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1- Neighbor Joining

3- Principle co-ordinate analysis
5- Shannon's Information index
7- Nei's (1973) gene diversity

2- Analysis of Molecular Variance
4- Polymorphism Information Content
6- Effective number of alleles
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Table 1. Characteristic of SSR primers and its sequencing

ol 5 5 SSR (sl Slis coluasiiie =\ Jpa

el L s S I sy g2 S g S
VO INTd Cs TGCATAAGCTCGAAGAGACG CACGAACGCGAGAGAGAGAG 0l10-B02
Y¥ B/ Al ATGCAAGCTTAGACAGAGATT CCAGACTCCGATAAAACC BRAS041
Y¥ Y&/ Al TTTTCCTTCATCGCTACCAC ATTGGGTTCTGACCTTTTCTC BRAS084
¥ ya/a Cé6 TCTGTTGTTTCTCTCGCC CTGATGGACTAGGACCCC CB10234
Y¥ \\r/d Al AACACTGCTCCTTTCCCT AAGCGCGCATAACTACAC CB10597
\& sl5 AS TGTGACGCATCCGATCATAC TCGCGCATGTAATCAAAATC NalOE02b
Yy \o/¥ A7 CATGGCAAGGGGTAACAAACAT GGTCCATTCCTTTTTGCATCTG BRMS-036
Y¥ Al ACCTCCATTGTGTCTGAT AATTTAAACCTCATTTTCTTC BRAS074a
Y¥ Yy /¥ A3 CATTGGTTGGTGAATTGACAG AACACTTGCAACTTCATTTTCC Nal2-A08a
Y¥ Ya/o Al GTGTCAGTGGCTACAGAGAC AAGGACTCATCGTGCAATCC Ol12-Flla
Y¥ YA C6 TTCTTCTTTCCACCACCA ACTCGGCGGTTAGAGAAT CB10526
Y¥ VAIY C3 TTTTGTCCCACTGGGTTTTC GGAAACTAGGGTTTTCCCTTC Nal0-Co1f
Y¥ WY C3 ACGGTGCCGAATCTCAACG AAATGGGTCACAGCCGAGAA CB10003b
\ A/ Cc9 TTCTTCACTTCACAGGCACG TCCGAACACTCTAAGTTAGCTCC OI11-H06
¥ ¥v/5 C3 AATGGCAAAGTTATTCTACCC AACACAACCACCACCAAC FITO133
A \Yarid Cc2 AGGATGAGCAAAGGAAAGCA ATCCCCAAACTACCCTCACC SR94102
VO Va/A C5 CGTTCAAGAAGACACAGATCAAA CGTGGGCCAAGCTTAGATTA SORF73b
Y¥ YV/o Al GGCTACCACCACCACTCGC CTCCCACCGCTTTACCTCT BRAS100
Y¥ Yv/Iv Al GATCACCATCTGCACCAT CACAGCTTTACCCAATCG CB10159%b
Y¥ AY/N Al TTGGGAGAGAAAACTATACG GGCTTTAGCACTGTGATCCT CB10081c
\Yd - A3 TTCCCTTTATTGAGCAAGCTG TCCCGGTCGCTAAGATATTG Nal4-096
¥ Yo/ AS GCCATCTACACATTTATCCC CACTAACCTTCTTGCTACCGT BRAS072a
Y¥ \Y/F C2 TTGCACCCATACGTTTTC CATGGGAGGCTGTCTAAA CB10143
\Yd sls A5 TGTGACGCATCCGATCATAC TCGCGCATGTAATCAAAATC NA10-E02b
Yy ¥¥/Y AS CATGGCAAGGGGTAACAAACAT GGTCCATTCCTTTTTGCATCTG BRMS030
Yy YV/0 Al GATGCACTGGGACCACTTACATTTT TGCCACCAATGACAATGACACTATC BRMS-031
Yy Yv/o Al CAGCCTCCACCACTTATTCT TGAATTGAAAGGCATAAGCA BRMS-024
Yo av/a Al TGAAGAAGGATTGAAGCTGTTGTTG AGTCGAGATCTCGTTCGTGTCTCCC BRMS-096
Yy ¥¥/Y Cs AAGGTCTCATACGATGGGAGTG TCAGCCTACCAACGAGTCATAA BRMS-030
Y¥ YA C6 TTGAAGAGTGGGGATTCA GGTGAGCTTCTTCCTTCC CB10502
Y¥ ¥./Q Cé6 TTATCTTTGAATGAGCATCT ACCCTGTTCCTTCTACTAT CB10010
Y¥ YA/A A9 TCAGAATCGCGACTGTAGTCT CGCTACTTCCGCTGATACTTT MRO13c
WY WYY C2 GAACTTGCAAGCTGCAATTA TCGACATGGATTCTACCAAA Pmr52
Yo VE/Y A8 CCTGCGGGATATTGAAGACC CAAATATCCGTCATCGGAGC Nal2-B05
Y¥ sol¥ C8 GGTGTCCCAACTGTTGAA CATTGGCATAGGAACAGG CB10504
\Yd /Y C4 TTACTATCCCCTCTCCGCAC GCGGATTATGATGACGCAG NA14-E08a

1- Burnin time

2- Permutation


http://dx.doi.org/10.29252/jcb.10.26.65
http://jcb.sanru.ac.ir/article-1-749-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-02-06 ]

[ DOI: 10.29252/jch.10.26.65 ]

