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Introduction: Rapeseed (Brassica napus) is cultivated as a valuable oilseed plant around
the world. Knowledge of the distribution of genotypes plays an important role in
determining their conservation method. Rapid Amplification Polymorphism DNA (RAPD)
as an inexpensive and fast method and no need for basic genome information, is one of the
most widely used molecular markers in determining phylogenetic relationships and
differentiation of different animal and plant species.

Materials & Methods: Twenty-five important rapeseed genotypes were collected from
different parts of the country and after soil preparation; they were planted in greenhouse
conditions in a completely randomized design with three replications. In order to investigate
the genetic diversity, after extracting DNA from leaves, polymerase chain reaction was
performed using RAPD primers. The distinct and reproducible bands of each marker were
scored as either (present) or (absent). The number and percentage of polymorphic loci, Nei's
genetic similarity coefficient among various material, Nei's genetic diversity index,
effective number of allele and Shannon information index was then analyzed by POPGEN
V1.31 software. The corresponding cluster analysis was performed using the unweight pair
Group method with Arithmetic Average (UPGMA) by NTSYS V2.02 software.

Results: Eighty-three polymorphic bands were amplified, the highest and lowest number of
polymorphic bands were observed in primer number 6 and primers number 5 and 8§,
respectively. The polymorphic information content (PIC) was varied from 0.21 to 0.51 and
the Neis genetic diversity was varied from 0.2 to 0.36. Cluster analysis using UPGMA
method and Jacquard coefficient with cofenetic correlation of 0.67 divided the genotypes
into three separate groups. Genotypes placed in groups 1 and 3 are spring and winter
cultivars, respectively. The majority of the genotypes belongs to group2 (84%) originate
from France, Germany, Australia, Iran and Serbia. The lowest genetic distance was
observed between Alenso and Nataly genotypes. The principle coordinate analysis showed
that the first and second components explained the 81.02% of the obtained diversity, which
indicates the appropriate distribution of the studied primers on the genome. Cluster analysis
using UPGMA method divided these genotypes into four separate groups. The correlation
between the two traits, number of days to flowering and number of days until the
emergence of the stem, was equal to 1, positive and significant at the 1% probability level.
Conclusion: Since the Zorica cultivar has high seed and oil yield, this genotype can be used
in crossbreeding programs with Iranian cultivars.

[ Downloaded from journalaer.com


mailto:moezzi.sayyed.ali@ut.avc.ir
mailto:moezzi.sayyed.ali@ut.avc.ir
mailto:m.abdolinasab@gmail.com
https://journalaer.com/article-1-132-en.html

JAER. 2025

V(Y): 04=1A Gosla cwsluae slajia g5y gale dlas

gy — ok dlio

Sy lao g (I9T 90 S JLLS L 1305 PB4 (G0 g oF 9 (S ) E 9 (L) !

¥ s e A yo

odus> S QlalS
® % 3
S ST 5 AT 558 e wsS g il 43 Gyl b 2By, il oS G ol ge 4 (Brassica napus) 1S iaedie ) E95
_ - Sladgs 4
45k a9 5 e 5 0V Gy S ol e RAPD S0Les a7 oo U age 15 oyl bl g, s 55 i) s
o5l Gl s 5 e 5 (Sskd Lails) e 3 5K g0 o SO 50 )8 5 S 5 4 SN A
S/« X

il (S

BYY I L A A ‘Su.‘sjuuuﬁ\ﬂ),asgm»yu);was)lf‘*%y; Yo oluas:la fg,y 9lge
STy 5 1 ) DNA gl 5l g 5 (S35 £ 55 oz ssliiedy s ciS™ ))SS 4w b ool DS b LJ6
ol (Nei (S § aliicn o ¢ S (oSl Ao 5 5 5lias 5 S plowl RAPD (gla ST 5l acdy (o oy
b glab g Jdos g 4525 9 POPGEN VI31 18l 5 Jaw 55 g ils SleMbl janls 5 fpe P slins (S35 ¢ 53
Sl auglie g ot o Sojlul gdb ) el Vsl il )y e b S8 bl 3,5 NTSYS V2.02 58l 5
NTYSIS 5 SPSS V.22¢SAS V.9.4 cla ) e 3 b (Cettb 58 (g o slons 3 (514 gim 325 €M 1y Stnead (Lol
.C.él.fo)y

