Ol 55,5LaS pole alms
(YYY-YFO)IYA- JL.; A3 o)La.& A RVES

RAPD-PCR (9, 31 oalitul b 5 145" ilisko p1 G55 £55 sy

lisonis g 3 9 TIBSD Lo stacna [ S (633 cyn 5 el oo L
Sepy5 09,8 sl il bl b ) Ll IS ol g goutils -8 SN
Ol KLl 5,108 suksls UM el
AIXINS Qi 2y 0

oMl

pbul 53 38 S5 mll sy O gl YA slaw K5 6 K3 g5 ap sl 4
P8 S Mg padia Gyly S6T N s el gui g8 e ' 5567 \ev 5 RAPD
S YE G0y o gous 45 202 e KL Dl 4 15 AP ol s 123,05 Slslons
e UPGMA 2, 4 5 " pudil i | "5l 4l oy bl Wpl 593 ad 0 ol 1,
slig (2l plyl Wl sus pdi 09 g 4 gl 3 S 4l 0 B ISISLR AR
ool 2 gk RS e (S5 b Sl s e 5y 0l hesg iy sesg Gyl
S5 L o G e ) 93 A 3 K g it TP R W PO 4 pldl (puddil ol
oSE5 £ gl sy 4 il U gl i i o ol O o0l ol A el U s
3 5 5 (Bl g asg Sl I pg 8 Wiy e 5 5gb Blea ey slaesy Al gai
(O] 5 Sl Glaesg g 2SSl o gl 08 35 e el g sl 0L 55 1, WYL
3 kbl Aol bl ) (K59 Sl S asliad b 2adS 4w Ly, sl RIS
(Jop SE) S lio ol gty 23S oy 8 T lls y i 6 tbsl UPGMA ),
Gy NS s S b Blea gty 2 05 ol 3 A8 ks (K3 SLY) @S Sliv
GHIn S 3 i Al B JIE e 1) 00 s atan 1 sl $5 e LS s 5
bl slar 5 ol b slacsish S i 1y ol 3 eomen s 0L o) B L
R ol 5 (S5 005 o Gl sgmy pde e Y 4 S s € NS S s i
2 3 o S5 15wl il o 3 RAPD S s b 5

RAPD PCR DNA (&€ S5 5.5 16" Slavo 31

B P R N

. Primer

- Jaccard’s similarity coefficient

- Euclidean distance coefficient

- Unweighted pair — group method with arithmetic averages



VA JUo oF )l Y al> sl 55,9LaS pole alre VYA

ol Vb anjm wgiSledly slsa I eolitul Slezssgase
Sl g luailaon @ Lo (JSE Wiz oS e o Vb
&) &lp ) cul 0é s DNA oYU pogls DNA Iy
Syacly Slopey 28Ty 5 iee glo)Silis St gl
ol » & ¢ 318 XY X¥0) ub S RAPD L
gl AV e GlaySill alax 5l g Gilise a8k
Sz 45 0)laill (gledg, M 5y pmizned 09 g oolil
Sy ae; > eyl bl 4 ST cole 5 b
St ool &) sl ) ! g adlge jLi i 390 ankad
i ol o aiiiia 90 pgi5 laly lalS 251 s o
Coale (F) 253 0n oolizad Lzl sl g b ola 55T
3 Sl Jsb ST slals & aad iS5 glaos gl 3
s L DNA sla

LSS wp adlee 5 (F) oKen 5 2
o dlgige gy il 5 Ko b g ylasl b Skl
g bl ) 5 09, 5 4 Slgrge aon Lyl laoly
Sl ) o5en g (guualy bl o)l b W0l g
I oosial b1y edaly palesyy g6 (So il
5SS by, Sl 0 Ws S s aib 9 olulis RAPD
P8 2> agigm; DNA (o iy by pin g b JIg
RAPD wjms Jy 05u ol ol sladgpl olobis o
5 JWl cole T byl ol o 6 bogine loples
555 £95 syl ln |, RAPD iS5 (1Y) o Ken
g B9 pizes Wop 5 4 ay )l glaay ly 5l solaw
P 5o 5 95 adllae sl S5 ol 1 (1) o Sd
(YD 5 Y¥ & ) 5 % el o 5505 oolial Jogls
) e qluled g aallhs gl G350 L I g, ol
sl 0l izl