SA

Table 2. Lines and genotypes name and its origin

Slealinl LIS (slacn ¥ g pB)) (S5 ksl 5 (JoS0g0 895 (g

Lol blie 5 )y 2090 (sloaisss 5 cnY pb =Y Jgio

Origin w595 &P i pb Origin P €9 955 pb

ol JSENY L1013 ol olLidlod 3 5151 o5, SLMO046
Al B Lyt o8 Lilian Al b Lk o8 Oase
ol Dyt o3, Cooper oy oAb Y Karaj 1

ol Byt o3, Adriana ol olidlod 8 5151 o3, Ahmadi
ol L 3 Tassilo ddl b Oltdles 5 Sl o3, Okapi
ol Lyt o8 Karun oyl oA Y L938
oly! olidlos S I3l o8, Zarfam oyl oA Y L941
olx! oA Y Karaj 2 oyl oA Y L942
Lgus olzdlod S 55T o3, Opera oy oAb Y L944
oWl olzdlod,S 55T o3, Orient oy oAb Y L945
oWl lzdlod,S 5T o3, Sarigol ol oAb Y L955
oi JEPENNC AN e Licord oy s Y L957
oWl olzdles S o1 o5, Talaye ol IEY L963
(Wijem| Lyt o8 Hyola420 ol oA Y L969
Wzl Sy o3, Hyolad01 ol s Y 1996
ol (sl ) a5 Y DH1 oy s Y L1003

oy (sl L) Lalls Y DHs o] ol oY L1008

oy (sl L) Lalls Y DHs ol ol oY L1009

oy (sl L) Lalls Y DH9 ol ol oY L1010

ol (sl ) a5 oY DH11 oy oA Y L1011

N Al Y L1012

IS SleMbl glgie g +/YIVY L ply PIC [23Ls Cow g oo

iS5 Sy g |y S il Jlan] s
#5115 15 o eS|y L i 33 o SO
AUl g S5k er KU Gl padls cnl ke
o 2 (TA) QS 9 6595 (YY) el /0l L
o Sl 51 o0litsl | Sl py i 435 dus S} 55
23,8 359l +/¥5 1, PIC jasls i bwgio SSR
5 <130 3 1, PIC &y () e 5 5 gy
U555 NaloB12 55kl , -/¥YA b O110D08 ;K]
I oliws w5l (o3amie Jolge 4 PIC a3 ls oliue 250
PT 3G slanisgs'y lyme da Ml Jlglyd oSl o )
o) 5 03 2l o iy <55 210 5 005 1S5 oy
eroie o8l ey sl ol Jas! 4 o
ol B PIC (sl o5 o 1) Lids
BRAS04 sl L5 ¢ gm0 3y90 s, 5L o
s BRMS-030 .CB10234 CB10504 BRAS072
ey Bhe Mol op ke cud e NATO-E02
g b ol |y pld g95 a3lS 5 (S I e S
o) oS 38 CB10003 5 Ol0-B02 o, Silis
Sas 0gr YL (Y Jgds) Loy ol sgday 1y palie
e85 Lals 5 (VF) & 55 €55 <55 olSe 2 3 3o JIl
o, Silis ol poled 5 S8 YL 8 Sl (YY) il
odel Cands @ls Loluly opnpn b o a6yl oy
oo 5o 0 fhe ol (Yl wpue P8 Cuxex
o b L |y opls g95 padld 5 (S (SF e
3929 S0l e pB)l Canen )3 b asls ul 39 YL
dL‘l’Qﬂy Couxez b 5l W Lmdi » YL 95
s |y laasls oyl e oS eddiislas Adsbla
o oA MelS ok 4 dng LS Wy ol
pol Giod g0 Hlanl Gloje wls ol bV
£B10504 BRAS072 BRASK4 oSSl

Sl Sl 4SS 5l ol sla g &) bgrye Sl
Can) Y8 olaw Ll s odly L ¥ Jgas > SSR
25 Jols g VPY ggeme 53 wolitul 3,40 ,S5LE (5511
o Sl il vg S g VOV slaws oyl 5l oS
Loy Lawgie oS gyebay wily ol |y oYL IS
203 WY L il adllas 350 (ol 3Lt (ol IS
Vo BY 5K e ol e piSS slaylg IS dluss g
S e Gl 4 les FIFA hawgie jsboa g 392 jeiie 13
P (S4B £95 (g polatods &S laddllas 3 5 iS5
2 b )S Sgo oylgnley, b,k ) elinl L 1S
SSolas,e ol a4 WAY T bawgie b JTVEY goaxe
Sl lgs slass 0gr b do Baio 3 (V) b odalin
S, Sl Sl ) cudgime e Yls! (Silis
0¥ Lol 03y Cuxo> Wf s 9 SSR
b Ll ol by S5Lis 03 0313 pepgs M 45 jobolons
ool & g wloss Sl Sis 4 Jess QTL
Sz oo owb ol ool elple IS YU e
ol b S0 Gliass plo 4 Cuws IS

Ve 3lass L A8 egises,S 05,5 ;5 Nal2-B05 ,Silis
g g ol plas |y JSbae op pote (JSbae ly
2 S gl @l (S YL JSbae ae)d g 0b;
St o 290 SBY 5 bewig) o g9 (il Sl
2l ol b s 355 )3 Lo 305 bt (7 Jgi2)
(TYFAY - ) g0 - laime