GBS 5 Tojles ST 15 (o s Kot 0l SIS 0 35657 5 F M 2SS i il AT 3l 1l
YN Y 5 5 (S g5 ol s [0 YN SHPIC) JSCdir SleMbl (g e i S odalie A 5 0 oyl
e 098 4w 3 1y lagigy 1V LS (Samen b3Sl oz 5 UPGMA iy yar (glade g 4o g0 oo
055 B8 3 e,y S bl s Bline 505l ) i a5 Spos S 3 b 8B Gl g b)) B

=y sl (55 (S5 ol (258 bl i p 5 ol ) L el el cans) b i b (o3 AE) 50

1

8;?} Iy odel cowsay 55 ) Ao MY 95 5 Js) addse a5 ol ylis ol laties 4 420 3 S sualiee Suu

026

Rl (UPGMA og,a glade i 4325 Ablio 055 (59 2 o 2050 2551 o 5 ouam gl &8ss’ oo

on

Ec\J.g‘jg6A>4§LwUjjja‘MjshbeUjj)ﬂMWjAwM.:}QM\FGJJ?JLRQU\A%jj

CO

al aer

.:yJ,\:@mMﬁ\JL«;:—‘c]a‘»ﬁjc,;n
B U 3 glaas > o395 ol 5 ol ser 2503 Vb gy 5 il 5 Shase 155 o) STl )T 5l 2g S s 9 oy

.5 S esla e

LQUI’I’]

ZJ,.:...;.AS ‘5—\"""‘3\93;:"'\5;‘51‘5—“"‘%*
m.abdolinasab@gmail.com

VESY g VY rdlyu fsB
VY SLTAY sgls gl
VEY (53 WV sl

VEY G YN iGhndy s

04

[ Downloaded from


mailto:%20hodakhaledi@inio.ac.ir
mailto:%20hodakhaledi@inio.ac.ir
https://journalaer.com/article-1-132-en.html

[ Downloaded from journalaer.com on 2026-06-13 ]

Abdolinasab

VE Sz 5 el 09,5 oz & lacdsis SRAP (la,Silss
ailive) sloaiss (S5 g9 2Lyl 0 (V7)) b ()15 ae o
Amplified fragment ) AFLP JSSR (sle,Slis 31 eolaiw! b 1318
«Simple Sequence Repeats) SSR 4 (length polymorphism
VI 5 OV e iy i (sloog,S oelee Lausi
gy om0 Yo (e 535097y jSiley aS0b 0515 wuo o
bl 5o ol g Mirzaei Delbari (1Y) ail go aslllans y50
lawgie ISSR S5l 5l eolanwl b 13lS o8l 55 (Seisy g0
Slyzme Gn e s MYV SS5ET p (slil ay JSaie sl sl
I, (Polymorphic information content :PIC)  ISiaiz ledlb|
P50 alize sla SLis (50 S 0929 b .aioged 5,155 < IVA
595 LIS RAPD St joim casaz sla by, 5 SasS glal
ol asdllas ;o .(VF) caslosges baim SLi55 £05 ol )l cu |,
o 0¥S 33 S 5550 IS i g 0 le el (S ee
L olg oo baasgS (i (SasSTy Candg 5l oMbl L el ouls
il a5 laaisS Aol cap (B slaasl o STo 5,40l