2 Ul yien g addllas 9j50 laal 4 4> L
slp RAPD JsSlse loSilis i anlllan ol o oo
ilize glapudhe); 5 lacesr o (S5 g5 anllae
ool g lagunng 3 sl g lacuisy (gaieg)S g S5,
Sy oSl bl bganeg S L JoSse
aallls glin oy ol 3y 85 ol 55 4 p3¥ i ool

1. Verticillium dahliae

4odo
3 SIS P oy g #) lacerar )
A4 690 celia lapudlp )y Sl anls ()51
Ledly 29790 0 (S w09 gear ly 1o (V0 4 F) s o
el soadly sl Gl (S5 £455 Canng 3 3529 4
w3l BESS (il & (g pians wiajli o5 & ol g Glud
i oolitl g bi> o Copde g (6 eSS 4 dly oL

(YY) et 55 Ll
)0 |) obls C)Lal Omaain S &85 sp
pe >l Blal b ape Slio (S5 b b lulid

3 (S5 38 Cond g 5 gl aallhs g wleiin 5k 1]
S il ouims (i aceigy el 5 olilan g5
OF) ablygo Sz sladana b sl Jlazs

3 05 €95 dalllae (ol); SVgama plus b awglis o
251 5 o098 Sl KIS Gilisra slacunnr 1o Sl &)
Slallls bl 2 35 39900 9 (Sa3olgh g0 dalllan bl
&5 4528 500 oty b dalia o ol 039y oliargy
S (St Slio b bl Jro S
by 2 gly) (S8l )l 5l g ol S5 b DNA
SrSojlal Slio el p Siseled ge i (YF) wlos S
Tee lojlas B)b Sy I oS 0og GRS b a0 50 0
by 97 a0 ik 1y wias e dl)f 281, pladl i
4 e e bl o) aidlie oS w5, blys 4
gl e Ll 4 G &Sl 0 g G 40
5 3 505 o Cal 0 0sd 53 50 15 (V1) il o
rehigg) Sled) (V1) sl 03,85 oS (0 (igid peis ol
o5 €55 9 03 Cudguma Shb i (gloyeSd slaatigy g
g AV AF) wimdge plis Suoj igltgs slaceiss o
o Sl (San K03 slogetis s g lignl ogdle 4 (¥
O 3 VA) azil a8 a5 090 5 il clama il

ale Ol il o o (G39leiSS iy |
W5 el e ly 1) e Sledbl uixen g wiS
cipog |) ooy o wies DNA ), e la Silss
adlis sl RFLP s o 10 (V) ) boousisid & aiiS s
s e ol 6% Jy as ol DNA i



AR wo b SO lidee )l (S35 895 gy 2 00 g (5 el oo

5o by o by oo bgle ©90 & i iy
Ol e & ad el Wy oad mas (F) () Ken g
Slr o Giler Sl g 9y V-1 050 diged (285 (ol
g rogdy Sl ofiws 5| DNA oS g coiS o)
YA+ 5 Y5 olagse Jsb ,» DNA i cib allias
thile adl Qo Cod Gl &5 Sladigas ol eolizul

bwlo)B JMSolugeyi ofws o jlreely (slo ey 25Ty
(4ids ¥) AF °C Tady) ab s 1 els o5 o8 alnl
T laas (430 1) 70 “C " il (aids 1) AY °C pubs ]
odh G ydaliy 90 YO Lol> dl> o dw a5 (adds Y) VY °C
ST Ve sl (aids 0) VY " ° Ll by el
S g ol 1 g ybasl Jlgn b (Y Jeaz) V-V atis
3 rels 3l 5 51 039 Slga il 5 28 IS "Ll
WY Jalds (5 2dg 500 YO wiges S, gl PCR 151y o
oS YO (OX) Sl Bh ol g S
@hS | Jsashe <1 Clle @ g Saa VIO baasgtls's
SedsSon IOV (Jsaisleo 130 Chile 4) e kS
yoehy S5 23l g Jsag)Ken /Y Cllile b g Sen VSl
Vo o o a4 o aoly V-o/A chale b odg S+ /Y
s 8Ll pod Sl 6iFele ez Guae by Sy S
aleug & 5 Bio-Rad ;585 2801 olSus b ladiges ;5,89 S0
i 5Wg b g el YoxVP ol TS ael ST L 5
Sl Ky 5 o 9 b bl cell VIO e 4y g Y
@l G 9 05 S UV i 5 aibegr pgnadl
28,5 B ek 5 4 0,90
G5 s Sl gy @ Waosls ()bl gl
g () 5 Yo OF ) ud eslind wslil alols 4 0,51
8 eizpa 335 o) UPGMA. o) Gulad 1,575,000

