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035 golasl s eslinal b gda Olslinss & xles 51 Sk imen 5 Lpd o AL Jled e S (g3l
sty Sl 5 @35 ol ol (gl a8 ol il OF s 1y Oliiee O o 55 oy ) 31 eslid 5 2 il p S
Sldlae (il 05 Cplhe Slspar Kos 5 s Ay S35 Ol Bl 5 Selasl glagyY osl
Hedl g S gy YA Lo s ol ol oS LelS o5 i plnil OF S35k3 5 035 ) Sl
Sy ekl dzme Yeof Jl s ol eS Job s Xia er al., 2008) A5 lze ol 05 ps5
U eSS b Sl ol i (S5 e sl bl (6ol oS =01 3 (Xia et al., 2004; Mita et al., 2004)
Gl ol Sldlas Jgud 5 05 el dsesn Jlasl Sldlas ilucsladia el 05 axdllas L ,S
rj.:j J‘j; JJS M‘j} S L;.&L..;ef:‘.;- B wuw‘ 9 ke, éJ:sﬂv\:jj: LWL“‘;’W} Lw.ij.:jjﬁ)jﬁ LQ\I.L}
G S Gl Glamlie 5 s pSasd 5 ol S g Jles oSa5i 00 g i el p S
e i S = 5 0L sdl Gl S5 Sledbl il gl bl 5 anils Ol 5L
(Mita et al., 2004; Xia et al., 2004 Yamamoto et al., 2008) 5 S Jal

0570 5 0353 o3 755 e s gbieny il (sla SOLES Slaslinad o2 ol 0 S 0550 ko 5 (golaBl Low,
Sl 034 J:.;.bu 4}}4 S0 AJl}aA QT aloises LgLﬁb‘}v 3 Lhwyj ey v.(.:bj 6&&.1.&- SIS U 9 Lg“bﬁ
Sheslizal b s andlas 55 55 5 ISSR- PCR 3| eslizal b0l Kia 55 (Dusinsky et al., 2006; Liu ef al., 2010)
DNA SLi (Redy et al., 1999a; Redy et al., 1999b) Lles S oo el e S Ry &2 Loyl gale 5,
dox Sl ol gl 5 alE BByl 5 e Sl ol (K85 lulsy 55 G ¢l PCR Lz
(Zietkiewics et al., 1994; Prevost & Wilkinson, 1999; Deshpande ..l sl oslazul V..idnﬂ\ VJS O Sl
LS o Cand Jdu el ol 5l 5 ese e SLi ISSR et al, 2001; Bornet er al., 2002)
o) LAJQLU‘T C:L:J (Gupta et al., 1994; Tsumura et al., 1996; Ratnaparkhe et al., 1998; Wang et al., 1998)
LS e slpdy (S5O KKl 5 il oS (S5 Gbadd s dide glpl Olpea [ S Sl
(Redy et al., 1999a)
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1255 13 addlls 550 Olnl g sLalE il o S UL = Ll
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Table 1- Strains used in this study, short name, geographical origin and x

Silkworm races Code Original Year of introduction to germplasm
Gilani-oreng Gi-or (Guilan) 1992
Khorasani-lemon Kh-le (Khorasan) 2001
Harati-yellow Ha-ye (Arak) 1992
Khorasani-pink Kh-pi (Khorasan) 1992
Baghdadi Ba (Baghdad) 1992