» S oy (PIC) s oMbl syt
odol Cowds @ls b gollae .l ond odygl ¥ Jgan
Ol (p e &S 3y puate +/YYY L +/<¥F 5l PIC als
BRAS041 BRMS-024 clo,Silis & by PIC
6, 3Lt & bgsye o] oy s CB10143 4 SORF73
e Lawgie 9 PMR52 5 OI10-B02 FITO133


http://dx.doi.org/10.29252/jcb.10.26.65
http://jcb.sanru.ac.ir/article-1-749-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-02-06 ]

[ DOI: 10.29252/jch.10.26.65 ]

54

WAY bl N5 oles /,vma Jl /L;cl))' oblS Mol doliingly

b ol jbo pxe Cures (550 9 o uilylg a5 0l L
F g5 J e V)l 2 0Ske 4 g
95 4 bgpe ol 2o AY 5 Cumex (o £95 & by
g2 9 &S b s cdles pl &S edg aCumen (490

Lo aLd 39> slaas Mo J6 99 Cuzro>

ol 5 e NAIO-E02 4 BRMS-030 .CB10234
g Pyl (S alol sy sy 4 byl
WS pasedia 1y (o 390 Y
Jold (w2 3)90 S 4B (o Fke & Hoblen
Aokle (Y 0 5 Gisudeel (Y W i) WA
(¥ Joi2) Jo¥ge ibjly w38 guls g ordislan

S S i o Y TV )5 (o) 390 syl (S g9 e (sl padli Y
Table 3. Genetic diversity different indices of primers under study in 41canola lines and genotypes

) R ASase slalg ol Tyl Silss
He | Ne Pi g Slglys PIC ) IS M slass Sl
o[o¥e «[+AA V/¥Y - [¥o¥ < IYVE [-5A Y Y Y 0l110-B02
NAsYd 2N\ V/AAY NAa7d <IVY¥ <XV \ Y Y BRAS041
/¥ 1008 iz Niag <INV <[\AA \ Y Y BRAS084
Nidrd NAY2 V/YAY JIYeY <YV NAAYs \ 5 5 CB10234
¥ Niad VIAYE NI <IVYY /¥y \ Y Y CB10597
ALY NAYNS \IVYS [e08 ARy <\YE Voo Y Y Nal0E02b
<I¥AY < [FAS VoA <[FVY NI <IYEN \ % % BRMS-036
AR IYSA VSE -[evs NA\rd NARYS \ Y Y BRAS074a
AT AR VEYY -IYYS NAn7d <YV \ d o Nal2-A08a
NAVAY N AAg ARYA DAL NAAS \ Y Y Ol12-Flla
-/yay /¥ V/¥a- - I¥AD NN <INAY Voo ¥ ¥ CB10526
-I¥5N NG \/¥av < IVEA -/AYR /YN Y/ o A Nal10-Co1f
o[y AN \/-AY «[OYA -Jovy NAAL g Y ¥ CB10003b
AR A aYd V/FEY <[YAA <JEYY NARL \ Y Y Ol11-H06
-Iv5¥ Nians V/YOA < [AY¥ -Javs NAve \ Y Y FITO133
<I¥YO <[¥AY vovs NAING Nial -/¥a. \ o o SR94102
¥ - [¥YY \[B+A IYY0 -/ya. DA \ 5 5 SORF73b
Ninas [0+ V5 NN -Ivyy DA \ 5 5 BRAS100
Ninni Jo-¥ /vy RAn7s - [O¥Y NATN Voo q Q CB10159b
IYSY AN AT IY¥. < I¥V¥ <IYYN \ 5 5 CB10081c
<\Yo NAa%s \IYAS -/ova -[s5V NAYA \ Y Y Na14-096
-[¥5- -[soY \IADA -Josy - /vay IYEA \ 5 5 BRAS072a
-IvYY ffen VY <I\YA -Ivos NARY \ Y Y CB10143
- [¥¥F Niavs VA -Jovy < IV¥¥ Nitas Voo Y Y NA10-E02b
AL AN V/osY NINZ IVY-. NAAL AY/Y o 5 BRMS030
IY¥0 < I¥AY \/¥FYY NAAN Ninns <I¥YY Voo Y Y BRMS-031
-Ives NINE \/OAA NAY JEYY - I¥YY Voo Y Y BRMS-024
Niral - /00 \ISYY <IVY - IVY- AN Voo Y Y BRMS-096
- [¥¥Y - I5YY 7Z3% I5YY -I5YY NARI Voo Y Y BRMS-030
/¥ NN} /sy - Ivva NAAR Y5 Voo Y Y CB10502
ANat - IY¥Y VARRY .[-2) A NAYSY Voo A A CB10010
- /Yf. <[V VAR - [y -/¥oY -I¥YY Voo 5 5 MRO13¢
<IYYA I¥VE V/¥OA -Jov¥ -Jov¥ -[Y¥ Voo Y Y Pmrs2
- I¥Y0 - [00A \Vians -[o¥Y NiNa I¥\Y Voo \e \ Nal2-B05
- [¥0¥ -[5¥0 \IAYS DAY - [bAY <IYYY \. 5 5 CB10504
NAn’s NN \ISFA AnA <I¥YY <IY¥. Ve \ \% NA14-E08a
— — — — — — — VoV \S¥ Egee
+IYAA - /¥¥a VoA — — I¥NY as/va FIVEY ¥/¥AS 5Ske
1YY <IF\Y V/¥VY FPSE
-I¥¥Q < /YVE V/¥YY oisusel cpY
¥R Y \Yos e
skl