. bulk

. initial denature

. annealing

. extension

. Final extension

. The University of British Columbia

[= AN R "SI O B

ST -
_:—u:- -
L Smmad W ot + i —’ L et
— H,‘—b—‘_. ‘u-.f a— -‘b‘ .

[§

R P WO ey S R
. [ - -

L4

L T

5,15 cilia o5, DNA slo )l ) JSa
B3 o QLL; ‘_g}.'...'l'..u )I,s Lsslsl,é‘\fm ,s”,'lﬁ'lcu by o -l

bl jb dgl gl K5,8 olS (g5, » RAPD JgSUse
325 ol g Conl ois oayd Caoj onl o slallas g ol
ol 50 sy Jo¥se Sl gly 9,0 ahai Wilg

w9y 9 dlge
Baglel o KL cigs YA Gl o
oKl (gj)glaS oaSidls ) quwiige 9 59lySigm
9 Boaig gelol 1 Jga> 288 18 oLt sjee ol
LgLM?J )'| DNA C'P':‘“l ‘_gl)g TR ul“‘“’ |) lp‘j elice



\YA- JL.; f o)L;.S ARt ..\17 sO‘ﬁ' tS})QL:‘S l°9l° dlm

sl et g booasigil ol - Jgur

L ¢35 ¢b GBroles L 356 35 ool
ol Fd ) o W ol 0 Olgtas! |
FAO Rancho A ol &l . A
FAO NS1016 14 ol 4 0bub,30 s
o FO2 \C Ol ! S ¥
| FAO Aceteria \A ol Olews 8 0
" Tomejic Y Ol P ] 4
oty 295 Ty ol SlaaS v
ol ! 279 e ol p! apbis A
FAO KAT2 Yo ol L q
! LRV5151 \tg alpt oL,s \.
Ol #r S iy v ol <y W
Ol Bl by YA ol s VY
ol Ay W
OVl ol ! i
Ol A V0
ol Olews S \$

.l C. oxyacantha —3 4.5}-( _)(A-E‘ *#

0 b 10 15 20 28
Num
21
e
19
23 -} /
A 200 /7
17 .
28 1] ‘}— , p :&
5 150[ 0
28 —] ) % ok
24 _} i ::‘
s ] Y 100 [ | ;:;'.
s = e 10 RS
k s0| [ e A I 7
: AR A A
1; e )
1]
i %\%\@@@&@&o é%«o,@%q o Q)Qh @q@
‘ PP PPPPPIIE
)

b g6
0,81 s po slie gy YA S5 alold pl $g 000 Y S8 . Do .
S ol Sl -v s




AR

22 (S0l (Sujgledyge Slio -V Jgar
S S U say S A
Gy t'u:_,\ :B
o i C

ik &bl D

AU 516 5, s ]
A0 by ol T

d\g.'.?&,::,’,“gl_,:-u'.l(

whs o5y 8ty L

wb im0 M Gy y3 0550 300 E

Gy K55 Shas :N

2y 8l G

b S sl 03y H

o 9 b

laodyglp wb pbnl wuig; YA L RAPD sl
oy s lacedyis po 1) (IS5 w5l VU g 2S5
sk sle)ls lm)f)'LéT Js ol )f)'ls':'i VWO KD
ot g & bl J5 sl 50,5 wly caduie S0
4 g YAY slaw ol 51 a5 0 g Y ud adgs o 55le
Ciz YEer B oagume oLl a5 8 puyp Sibe lyie
UBI18 UB16 UB12 skl \\ opf (Y JSK5) sisg 5b
UB91 .UB89 .UB79 .UB76 .UB30 . UB25
S olks UB78 s UB74 55kl g0 .00 UB96 UB9S