Ad el DNA (o5 JS= 8) (Sopm ok aigr Joa) S ooslizad Loyt sladl (g3labi 51 e
5 A 63,5053 BEE TGP PW_rTRP I S (W LG P @LA sl 5 s Ol Sl eslanal L (Suzukiy et al., 1972)
St A3 (SIS g 4253 =T glos 3 eslinad Ol b 5 Jime (52 5,56 V0 A 58 4 g
5 A5 WLl gl 3L s S Ver 5 do)s Yr SDS 15 Koo ¥ ODNA (iluliss sl 0T st 5o
Gobecr 3 oy JLeK 4ids Vv a s (IS g a3 £ ¢S ol plom 5o Cole S e
e 5ok Sl 4 e s Olos e OLL 31 g L3 8 b sl 4B 0 3553 T a0l (s smn 5 251>
b Ol ol 2 205,800 00 B Y0 e Ol 0T (VL 56 50003 55k 5l a3 O ooy VO + 53 )5
Yoo Olgear (VF)) S foelsnal —p 3 IS s oo 3 e Jae i slaess 5 1 56 55 0
A2 58 L s I8l Sk il ai3s Y Ode  AD 3 53 s ea sl bl S Y s 25 S
OF pomm ot oy o o 53 o3l JUaSl s e s il 25, ¥oo B Y0 Olge 4 s 56 L
235 B e (38 g i3V Doy 5 MO s L Sk Sl 5 A Ll SU Lalgnl - 35 JS
ary3 =0 gles 55 epwr LS 3538l DNA OGS cdalie Com 5w Bl gnl 2l S Yo 5 gilulas
Gy Sy g DNA ids 0 S 0n v 553758 Sany Slo 31 o 5 (K Coler SO Sdloty o sk
U5 JSB1 JSUTL LS sis)s Voo, D1 UL L oSG Culg 5 A w33 s) Jsbe 5 el
s 530 S e 5 bl S Sl 00 v 550 53 alBs ) Doty al e a 53 48T US ely izl Ao
oS A5 eslid S Ll i s JS— b ke s RNase w5l 5V RNA (S5l 05 oo 5l 6l s
OF 383 Olze s i Vo kS L slaki ol A3 oo Loy G 38T U5 (535 043 2| el DNA
iz 8515 eslizal 3550 PCR 6 i3 )3 eslizal gl 5 0l Gy lyo b Lo 5
A58 VO BCRI0X 3l 25 oo VO Jols 281y Dylsnn 25 500 10 51y (sl oy 5515
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i eslizal 3 o pia SHLTY 51 G cnl 5o
P;: 5-AGAGAGAGAGAGAGAGT-3'
P,: 5-AGAGAGAGAGAGAGAGG-3'
P;: 5-GAGAGAGAGAGAGAGAA-3'
P,: 5-ACACACACACACACACG-3'

1 cycle 30cycles 1 cycle

ISSR KL 5 ealizul 5 0 5l pealy (slo iy S2STs asli ;- &
Fig- 1- PCR Plan using ISSR markers
Llos o gl b aS do)s VO 58T J5 655 04d PCR Jyame 51 2l S VP PCR Jgeamns 5555 25
esleul L Ly A \JP-\ )J}ﬁ}j&ﬂ LTBElX Q})J C)\}V' Ql_,: L celu ¥ Sodeds g ng:f)l" S ol L_}LN
LS fesST el 5505 J;"JUY Cogr sl 5 d salinal ase i g 5 (Sls 2 WS U 5 SIad) oKans

Y 52

Gi-or Kh-le Ha-ye K h-pi Ba
Gi-or Kh-le Ha-ye Kh-pi Ba
-

M=50bp (o o) ¥ 5T 5 (Cosly cannd) ¥ SHET ISSR KL wp ;0 1/0 5,871 I35 p geai Y S5

Fig. 2-- Image gel 1.5% marker ISSR, primer 3 (right) and primer 2 (left), M=50bp
0f1.5% gel of ISSR marker Image
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oalizad b ISacG S5 ol il 5 AT Jlyl 3 = o) sslizal b Sl IS Sl gl gimes

(Anderson et al., 1993) A& 4.wl>s PICi (Polymorphism Information Content) J 50,5 ;|
PIC,=1-)_ f}
J

th Wb Sl o S Sl fy
WS dewle 53 J g0 8 3l BI (Band Informativness)

BI, =1-(2x[0.5- p))

Al e L gl slac 5 5l adp O 3 &S
142 4esl>s RP (Resolving Power) J e 5 5105560 8 > oyl
n
RP=) BI,
i=1
Jsop ook ST ASL o D5 G 53 55 S 35 slaellr Sl Sl aS 50 w8
(Powel et al., 1996) > 3% 4 4wl EMR (Effective Multiplex Ratio)
EMR=n,xB
B=n,/(ny+n,,)
Ll b S sl & JSKador L slaw cwd By SOk el S slaws ny Jge b 0l 5o
(Powel et al., 1996)
Sl K ol 251 cr el lgsa By o 5 ool JSadr Ol Sl 8 6 S5 Laxls
Ls awl=e ML (Marker Index) abal, I eslatel L 238 eslizal asliil ~ps) Ko
(Milbourne et al., 1997; Powel et al., 1996)
MI=PICXxEMR

Aol axdls sy o 3 e 55 4 3,8 el a1 Sl S wlis Ol s Seslll 53 5,81 wlis s
s Jaccard, Sorenson Dice: 45 o 4w (e 0l ol Slallas 5y oS cnl S5 4 rjy .(Jaccard, 1908)
oslinul 3,8 Cs o 5l G ol s asen s (Dalirsefat e al., 2009) A5 sdalie 55l Simple matching

