nsS%mn )] BV 51 Jol> F3 glaoslgils awlio (F Jouz
calyg gasld b gy Sy dsh  p8) cdbpgesls abgyy  JSydsh  p8)  cdbpgesls abgyy SNy dsb )

VY'Y DASY YOI5F Y. YENA \/YE YO/Ye Yo YY/¥s Y Yo/# 395

YOIAA AR YYNO yy YY/¥Y \oF Yo/A vy RN Yy Y¥/IV) Y

YOIFF AN Y¥/YY Y¥ Yol vY VY YV/FY ¥a ya/44 /Yy YOIYY ¥

YvY/or \EY Y#IYY A4 YY/Q. Yy Y¥IY¥ ail YOIFO AAN Yy 4

AnZA\s \lAnd Y/ ¥ YA /vy \Aa YF/IAY b Aird Yy Y¥IFA A

Ya/s0 WA Ye/vY As FYIOF A4l Yoy o Yy/-F \lAcd YeIYY Ve

FAIFA VEY /A AY vy VYA YR FY Fo/Y0 Iy YRIRY WY

VFIAF Yy YOIy A¥ YAIFY VYO YONY a FYIVE \oF Y¥/va ¥

YY/oF WA YFI¥O N4 YOIAY VA Y¥/AA o) Y#IVF A% YOIOY g

AATRIAS A4l YYIFO A YA/QY \OA YYI50 oy YA/Q¥ /Y YYihg A

FYIvY ¥ Y¥IAf ) YY/FY AAXA Y#IA¥ (A1) Angial vy YV/iQe Y.

FVOY DASY YY[a5 v FONA \Aa YY/4) oy VY5 \YY Ye/5¥ Y

FYIOA \/¥F Y#IFA 0 VE/YY AR YY/ 08 ol Yv/.a \ial YY/F) Yf

YY/va \/¥5 Y#IN ¥y YY/AF \FA YOIY £ FOIA VYN Ye/vY 74

Ya/A. \lAnd YAIYE a \diNg WY YY[.y Y YYI50 \FA YV/0 YA

ARpIAS ¥ YOIAY B YAIYO vy Y¥/YY 70 YY[A \OA YY¥IYA Y.

VF/QF AAN YONns Yoy Felle WY YN Y YFEIYA WY YY/ea Yy

AAY OV a/+0 HSD AAY OV a/+0 HSD AAY OV a/+0 HSD

Modares Journal of Biotechnology Volume 9, Issue 3, Summer 2018



ISSR38-4 Silis 4 aiwssy 5 & psjses)S 59 ANS-6
osibily BAIS jlade YIe¥ b sl 39) 0y03 b g ad higlSe
(A=Y laged) sgad dazgl |y ogjdilyz 5 slasd (gl Gadisid
Gl ey sz Al ol 5 393 YYIVY oo il i

() AW 51 ol F3 s sy 390 lio (Suusan o (B Jpiz

RS X
o 7 v v ) olio
\ 03jdilgs 54y sluss-)

\
./ ,vns ./ ,vns

_o[yens

&> Gadys 0y93 Jgb - ¥

\ digy glasy| -V

WYt _fuyms L. ADS JSSlay Job - ¥
JESTNERS YRS ufeeAns 4ls @390

JoONS  _ufesSNS  _./\NS o/ Fns o o(yns cullag yasld -#

fom| Ls)bum eic g p<+/) BMJOW i 1S gt

ll
X
20~ g
/
2 15 +
._3 e
10 i
5
0 I 1 1 I ]
0 100 200 300 400
(dlasi) odjdilg> ;is slusi
k3
25
A
2 15 - %
3 i
10
0 L= /
T T T T T T
85 9 95 100 105 110 115
(aiiile) digy glasl
20 - .
N [52)
15 4 &
e
. ~
2 /A
> 10 4 *
g
0

075 1 125

(05) ils 3q

l L
1.50 175

ohiSan g alzls Cilsy FYA
o/ Feul) s 039 5 Sl Jsb wlio o St o i
5 wdblsy pasld wlio 4 bye (Kiuen (1,18 3 (P<+/*)
JSGlay Jsb o (Stsass (P>+/+0 =4/ +5) 393 JSilay b
Capd g (Pl Vel g bgiee disy gl g
&5 (0 Jgaz) 398 Jlagime wlie S| g (Siucen
() 515903) 393 ditwgay wygody Gy Hgo wlho caudiyis