i Bl a5 wis S g el g S
G VY Sass alol o lewie o8 alad cuyo pulul p
Aceteria o> o5, (¥ JS5) wad sdiiog)S dws O
G s=e Y40 < FO2 Rancho NS1016 .Tomejic
Koo 098 S 15098 S pKATL g oS
o033 pgus 09,5 0iz8,F 5 YVA o LRVsysp 3,i5 o))
72 4 Sl losg plo plez 098 9 Sl 5 75 (g
Slaoss Gaiveg S Mon oS3 1) oy 09,5 oS gy dpes
& 9 oo Hlis 598 (o ydlS il slaaws o il
0y 352y 2z g9 g (SeI) £ Om (9> Gl
Sl g ) Waosgs 51 45 el el Ylatsl yal cpl e
slaJil 5 boles b g oog cliie Sy sl)lo it
3 TV 65,1 el oud Ll ogline (6 NKab g oLl 3
09,5 ipS a8 095 Sy 0 o atin ojul LRV
2 ST a8 el (KALT2 4 Y90 1> 4) o)l oo dod J4!
et 03l KAT2 Y40 a5 Sl aitl o 50 g b9,

ey 58 il 5] (S5 55 (g S 3 e e

il 535t 5 laallys 9 oolisl 9,90 sla ST =Y Jpuor

UB PRIM

ERS

1NCCTGGGCTTC

34)CCGGCCCCAA

6TYGAGGGCGAGC

2)CCTGGGCTTG

35)CCGGGGTTAA

68)GAGCTCGCGA

3)CCTGGGCTTA

36)CCCCCCTITAG

69)GAGGGCAAGA

4)CCTGGGCTGG

37)CCGGGGTTTT

70)GGGCACGCGA

5)CCTGGGTTCC

38)CCGGGGAAAA

71YGAGGGCGAGG

6)CCTGGGCCTA

39)TTAACCGGGC

72)GAGCACGGGA

TYCCTGGGGGTT

40)TTACCTGGGC

73)GGGCACGCGA

8)CCTGGCGGTA

41)TTAACCGGGG

74)GAGCACCTGA

9YCCTGCGCTTA

42)TTAACCCGGC

75)GAGGTCCAGA

10)GGGGGGATTA

43)AAAACCGGGC

76)GAGCACCAGT

11)CCCCCCTTTA

44)TTACCCCGGC

7T)GAGCACCAGG

12)CCTGGGTCCA

45)TTAACCCCGG

78)GAGCACTAGC

13)CCTGGGTGGA

46)TTAAGGGGGC

T9GAGCTCGTGT

14)CCTGGGTTTC

47 TTCCCCAAGC

|80yGTGCTCTAGA

15)CCTGGGTTTG

48)TTAACGGGGA

|81)GAGCACGGGG

16)GGTGGCGGGA

49)TTCCCCGAGC

182)GGGCCCGAGG

17)CCTGGGCCTC

50)TTCCCCGCGC

|83)GGGCTCGTGG

18)GGGCCGTTTA

S1)CTACCCGTGC

|84)GGGCGCGAGT

19)GCCCGGTTTA

52)TTCCCGGAGC

[85)GTGCTCGTGC

20)TCCGGGTTTG

S3)CTCCCTGAGC

|86)GGGGGGAAGG

21)ACCGGGTTTC

54)GTCCCAGAGC

[8TGGGGGGAAGC

22)CCCTTGGGGG

55)TCCCTCGTGC

88)CGGGGGATGG

23)CCCGCCTTCC

56)TGCCCCGAGC

89)GCGGGCTTGG

24)ACAGGGGTGA

ST TTCCCCGAGG

90)GGGGGTTAGG

25)ACAGGGCTCA

58)TTCCCGGAGC

91)GGGTGGTTGC

26)TTTGGGCCCA

5)HTTCCGGGTGC

92)CCTGGGCTTT

2 TTTGGGGGGA

60)TTGGCCGAGC

93)GGGGGGAAAG