..,b“;)f

sij=— 2
at+b+c

Sl 39 5153 95 a3 aS Slakil slaas

S s s ayh 05 Jysslsssrsin g s s Slalbslus b

18 s g a,s 55 o 2l s iays 534S Slakil sl C
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LLAL b= S 5 g — Sl Glatames 4 bs e ol A5 AL sl SIu= Py ST 5o

03 edd A Wb slaws Sl oames 3 LU Y L sed - Sl Cameza by e L slaas Blas
Sz Sl by e edd A Wb sl Bl 5 WLV L g ged - Sl F Comeray Glaze Py S5
LU ol Blas 5 LU L ool Cameza by e odd A5 AL slaas ST Py S5T s s AL S L
Comaras bgs edd Mg AL sl Sl Py ST s s WL Y L il - S Comeza bgs

ISSR SSLE b s ol o5 (s 315 2 53 S5ET 8 (sd 5 Kb slans Y
Table 2- The number of bands produced by each primer in native silkworm race with ISSR markers
Local silkworm races

Perimer Gi-orange Kh-lemon Ha-yellow Kh-pink Baghdadi
1 9 4 8 9 7
2 9 10 9 6 9
3 2 6 6 9 10
4 6 5 6 7 6

@ boge b SHLT s ol bl WL Sl op 5 ke o350 SHET L 5l e bl WL VEY Ol
5 (7 JS8) dalge ol sl WL Y L F Slela by e Bl slA 1 508 5 o slml LL PV LY S
S5 & b e ol A5 Wl o F0S 5 Al e LUFTY Lissldis sl 4 by ye basls o 53 edd A5 AL ST

(F JS8) Lal o L YO L o sad = Slul =

a5 -
. 50 -
20 -
9 75 - i 40 7
@ po
2 . )
g <0 - 230 -
Z 15 - £
o 2 20 -
s 10 - o
3 . 510 -
0 o
0 T T T T 0 T T
Gi-or Kh-le  Ha-wye Kh-pi Ba P1 p2 P3 P4
Races Primers

‘f("‘t“f" c; x sLlE s edd Mg gl slaws -f J.S.:
KT TS

Fig. 4- The number of bands produced in native silkworm races
using 4 primer

slsls gl ST 8 hu g edd A5 gladil sl - IS
e S oo

Fig. 3- The number of bands produced by each primer for
native silkworm races
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Sl ol s b ST s el slaas 50 boasl e SHBT e s ISEae bl slaw
oo G b e Rl a8l IS beil Rl5) 5 JSASS gladily sl Os (STL 5 b o
ol Sl A PV 5 o REY G/RYA G/FFE e cole U ST S e s ST Y (gl PIC Sl ¥
YA LY ol ST (6l OF 5o o 50S 5 Aty oMW L ojles SHET sl PIC Jlde o 2t o
MVYE Gl Ky csle YUY ST 5 Co e SHETY 8 ol (S56T J> <u8) RP lids s a1
0 by O Jllis 2S5 Al VONY LY o)led S5l a0 by o RP -0 5 5 S VY/FA 5 VYN0 NONY
FUY b S5kl sl cuie GSHLT = ool o SKke) MRP liie sy dly VAYF L) oyl S50
3 Y ol S5l @ by sldie 5t ST Ole 5 48 /40 5 /AT /AF0 ¢ /ATE I sy ole
S ia SIETE 6l Gise 6t £ EMR (s3de Jlie 35 ¥ ojlad S5LT 4 bgge Jltie o S
5 Y ol Sl @ by EMR e i 5 Y 5 0Y/0VY OY/EVE O Va8 5l asle ¥ 6 5L
EMR 5 PIC sliel o, Sl 8 (6 Sl [asli) MI ooman 55 ) osled S50y by OF Sl o 508
FIMY s 505, sldel sdias OLE ¥ BY SHLET 5l o ja & o avlowe ST Y a ol el csay
OF s (508 5 Aol FAY L F oles 50T a4 bypg MIEIMES 1 5 5 <8 F/AY 5 F/\YA (F/FY0