Rigy 9 3ge

olas SlS 5l B o (V Jgaz) IS osgiy YO olaws

o (oSS I ass olRisle Slidon S o 1SS aw o
Ao yo ;0 (S p diged b S8 lo)S )3 Wly adyin 50l s
5l oolil b DNA gl sl 5 cuils s ool 5l Sy Lid o,
Sl L (YO) (Cetyl trimethylammonium bromide)CTAB s,
il (52535 DNA (slaaisnd et g et 28 )5 plowil i
020,5 red 59)5T 5 50985 250 5 (6 ka5l Sl g, L oad
Jsaz) RAPD (cla ;55T 51 oolicead b 5o Ly cglo ez 2STs
0 o095 DNA 550 8+ Jold ;g So YO x> o (F
Taq w3yl w>ly o g S5l Yseg,Soe Ve MeCla Voo Je
Silwaidpuly aids ¥ Jold )l a2 oS plosl sy
15 &l pusly 40 £ ol Siws B ups AF °C 5 2y
oo 483 ¥ 5 enlie glos 4o 55T Jlail aids ) A¥OC
0 Oypod mo a2 03l 5 35 D50 VY OC oo jo Loy
Jyaze 55589 581285 bl VYOO (slos jo ool oy ad3o
L Lol ylopmSe 5 plosl aoys VO 58T 5 55, » PCR
bl 5 gl 655 b 5 & e (Bio-Rad) ST 5 olfiws
Omt (S5 abold (285 90 Wil (ao) Gl L 5 (S2) S92
slo)lre 5 Gladss 40 alie sla by, b calie o)
bgio () 4 pB)l ganeg S Lol 0 5 b))l calid alise

dadda

g1 s 00lgils g Lilode o, 5l (Brassica napus L.) 1515

5 Brassica oleracea s 55,95 3| Jol> b adslus il S5
olaidl g if5, oL regd I35 (V) wib oo Brassica rapa
Ao, YE B YD g 48g, o,0 FO L T glhls o (V) 00y e
sl 23 AV Ly sl IS s, a8l e s
Al ge ouls glidl ozl wo o VIOV g ouis gLl oy
SV ludss (255 g JortedS Gl o9 b o (T)
Lo ogasar darme laass 4 S ol S YL o 5 08,
VKol aox 5l glslye 0y ool ol @ akass Jdoa
Sl bl el 009 a5 3,90 oLS ol (gol5ar g S (F)
(Food and Agriculture Organization) (¢;,sliS ,b,le> ylojlw
VeI 5 Shat Lasgin b 5 S5 palos THY 25 5 o
ol eaisSudes S5 b yedS Hddl cud S a4 adg o5 Gaelee
sl Loagia A28l e all 5 ol Sl ol B i e Jpane
iS5 e 5 5 L YA (lie VR Lo yo (1l o IS
@l5a Jole G et 51 0) Sl oad (5155 LS e VF
e 255 59 S929e (Sei) g9 B0 el g ajad (LS
5 degezen) dadigel oy 5 Gunalb ed &5 Wil
o5 4 sl o b ol 5l See colasul Sl a5 olodiges
il 5 glolid jolated (F) WS(o (Byma 1) 3l 092y
Sz glacd i ool 55,0 (S35 sl I BT daaiss
o WaaisS (Ganed) Cuz ¥ die) (JoNge S ple o
(S5 iz 1) ol 00,8 1,8 Lo oSS 5 555k s,
O 9 098 (S DS @5 9 Glime (b))l Sa (J9Sge
P95 S b SSiaim (e DNA la Silis dacune
RAPD: ) DNA dolas 255 5l ool (JSoaus (A) asb o
&9 olil Us, «(Rapid Amplification Polymorphism DNA
sl Slas cn 50 )8 5l epgss 90,0 adgloledlbl 4 5lsyon
Syl alidee slaaiss plad 5 (Seiekd Luly, e 50 J9Sge
gy (rl edes llpe (1) wBboe IS pgata 5 aLS
Criond iS5 gl Solas JIgs sl yls obisS sl Silis lonlazu!
Ol 5 @ ol WSWIDNA laie o9z5e Sy pis (sl
O ) 0,80l (Seass anctn Sledlbla jLipas 5 o il
Solas LIS a8 )1 55 (S £95 sy 0,0 Mehrabi ¢ Safari
b oy 0ged e ol aiws Cae 4y lacuisiy RAPD
W35 )3l 5,155 o oo e Silisass sl aaish) e 5o
oozl U o 55 CutS 90 IS I8l S5 £950 Jelow 5


http://en.wikipedia.org/w/index.php?title=Food_and_Agriculture_Organization&oldid=197460911
https://en.wikipedia.org/wiki/Cetyl_trimethylammonium_bromide
https://journalaer.com/article-1-132-en.html

[ Downloaded from journalaer.com on 2026-06-13 ]