5 M3 Gldisy s 51 oBiselur Fe (Jol> Sy dis
busio jsbay Wl 59 s9le )i-"d-f 9> om alols
S Al o (lal 51L(Y Sy a 3y5T )9e8LedlFA
ALY Ly dinds )gLu b us‘.a_w O.g.&.”s L UBBb SO )| o.mTw)@
gy o S 4 Gl ) SSLaS o dlold ) s

Glolid 4 jmie Sogledse wlie 30,5 QTL ajed mls
035dilg> 450 slasd (gl (Y Kb 8 Jgaz) wb QTL A legoze
eadhpSe QTL ad lwlid & 955095 535 QTL o

Gilsld
[
e
1
4—

U

T
28 30 32 M J6 38

(o) dils 3y} 0593 Jobo

|
15 20 25 30 3
(iosilu) JSSlay Jobo

n =

R

10 4

Gilsld

tn
1

. T T "
28 30 35 40 4
(dopd) eudlsy yadld

U'The
o
[

slooslgils 3 cublsy 4asli (Z s 41 wis (&Sl ob (@ g gl (@ il gy Job (035l 5d shisi (Wl el wlie Coighd gajss (Vlsgad

WAY ¢lials ¥ ojlads A oy98

#55% e o)l B 5l Jeol> F e

o oy olSatily (g y9libeuus;



FYA St 6] (3305 ol 52 F'3 (slost 3 Sifolyingn i ssiiS S slo ol
)J9§X)>_u ‘oﬁ)l SV 5l Jols 9> F3 i js wilio sass JyuS sQTL (¢ dg.&?

Silzs 5l QTLabols  "euelge

Weer  omicars il e o . 'LOD pgjseqS las slnSiles QTL wdio
(OBse8le)  (y)g003ila)

BCH Als YYIvY . £F (7R 5 ISSR38-4 qNgG' o3jailg> yds slaei
BCH 170 /¥ - o YIvY v 1;3135522%65'_61' qG7FP' ails 1 1 ogg3 Jsb
KAV s VoA 15 Yy YIVE Y inf”zg(I)gsS-?- qPH-2 iy ¢l
BCH /¥ -a)\f . £¥ Y/ 2 ISSR38-4  qPL-6 JSSlay Jsb
KAV AIY VIVA 1A £5 vIF v IPI‘;SSZR%E;& qG\éVS- ails o
BCH Vi) ¥/ it WE YIVA 5 % QHLS  cudlsy pabls
BCH ) FIFY YN N YI¥A % QHI-5  cudlsy pasls
BCH Ay YIEA " % Yis v ipg‘slggﬁ_ o GHIZ el pesla

)iJLu.A.\ 51 QTL Gizio zgl dhidi alols -V (QTL 3924 ee 5 QTL 3924 Jlais] -Y gs cuslge bl 5 G5 oo 4J)§JLw.J [CEPLIS CRSUNTI PV W A gl v uT)J) a5 Ls)iJLw.\ -\
Uy 38l e 51 teriSoe Jas (il caole & 2235 s M comas il - w5 55 53 cally J omarinles ol (ll 3 —F Sy 455 iz cams
3 solgd uaei T ez 5SS 5:Sike glyls Wy 180 Gate STg iS55 0uSile gl

chr.d4 chr.5 chr.6 chr.7
chr.l chr2 chr3 0.0 —F— iPB52077-3 3 1PB52085-4 00 ——ISSR38-3 0.0 —— iPBS2075-1
0.0 - PBS76 —pBsuses 00T RAPGUSNSTSA g6 LT mapoueresss L || ) ' o
18— ipgsan04 117 ——I55R38.6 117 - _].R_%.lf:Gt_;_QIQS‘S-I

122 ipBs20767 | PBS22387 179 ipBs2083.4 143 FPBS2073-6
B 25341 ipRS20774 234 iPBS20775 239~ PBS2083-5

