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Table 1. The origins of the cultivars used in the current study

S 5l ekl 13 9o (S Sl e «Sufglgdyge i
iS5 1 S e (S5 Stwgn bl ne
O ol 2929l g (P eione (oS Sl (S
aslllas (Y1) il oS Glas 350 5 JoSUge (sl Sl
G e i 5 Jo Slgo sl SIS s b,
S5 Jomily (o p Sl ¢ B 5l (g3amite oo )8
»ogdhas cio sla I plulid (ol lacwiy
sbaHl 385 (bl Jawsd (ouwdlip )5 sladsgone
=S Olao b by sl o yj wwl g o8 Clas
L, LS 351 60l o dlass (3w yiawd pd (1) 2l o
S ySy an s dllas 4 Wlgi o (Sfsledyee Clis
2 led SeeS (Sf9dgh 90 Slino g b SIS cpl o
o o] | o8 olasd (Stwgn @0 p (e Slilllas
Az plwlid i 38 L 53 Copmen cpllly lyie
45 Wgdee JUy adllas 3y90 Clio b lasipe (sla JSS
Cl S |y g o Cudgizme 3ol w395 oyl
o S Gl oely cul 3 ead plulid sl SOl
e %03 P8y 5 ply (S5 (lbian; > I S8
ey 3l gl ) cesgioe ool ade (gl il
4,550 Ly (Association mapping) bLs,l oL LS
40 4 Cul ol (5= (Association analysis) bls)l
sbagbSe s Lagj piebae 9 355 ol (Sl e
Sl Sy S n ol 1y a8 i oS ]S
gy Ol 5 &5 (63503 (959095 (2l lolid
2 009 0l @D H(YA) il n s 1) Nt dy Sl
Slino 0atiS JyuS sb) (bl 5 lolid sl gl
ol 5w ol pale )0 (VYY) Canl o ool Ll Jaie
L (V0) ohlSan g 3jdte gy ol (5525 4 9 (b
o S lolis cly SSAP (la SiLits jf oslizul
S asohy i paS o elyj ppe Bleo L by s
lwlid sl plSeanplS (g5 9 SSAP (sla Sl
Sl o Mo oy Olas (glp o 26T e Silis
Py 4 byl 4o ) (V) ohlKes 5 Ggaie allas
bl adllas 5,50 Slio U Lasye 556 40 MLM
s, Sl is 0 e Lo LS a o p dF s S
e 03b (plulid (Sl 10y ¥7 g (S9jgei 9 )
bl o adlls )3 393 SSR 5 ISSR (ela St 5
S AFLP (b S35 5 ookl Uy pasS )3 ppodls gazs
s > ity alST SLE VWY g aze 15 RAPD

aolllas ol )3 0zl 3,90 )1 (g pglen o -\ oo

andllas 390 pB)) 45 gy aidbaio D)
Kerman obe)s av-y
Khodabandeh-KA ST i —oaslas av-o
Shahindezh-BNG &S 0 3o )b—saals av-y.
Shahindezh-K 5o9liS =l av-1y
Shahindezh-BGB N 3008 39l —jainld av-\y
Bonab-R Cubgy—olo av-\s
Kerman-SN SGb jeed—lo S av-\y
Markazi-SH Bjli- 558 o av-y¥
Markazi-H dyg0in— 53 yo av-yo
Sistan Ol ol g oliu av-f#