(M dsts) 35 Al YA LY olad S5l 4 by

U ool oS o sloals (S35 andlae 5 eslizad 55 50 gls SSLT slaastls 5 0 Olpee —Y U r

ISSR L
Table 3- Primers used in this study measures the amount of genetic variation in native silkworm races
with ISSR markers
Primer PIC Mean RP MRP EMR MI
P1 0.344 11.24 0.936 11.076 3.817
P2 0.328 15.12 0.945 13.473 4.425
P3 0.342 12.15 0934 12.071 4.138
P4 0.377 12.39 0.953 13 4.902
Average 0.347 12.72 0.942 12.405 432
RP=Resolving power, PIC=Polymorphism Information, EMR=Effective Multiplex Ratio, MI=Marker

Index

Al VY St ST S 03 S 5 s 3ype ST b 5 IS 5 ISECS es

oot ST ST s 75 S ol 18 s asles SHLT ST oSl S S
SIS ol o 5 Sk L WY Sl el ST 5 JSET oMKl G S oK Y
2 Mol 508 s Mo Ao Ve LY oled Sl s ISans o 2ty e S sl
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Table 4 - Primers sequences. Number of positions. A single place. Polymorphic. Percentage of polymorphic

. . Number of Number of Percentage of
Primer Prime Sequence Fragment  Number of . . .
number name 5' 3" size (bp) total band polymorphic Monomorphic Polymorphism

- bands bands (%)

1 Ow-01 (AG)8T 200-1000 37 12 1 92.3

2 Ow-02 (AG)8G 200-1000 43 16 3 84.2

3 Ow-03 (GA)8A 300-1000 33 13 1 92.8

4 Ow-04 (AC)8G 400-1000 30 13 0 100

Total - - - 143 54 5 92.3

5 ki edalie (VFAPY) 5,5 = Sl 5 2ol - DS o boals o i asls call w5l s

A3 pss ady 53 (/XYY Sopo -Gl 5 2l P> RPN CVA L A 4 DI SPV L] W JES Y S N
5 Ad ebalie Sos alE sl e Lol olp e (/PPPR) (SS Aol ot (0 dodr) a8
Lzdls 5l e ss ady 5 Aol (VPPN L sed = Sl Lans = Gls g psed sl 5 L b - S
ol SKIL el csw alie glams oS L 0T 50 FAMD ailp bilasls (S5 calis .0 Jsas)
wils (g VL @35 Olje FAMD sl a5ty o a5 i3U o NTsys asbip b ool ot slisl a0 o
ol aal S L bS5 LapdUT b s eslizad NTsys sl b sl st s 51 bronl 53 Js 3L

(O ij\}) Jw&b o

NTsys MLJA )‘ salaial bISSR )KJL:A U.oLw‘ 2 (YL’ C—A—ws) _"3 Aol K] (J’:"-‘i Caa-«s) L;-;:Jj A;ij ‘-".‘.)‘" -0 d}v\’

Table 5- Coefficients of genetic similarity (bottom) and genetic distance (above) based on ISSR markers using the program

NTsys
Races Gi-or Kh-le Ha-ye Kh-pi Ba
Gi-or B 0.6461 0.5154 0.5558 0.6649
Kh-le 0.3539 A 0.6461 0.6461 0.6649
Ha-ye 0.4864 0.3539 0.5558 0.6649
Kh-pi 0.4442 0.3539 0.4442 0.6649
Ba 0.3351 0.3351 0.3351 0.3351

23 48 B My [z 055 4w 53 UPMGA gt ol S 5,05 gy 51 adllas 3550 Comor oy

daly ogo =Sl F Lo cpl s A Lls 1) (S5 cp i 505 — e b a0l - S Jil o5 8

2 2 8 @l a5 e 0s 8 53 5 ol psed —SLul S psn 08 0 5 Ll (s sl
O 52 a3 15 e S S
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Sheslatul b Ol pl o090 815 = J.JLI Bl J..p\:- 3,8 4l oy 2 g UPGMA 5,4 odal Cewddy c‘ﬁ})ﬁé—o JSJ:
FAMD ;4 NTsys 4sb ,

Fig 5- Dendrogram obtained by the method UPGMA. Jaccard's similarity coefficients obtained from the analysis of
five indigenous races using the program FAMD and NTsys

v.“..WJSFAMD al 5l ol gdas awr OO 5 o 4 ol andllae slasls glad }:JUTJ'I Jool> @L:j
I lasls (S5 kool Colls oz pl S5, ool ik o SOaSS Slaalllas 3 50 slasl 5 abols Sy 5
(5 Jﬁi)xSﬁﬂjﬁ;vﬁjl

- Ha-ye
- Gi-0

. Kh-pi

+ Ba

- Kh-le
315 =y 12 FAMD asly 51 eolial by calis g 5le Jgja ool Dlaidus 4 4 526 51 Jool (Peoa) (gday 4w OO —F IS5