28)CCGGCCTTAA

61)TTCCCCGACC

94)GGGGGGAACC

29)CCGGCCTTAC

62)TTCCCCGTCG

95)GGGGGGTTGG

30)CCGGCCTTAG

63)TTCCCCGCCC

96)GGCGGCATGG

31)CCGGCCTTCC

64)GAGGGCGGGA

97)ATCTGCGAGC

32)GGGGCCTTAA

65)AGGGGCGGGA

98)ATCCTGCCAG

33)CCGGCTGGAA

66)GAGGGCGTGA

99)ATCCCCTGGG

100)ATCGGGTCCG

z
c
3

2%

y

— -
~N O w

-

A WWNAN® W

~ o
w oA

N
A wn

~N
-

-
| N

—~— NN
VOomwN

NN
@

T

(sl alold glive 08 YA (gl (S5 alold g1, 5900 -F S

ool pl 55,08 5 (17 Jsa2) (Siislydype lio S8



WA Jlo F o)lad Y ale o) (65,585 pole alore v¥Y

28 ) (e 0zl 0ad Dol )l 55 g3 095 5 o o0
3 > Pyl Jald gam 095 5 ailaad S 15 s S
bl (LS o mdlS g, b alie o e YO
)5 Byl plus S g 50,5 ) (e (slaesy oSyl
e JS25 il 1) oy 5 (0 0055 Jy wilasd 3 )3
g W l3 Sl g 7S (stoy slesg i plez 098 o
by pB)] g Waodg plu jllaz g 2dlS glel yo 9o ol
Aols ulol 5 1, pB) Sy alols ¥ Jgaz .z S L3
Pl 4 bape aold paS o5 ams e olis gl
Al oo Ay pes g E8 e

Wosly o (Kgliygs Slio bl p gundls
ol p gy YT gly 2l 4528 285 planl o
sl o950 (0 JS5) ab plost UPGMA 5 woaslil alols
2 5 s S g 5 ) e (G gy
g Sl P Eydge nl og 0g)F Sy i (B (ganeg ) o
5 oS Gl amoe olis 1) Ll isliygs
B Bl S e el S g0 e 0 ) Gl S
A ol i (1) 63 gl lhae cnl o5 2ol (guineg S
lize (>ly 4 by glociy) i Ko gloogS o
wlhae ol 5 (b8 ol o &5 wls 5 oLl
il g (S 95 Omr Gl pue o a4 pglas g a0l
5 $eo o (V) b b ax pl o5 9l S92y
AloogS el sas BIF s (V) glisewe
Wl )3 glge g Of ailate Sl dile g 4éhe (glocadsis
So 50 90 il 3 (Jo¥ge addlan) S glagem)p 5o &S
Slio plol p S A5 ok 4 aiils 5 098
3515 18 b 93 T G (Sa3el58)90) (o8 5 o

ol sbasliy o Wiy o Sy slaalols 51 el
iy il ke B ly ol Sl o Logass
5 Gl S £95 paeis Cuzyd srlie 3 RAPD
all laigs Mol o ooliiul gly Slaigs o (S5 Ll

.MJSA

igliags cnl & wload LBl gl sloodg 9y 5l Jy
A go i 1 gl o
Sl laoogi pls 5l 1o g 0092 (Gl 0395 a2 1 iy 009
Sl Glnl sos Soodg s L ) alold op 5Siasi Jg
g Tomejic o3) g0 o 1) colid cpim plfyu
Wi cupe guypbe Jaax o5 wms e olis Aceteria
S oo i 1) oo ol 500,51