VoA =h5 S pBl )3 Cuner JiB Lo (a9 Sujolsh 90 Slao b dtwgy RAPD JS5LE5 Lol

5 Sa p pSelS YWY ) S a5 Slee 1 Sbo
Wlos,S S5 Sa pr p Sk VY 1) o s YL
23058 iulial b oS wlasly )bl g (ol cpiored
PR VIO U (lgicn |y olS cpl 38 (59 9 yad)
Iy aby 5 Shes 1Sko jo B! pl ol isli8l (S s
gl 4 ol 5l ere 5 osldl lulyd 5o AT &
s ) Jols @l o by g P8 o (S5
eyl il s Slas jy cudgy Lol &S Db flis byl
039 Sy > &b Gig = g ol sladile Jobo ol
5 doyd O Jlais! maw jd (g)lol Llod I dBls 3 JguS
dbbds‘.w J}»‘S Slias ‘DLS )2 Jwa )lo.w il )‘)!b )9
Cuslyy adll o (Sfglan 3Mes Wi JS 1)y (o3
A6yl oy cplplo g b pme oy S i maw jo
Ol yss aiold )15 3939 (63U g0 Claw (ol Hlas 51 ely3
A8 o 3ol 1) e ol 5 adllas 3y90 Slas 03528
Gl e gjs Slie clp (eges by (o YL
as g (Mop OF) cuiby asls (asp FY)
& B sl sl Sy (1o TY) (i
OlFe 9 conl Slao cpl ol S8 1> (n ke lsie
P90 iy Slie cpl Gl 1y oglle (iS4 Gl
G slgbyy Bkl e Clic el cnlpl
V) wls 5Sler bste cspiscdly sl oSl
Gas 9 90 o &S Cawl &S5 oyl sdimd LS 55 (Moo
5 i o S8 55 Bl g 5 ol et
el oS ST WY wolizul 3,50 RAPD S5L1 Vo
Wb Bl (S (6T bl g zody pas I 4
ol W S ST WY bwg K6 VA (Y Jeis)
bwgis g, (doyd m‘) I as oK AY Sl
slaySilel g VO SHEl el S8 xS
Sl 5 piin oSe YA L OPD-08 4 OPD-03
03,5 W ) bl slass oy eS8 K6 & L OPB-03
@ by JS8 s laglSe 2o cp i (1 Jgi2)
4 boye dopd (pyieS g sy YY) OPA-07 Sk
JS s SleMbl e 234 (30> V5) OPA-03 551l
5 OPA-03 (cla)S5lel (clp cusy a0 /YA b /e
Gl JSisin SleMb] e (3:5ike .35 ize OPD-03
sla S5l (Y Jgun) 30 +/NF adlas 3y50 (sla Sl
ot b (YA 5 /Y 55 &) OPA-06 5 OPD-03
sz bl oyt da 55T SSue cledbl (s
s Sl 93 ol &S dme ol 4 iad e i 1y IS
S5 dold ol atulgs o odliul (cla Sl aon I
Olie by &8 L;».Ub)f)’l.é] Oeed S asuie 1) pB))
2S5 oYL (55 g g oYL (S s oledbl
5 &5 9 PIC (o (Stsen oaimdlits ggd90 (pl o5
Sile] ) 5 S HEN g sl S bl Sl
4 baye jlie opyin S gpsbd b dulxe V/YY
S5l & basye of cpuieS g (V/FA) OPD-03 8L

(¥ Jss) 3 (+/1) OPA-03

Ol 7555 5 0995 DNA gl 50!

olo yor o )3 036 (SaS pr «(SBF £95 oy Sl
O o oolwr & JiLaw I odlaiwl b g (gy0laen AA
CTAB sy L DNA gl sl ai ooly Jlisl olSiylej
9 5099981 jl o2lil L DNA oS 5 CudS 5 plosil (V)
S 53 DNA b 155 A3 (s (5 iagishy Sl
X cdale L PCR 3L (g5l (gyudgySee VO 25T
Voo S5kl (Jgeidee VAMQCl, (Jgo due +/5 ANTP
b S5 sl oy Ve gen,See /0 ke b gaisilS's
2 ki jbes Ol ogMeds (ogis DNA £ 551 Y0 4 5l
L PCR s 08,5 &y bypis] S Lugo s olSius
Gy g oS il a3 AF glod o b Yo s sl y
LY joagds ) ol S olo ax)d AV ;o adds ) : S ¥O
slod 5> 4> ¥ g (S5l 4y g L) ol,5 ol a2 Y8
O Odo 4y dad VY glod > ol Lo pbsilpw g a5 > VY
5 L PCR ¥ guame I yids,Sao VY .25 plocl aids
52 3BT J5 0 g 2 blse #X (o)) Bl s S
5299958 sl VO Cide 4y g VO <ol 5y 4o duopd
Yeoo Jdo S J5 o&iws jo Jj 5l b poese 0
5 ol UV g 5
Wosly g lol 4 500

pas 93929 ool 1 jho 5 S ©)gar )5 slasSl
& PIC jodls was adjloel K6 2 )0 kb den
WSl oo b )S5le] S cyub onimd (L bayliee 1SS
ol A dwslbe PICSL-IP2 Jseyd )l oslizal L
Adlign e e S 5 ol I Sl Py Jsep
S8 08 2yl alajlae 503 5l 5 KL asla
asles MIZPIC* B o8 5l oolizl | &8 coln 5 L]
S8 xix plaglle 2l B Jgep 0 &5 wd)S
Number of .o (ol y pB)l (S5 dlold .ail o
51 eslezwl L Neihbour-Joining jis,l, o difference
Olase 4 450 Ad dwbxe (V) MEGA3 jl3sle 5
b oM b g 93 )90 puy caa (PCOA) (Lol
caz 23,5 plool (YY) NTSYS 2.1 38l 55 ) oslizul
#9 =D oS pB)l ) Cumer (S5 Bl o)
Structure 13815, 5| Neihbour-Joining (siieg,5 40U
5L Ye+ev L No Admixture <l ,» (Y¥) 2.34
K ilisea yolie ;3 MCMC 1,85 )l 8+« + 5 BUMM-N
duobxe delta K gy yolwl p age K dae b eolawwl
Sl b gy cuto g, ST lolis (gl b s
P L el g )S) @S s )90 Sijglsd)ee
s Jie it lyiedy (6,505 laglSe (3,5 L
3 oolizal b dtay sl ite ol & Sesglshyge i
28,5 plol (V) 10 aeus SPSS 8lp

e i g o yieS e Blpl (1 Sibe ¥ g
b oSles 1Sho b adlles (o ey o0 ol 1) Claw
(V) oher 5 cil,S 5g ,iSh 5 p)Ssks 8VY