5 9 He (ogls g9 Lasla il 55 e ym 3 50 P olaw Ne «dle T il Py ¢ IS six cleMbl glgio :PIC

(XQ\/\CY) J9| u.l.‘o‘ )‘.))J. 99 U‘“l’)b )IJBA Lf.aws)’ LY
b bySlis bkl o wibe S ol a4 Yl
S 2yl s g Cunl 485 ©jg0 (93b) Cudgie
slasly Sis 4 Jooo sQTL L (gyly e bl

lodds ul.’>w|

OVYY gl ol Jhy 90 Lol clatsee 4 450 5o

S 93 41505 g Ldged angi |y aodld J§ wil,ly duoyd
aw ) bepY g )l 23,5 e 5 adlhe 53 (ol ol
s Sl S syt () JS2) 543 o 03,5
PG (oS Jg 28,5 5118 Tiome 09,5 S )3 0 islae
Vb el gy isudel Y g sy pB) G


http://dx.doi.org/10.29252/jcb.10.26.65
http://jcb.sanru.ac.ir/article-1-749-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-02-06 ]

[ DOI: 10.29252/jch.10.26.65 ]

v oot LIS oY g 18 (055 ko 5 JsSge €55 oo

FrINCIPEI “OOTraINATEs ANalysIS

L955
+ Okapi * Zarfam
+ Hyols420
+ 5LMO46 #
L1945 L1011
+ Hyola401 L8537 roto 3
#+ Hybride * Talaiyeh + Karaj 3 Loee L1012 .
) L938 N
Line L2996 _E
aDH Sarigel® Opera * Karaid 1009 &
1 Oise N
L1008
4 DH1 & DHO * Coopery 11003
A DHB #* Orient L963 * Karun
4 DH11 + Adriana
: 1941
& DHS + Likord
1944
L942

Coord. 1:33.32%

5 uiguel clapY s g Lidled,3 15T a8, Cumen aw 3 gl S5y 95 ol ol claiee 4 45550 (cam 93 4lage5 =Y JS05
155 o0 caclae A3sbla (sla Y
Figure 1. Two-dimensional plot of main coordinate's analysis on the first two coordinates in three ‘populations
including canola open-pollinated and hybrid cultivars, promising lines and double haploid lines

IS 08y 9 (nY ¥Y )3 SSR (slaooly ululyy (JoSge (puilyyly dujo0 —F g
Table 4. Molecular variance analysis based on SSR data in 41 canola lines and genotypes

ubylg Loy bl <l Slayye (1 Sike $jl 4y Sy plie
V5 Y/034 SYIVAFTT Y Cared Cp
A¥ Y/ VYo a/Ave™ YA Camed 9950

s opY o> en g Zarfam 4 Tassilo Cooper dLilian
09,5 2j cpl 3 29 L941 41942 1944 1963 L1013
P> 095 pj Ndg 4B8)S )13 gz ofuly clad s
L1010 L1011 L1008 L996 L1003 sla pY ol
GSlaal Gl (S S play asgr b (Y JSE) 04 L1012
ol g Wb Fote ey bl (el sbhacl
Fobe S35 alob b pb) o @SS b
P I & 90 dnogi lyie IU 35 0 pdyolSl
»lo L plie ,» Talaye 5 Hyolad420 Hyola401
Dg0d 0wl (635500 (SNl sladsly o ey
030 @l b (V JS0) slaSd ganadss mls onizen
s Jo bl s @l (V JSS) Lol ol 4
Ghad by (Sef bt elely bows)

bl ey jasube (glaSiis

ofoy Jlain] o g )l dme s

sl g pB)l o (S35 aldS o pd (o Gl

Ohey oleln SIS ganass 1 eyp e
b &y b (Y JSB) ub edlawl Neighbor Net
o pY g s, a5 05 odmlie ((slaSis (slabes I Jols
oblay oy Jold V09,8 NAd pads 09,5 Hlo> &
5 Hyolad20 Hyolad01 slacwss; 5 osbcaclin
oyl BByl Jols 05,5 ! @Blg 1> 39 (250 o8,) Talaye
Sl D 095 pj 93 Jold pgd 095 Bl
5 Jol 09,55 ,» Sarigol 4 Licord Orient Opera
8 pgd 09505 4> Ahmadi 5 Karaj 2 slacwisss
QOase SLM046 slacuwis; Jold pow 05,5 .a58,5
L957 L955 L.945 L938 sla Y 4 Okapi 4 Zarfam

09,5 25 b el 09)5 25 93 4 o)l 09,5 392 LIOI 4
Adriana Karun Karaj 1 lcws; Jols sl


http://dx.doi.org/10.29252/jcb.10.26.65
http://jcb.sanru.ac.ir/article-1-749-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-02-06 ]

[ DOI: 10.29252/jch.10.26.65 ]