035) Sl Pyl ST (lp 0 ssalin &5 b (los
3 392y g pfada )y gl (2)> 66l 5 (e)lez
x5 Sy 90 lp oY Bl o glgige 9)e ol o
& pY o5 il sies g0y gl o & lenY
oY @lhiz duse pulul p Glgioes adenn ol 53
Sllhe b oyl 5 55 Sl 6,880 5 <S5 ,8 ol |,
0955 S locady o (W S plal |y I ol (S5
slp ol walsss plas o Sles 5 Slao i 5l agllae )i
$Wog)S 51 &5 1) pspta pally Wl (W adliy olis
olly ol a8 bl aes LS S it
T 2 G o bl )90 o Sl culie g 9t
PB g ead e el Jalpd iz 3wl sl palb
15 cilizee aibio 511 wllas Slio g Uacanglin 45 2g: panlys
b Wl @l 5l Jol> o6 (S5 4l 5 oS oz 08, S
e Gl ) (S Gpdgenl diej g 0ga g
5SSz )0 oy a5 1) e el gy
siile pllan lio shls syl e po il Wy e 4
g Yo oofles (JSudlys 4 Cuglie dp)lon & Cunglia
DLl 0jef g (B3 (s, Boyd Gliee ey ()L

2l b Ghgy onl alie rizxes 5 398 @l sl sl
s soolil alols jloslinul b 3,087 66,1 gaiuog S o,
ot Gl (F JS2) 3908wl ) 36 @l & <85 plx
095 oz 4 (U5 Bilae) YV (Smij alold o pB)1 3,
sloodg ST Jsl 09,5 55 (guiy adlS ol ) wlosd s
poe &S a8 ol Gl SlaglSe jlojlr e
ol |y @il g8 b (S £95 Gm dal; og2s



2555 895 (gmy 0 10 S0 g (6 yal Jlao

a5 pB)‘

o 5,8

vYY

00Ly| oo0s| O'sy | 0'8y| O'€r| O0'LS| 000S| O9v |f 09S | 00Ly| 00S| OZs| Oer | 00OSS| 0w | O6v| O6E] OFF | 0GS] O8F| 0OS| OIS osr| 09s| ozr| ozof :gZ
Oo6r| 08s| O6v| 00S)| 00ZS| 00eS; OISl 019 | cozs| o'Ls| ois | oer | ooze] ozv | ovs| ovy | 0w | oes| ozs! oes| oze osr| 05| Oovs| o9 42
0Ly | OZv)| 0Lyt OOBY| 00S| 00S B OvS | ooer| ooy | oor | oov | 00is| o | oes| o | osv | oss| ovs| ozs| ous osy| ozs| osy| oss| :gz

0'ie| Ovr| 0025} oosy) oer f o€s| oosy| o6c| Osv | o6r | 009s| oz | oos| ozv| 015 | ooal oss| oss| oes| oos oes| ovr| oes| G2

O'sv( 00.b| 00vP| Ovr § 0CG| O0SY| 00s| O9v | ozv | ools| oec| o1s| oee| oor | oss| oos| oos| ozl 0| ozs oer| ovs] ez

008c| 00'se) OLc f OSv | 00%y| O6c| OLv | Osy | oozs| oov| oos| oov | ow | oss| oer| oer| obs| oer| o osy| oie] gz

00ee| O6E Y Ol | 00| OEv | OSY [ OLv | 009S| OZv | O9s| ozv| oev | cos| o] 0| oes| ovr| ous| oo o] :zZZ

09 § O | O0SP| OOv | Oy { 08k | 00SS| 0Ly | oes| ocv | o8y | 025| oer| ovs| ote]| o] oos| oer| ove 2z

o9 | 00LE| Oy | o'y | 09y | 00€S| 0Ly | OUS| Otr | oer | 0u5| oos| ozs| ozs| oer| ovs| ouw| oos 02

0015} 00sf 0Zs | 025 | 00t9] oes| 0€s| OIS | 029 | oeg| oz9| oze| ose| 05| ove]| 0ss| oge 6l

Oty Oolp [ oze | ooes| owy | 0¥S| ovy | Ous | 009 oss| oss| ozs| oze| ozs| vos| oeo gl