AT

WA o YV b0t /s Sl /s lj LS 5ol anlicimgsy

(Linum usitatissimumL.) _ely; oS a8l sy p 3y90 Slao (¢ )ll (sla jasls =¥ Join
Table 2. Statistical parametersin flax cultivarsfor studied traits

ol Bl Jsb Sl JpuS o Ml JpuS ol Blogiy  p S o N W) e
(cm) obel o @ = (9) 5 (em)
¥V/00 Yy v-/o¥ <Iv¥ YISy FY/on Sile
offs WY/ YVIVY <Y YIS /6% slze Bl
VPEY ay. YAYY il VFY/AD Wy Egee
vV/o AIYY VelNe AN -/¥Q YY/¥ POV
Y7 £ VAY/o <[A¥ V20N OA/D o Sle
YY/0) Va/fY ¥/¥5 Yy Yo/vy AV (20) (sog0s gyl
Table 2 continued Y Jgix aldl
ol KgseoSlee aboSle e Jld gy Slolw alJb oex
Cubldy (kg/ha) (kg/ha) Ly (g) «b 3] (em) =8
Y. /¥Y Yso¥ YA vy ¥/YA VV/oy YO/A- Silee
VITA oY YAYIYS avisa -/0) ¥IAD AT slre Gl
Aa/ye \Ratas Y--¥o TYYY WA/TE 5 /00 VFYY Egexe
olv¥ vov/a- WY/o. VAYY /Ay /A \A7R POV
AZVARN Yy AYAY Yy ol A O+/5A o Sle
oF/¥Y Yv/ay Ya/xy YV/-5 £y YSIVY YY/55 (10 )3) ogors s pucily

_ _ ol a5 5 o3l 3,90 RAPD (sla S5l wluoguas: g pb ¥ Sy
Table 3. Name and properties of RAPD primers used in current study

et G Glgme Sl patls  Kianpaepy SO b g cboe Solw S
L;ls") 04
<IVF -Iv AT o X} OPB-01
<Y NN s ¥ ) OPB-02
ALY -V i Y 0 OPB-03
HAYN \/Ys AN % \Y OPB-04
/¥y \ISA 75\ A Y OPB-05
AL -y JAGS ¥ ¥ OPD-02
ALY Y/EA Va4 Y \A OPD-03
-IyY Y/Y 75X \. \$ OPD-05
AT /YD AR q \A OPD-08
A A YAYZ Y WY OPA-03
Al V¥ Vias \% ) OPA-04
<IYA /oy 75 q s OPA-06
AL yv/-a YA%s ) 0 OPA-07
A% VY oy 4 W E9ee

D Oy 5 Cdo 93l )3 e slaSSLS I oolas
Wlo Sy ly Spide cbolSe de2g Shaghy ol
slole (ol by (Swen b 4 Vi
Slio o lodne (Sharan 2929 &5 W8bioo (09)909)5
238k Cusdly cpl > Slgioe Soten b Suj5ledy0e
L5 laie OPA-06 4 OPB-05 (sla kel adllas oyl
sl Yl 60,8 ang |y Claw lus 51 aoe
SOl ) e a4 S glag; wlae cpl 4 by
SleMl (3,91 @ald 5> sl (Sae g AL agigesyS
Skl Clio miis pe S (ogad > 4yl
5 olisabl 5 555 (el andl sl she bagye sla Sk
5 oy e Slao 5 )Tl o dtugy b ss2
»lio ploais S laglle Joo (lolid (uieen
Jro 3@ Jb 3 lacurer 4 b5 lpgises S )
O ko & 4295 b (V)) Al sgble > o F2, RIL
(Siwgn laais Gl osel Cunty (L @ledb
P Sblamer (398 oyed ) pen (alaladgie
5 =hi Sl cwle K Sy pas (58 Jb

5 odd Cuibal Glae o byl s jelaiea

Cobll ogill &5 Lo, ik] lulis 5 JeSlse (slaosls
PEAPE g5y b9y 5l 8)b 1) Clao ol b (Suwge
buwg 5685 salSe &S bbb Gl gl b edlawl
b ye Cabio (yyiins iy OPB-05 5 OPA-06 s S
9o P 3 1 e W S5el 93 o (¥ Jge) itn
Slas sly 530 Silel olaw o yieS b ol adllas
ab e ojs s (OPD-03 SLT) ey ablo slas
Gl 1y (F361 ) S50 SSR ST slass (a8 (1)
P S Slinen 5 S i)l Wbl iy Claw
hzg B5 > (pizen g Ldged B (o)) pB)
Miw ©lis i 4 (Linum bienne Mill.) pale flax
Sy g J5 IS (2 g9y gy Lyl 0)g p 50 5k
slp opie cpl K39 L 1) 50 SSR (58 SIS
SSR S5ikel 45 slaws pale flax j» 4l a5 Cino
s Slas lp cute S5l i W3ges b)5
b glolid (Soioden 3o g (28 SbBle JouS