L HvvDo — PBS2085-3 57 |1 pmsinacs ! 200 | iPBS22403

303 2083.3 305 =11~ iPBS22407 136 | | mvnas
L RapcUsesrss 303 - FESI0ES g0 imsaossa s s 3s— mmsaorss SSTTTEM
. - 14 AL imes20752 402 HVM6S 392 PBS2238-3
| iPBS2240-1 | pms20772 o e 4.0 ISSR38-4 . PBS076-6
—ISSR38-5 524 | pBsal4 544 ~ - RAPGT®IOETS. 18 g iPB§2240-2 525 —| iPBS2083.1 501~ |~ PBS2083-1
_| iPBS2076.5 532~ PBS2075-5 56.0 —f 1~ iPBS2076-4 333 iPBS2076-1
- PBS2075.4 61 4——— iPBS2241-5 41 4 ——— iPBS2040.7
- 78 —|-{— IRAPGUS29878.3
643 —)— iPBS20762 6791 155R38.7 &8 R s mapete29srs s ns— L prs0rs s
. JsRssa 76.1 —{— iPBS2238.1 736~ — HVDHENT = I
71| 1SSR38.2 . . 80.1 —| | iPB§2238-
803 - HVAB3 825 ——iFBS138.S 924 H—iPBS2085:5  g35—l ipRS22413 821 PBS2085.2
971 —!J— {PBS2241.6 100.1 —— HVMS3
110.1 —— iPBS2240-5
1214 IRAPGU929878.2

1354 ﬁl;;-—imszofsvs

o3imdlis @ 0djdilem H 4 slasl omzou&j* 3395 %2 ‘o@)l GOl ol 9= F3 Jus 33 el wlio gl o plwlics QTL (eg5905,S oS (Y JSb
cudlyy ezl sxmaplis @ A BB Al ojg cximdlio @ (JSilay Job saimaplis v cdigy glah)) sximslic 4 (s adyd Job

(e =Y Hlag08) W cdio LiolS caely yu

A lolid Vo eg5509,S (595 QTL S dils (5 wde sl
dold )3 ¥ egjsessS (59 gkws-3 eadnbglSe QTL
39) oyed b 3 b sbpSe IPBS2075-5-ISSR38-7 (g Sl
azei ) dils s e Getigid pilly BATY Hlade FIF L uly
ol Gialisl by, Wl sl T g 393 VYA coalidl ,3l .5ga
(& =Y laged) Al cido

SlopsjsessS 55y wudyiay QTL ¥ ccddlay pasli wao ¢y
g qQHI-5 cai obyle (QTL wi plolis ¥ o & O
iPBS2240-5- o Silis  alols ,3»  cuiga  qHI-3
Qb (Bbye HVM33-iPBS2241-6 4 iPBS2076-3
Oef) ayids 45 0B VIV g VIVA VWA Calyids o) oped jlaie
(Al A Nsged gl |y qadgid puilyly WAY g )N
gL g sl Pl g camlie ~V/FA g —F/FY —F/ Cudiyia
9 z -V slgad) 8ud QTL dw jo J=o 53 ciwo (ol el
(z

Modares Journal of Biotechnology

Glolidh ¥ pgjgessS (555 QTL S wdils (yadiyd oyg3 Jsb sy
dols 3 ¥ ‘49)'9A9)5 &9 QGFP-7 osi Lo QTL s
sy b g 3 ibplSe IPBS2076-6-PBS2085-1 (¢ Silis
O3 093 Job (sl quigid puilily %A YIVY Ll 3]
Vg (_glmdﬂ 9 390 VYV (aialidl Sl aged dusgi Iy dils
(2 =Y lagady s cdio ol GhalS el

A alwlid ¥ 95509, (535 QTL S ey gl o (sl
oS5l alold ;3 Y 95909,5 (59, QPH-2 0182l QTL
L ply 59) oyei b g 48 sibolSe iPBS2083-3-HVBKASI
3903 azsi |y agy glh)) sl qudsid Lulyls %ANE YIVF
el 155 s Lo IT 4 353 VO (alidl 31 (o =¥ laged)
A B 350 cdie il

A bl # psjges,S (595 QTL S (JSSly Jsb wdo ¢y
Sl ) diwgsy 5 5 03350955 595 APL6 oadlplSe QTL
%A/ jlade ¥R L plp 3g) oped b g i (9L e ISSR38-4
g laIT g -ANF aali3l 51 390d axzgi |y Carigid (uily)lg

Volume 9, Issue 3, Summer 2018



ohlSan g aleles Gy FAS

— i
-9 |
|
= u
v 1
™ {
“4 1
i
B
Ed J
-
el T
.\-
“
\
\
|
{
/
;‘-
/
/
/
Math e Y %% vy
4L B T T (e e e ae
rofo (6c
X |
v \
o |
EN |
g \
> r 1
]
i
-
i
§
|
4 |
A
{It
\
{
|
|
|
|
i
LT S B I A
N - - (- - - -1
rofo fc