JAER. 2025

V(Y): 04-TA

Gosla cwsluae slajia g5y gale dlas

59, ol gud ; las dslllans jge 0,les gl 00 dlawi Ho .0y8 )5
slass g ojlul « I e 5 Job (JuigS g ojlasl ( Siailem U
Sl ey Jsb e B3 0ez 55 5 (PO U js,0la 0, Kile
oy o3lail ey a5 50 wils slaay (bl 5 B g 0lass o 058 4l
Qoo g, Ald dlasl Wig y0 e olawi wils e g
Jebo g g b pSelal jh e n ke 5 5h 2,

28,5 plxl SAS V9.3 15816 5 5l eolazul L Wnesls

(UPGMA: Unweight Pair Group Method leeg,5 o alols
45,5 alols Llee ¢ glaigs 4 3xs (With Arithmetic Mean
(opls arls e Plolaws 28,5 & 50 NTYSIS lj8le 5 Ko
5 POPGENE V131 153la 5 5l oolicial b (V8) 55 55 £95 Cpuucsd
4 e S .08 e (VA YY) MAPMAKER V3.25
plsl sl 9 NTSYS v2.02 l5ila 5 5l (PCOA) Lol latse
oslizul MAPMAKER V 325 38l a5 5l saveis sl a0

aslllan 5,90 S1515 (Sberisi} Sladun ) Jga

Table 1: Characteristics of the studied rapeseed genotypes

Number Genotype Genotype Growth Genf)type Genotype
name type type origin code
1 Julius Hybrid Spring Germany Gl
2 Hyola 50 Hybrid Spring Australia G2
3 Alonso Hybrid Winter France G3
4 Delgan Free pollinator Spring Iran G4
5 DK 7170 Hybrid Spring Australia G5
6 Rytmo Hybrid Winter France G6
7 Agamax Hybrid Spring Germany G7
8 Danube Hybrid Winter France G8
9 Hydromel Hybrid Winter France G9
10 Jerry Hybrid Spring Germany G10
11 Garou Hybrid Winter Germany Gl1
12 Hyola 4815 Hybrid Spring Australia G12
13 Zlatna Free pollinator Winter Serbia G13
14 Elvis Hybrid Winter France Gl4
15 Rohan Hybrid Winter Germany G15
16 Trapper Hybrid Spring Germany Gl6
17 Zarfam Free pollinator Winter Iran G17
18 Artist Hybrid Winter France G18
19 Nataly Hybrid Winter France G19
20 Ahmadi Free pollinator Winter Iran G20
21 Hyola 61 Hybrid Spring Australia G21
22 Neptune Hybrid Winter France G22
23 Okapi Free pollinator Winter France G23
24 Zorika Free pollinator Winter Serbia G24
25 DK 7130 Hybrid Spring Australia G25
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Figure 1: RAPD band pattern resulting from amplification of different canola genotypes with primer number 6 on 1.5% agarose
gel; bp: 1kb weight marker (Fermentase); G1-G25: studied genotypes
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Table 2: Name, sequence and diversity indices of RAPD primers in the studied rapeseed samples
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. . Junction Number of Total Polymorphic =~ The number . Polymorphic
Initiator Primer . Nei Shanno . .
temperature polymorph number band of effective ind ind information
fame sequence Initiator bands of bands percentage alleles ndex  nindex content
1 CAGTCATGTT 40 9 11 81.81 1.65 0.36 0.51 0.49
2 CGTTTAACTA 42 10 10 100 1.5 0.34 0.48 0.34
3 ATATATCAGT 44 9 12 75 1.52 0.29 0.43 0.5
4 GTACTGACTA 38 8 11 72.72 1.58 0.31 0.44 0.5
5 GTACTGACTT 40 7 9 71.77 1.56 0.32 0.46 0.49
6 CTAAATTGAT 44 14 17 82.35 1.53 0.31 0.46 0.41
7 AAACTTTGAT 44 9 11 81.81 1.5 0.29 0.44 0.5
8 GGACTCAATA 36 7 9 77.77 1.43 0.27 0.41 0.42
9 ATATATTACG 44 10 10 100 1.27 0.2 0.33 0.21
10 TGCCGAGCTG 37 7 11 63.4 1.35 0.28 0.23 0.41
Mean 11 9 83.25 1.51 0.3 0.44 0.44
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Figure 2: Dendrogram related to the classification of 25 studied rapeseed genotypes based on data obtained from RAPD markers
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Figure 4: Dendrogram related to the classification of winter rapeseed genotypes
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studied based on data obtained from RAPD markers
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Figure 5: Genetic diversity diagram of 25 different canola
genotypes studied using principal coordinate analysis
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Table 3: Analysis of variance of the evaluated traits in the studied spring genotypes