VP =hi OB P8yl 13 Cumar Jldlu (i 5 SHjglg8 )90 lao b gy RAPD (S5Li5 oLl

2 ol wld g Wb adlas 500 (sly5 S pgis
clio b RAPD (o Silts 5 oyt i Stusey
IHM) oher o \b)..»yw.\.wb Gezs oyl gy
st oo b b yo (sla 53T ol gl SSR Sl
ey cpl &S 10,8 by LQ)\ 0,8 eoldiwl LS 4o o)
Clw b b u,uz:’ 2B e Slelis (gl
F el oo sl )Silel 5 039 (riakae 5 duie Sujol58)90
Sl SaS @ (i S slbdely ;o Slg o Oldllas oyl
Aol 4 dogi b Wb odlatwl obacd slacures 4 4
Iy 55 5y0 (sl 1o 0liinl 3 )50 RAPD (gla yosly dos
Ko cpl 5l olan o)y Jlaasl plply wsS s
oaliol b )] dgd g (badE glacane> 4 Iy

55

Pl asd ool ol S plej 5 Jsge sla SOl
o ey i b Lsye S plobid i
Gise ] cln Sl eslizal b sl (1Y) o]

2 logase 3 Slas glipl dlax I (ohj Clao b ke
Ao patidio Lol (509550955 (Ko & (20 )S0LE5 390
Clao (agjge9)S (iRl b Y Mg L olyie
Gub 5l Che ol BB (Y S ) )l 3y9e (2
QDo) 3T Aol L oS ol Jliml ke b sl 55
SSTYY) el 356 acudgioe oyl p (6390 b olg oo
i Ctuo 4y bgype lyuss jl ds > ¥o leis OPD-03
1 03lizl L (1+) lSad 5 5l 38 e |y e s
3y90 RAPD (sla SilE] &5 idges (8)155 (sladgs 420
5 4 Saen b (068 (S dalllas oyl 5o odlal
el il ez Saten 1, S calisen o)) 1538
P GBI g n g SSIEl Ci g

alllas 350 (S pB)1 )3 Cto (gl ST Lol (gl (JsSUge slooals § Sy5lsh 00 Slao (PRl (oS b ¥ gz
Table 4. Results of stepwise regression between morphological and molecular data to define informative markers in

studied genotypes
obgixe glaw 015 gyomai RE S5 ol R
ofees QAN OPB-05, OPD-05, OPA-06 g glas)
-[-v5 -/ava OPB-03, OPD-02, OPD-03, OPD-08 Sy JguS 059
-[+¥0 -/20- OPB-05, OPD-03, OPA-06 SR
o[+ +/23A OPD-08, OPD-02, OPD-03, OPA-04, OPB-05, OPA-03, OPA-06, 55 sl JpuS sl
<[y -2 OPA-06, OPB-03, OPB-05, OPD-05, OPA-07 ol 8l JgunS dluss
olee0 pAS OPA-06, OPD-08, OPA-07, ol Lo Jobo
RN AN OPA-04, OPB-01, OPB-02, OPB-05 b dile Jsbo
o[eY- -/¥0¥ OPD-03 =5 45l dlus
ofeey -IVYY OPD-03, OPD-05 als i 59
o[\ a5 OPB-03, OPD-02, OPD-08 Sy JgunS o
. -/aay OPD-08, OPA-06, OPD-03, OPA-07, OPB-05 ails 5,Sles
-1y AVA OPD-03, OPD-02, OPB-02, OPB-05, OPA-07, OPA-06 SSojlam 3,Slas
RN /2. OPB-02, OPB-05, OPA-06 sy jasls
JoSo b9y Clgis 4 g5 el by 4 40 Ghey 4 slads wps L Jeb gl

Sacgerme (nllog)S 93 3929 85 plol sladgs o0
Jsl 08,5 (¥ JS3) 05 ans 35 PCOA ik 5l ool
Ol $rb gz g Sy gblie 3 o (LBl 4 bgye
oials By Gl (YA) whasSly pei g S ejlul
b il 1y B 351 cudly Lol dilge 95 4 cledL]
50 Jlgel yd &S WsSilad S i bl ladies 4 jo0
Fo25 0)5 o 0daliie Lol by 4o 5l Jols (gum
Ohar g bywgiaw ddllas 1> .CuwlsS 5 esuie MolS
a2y b IS oobily Sl s 57 5905 ol adlge 9 (1F)
ol Ly Slaguen 305 s (] aalllae 3 oS oS