\A

------

WAY il /Y5 o5less /s Jlo [ £ly5 lalS oMol doliingy

nm\

Group |

Hyolad01

Hyolad20

Group 3

SSR KL ¥ 3l edliial b 1318 dalllas 3y50 caigif o cp¥ ¥V (gl (slasSid ganadiss -V S
Figure 2. Network clustering for 41 lines canola lines and genotypes using 36 SSR markers

odol Cawds K=Y )0 AK jiSlas jlaie oSl 4y 4565 b
Wanezpj 93 & Y 5 p)l &5 €S ol oo (W JS5)
Talaye slacws; Slodd poudi 030l o o)lye pl)
oddcaskas wdshle slacpY ¢ Hyolad401 Hyolad20
)5 Jsl Camaz 2 , DHI g DH9 .DH$ DH5 DHI1
¥ Caner pj > piSuseel slagpY g pB)l plo g a8 S
Goceis; 5 L938 1955 clanyY .S
» 09Me Opera 5 Okapi SLM046 Orient Sarigol
Jol a0 b9 peif 5l (2bbisu 13 pgd Cume
& olbcald OI)’,.,e 3929 O,;.I Lol acsls Capliico
Zarfam eyl orized D9 ok ped Cuxed )
oS Loy 0 L945 4 L95T sla Y 4 Oase Ahmadi
P Egedme > Ndg Sjidie Sy Cumezpj b 395 poi] ]
YWY 8,8 18 50 Cures i doyd VYTV
A8)S I8 P Cames i 4 deoyd AVY isuil
2 doyd Y wascaclas Wishla pY O o il e
ScnY Cuner pj (8 Qs A8)S )18 S 095 )
Ao 35 9 i e Sl g pB)l L il
Ayl & 55 obus deg Jdoa cwl S layl b
b U.>)Lo\ slasl Fl.?dl u.‘o (_s"M“”l
sliia b IS cnY AY (S5 g9 (F) cogesl 5 52
Losab g o)l glpl jl Wlyial 5 (2650 bl (2ol
sanlis 5 15,5 oy RFLP (cla,Silis ) oslizal |
g ol MBS 15 09 93 3 lapY g pB)l Wdges
oolizal L ) IS Ll oY 08 S5 £55 (V) o) Ken
kol Glaize 4 4jo0 W3S wyp SSRSSLis AR
s g o)l @iml Y waren Ji3le 4325 4
sl g95 rzed b )8 e 09,5 dw 3 (505
(V) hSor 5 o 25 loenY plo 5l 58 1S 0j0l

B8 (gabdld g Cumex Yl Jhe 4o jslaled
S pais 5 b (lacumr & by
Bayesian g, jl solitwl b Cuzes Hlidbe 4550 dalises
ol b gl ddigd ayion g, 50 (¥ JSK5) ab pbs! (YY)
. . \ - . . - . v & .
&5 31 S Jae &Sl (58 L asliy (Jde ke by, ]
O b Ll adl dwsy g4 5l Slgld Jae g byl
sy A sxms s K) o8 Lal K=10 b K=1 o8
4 AK 4 Ln(PD) c¥lan! (sluoy (s 5 (ol Cunax
yasuiie Camod ) (p pgudue Glogye cpl i odel Cuwd
& Hlide oYl g Ln(PD) (sdie jlade PP Oomb
dyg0 Cumos (gdidiwd (glp jlxe oy yine ol lis AK
Sol a4 asg b G cpl o cplpl b e adles
cplpls (V JSS) sdal sty K=Y 3 AK piSTus lade
95 I (698 sl Jlonl & () 3)90 slapY g o6
A Cuxod> y )

S by 4 ol 4 bgpe 05 9058 0 F SS
S5l e 2929 &8 2900 03> U (53908 (S5 (g
DMQOL&J‘ lg .))é OT ;‘“"«"‘5 ]Q.LOLA“. )L’&L& k_é)m (ki;)
9 R0 latumen ) b dged ol om (S calid
2S48 ol b pl o el 5,8 ) (Sas bS]
Lls 1y ydlS ol (5) Gltg cpioin & 25 0 3la
Jlsal ghls XSy J31 )3 slacwss U5 il
a dopd Vel e Jlasl 4 g /Yl i Cugas
sloylsges 4 dagi b cplplo (YY) B)b 3l 2 1M
30y8 g e Syl eolaiwl b b Cures i) S
b Corezpj (sladiges dlu,s 4 350 (Jslo..\,.is RS
5 bdises Cunon yj 90 s dtdl Mitwd CAIGSS (5390
&S WS o il S ggemme jd B o lis 1) bW
odalin g0 )’] ‘_g)lﬁ.wg O )Y (s SS.W) LM
¥ JS3) 39503

1- Ancestry model


http://dx.doi.org/10.29252/jcb.10.26.65
http://jcb.sanru.ac.ir/article-1-749-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-02-06 ]

[ DOI: 10.29252/jch.10.26.65 ]

\al

SORF73 BRAS041 BRMS-024 (¢la ,Silis 4 by e
Y 5 o)) Ll a0 b o ol CB10143
Jols Jgl Cume pj il ppndl A Copmaz j 90 @
Hyola401 Hyola420 Talaye  slacuiss) oyl pB)
DH8 DH5 DHI oadcislias agshls ooy o
5 P8l nlo) ojul pB)l Jols pg> o (DHIL 5 DHY
oo BQTL L gl L) olsly SSR ela,Silis
oo pB)) &5l 4 a2l b g og 0l plonl (S 4
ey wBbe pples (iS4 ojul pB)) 4 Cuns
4, le 43 Ghey 5l eolatul b plB)l gabdted duy o
S5 4 Jo b bl s il 5 ot I 05,8
o 285 Mg (6)S0U ggeme ) (Jg il Y g )
Joxite pB) bl caa 3 U Glsiea ol ol
ol 90,8 eolawl  sMol slaaoly Jol P8 o Sis 4
SLQTL ololid )90 ) ke Ol & jlo Saa

b 15 6lS o (Sis 4 e

12 4

Foslal b IS slacn¥ 5 pB)l (Su5j ksl 5 (JgSdge £95 (o)