PB52241-3

PBS2241-§

PES20831

ISSR35-4
HVM6S

IPES27TEY
PBS24}7
PES24)-3

PB520852
PB522386

PBS10TS7

PBS2407

PBS0881
PBS20766 3
PRSI N
HVM §

PBS208S

PBS27:6
IRAPGU929878 1

PBS20781

Y 09380955 (@

PES20754
PBS2076-5

e EBSNTRY

HVEKASI
PES2083-3

PES20883

PES22387

PES22334

L/ ~ L/ - s =]

- iPBS2241-3

sssssssssssssnsns

> - IPBS2241-5

T p9j909,S (w

...... - iPBS2083-1

ISSR384
\\ HVM6S
/ iPES20783

“-.. || PBR240-7
A\~ PB®22403

ISSR38-6

-+~ .- ISSR3§3

rofo bc

3
F
‘
s

S

¥ 0938095 (&

rd

I

.
.
¥
i

-,

™ PB5241-6

HVM3
= I58R3-2

~ ISSRT

PBS20TES
~ PBS2ME4

- PB524E]
PB522382
~ PESATY

- PBS2412
~ PES140-6

~ IRAPGU929878-4

~ IPES2076-3

— IPBR240-5

~ PBR0SSS
- HVDHN7
IRAPGU920878-5
_ iFBR076-1
T PBS2402
— IPBR07S2
~ iPBRNTT1
~ iPBS077-S

— iPBR22404

rofo fc

- IPBR08S4

¥ 03350955 (g

- PBS2M4H

— HVM3
— ISSR38-2

— ISR3E-7

 PBSNTE
= PBSI4}

_ PBSME
. PBS2238
~ PBST?

— PBS24E
— PBS240

-~ IRAPGUY

bl (7 7 9 41 vjs (@ (JSSlay Jeb (i glasyl (@ wils iyl oy9d Jsb (o onjdils Hiy slasi (W ol SG39dg8y90 wilao LOD yuslie (Y Hlaged

Y) diliwl ks ;1 5YL LOD ,islie :OGENE 4.0 )L’,é“o).‘a 3 edelcuosay )J9fx)>_u ‘ol§)| GV 5l Jols 9> Fa Jud 5o ccislsy

39=>9 (5)|.$U.3_v.n a.\LmboL.’&.‘s (LOD

el oy (gl Silis g alold ;3 QTL

3 olSils 6 obd s

e S

WAY ¢lials ¥ ojlads A oy98



FAY 155,24 pl5y] (335 51 ol 5 '3 slmonls 5 Ki3slsiyse lio astiS S slas ilzolSe

F4 ‘J.uu 5N QTL v 9 F3 ‘J.uu 5N QTL v 9 Aj|o.>)5 (:JLMJLM.AJ
sl QTL ¢ 32K ¢ Siistpe el ond (alwbd
7A 4 2D 3B 6“69}9‘9)5)? &3lg ‘axf 33 cddlay pasls
bugi oxjdilys ;5 slaei cidw gl QTL .ailesS (oslwlis
B dunliio prizren cuol 03 g s K0 ol Siegsy
33 Sl lis LS glvaddi b asdlao ¢l 53 sadbanl)] Sl
bySilis o abols dallhe ol SKiwgn slaog)S eles
13, 24].)94 39>90 L_;lmw )g‘.w é)Lu L us‘.n_m

clas 395 g ellSel 39S ols dallbe glacasgise ;i
el ol slocasgame jl i dllbe sl cuslio ale
BRIV

dobe 5 Blie Glagtid 3 2ok ool 45 39de Slidy
slecasaz 5l 9d Gun Gl wlellhe i) wlise
23 cumaz ol ol 4 d2gi b gam slaguny 1 S5
sidon 58S wlio g,So5lail e oslitul LQTL ilylSe
oylomlagsy (sleySilas slusi 51508 wigio sidin HoSe sl
G55 GlholSe 5wl (Siwsy il glusl jshiedy sy
5l BQTL gids obylKe gly .98 oslitwl QTL
oslaiuol 515 (503 eyl 3V I Jeol>) 92 wiglite lacuses
osbel et dulad ple Jol> il oSy 5L asd
905 bl Ss3