S kol Gy & 425 5 Cumen 3L

Number of 4ol s 5 Neighbor-Joining
09,5 ol abgs 93 5 |, aalllae 3,50 o5l Clifferences
59WiS —jaals wwudg) —oly pB)L(V USS) 35 g
2 3N 308 Bk il o (S50 el —Suuels
SosS pla B ol g2 e5F A5 15 g 05,8
CF po Sils —555 o bl SES ol (Kb g —
P 9,83 (poyp > O liaagl 5 bl 5 dgiin —
)Llf Jel LY dolﬁ)l ‘09;-9.) LIt as L.Aﬁl)).) ulyuo le>
altio Mol lon o o Ll (glls a8 Gla 8 sl on
P O (Suisf Alold oyt Bl oo (ol L b
oS @olpa sbaasly )3 &5 39 plo)S 5 Cudy) —olu
S Caz (SW cpdlly plyie @ bowis) cnl Sl Glye

503 03latul s g yin S lis



VY

WA o YV b0t /s Sl /s lj LS 5ol anlicimgsy

% )
ey, i nf;
‘5\?0” o &
Y A \ = <
24 L o s
L i % e
=" N 7 i
< i B
Kevman £ — — T s PO
e =
- — O Sistan
. \‘.\\.
T o
P 3 -,
. % .
T Fd y ?‘ha,,
» O e,
e o o K
. P
- =
g 2
-4 E
7 =
=

«ole S :Kerman) Number of differences alols o o 5 Neihbour-Joining w51 1 ool b asdllas 5y5e LS pl8)1 (sais0g,8 -V JSUs
:Shahindezh-BGB j,,lis 5l :Shahindezh-K « 8 b 59,L—500ls :Shahindezh-BNG ]SS —sanlas (K hodabandeh-K A
dyglin— ¢3S po :Markazi-H i jLi— ¢3S o :Markazi-SH « Gl jad —ylo S :Kerman-SN «cusgy—ols :Bonab-R (5 (5308 59,b—junls
(Oiezrsl § ol Sistan
Figure 1. Denderogram depicting relations of flax cultivars by Number of differences distance and Neihbour-Joining a ghorithm

(Kerman, Khodabandeh-K hashkabad, Shahindezh- Barogh Nader Gholi, Shahindezh- Keshavarz, Shahindezh- Barogh Ghermezi
Bolagh, Bonab-Ravesht, Kerman-Shahr-e Babak, M arkazi-Shazand, M arkazi-Hendoyeh, Sistan and Baluchestan)

_ _ Jol 4o 0 & barje (e puilyly L0)d 5 (uil)ly Loy o slade 0
Table 5. Eigen value, percentage of variance and accumulative percentage of variance related to 5 first components

0529 yolie (2028 Moy o9 ypilie Moy o9 polie 4dlgo
ADIA NI YA Jsl
ANIEA YIAN /v Py
/YR ¥/5) VE/YR pow
/vy VA¥ \RA%s ke
/0 VAY N¥5 ey

dae =

AKhodabandch-lkA
Mourki-
Kerman '

i Markazi-s11

PCoA(19%) o.01 Shahinderh RGR

Shahindeh-BNG

Shahindesh-F
017 £

P LIREE j U.;’J j T T j LS
PCuAL3U%D)

- SuiS—oaulas :Khodabandeh-KA b, :Kerman) . Lol Glaie 4 4505 jwlol o L. uStatissimum €48 o8, Vo gam 9 & =V IS
Bonab-R (3 (s50,8 59,b —5amalis :Shahindezh-BGB «;,4Lis —5aunls :Shahindezh-K 15 )3 59,b—;510L5 :Shahindezh-BNG wbi
(0bwoly 9 (b :SiStaN ey gdin — ¢35 po :Markazi-H «jlis — ¢35 o :Markazi-SH « Sl g —yle S :Kerman-SN «cudg -l
Figure 2. Two dimensional plot of the |?enetic relationship amc;r&g 10 L.usitatissimum cultivars produced by principle coordinate
analysis on RAPD data. (Kerman, Khodabandeh-K hashkabad, Shahindezh- Barogh Nader Gholi, Shahindezh- Keshavarz,

Shahindezh- Barogh Ghermezi Bolagh, Bonab-Ravesht, Keérg]an—hShahrje Babak, Markazi-Shazand, Markazi-Hendoyeh, Sistan and
uchestan



\SY 515 Ol 1 5 Cmen 5L s 5 Suelsh 90 Sl b disgy RAPD Sl Lol

9 JSlowl (8) 23bioe pB)] o b ks S5 ol
OUS o5 Byl (SB5 £95 () p Car (Y0) o)
5 53 aelan Sy0n (slacamon 45 & dngi L tinyg]
(oboye g 3p) jydl 5 (i35 p)5) o5y 2l 5 ]
odd Gyglaer Cglite ol Job g oy L
sdos yobo & (S5 P55 bl Colis cplply
bl boames (S Hdle fus Lol s
LOES] 5l gl 53 5 Sl ol e K 3L
A > ol (YAF) 29800 dtwgn - (sla, LIS
b by et ollhs ) Cgmes sl B3

25 e el b 4 Jy wites et bicuwses
J‘“’L’L;" )13)95)4, uol& Cao| )1 Dlodds Conis blares
(AY)