5 o Wizl JI il VY 4 by T g5 (5550
L 00 1 eolizul b 1y LIS o Lyl ctin 51 by
wip sbwig) a5 W) sdaline g Ndged wyp SSR
S 5 e slagS 3 oS a i slaciss s
B)S 518 pgw 09)5 5> e sliie L g plo
ol BIS 355 A% (K55 L (14) olSon 5 e
Sy s hisle Gpae b slocad 5 03l w)lee £
dw bl ols Wages awyp |y )8l sina sl plo
0391 o)y ) ol Jsl 09,5 by L5 |y LI 095
g wdh 18 (S g ladgle Bpae b (Bl pg3 095
W8S )13 pow 09,5 )3 il pB))
sl Mol sl y dlaal I (S a8 Sbl )
Aols b pb)l e x5 S)95 Gl Sl Sube pmiere
Hyolad01 sB,) ;| 358 0 duogs 1 ol 5yt (55
sy > plB)l Lo L blés > Talaye 5 Hyolad20
odlal MSLLAJ).) dlmw\f A.J93 9 Lg).;gf)’.) u.>)tp|
PIC 5o cpypim o b L gl gaeome )0 g

AK =mean (|L"(K)]) / sd{(L(K)

K Gollao jlade oy Caa AK boxie Hlges =Y IS5
Figure 3. Graph of AK curve to determine the optimal value K

B OAH A® B
WA (M) ME M) R AQ 2D W) M) B

92 17 18D M ED W 110

STRUCTURE l38le 5 3l ooliiwl b Cumes (Sui§ jlidlu (wloly ddlllas 350 slocuis (saing S —F S
Figure 4. Genotypes clustering based on population genetic structure using the software STRUCTURE
Y L957 :VY (955 V) (945 N+ 1944 A 942 :A L941 ¥ [L938 ¥ Okapi :0 Ahmadi ¥ Karajl ¥ Oase ¥ SLMO46 1\ b Y g lacasess pb
5 Adriana :¥d Cooper :¥¥ Lilian :YY L1013 :YY L1012 :¥) L1011 :¥+ L1010 34 L1009 YA L1008 3V (L1003 V5 L1996 :\0 L1969 :\¥ L963
YA DHI1 'Y Hyola401 ¥ Hyola420 ¥'d (Talaye ¥ Licord :¥ Sarigol :¥'Y Orient :¥') Opera :¥'- Karaj2 :YA Zarfam :YA Karun :YV (Tassilo
DHI11:¥) DHY :¥- DH8 ¥4 DHS5


http://dx.doi.org/10.29252/jcb.10.26.65
http://jcb.sanru.ac.ir/article-1-749-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-02-06 ]

[ DOI: 10.29252/jch.10.26.65 ]

Yy

® N W

10.

11.
12.

13.

14.

15.

16.

17.

18.

19.

20.
21.
22,

23,
24,
25.

WAY bl INS oyleis [ o> Jls /L;cl))' oblS Mol doliingly

FL%)
Bus, A., N. Korber, R.J. Snowdon and B. Stich. 2011. Patterns of molecular variation in a species-
wide germplasm set of Brassica napus. Theoretical and Applied Genetics, 123: 1413-1423. )
Chen, W., Y. Zhang, L. Xueping, B. Chen, J. Tu and F. Tingdong. 2007. Detection of QTL for six
yield-related traits in oilseed rape (Brassica napus L.) using DH and immortalized F2 populations.
Theoretical and Applied Genetics, 115: 849-858. _ ) )
Chen, S., M.N. Nelson, K. Ghamkhar, T. Fu and W.A. Cowling. 2008. Divergent patterns of allelic
diversity from similar origins: the case of oilseed rape (Brassica napus L.) in China and Australia.
Genome, 51: 1-10.
Darvishnia, F.D., B.A. Fakheri, F. Nazarian firouzabadi and N. Panjehkeh. 2015. Genetic diversity of
rapeseed (Brassica napus L.) using SSR and 1SJ molecular markers. Iranian Journal of Agricultural
Science, 46(1): 1-14 (In Persian).
Dellaporta, S.L., J. Wood and J.B. Tickes. 1993. A plant molecular DNA mini preparation. Version II.
Plant Molecular Biology Reporter, 1: 19-21.
Diers, B.W. and T.C. Osborn. 1994. Genetic diversity of oilseed Brassica napus germplasm based on
restriction fragment Iength(;)olymor hisms. Theoretical and Applied Genetics, 88: 662-668.
Evanno, G., S. Regnaut and J. Goudet. 2005. Detecting the number of clusters of individuals using the
software structure: a simulation study. Molecular ecology, 14: 2611-2620.
Fares, K., F. Guasmi, L. Touil, T. Triki and A. Ferchichi. 2009. Genetic diversity of Pistachio tree
using inter-simple sequence markers (ISSR) supported by morphological and chemical markers.
Biotechnology, 8(1): 24-34.
Flakelar, C.L., D.J. Luckett, J.A. Howitt, G. Dorana and P.D. Prenzler. 2015. Canola (Brassica napus)
oil from Australian cultivars shows promising levels of tocopherols and carotenoids, along with good
oxidative stability. Journal of Food Composition and Analysis, 42: 179-186.
Hasan, M., W. Friedt, J. Pons-Ku hnemann, N.M. Freitag, K. Link and R.J. Snowdon. 2008.
Association of gene-linked SSR markers to seed glucosinolate content in oilseed rape (Brassica napus
ssp. naFus). Theoretical and Applied Genetics, 116:1035-1049.
Howell, P.M., A.G. Sharpe and D.J. Lydiate. 2003. Homoeologous loci control the accumulation of
seed glucosinolates in oilseed rape (Brassica napus). Genome, 46: 454-460.
Johnson, U., J. West, C. Lister, S. Michwels, R. Amasino and C. Dean. 2000. Molecular analysis of
FRIGIDA, a major determinant of natural variation in Arabidopsis flowering time. Science, 290: 344-
347.
Jun, Z., J. Congcong, C. Zhengying, L. Ruiyuan, L. Yan, C. Sheng and M. Jinling. 2010. Association
mapping of seed oil content in Brassica napus and comparison with quantitative trait loci identified
from linkage mapping. Genome, 53: 908-916.
Li, Z., Sh. Mei, Zh. Mei, X. Liu, T. Fu, G. Zhou andJ. Tu. 2014. Mapping of QTL associated with
Waterloggin% tolerance and drought resistance during the seedling stage In oilseed rape (Brassica
napus). Euphytica, 197: 341-353.
Long, Y., J. Shi, D. Qiu, R. Li, C. Zhang, J. Wang, J. Hou, J. Zhao, L. Shi, B.S. Park, S.R. Choi, Y.P.
Lim and J. Meng. 2007. Flowering time quantitative trait loci analysis of oilseed Brassica in multiple
environments and genome wide alignment with Arabidopsis. Genetics, 177: 2433-2444,
Lowe, AJ., C. Moule, M. Trick and K.J. Edwards. 2003. Efficient large-scale development of
glcrosatellltes for marker and mapping applications in Brassica crop species. Theoretical and Applied