00y O'ec | O0LS; 0'8E ) USr| OCr 005 OS] GZS| OVS| 0G| O6P| OPS| O6Y| 0Z9 L

02y | o0ss| oiv | Oss| oev | o | o19] ovs| ovs| oes| o1s| oss| ozr| ozo 91

00'ts| 0sey 0is| oLe| o9 | OSs| oos| oer| oes| osy] cos| oer| ovs Gl

osc| 0Zv| ove| O | O2r| ocr| osp| oec| oec| oec| oze| oLy Rk

00ef o8L| occ| ove] oez| ole| ove| ovz| oie| oez| ose] gL

00€| Ole| oov| oze| oee| o9e| ozv| 0| oze| oev] 2y

Otc | o0e| o6z} oz| ooc} o8z| oez| coz| oie| L1

0l¢e} o8z| oze| o) oez| oor| o6z| Ozv] oL

. oee| oec| oge| 09€| OL¥| 08c| O6v ‘6

ooc| o] oszi ovr| o8| oy ‘8

oile| ose| ose{ oie| ovp L

oov| oec| oze| oLy ‘9

o] occ| oL G

ose| o8zZ| O6¢ v

o€e| oge K>

ole 2

3

BC| L2 92| sz| vz || 22 ic| ocf 6L 8| LL| 9L | Gt ¥L | €] 2L] 1Ll ot 5 8 L 9 S € s |t 2
aouejsig ueapjjong pasenbg aduejs|q ueapijony pasenbg sed

<6 4= qe o (ad 1 qoe e




VWA Jlo o o)lad XY al> ol (55,5lsS psle aloxa VYY

REFERENCES odlaiw! 3590 x>l 0
Ol oBaily g 5,9laS suakails W ol )57 aals okl ol K8 P SeCare> o S E9id s ATYY Ls,ib

Olpl SBLS ol g cel, pole 0 XS e o> bils el )0 Tl 60 sl Kl 0,5 N ¥YO . (sl o3 .Y

3. Bustos, A. B., C. Casanova, C. Soler, N. Jeuve. 1998. RAPD variation in wild populations of four species of the genus
Hordeum (Poaceae). Theor. Appl. Genet. 96: 101-111.

4. Callow, J. A, B. V. Ford - Loyd, H. J. Newbury. 1997. Biotechnology and Plant Genetic Resources. Conservation and
Use. CAB international.

5. Chan, K. F., M. Sun. 1997. Genetic diversity and relationships detected by isozyme and RAPD analysis of crop and
wild species of Amaranthus. Theor. Appl. Genet. 95: 865-873.

6. DellaPorta, S. L., J. Wood and J. B. Hicks 1983. A Plant DNA minipreparation, version 11. Plant mol. Biol. Rep. I:
19-21.

7. Gunter, L. E., G. A. Tuskan, S. D. Wullsch Leger. 1996. Diversity among Populations of switgrass based on RAPD
markers. Crop Sci. 39: 1017-1022.

8. Huff, D. R. 1997. RAPD characterization of heterogeneous perennial ryegrass cultivars. Crop Sci. 37: 557-594.

9. Hy, J., C. F. Quiros. 1991. Identification of broccoli and cauliflower cultivars with RAPD markers. Plant Cell Reports.
10: 505-511.

10. Igbal, M. J,, N. Aziz, N. A. Saeed, Y. Zafar, K. A. Malik. 1997. Genetic diversity evaluation of some elite cotton
varieties by RAPD analysis. Theor. Appl. Genet. 94: 139-144.

I1. Kato, K., & H. Yokoyama . 1992. Geographical variation in heading characters among wheat landraces, Triticum
aestivum L., and its implication for their adaptability. Theor. Appl. Genet. 84: 259-265.

12. Link, W., C. Dixkens, M. Singh, M. Schwall. 1995. Genetic diversity in European and Mediterranean faba bean
germplasm revealed by RAPD markers. Theor. Appl. Genet. 90: 27-32.

13. Loarce, Y., R. Gallego, E. Ferrer. 1996. A comparative analysis of the genetic relationships between rye cultivars
using RFLP and RAPD markers. Euphytica. 88: 107-115.

14. Lu, R., G. H. Rank. 1996. Use of RAPD analyses to estimate population genetic parameters in the alfalfa leaf —
cutting bee Megachile rotundata. Genome 39: 655-663.