1.00
050
0.0
0.40
020

o.ao

110
202

3(3)
A4

55
GG

om b Bl 1 snmdli Cumes (Sj ksl
g o e GYsb LSS )b 4 g b ags
5 Ol (e W s (S35 (Sabokly o g5
Sl iy Sy cplplo (YFY) Wil o (b Glal g
oslitl 5 cblis i Gy Jypame (K55 5L 5 s
SNl )5 Gl oy ) wedp)) Il
alol> polote sloog)S anl 5 (e jslate 4 (1A) L3k e
Sy Hdle 40 adlas 390 pB)l (fladss 4 o |l
5 Structure 2.3.4 ,l58ls 5 5l oolitwl b asllas 350 pl8)|
Pl 5l g (V1 US) €85 Cpge i Jbo olul
Canl adld buwgie duobre (gly das oy Jewlo K=Y
ol 09,5 Y 2lasi g ud 3yl 095 sl (FS)
9 Jsl 09,5 (sl P jluie bawgio . apl slados 435
Lawgio jlaie Jgl 05,5 15 g <[5 9 +IYY i) 4 pgd
5 YU s 3led srimdlis & 5 +/V) 5 iy Fet

LA ETgE B

2ral 1001 0%

F (IS )30 ek —5inls ¥ oLICSAS —ouylad Y (L) 1) SHUCHURe 153l p 5 olil gy LS eudlyp)) bty dis —Y S5
N ghin =38 e A il —655 0 A SGb e —gleS Y iy Ol £ (3 (g0 39 b Sumld B eliS —Saials
Ol ol g s

3:Sh

Sl 4 25 b piomen 2905 olitel 103 slayingg
» odlatul 3y00 sl 53l bwg g b Silel i)
lple 829 fge adlas 3)90 Clio (59, p B ]
laslyy ;3 RAPD (el S5kT ol 5 sty oyl Jloss)
s Uy cwle il ool ly oS SNl
2, odlawl Wyun pByl Mg g obadd slacuses

FEi‘%ure 3. Clustering of Flax germplasm using Structure software. (1:Kerman, 2:Khodabandeh-K hashkabad,
indezh- Barogh Nader Gholi, 4:Shahindezh- Keshavarz, 5:Shahindezh- Barogh Ghermezi Bolagh, 6:Bonab-
Ravesht, 7:Kerman-Shahr-e Babak, 8:Markazi-Shazand, 9:Markazi-Hendoyeh,

0:Sistan and Baluchestan)

bls)yl 4350 51 eolaal jo (5,155 gl jols adlas

» Sgledyge lao b bije oSkl alulis oy
sl Slain 5 ol adlllae gl 1l o ddlllas 3,0 pl5))
5 Sde Sl 5l aply & eyl Gl aad
ellid & Glge 298 odlatel (635)5 e
Sl | slazel LB o Y Stuan sl 45 oln S50
2 Ll 0 Joael 3Skes (lipl g 5Slos b sy



\BY WAS s 1YY oles fpas Jls [ely; ol Mol asliingy

&l

1. Abdollahi Mandoulakanil, B., H. Azizi, Y. Piri, S. Rahmanpour and L. Hassani. 2016. Association
Analysis for Morphological Traits in Cultivated Alfalfa using Molecular Markers. Journa of Crop
Breeding, 8: 52-60.

. Ausubel, F.M., R. Brent, R.E. Kingston, D.D. Moore, J.G. Seidman, JA. Smith, K. Struhl, L.M.
Albright, D.M. Coen and A. Varki. 1995. Current protocolsin molecular biology. Jon Wiley, 225 pp.

. Breseghello, F. and M.E. Sorrells. 2006. Association analysis as a strategy for improvement of
quantitative traitsin plants. Crop Science, 46: 1323-1330.

. Cardon, L.R. and L.J. Palmer. 2003. Population stratification and spurious allelic association. Lancet,
15: 598-604.

. Carvalho, A., H. Guedes-Pinto and P. Martin Lopes. 2010. Genetic variability of old Portuguese bread
wheat cultivar assayed by IRAP and REMAP markers. Annals of Applied Biology, 156: 337-345.

. Clegg, M.T. 1997. Plant genetic diversity and the struggle to measure selection Journal of Heredity, 88:
1-7.

. Crossg, J., J. Burguen, S. Dreisigacker, M. Vargas, S.A. Herrera-Foessel, M. Lillemo, R.P. Singh, R.
Trethowan, M. Warburton, J. Franco, M. Reynolds, JH. Crouch and R. Ortiz. 2007. Association
analysis of historical bread wheat germplasm using additive genetic covariance of relatives and
population structure. Genetics, 177: 1889-1913.

8. Flint-Garcia, SA., A.C. Thuillet, J. Yu, G. Pressoir, S.M. Romero, S.E. Mitchell, J. Doebley, S.
Kresovich, M.M. Goodman and E.S. Buckler. 2005. Maize association population: A high-resolution
platform for quantitative trait locus dissection. Plant Journal, 44: 1054-1064.