enetics.
Lowe, AJ., C. Moule, M. Trick and K.J. Edwards. 2004. Efficient large-scale development of
microsatellites for marker and mapping applications in Brassica crop species. Theoretical and Applied
Genetics, 108:1103-1112.
Mahjoob, B., H. Najafi-Zarini and SH.R. Hashemi. 2014. Assessment of genetic relationships among
|336 B_ra§S|ca genotypes using ISSR molecular markers. Journal of Crop Breeding, 6(14): 96-106 (In
ersian).

Moghaddam, M., S.A. Mohammadi, N. Mohebalipour, M. Toorchi, S. Aharizad and F. Javidfar. 2009.
Assessment of genetic diversity in rapeseed cultivars as revealed by RAPD and microsatellite
markers. African Journal of Biotechnology, 8(14): 3160-3167. o
Moghaieb, R.E.A., F.H.K. Mohammed and S.S. Youssief. 2014. Genetic diversity among some canola
cultivars as revealed by RAPD, SSR and AFLP anal?/ses. Blotechnology, 4:403-410.
Mohammadi, S.A. and B.M. Prasanna. 2003. Analysis of Genetic diversity in crop plants: Salient
statistical tools and consideration. Crop Science, 43: 1235-12438.
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. o )
Nakao Kubo, M.H. 2008. Development and characterization of simple sequence repeat (SSR) markers
in the. Aquatic Botany, 2164-2168.
Nei, M. 1978. Estimation of average heterozygosity and genetic distance from a small number of
individuals. Genetics, 89: 583-590.
Piquemal, J., E. Cinquin, F. Couton, C. Rondeau, E. Seignoret, I. Doucet, D. Perret, M.J. Villeger, P.
Vincourt and P. Blanchard. 2005. Construction of an oilseed rape (Brassica napus L.) genetic map
with SSR markers. Theoretical and Applied Genetics, 111: 1514-1523.


http://dx.doi.org/10.29252/jcb.10.26.65
http://jcb.sanru.ac.ir/article-1-749-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-02-06 ]

[ DOI: 10.29252/jch.10.26.65 ]

v¥ Sodlil L LIS slayn¥ g pl)] (Ssf lblo 5 (JoSge £95 (o)

26.Powell, W., M. Morgante, C. Ander, M. Hanafey, J. Vogel, S. Ting]y and A. Rafalaski. 1996. The
comparison of RFLP, RAPD, AFLP and SSR (microsatellite) marker for germplasm analysis. Journal
of Molecular Breeding, 2: 225-238.

27.Pritchard, J.K., M. Stephens and P. Donnelly. 2000. Inference of population structure using multilocus
genotype data. Genetics, 155: 945-959. )

28.Qu, C., M. Hasan, K. Lu, L. Liu, X. Liu, J. Xie, M. Wang, J. Lu, N. Odat, R. Wang, L. Chen, Z. Tang
and J. Li. 2012. Genetic diversity and relationship analysis of the Brassica napus germplasm using
simple sequence repeat (SSR) markers. African Journal of Biotechnology, 11(27): 6923-6933.

29. Reddy, M.P., N. Sarla and E.A. Siddig. 2002. Inter simple sequence repeat (ISSR) polymorphism and
its application in plant breeding. Euphytica, 128: 9-17.

30.Rezaei Zad, A., V.A. Mohammadi, A.A. Zali, H. Zeinali and M. Mardi. 2012. Mapping QTLs
controlling yield and yield components of oilseed rape under normal irrigation and drought stress
conditions. Journal of Breeding Seed and Plant, 27: 199-218 (In Persian).