15. Ramsay, J. R., D. S. Multani, B. R. Lyen. 1996. RAPD — PCR identification of Verticillium dahliae isolates with
differential Pathogenecity on cotton. Aust. J. Agrc. Res. 47: 681-693.

16. Santalla, M., J. B. Power, M. R. Davey. 1988. Genetic diversity in mung bean germplasm revealed by RAPD
markers. Plant Breeding 117: 473-487.

17. Tatineni, V., R. G. Cantrell, D. D. Davis. 1996. Genetic diversity in Elite cotton germplasm determined by
morphological characteristics and RAPDS. Crop Sci. 36: 186-192. "

18. Thormann, C. E., M. E. Ferreira, L. E. A. Camargo. 1994, Comparision of RFLP and RAPD markers to estimating
genetic relationships within and among cruciferous species. Theor. Appl. Genet. 88: 973-980.

19. Virk, P. S., B. V. Ford — Loyd, M. T. Jackson, H. S. Pooni, T. P. Clemeno H. J. Newbury. 1996. Prediction of
quantitative variation within rice germplasm using molecular markers. Heredity 76: 296-304.

20. Wachira, F. N., R. Waugh, C. A. Hackett, W. Powell. 1995. Detection of genetic diversity in tea (Camellia Sinensis)
using RAPD markers. Genome 38: 201-210.

21. Waugh, R., W. Powell. 1992. Using RAPD markers for crop improvement. Trends in Biotechnology 10: 186-191.

22. Welsh, J., C. Peterson, M. McClelland . 1991. Polymorphisms generated by arbitrarily primed PCR in the mouse
application to strain identification and genetic mapping. Nucleic Acid Research 19: 303-306.

23. Williams, J. G. K, A. R. Kubelik, K. A. Livak, J. A. Rafalski, S. V. Tingey. 1990. DNA Polymorphisms amplified by
arbitrary primers are useful are useful as genetic markers. Nucleic Acids. Res. 18: 6531-6535.

24. Yang, X, C. F. Quiros. 1995. Characterizing the celery genome with DNA ~ based genetic markers. J. Am. Soc.
Hort. Sci. 120: 747-751.

25. Yazdi-Samadi, B. and C. Abd- Mishani. 1991. Cluster analysis in Safflower. Proceeding of Indian Society of Oilseed
Research 119-126.



\AL)

[ranian, J. Agric. Sci. Vol.32, No.4, 2001

Detection of DNA Polymorphism in Landrace Populations
of Safflower in Iran Using RAPD-PCR Technique

R. MAALI AMIRI', B. YAZDI-SAMADIZ, M.R.GHANADHA®
AND C. ABD-MISHANI*
1,2,3&4- Former Graduate Student, Professor, Associate Professor and Professor,
Faculty of Agriculture, University of Tehran, Karaj, Iran.
Accepted. May.9, 2001

SUMMARY

RAPD technique was used to detect genetic diversity of 28 safflower genotypes
including Iranian landraces, wild and several exotic genotypes. One hundred random
decamer primers were used in amplification reactions. Eleven of the primers produced
polymorphic bands. In general, 283 RAPD markers were found. Amplified DNA
fragments ranged in size from 300 to 2400 bp. Jaccard’s similarity coefficient and
Euclidean distances were used to produce a cluster diagram by means of the unweighted
pair — group method with arithmetic averages (UPGMA). Cluster analysis divided the
genotypes into 5 clusters, using Jaccard’s similarity cofficient. Cluster consisted of
exotic genotypes, Iranian landraces, wild genotypes, winter and Sarband types. To
confirm the above phenogram, cluster analysis was used based on Euclidean distance
method and the UPGMA algorithm. It was found that both techniques produced similar
results. In both cases, no relationship was found between genetic and geographical
diversity. The clusters based on RAPD markers correlate fairly well with classification
scheme based on morphological traits. In clusters, produced by both techniques, some
landraces and exotic genotypes are classified together within one group. The approach
used holds promise for the classification of safflower germplasm, identification of
safflower landraces and its wild relatives as well as application of molecular markers in
safflower breeding programs. It is suggested that RAPD marker is useful to study DNA
polymorphism in safflower.
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