9. Gebhardt, C., A. Ballvora, B. Walkemeier, P. Oberhagemann and K. Schuler. 2004. Assessing genetic
potential in germplasm collections of crop plants by marker-trait association: A case study for
potatoes with quantitative variation of resistance to late blight and maturity type. Molecular Breeding,
13: 93-102.

10. Golshan, M., F. Rahmani and A. Hasanzadeh. 2014. Study of diversity in cultivated Flax (Linum
usitassimum L.) based on morphologica traits and RAPD molecular marker. Iranian Journa of
Modern Genetic, 9:107-16.

11. Grant, C.A. and L.D. Baily. 1993. Interaction of Zinc with banded and broadcast phosphorus fertilizer
on the dry matter and sees yield of oilseed flax. Canadian Journal of Plant Science, 73:7-15.

12. Gupta, P.K., S. Rustgi and P.L. Kulwal. 2005. Linkage disequilibrium and association studies in
higher plants: Present status and future prospects. Plant Molecular Biology, 57: 461-485.

13. Ivanova, S, T. Rashevskaya and M. Makhonina. 2011. Flaxseed additive application in dairy products
production. Procedia Food Science, 1: 275-280

14. Jun, T.H., K. Van, M.Y. Kim, SH. Lee and D.R. Walker. 2008. Association analysis using SSR
markersto find QTL for seed protein content in soybean. Euphytica, 162: 179-191.

15. Kumar, J. and P. Kumar Gupta. 2008. Molecular approaches for improvement of medicinal and
aromatic plants. Plant Biotechnology Reports, 2: 93-112.

16. Kumar, S., K. Tamura and M. Nei. 2004. MEGA3. Integrated software for molecular evolutionary
genetic analysis and sequence alignment Briefing in Bioinformatics, 5: 150-163.

17. Levesgue, R. 2007. SPSS Programming and Data Management: A Guide for SPSS and SAS Users,
Fourth Edition, SPSS Inc., Chicago.

18. Li, M., Z. Zhao, X. Miao and J. Zhou. 2014. Genetic diversity and population Structure of Siberia
apricot (Prunus Sberia L.) in China. International Journal of Molecular Sciences, 15: 377-400.

19. Muravenko, O.V., V.A. Lemesh, T.E. Samatadze, A.V. Amosova, Z.E. Grushetskaya, K.V. Popov,
O.Y. Semenova, L.V. Khotyuleva and A.V. Zelenin. 2003. Genome comparisons with chromosomal
and molecular markers for three closely related flax species and their hybrids. Russian Journal of
Genetics, 39: 414-421.

20. Murre, M.M. 1955. Vezelvas. Uitgeverij Ceres. Meppel. The Netherlands: 112 pp.

21. Naghavi, M.R., M. Mardi, S.M. Pirseyedi, M. Kazemi, P. Potki and M.R. Ghaffari. 2007. Comparison
of genetic variation among accessions of Aegilops tauschii using AFLP and SSR markers. Genetic
Resources and Crop Evolution, 54: 237-240.

22. Omid-Beigi, R. 1995. Findings about Production and Process of Medicinad Plants. Fekre Rooz
Publication, 110 pp.

23. Pank, F. 2006. Adaptation of medicina and aromatic plants to contemporary quality and
technological demands by breeding: aims, methods and trends. Revista Brasileira de Plantas
Medicinais, Botucatu, 8: 39-42.

24, Pritchard, JK., M. Stephens and P. Donnelly. 2000. Inference of population structure using
multilocus genotype data. Genetics, 155: 945-959.

25. Rashidi Monfared, S., M. Mardi, A.H. Hoseinzadeh and M.R. Naghavi. 2008. Association analysis of
important agronomic traits to retrotransposon markers SSAPs in durum wheat accessions. Journa of
Modern Genetic, 3: 29-35.

26. Rechinger, K.H. 1974. Floralranica: Linacea. Graz: Akademische Druk-und Verlagsanstalt, 106 pp.

~N o o0~ wWwDN



\5Y =i oS pByl ) Cumen Hlidle pusd 9 S5el99 590 lao b dtwen RAPD [\ SLis oLl

27. Rohlf, F.J. 2000. NTSY S-pc: numerical taxonomy and multivariate analysis system, version 2.1.
Exeter Software, New Y ork.

28. Rostok, N., L. Ramsay, K. MacKenzie, L. Cardle, P.R. Bhat, M.L. Roose, J.T. Svensson, N. Stein,
R.K. Varshney, D.F. Marshall, A. Graner, T.J. Close and R. Waugh. 2006. Recent history of artificial
outcrossing facilitates whole-genome association mapping in elite inbred crop varieties. Proceeding of
the National Academy of Sciences, 103: 18656-18661.

29. Roy, JK., R. Bandopadhyay, S. Rustgi, H.S. Balyan and P.K. Gupta. 2006. Association analysis of
agronomically important traits using SSR, SAMPL and AFLP markers in bread wheat. Current
Science, 90: 5-10.