Sources of degrees of MS MS MS MS MS MS MS MS
change freedom X1 X2 X3 X4 X5 X6 X7 X8
Genotype 9 3.68"* 0.17* 4.38%* 2.2%* 15138 1516.92%* 380.99%* 374.03%*
Erorr 20 0.4 0.065 1.168 0.463 112.16 163.43 76.3 98.23
coefficient of variation 19.48 6.52 10.39 9.59 15.46 10.18 14.21 15.69
Aoy ) 5 a0, 0 Jloixl mhaw )0 o pixe )l S f a4y ak s

ns, *, ** non-significant, significant at the 5% and 1% probability levels, respectively
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Continue of Table 3: Analysis of variance of the evaluated traits in the studied spring genotypes

Sources of degrees of MS MS MS MS MS MS MS MS
change freedom X9 X10 X11 X12 X13 X14 X15 X16
Genotype 9 14608 1476.15%* 41.07** 475.11%* 0.001** 1.01%* 0.001* 0.572%*
Erorr 20 1.13 172.1 4.767 123.33 2.34x10™ 0.128 3.13x10™ 0.043
coefficient of variation 16.66 18.95 12.12 13.43 10.52 11.6 12.01 8.95
aoy ) g a0 0 Jloisl pdans )5 Jls pee )0 pixe ué oS Sy sk ok s
ns, *, ** non-significant, significant at the 5% and 1% probability levels, respectively
Seed size X13 Number of branches per plant X9 Number of days to flowering X5 | Number of days to germination
Thousand-seed weight (g) X14 | Number of days until withdrawal ~ X10 Number of days until harvest X6 Hypocotyl length (cm)
Oil content (mg/0.5 g seed) X15 Number of seeds in the pod X11 Number of internodes per plant X7 Leaf length (cm)
Seed protein (mg) X16 Plant height (cm) X12 Number of pods per plant X8 Leaf width (cm)

axfllao 8590 G130 0,len s gif gy Wlawo 31 Jol> srosls (il dulio :F Jgus

Table 4: Comparison of average data obtained from growth traits of spring rapeseed genotypes studied

Genotype Number.of qays to Hypocqtyl length Leaf length Leaf width Number of.days to
germination (centimeters) (centimeters) (centimeters) flowering
Hyola 4815 740.57 3.76+0.25 2b¢ 11.36+1.18 *¢ 8.840.26 *° 43+1.73
Hyola 61 7£0.572 3.860.15 2 13.46£1.37 2 9.63+0.7 2 1061.08 ©
Hyola 50 5£0.57° 3.33£0.28 ¢ 12.840.6 2 10.160.66 2 134+1.97 ¢
DK 7170 5£0.57° 3.760.3 3¢ 9.120.36 © 7.7£0.95 ¢ 18342 ©
DK 7130 740.57 2 3.56+0.32 2b¢ 11.741.57 3¢ 8.46:0.46 P 18043.71 ©
Julius 71 2 3.4+0.36° 10.31.57 ¢ 87413 b 207+2.78
Jerry 540.57" 3.8+0.17 2b° 11.83+0.92 ¢ 8.53+0.11 b° 235+4.59
Agamax 6+0.00 2 3.43+0.35 b 11.9341.1 ¢ 9.33+0.57 2 47+2.64 F
Trapper 541 be 4+0.00 11.660.57 ¢ 9.73+0.64 2 152+1.04 9
Delgan 440,00 © 4+0.00 11.33+0.72 ¢ 7.56+0.2 ¢ 424251 F
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Continue of Table 4: Comparison of average data obtained from growth traits of spring rapeseed genotypes studied