(S5 demgd

e8] B 51 Jol> 92 F3 slaesl 55 Sojgldyge wlae (o)
i shs wlio gy Ssdoe eelelid QTL A osS¥mn
Silis 4 diwsn 9 # psisessS 535 QTL S oxjails>
1Y 09330955 535 QTL G cdils (1)) 0y95 Jsb ISSR38-4
Sy gy £lis) APBS2076-6-IPBS2085-1 (s Silis alols
iPBS2083-3- (5,Silis alolé 55 ¥ esises,5 (g3, QTL
dlogy 3 7 03390855 (595 QTL S (JSSlyy Jsb (HVBKASI
1 &8ly QTL o il ojs o ly JSSR38-4 Silas 4
5 IPBS2075-5-ISSR38-7 (¢, Silis alols 53 ¥ e55505)5
1 3929 QTL W ccislap (aslis cudo gly

Ol i jShe g (55y9ldS 0aSiils 51 2(silaya8 g Sk
otogdy pladl sl @Y LISl (3gaiaalyd Judsty (uggls 4
290 (51398 5 S

canol 00t Gl S Mgt (om0 31 (53,30 1 INST agapls
Jie oBsiuags g Gile polel 48 zun :gilio (la
] Al 39>

oy (gl sviengh)  aliles Oy roBuiaagi g
Gogme ez H(%Ve) G oAj)LiJ/ULA )iw..ms);/um
oﬁ)&/s)bTm/ww&”/M.ﬁn oAj)LiJ (P93 o3iuntgd)
S5 ((pgw odiungh) EAem> Gaws (V) o
(pler odiuns)) Giloyz uas H(BYY) SS Simghy/dosio
(g oty AW Gleguus (%)) SeS Simglh
(%)) SS Situmng

18 oy gt 4eliphly eSS’ Gob 5l il gilie
ol 005 puali gslS

&l

1- Ramsay L, Macaulay M, Degli Ivanissevich S, Mac Lean

Modares Journal of Biotechnology

G
wlio Sy glog) Gholke Sun L yol> Giagi
285% 2 By GBS 51 Jol> 52 Fa glaesly 55 Sujslsdyse
il um)j 0593 L]sb m.)}4.'||9? JRe SMass eléo LS')'.' W ‘algjl
2 dlyy pasls g &l iy (JSShy Job g glas)]
oo Sy plaiedy (s3at0 (slaplSe cilize slagiag
3 [1610|)L§.Mb 9 (S§taxo U XV e wlaw L’)ﬁl LJ)—A.AS 3
2 &ls QTL 5 ails iyt o5 Jsb o ly (slaellas
Glolidd 153 9 Lislels ddhio 93 )3 V 9 0 ¥ ) (slapgjseg,S
6o wao ol gly QTL <o jos Glegly ol 4o iless
HlghSen 5 (stame s b o5 3b ulwlid ¥ pgjse9,S
A iz glas) gl 2UGLKen 3 Sltllad/ cdls ilgban
a3z ilesgas liplSe 6H j2das aegises S den (59, QTL
22 S g aimy asdlbo )3 92 )3 b wlio 55, QTL
69y QTL ¥ dlwgas digy gladyl cidio &5 cwl oaly lis
6l QTL A [Blogil 5 (300 39d50 J3uS ¥ pgjgeg,S
93,0V 5 50 F W glapgiseg)S » ally gy glis) wde
¥ 241 S g Tl il bl |y 1y g Llls dibaie
Rlid ¥ g Vo) pgj909S (g5, gy gla)l wdo sl |, QTL
9 Gy gyl gl ) QTL ¥ (BlyhKan 5 iz ailosys
QTL 0 251 San 5 Cly .lo3505 oulisliss ¥ 5 ¥ 555055
9 )‘uoéuu allao 3 A.ﬂo.))S (:JLMJLM.AJ |) digy &L&S) [ LS')'.'
» &ly dy glw)l che @y QTL ¥ [ly)Ken
9 ($tamo .cwl oad (ol Y g W ¥ LSlm\°9594°9)5
Soiglsdyse wlieo QTL haids jshieqy Pl))San
wdo gl 4D 5 4B 2B (slapgisessS 59 QTL ¥ ol
sl QTL G ol> Ghangly 55 ilenS (luwlid digy glas)|
L oS ud plolids ¥ opgjoegsS » &Sly dig gldi) waw
huwgi ¥ 0959095 (595 wgr £ sl exdlulis QTL
5w g POlghlen g el [HgLles 5 Lk
L2y Kan 5 a2l b Gy «edls Gilgxan B3] Sen