31.Roder, M.S,, V. Korzun, K. Wendehake, J. Plaschke, M.H. Tixier, P. Leroy and M.W. Ganal. 1998.
A microsatellite map of wheat. Genetics, 149: 2007-2023.

32.Shannon C.E. and W. Weaver. 1949. The mathematical theory of communication. University of
Ilinois Press, Urbana.

33.Siahsar, B.A., M. Allahdoo and H. Shahsavand Hasani. 2010. Evaluation of genetic diversity of
tritipyrum, triticale and wheat lines through RAPD and ISJ markers. Iran Journal of field Crop
Science, 41(3): 555-568 (In Persian).

34.Somers, D.J., K.R.D. Friesen and G. Rakow, G. 1998. Identification of molecular markers associated
with linoleic acid desaturation in Brassica napus. Theoretical and Applied genetics, 96: 897-903.

35. Suwabe, K., H. Iketani, T. Nunome, T. Kage and M. Hirai. 2002. Isolation and characterization of
microsatellites in Brassica rapa L. Theoretical and Applied Genetics, 104: 1092-1098.

36.Suwabe, K., H. Tsukazaki, H. Iketani, K. Hatakeyama, M. Fujimura, T. Nunome, H. Fukuoka, S.
Matsumoto and M. Hirai. 2003. Identification of two loci for resistance to clubroot (Plasmodiophora
brassicae Woronin) in Brassica rapa L. Theoretical and Applied Genetics, 107: 997-1002.

37. Tondelli, A., X. Xu, M. Moragues, R. Sharma, F. Schnaithmann, Ch. Ingvardsen, O. Manninen, J.
Comadran, J. Russell and R. Waugh. 2013. Structural and temporal variation in genetic diversity of
European S r)ing two-row barley cultivars and association mapping of quantitative traits. The Plant

enome. 6(2).

38.Turi, N., A. Farhatullah, M.A. Rabbani and Z.K. Shinwari. 2012. Genetic diversity in the locally
collected Brassica species of Pakistan based on microsatellite markers. Pakestanian Journal Botany,
44:1029-1035.

39. Zali, H., O. Sofalian, T. Hasanloo, A. Asgharii and M. Zeinalabedini. 2016. Drought stress effect on
phys(iological parameter and amino acids accumulations in canola. Journal of Crop Breeding, 8: 191-
203 (In Persian).

40. zali, H., O. So?alian, T. Hasanloo, A. Asghari and M. Zeinalabedini. 2016. Appropriate strategies for
selectio)n of drought tolerant genotypes in canola. Journal of Crop Breeding, 78(20): 77-90 (In
Persian).

41.Zhao, J. and J. Meng. 2003. Genetic analysis of loci associated with partial resistance to Sclerotinia
sclerotiorum in rapeseed (Brassica napus L.). Theoretical and Applied Genetics, 106: 759-764.


http://dx.doi.org/10.29252/jcb.10.26.65
http://jcb.sanru.ac.ir/article-1-749-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-02-06 ]

[ DOI: 10.29252/jch.10.26.65 ]

Journal of Crop Breeding Vol. 10, NO 26, SUMMEE 2018 ... . ..ttt ettt e e et e e e e e e e e et e e e e nns 75

Assessment of Variability and Genetic Structure of Canola cultivars and Lines
using SSR Markers Related on Drought Tolerance QTLs

Hassan Zali', Omid Sofalian?, Mehrshad Zeinalabedini®, Tahereh Hasanloo?,
Ali Asghari? and Bahram Alizadeh®

1- Assistant Professor, Seed and Plant Improvement Department, Fars Agricultural and Natural Resources Research
Center, Agricultural Research, Education and Extension Organization (AREEQ), Darab, Iran
(Corresponding author: hzali90@yal oo.com%

2- Associate Professor, Plant Breeding Department, University of Mohaghegh Ardabili, Ardabil
3- Assistant Professor, Department of Genomics, A%ricu_ltlljral Biotechnology Research Institute of Iran, AREEO,

araj, Iran
4- Assistant Professor, Department of Molecular Physiology, Agricultural Biotechnology Research Institute of Iran,
AREEO, Karaj, Iran
5- Associate Professor, Seed and Plant Improvement Institute, AREEO, Karaj, Iran
Received: April 4, 2017 Accepted: August 13,2017

Abstract

In the present studK, genetic diversity among 41 lines and genotypes of canola including 19
open-pollinated and hybrid cultivars, 17 promising lines and 5 double-haploid lines were
determined using simple sequence repeat &SR) markers related on drought tolerance QTLs.
Thirty-six selected primers produced 166 discernible bands, with 157 (94.58%) being
polymorphic, indicating considerable genetic diversity among lines and genotypes. The
polymorphic information content values of loci were varied from 0.046 (FITO133) to 0.327
(BRMS-024), respectively. The average of PIC index was estimated 0.212. Cultivars were
classified into two sub-populations according to analysis of population structure including
(Talaye, Hyola420 and Hyola401 genotypes and DHI, DH5, DH8, Dh9 and DH11 double
haploids) as first group and winter cultivars as second group (other cultivars and lines). Based
on the analysis of molecular variance, intra-population variance was higher than inter-
population variance. The results showed that average of marker index including Nei’s gene
diversity, Shannon’s information index, the effective number of alleles were 1.508, 0.449 and
0.298 respectively in line and genotypes of canola. In total, the marker wasn't found to be using
it as a marker for selecting genotypes of drought tolerant used in the first step of breeding
programs.
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