Genotype Number of days until  Number of internodes ~ Number of pods per Nugnbe.r of days Nur}lber of seeds
harvest per plant plant until withdrawal in the pod
Hyola 4815 51425 °¢ 444252 38+1.84 ¢ 87+3.78 1541 o
Hyola 61 12144494 18+3.05° 3441.52°¢ 165+2.5 ¢ 1742.51 b
Hyola 50 148+3.65 2143.6° 431,02 ¢ 190+4.5 9 1741.15 b
DK 7170 194+2.88 © 2142.88° 432,08 ¢ 239427 b 18+1.15 B¢
DK 7130 190+3.57° 2242.51° 61+3.712 2254159 ° 17+1.52 b
Julius 223+5.63 1943.6° 554237 256+1.56 2 11+1.16 9
Jerry 242+3.57 1942.51° 54+2.08 2 272+1.77 111 ©
Agamax 58+4.23 ° 46+1 2 432,35 2b¢ 9741 F 234251 2
Trapper 163+5.3 ¢ 2241° 34436 ° 198+2.08 4 16+2.08 2
Delgan 47445 ¢ 39+1.57 25425 °¢ 85+3.05 20+2.51 %
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Continue of Table 4: Comparison of average data obtained from growth traits of spring rapeseed genotypes studied

Genotype Plant height Seed size Thous;.md Grain Oil content Seed protein
(cm) (cm) Weight (g) (mg/0.5 g seed) (mg)

Hyola 4815 99.33+3.05 0 0.23+0.02 3.73+0.68 * 0.176+0.025 b° 2.060.14 °d¢
Hyola 61 111.33+1.152 0.2+0.01 2b¢ 2.7+0.26° 0.146+0.005 © 1.91+0.126 ¢
Hyola 50 83.33+3.54 B¢ 0.21+0.3 % 2.741° 0.183+0.025 ¢ 23+0.279
DK 7170 99.33+3.05 2 0.17+0.01 ¢ 2.23+0.3 b 0.19+0.026 2 2.66+0.27°
DK 7130 99.3342.5 % 0.1940.01 bede 2.8+0.17° 0.178+0.017 ¢ 1.81+0.129
Julius 7433425 °¢ 0.16+0.01 % 1.8+0.2 ¢ 0.153+0.005 b° 22440317 %
Jerry 103+1.34 20 0.1940.01 bede 2.8+0.2° 0.193+0.005 2 3.039+0.066 2
Agamax 95.66+3.85 2 0.16+0.01 © 1.46+0.3 0.193+0.035 2 2.2440.107 ¢4
Trapper 99+3.56 2 1.66+0.57 2b¢ 3.56+0.56 2 0.22+0.026 2 2.936+0.192 2
Delgan 7342.52 ¢ 1.330.72 > 2.5240.6° 0.163+0.005 ° 1.86+0.26 9¢
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Figure 6: Dendrogram related to the classification of the studied
spring rapeseed genotypes based on growth data
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Table 5: Pearson correlation between measured traits in the studied spring rapeseed genotype
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X15 X14 X13 X12 X11 X10 X9 X8 X7 X6 X5 X4 X3 X2 X1
1 -0.36 X2
1 0.002 0.15 X3
1 07" 03 0.23 X4
1 -0.07 -0.28 -0.16 0.01 X5
1 0.99" 0.04 027  -0.18 004 X6
1 085" 084" 016  -001 003 2003 X7
1 -0.4 0.71" 0.7" 0.04 -0.18 -0.61 0.44 X8
1 -0.21 0.36 -0.43 -0.43 0.44 0.46 -0.26 -0.31 X9
1 -0.41 069" 0877 0997 099" 0.04 027  -0.19 003  XI10
1 0.66° 0665 047 0.57 -0.69" 20.69°  -0.002 0.3 0003  -024 X1l
1 -0.005 0.11 0.17 0.08 -0.16 0.1 0.1 0.25 0.3 0.28 0.32 X12
1 0.16 -0.09 -0.39 0.17 -0.37 0.17 -0.39 -0.38 0.18 0.45 0.33 0.000 X13
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