wenidlas edilhe 1291 Sem g Sl 9 2309l g (staxo
6o JSIy Jsb le L QTL v (2legil 5 (saxe
bl 1y g Lolpli dihie g3 3 Y g & F V.Y L_glm‘as)'sns)s
s QPedlgL2) QTL v 28] ,Ken § ddzg/stas/ silosyS
09,5 3 AH (959095 (595 92 JSSlay sk (sl I, (QPedlg4H
[27]()])&@ 9 (Staxo A.ﬂo.))S (:JLMJLM.AJ L2 asbsb (5)‘5.«.«]
QTL ¥ (oui8 Syjglsdyse wlio QTL (hasds jshicd
L gl ol @bt ilesyS (lwlias JSSlay Job wio sy
& L Gy el Glgren Blogil 5 (giame il
5 edl el Glsken BBlLKen 5 dizg/gdas/
93 by 92 4ils o5 sl 1) QTL N ggeme 55 291 Ko
epgjgessS plod (535 Jo dw b dils ¢yjg sl QTLNF 5 J
ooz dils gjg sl B o Lipald silosS (bl
slyS5las abols j3 2H pg5909,5 sl 5550 (595 531555 QTL
Chio Cuigid Wi %W azgei L MWGS03 ¢ vrsl
655 QTL Sy 5els gy 5 45 o s cilos,S oumline
Slozen PAghSan 5 cily b b oS ad alwlias ¥ ogj909,S

el 5 dipllae 301 San L yumls 2l b Js cceaitls
QTL & oaiS Fa g F3 Juus 93 asllhn ;3 Bl 1iSan 5 5ol 45
SB g 2B (lapgisesyS 55y wily pasld cae gly

Volume 9, Issue 3, Summer 2018



ohlSan g aleles Gy FAY

18- Zeng ZB. Precision mapping of quantitative trait loci.
Genetics. 1994;136(4):1457-68.

19- Saghai-Maroof MA, Soliman KM, Jorgensen RA, Allard
RW. Ribosomal DNA spacer-length polymorphisms in
barley: Mendelian inheritance, chromosomal location,
and population dynamics. Proc Natl Acad Sci U S A.
1984;81(24):8014-8.

20- Manly KF, Olson JM. Overview of QTL mapping
software and introduction to Map Manager QT. Mamm
Genome. 1999;10(4):327-34.

21- Schmalenbach I, Léon ], Pillen K. Identification and
verification of QTLs for agronomic traits using wild
barley introgression lines. Theor Appl Genet.
2009;118(3):483-97.

22- Rahimi M, Ebrahimpour F, Eshghi R. Inheritance and
QTL mapping of agronomical traits in barley. ] Crop
Biotechnol. 2013;2(3):35-48. [Persian]

23- Mohammadi M, Baum M. QTL analysis of
morphologic traits in doubled haploid population of
barley. ] Water Soil Sci. 2008;12(45):111-20. [Persian]
24- Wang |, Yang ], Jia Q, Zhu ], Shang Y, Hua W, et al. A
new QTL for plant height in barley (Hordeum vulgare L.)
showing no negative effects on grain yield. PLoS One.
2014;9(2):e90144.

25- Wang]J, Yang ], Mc Neil DL, Zhou M. Identification and
molecular mapping of a dwarfing gene in barley
(Hordeam vulgare L.) and its correlation with other
agronomic traits. Euphytica. 2010;175(3):331-42.

26- Siahsar BA, Taleei AR, Peyghambari SA, Naghavi MR,
Rezaee AM, Kohkan Sh. QTL analysis of forage quantity
and quality-related traits of barley. ] Crop Prod Process.
2009;13(47):195-207. [Persian]

27- Mohammadi V, Ghanadha MR, Zali AA, Yazdi Samadi
B, Byrne P. Mapping QTLs for morphological traits in
wheat. Iran ] Agric Sci. 2005;36(1):145-57. [Persian]

28- Ahmadi Ochtapeh H, Soltanloo H, Ramezanpour SS,
Naghavi MR, Kalate Arabi M, Nik Khah HR, et al
Localization of QTLs conferring lodging resistance in
barley recombinant inbred lines. Mod Genet ]J.
2016;11(2):237-44. [Persian]

29- Bezant |, Laurie D, Pratchett N, Chojecki ], Kearsey M.
Mapping QTL controlling yield and yield components in a
spring barley (Hordeum vulgare L.) cross using marker
regression. Mol Breed. 1997;3(1):29-38.