30. Saremi Rad, B., M. Shokrpour, O. Sofalian, S.E. Hashemi Nezhad, A. Avanes and E. Esfandiari.
2014. Association Analysis of AFLP and RAPD Markers with Cadmium Accumulation in Wheat.
Journal of Crop Breeding, 8: 126-133 (In Persian).

31. Schaal, B.A, D.A. Hayworth, K.M. Olsen, J.T. Rauscher and W.A. Smith. 1998. Phylogeographic
studies in plants: Problems and prospects. Molecular Ecology, 7: 465-474.

32. Semagn, K., A. Bjornstad and M.N. Ndjiondjop. 2006. An overview of molecular market methods for
plants. African Journal of Biotechnology, 5: 2540-2568.

33. Sharifinia, F. and M. Assadi. 2001. Flora of Iran, No. 34: Linaceae. Research Inst, Forests and
Rangelands. Ministry of Jahad-e-Sazandegi, 114-125.

34. Slatkin, M. 1987. Gene flow and the geographic structure of natural populations Science, 236: 787-
792.

35. Smykal, P., N. Bacova-Kerteszova, R. Kalendar, J. Corander, A.H. Schiman and M. Pavelek. 2011.
Geneticdiversity of cultivated flax (Linum usitatissimum L.) germplasm assessed by retrotransposon-
based markers. Theoretical andApplied Genetics, 122: 1385-1397.

36. Soto-Cerda, B.J., A. Diederichsen, S. Duguid, H. Booker, G. Rowland and S. Cloutier. 2014. The
potential of pale flax as a source of useful genetic variation for cultivated flax revealed through
molecular diversity and association analysis. Molecular Breeding, 34: 2091-2107.

37. Soto-Cerda, B.J., S. Duguid, H. Booker, G. Rowland, A. Diederichsen and S. Cloutier. 2014.
Association mapping of seed quality traits using the Canadian flax (Linum usitassimum L.) core
collection. Theoretical and Applied Genetics, 127: 881-896.

38. Talebibodaf, M., A. Tabatabaei, K.H. Razmjoo and B. Shirvan. 2006. Genetic variation within and
among species of perennial grass using AFLP markers. Iranian Journal of Science and Technology of
Agriculture and Natural Resources, 10: 29-38.

39. Virk, P.S., B.V. Ford-Lioyd, M.T. Jackson, H.S. Pooni, T.P. Clemeno and H.J. Newbury. 1996.
Marker-assisted prediction of agronomic traits using diverse rice germplasm. In: Khush GS, editor.
Rice genetics Il Proceeding of the Third International Rice Genetics Symposium, Manilla
(Philippines): International Rice Research Institue, pp: 307-316.



Journal of Crop Breeding Vol. 9, NO. 21, SPIHNG 2017 ... . uniinis ettt et s e e e e et e e et et e 165

I dentification of RAPD Marker Associated with Morphological Traits and
Population Structure Assessed in Cultivated Flax (Linum UsitasssimumL.)

M asoomeh Golshan?, Fatemeh Rahmani? and Hossein Abbasi Holasou®

1- Graduate M.Sc., Department Faculty of Science, Urmia University
2- Assistant, Department Faculty of Science, Urmia University
3- Genetic PhD, Faculty of Agricultural Sciences, Tabriz University (Corresponding Author:
Hossein.pdf55@gmail.com)
Received: August 11, 2015 Accepted: February 6, 2016

Abstract

Linum is the largest genus of the Linaceae family comprising nearly 2030 species. Flax
(Linum usitassimum L.) is the third largest natural fiber crop in the world. In the present study,
RAPD marker were employed to identify informative markers associated with traits such as
plant high, weight of capsules per plant, weight branch, capsules number of branches, capsules
of the main stem, stem length, branch length, number of branches, thousand seed weight,
number of capsules per plant, seed yield, biologica yield and harvest index in flax cultivars.
Thirteen RAPD primers amplified 169 loci among 10 flax cultivars, with an average of 13 loci
per primer. Polymorphic information content (PIC) ranged from 0.05 (OPA-03) to 0.29 (OPD-
03), with an average of 0.16. Cluster analysis based on molecular data assigned the genotypes
into two groups, which coincided to geographic distribution. Cluster analysis result was
confirmed by principa components analysis. Population structure analysis using model-based
Bayesian confirmed the K=2, as the reliable value for the number of clusters. Stepwise
regression analysis between molecular data as independent variables, and morphologica data as
dependent variables was performed to identify informative markers associated with the studied
traits. Loci OPD-03 and OPD-05 were associated with both thousand seed weight and number
of branches. Since al used RAPD loci except OPB-04 showed significant association with the
studied traits, therefore, it is possible to use these primers along with morphological traitsin flax
breeding programs for identification of suitable parents to produce mapping populations and
hybrid varieties.

Key words: Association analysis, Morphologica traits, Principal component analysis, RAPD
marker