30- Shahin Niya F, Rezaee AM, Seyed Tabatabaee BE,
Mohammadi SA. QTL mapping of yield and yield
components in barley lines. Seed Plant Improv ]J.
2014;30-1(1):85-101. [Persian]

31- Golabadi M, Arzani A, Mirmohammadi Maibody SAM,
Sayed Tabatabaei BE, Mohammadi SA. Identification of
microsatellite markers linked with yield components
under drought stress at terminal growth stages in durum
wheat. Euphytica. 2011;177(2):207-21.

32- Mahdinejad N, Omidi M, Jalal Kamali MR, Naghavi
MR, Fakheri BA. QTL analysis of some phenological and
morphological traits in Babax and Seri M82 recombinant
inbred line population of wheat during salinity stress.
Mod Genet]. 2014;9(2):207-18. [Persian]

WAY ¢lials ¥ ojlad A oy98

K, Cardle L, Fuller ], et al. A simple sequence repeat-
based linkage map of  barley. Genetics.
2000;156(4):1997-2005.

2- Martin JH, Leonard Deceased WH, Stamp DL, Waldren
RP. Principles of field crop production. 4th Edition. New
York: Collier Macmillan; 2005.

3- Komatsuda T, Salomon B, Bryngelsson T, Von Bothmer
R. Phylogenetic analysis of Hordeum marinum Huds.
based on nucleotide sequences linked to the vrs1 locus.
Plant Syst Evol. 2001;227(3-4):137-44.

4- Zhang ZH, Yu SB, Yu T, Huang Z, Zhu YG. Mapping
quantitative trait loci (QTLs) for seedling vigor using
recombinant inbred lines of rice (Oryza sativa L.). Field
Crop Res. 2005;91(2-3):161-70.

5- Knapp SJ]. Marker-assisted selection as strategy for
increasing the probability of selecting superior
genotypes. Crop Sci. 1998;38(5):1164-74.

6- Mondini L, Noorani A. Pagnotta MA. Assessing plant
genetic  diversity by molecular tools. Divers.
2009;1(1):19-35.

7- Gale MD, Devos KM. Plant comparative genetics after
10 years. Science. 1998;282(5389):656-9.

8- Angaji SA. QTL Mapping: A few key points. Int ] Appl
Res Nat Prod. 2009;2(2):1-3.

9- Somers D], Fedak G, Savard M. Molecular mapping of
novel genes controlling Fusarium head blight resistance
and deoxynivalenol accumulation in spring wheat.
Genome. 2003;46(4):555-64.

10- Wang ], Sun G, Ren X, Li C, Liu L, Wang Q, et al. QTL
underlying some agronomic traits in barley detected by
SNP markers. BMC Genet. 2016;17:103.

11- Hayes PM, Lui BH, Knapp S], Chen F, Jones B, Blake T,
et al. Quantitative trait locus effects and environmental
interaction in a sample of North American barley germ
plasm. Theor Appl Genet. 1993;87(3):392-401.

12- Buck-Sorlin GH. The search for QTL in barley
(Hordeum vulgare L.) using a new mapping population.
Cell Mol Biol Lett. 2002;7(2A):523-35.

13- Kicherer S, Backes G, Walther U, Jahoor A. Localising
QTLs for leaf rust resistance and agronomic traits in
barley (Hordeum vulgare L.). Theor Appl Genet.
2000;100(6):881-8.

14- Mohammadi M, Shekarli S, Naghavi MR. Genetic
mapping of quantitative trait loci controlling of leaf traits
related to drought tolerance in the doubled haploid
barley population. Sci ] Agric. 2007;30(3):37-48.
[Persian]

15- Ren XF, Sun DF, Dong WB, Sun GL, Li CD. Molecular
detection of QTL controlling plant height components in
a doubled haploid barley population. Genet Mol Res.
2014;13(2):3089-99.

16- Mohammadi M, Taleei A, Zeinali H, Naghavi MR,
Ceccarelli S, Grando S, et al. QTL analysis for phenologic
traits in doubled haploid population of barley. Int ] Agric
Biol. 2005;7(5):820-3.

17- Wu WR, Li WM. Model fitting and model testing in
the method of joint mapping of quantitative trait loci.
Theor Appl Genet. 1996;92(3-4):477-82.

o oy olSatily (g y9libeuus;