RAPD LS 51 oalital b 015l (o0 s ! ¢S
Fig. 6- Three-dimensional plot (Pcoa) of the principal coordinate analysis using similarity matrix, using a five-race program
FAMD Iranian native silkworm using RAPD markers

S5 e 055 53 55 1) ased Sl 2 5 Sse — Slul 2 Gk S ISSR a5l eslid b Oliises

Comer 33 ISSR Sl sl b K3 Godows el bl (Balvasi, 2003) bl s lie by 5 sl
BE \) L;?JJU—&M} .LJJL: Cwd L;@LJ..A GLT.»M} .LJJ.’!Jf)‘J\:‘% ejjf L.<.l BE gf')}"p_gf'l’“lf} J))'—O.T\Jas
Jla‘a-d.: ! UKM LACJ}LL? U‘.’.l Y J.JjLi Cewd QJJLGIA @L“g “ o Lals )1)5 LS).‘)A:J —OJL&]F E) d:\.,\x.: ej;
Comar 33 edal Csay s ol (Radjabi er al, 2012) asb xin sla SHLT sl 5 eslis
035 2 gl g Lolg sn pl a8 A S 15 Sslie 05 8 53 55 pged — Ll E 5 G - Sl S
5 S Gl ST sl Sl sl bltay Vil cnl 5 Lyl Cosay Soline s 5 S 13 S 2t

5 msed —lE sasls 6 Ks ke s (Balvasi, 2003) Al et kST U5 51 eslinad pomes
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glosls ssbees 5 aml Cos wlie w4 s LB S 3 Cslie oS s 03 Jose Sl
(Dalirsefat et al., 2009) Xzl cuws Jslite mlia o 2 S 5 ey 8 G s el 5 sl = S
Al o ol G s Dslite sla ST 5l eslinal ramen 5 g8 slasls S eslinad sa s s ool
Ol o a8 b s 1) (S35 cpihe oa b 20l =S 5 505 — 5l Camer 55 addllas ol o
Sls g aky sliad 5 o dy el (5 g Sl (Cel) (55 8 Dby e (G35 gl
S ol e 1 ez 33 00l 53 5 aly 235 055 5l s edle st aly 25 055 (0 0ke 0k 0 i
B8 055 03p Dap OLSe & Ah L (S35 o Gose SLLS 68 LGS sl Sl
5205 =Sk Gose Sl F B lady sl (Seap e 5 s -Gl 5 0l - S
Ll Soge =Sl & 5355 =Gl (200 = S sl5 a8 s d Ol b 05 LSS e
5 SOPse G Sns el 2 L il b5 bl (ol Ol EL BlS 5505 pl siS A0
5 (Salehi et al., 2009) Ko S stnaib O dsbe 5 23 doys by 23 O3y Ods O smen s3lasl
3 sl 08 55 55 gsed = Sl 2 5 Jse = Ll 315 53 UPGMA (g sdel Cowsey ol S 5,005
4 LS 5 e S G s pn o aS by e slanl 5 dies WS Ae adlate SUGI SIS 53 opl O S S

Sl QLS T G e

& S 4o
S S 5 es S S s dnes e Sus5 gl cline LS slaai S oS sl sl
Sose Sl ssls sy oS LS 53 6K e 55 dsls 65t Ol S b il SLi
35 =G Ll S L Sose - Slel B Conex i (S eaer 5 Dol o 5 55 3 g sed Glul 2
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Abstract

ISSR molecular marker, in order to isolate the Iranian native Bombyx mori silkworm breeds
were used. Extracted DNA by using phenol-chloroform was performed. The qualitative and
quantitative measurements of extracted DNA and its dilution, was obtained from the bands on
1.5% agarose gel and they marked and analyzed. The results showed that the observed bands
were between 200-1000 bp and the most bands were observed corresponding to Harati-yellow
with 32 bands and Khorasani-lemon had their lowest with 25 bands. Second Primers were the
highest number of bands with-43 bands and the fourth primer had the lowest number of bands
with 30 bands. Cluster analysis of races, placed them in three main groups. The first groups
consisted of Gilani-orange; Harati-yellow and Khorasani-pink, Khorasani-lemon and Baghdadi
races placed in seprate groups. In cluster analysis, Gilani-orange showed the most similar to
Herati-yellow and this two races with khorasani-pink were the first group. The most genetic
similarity were between Gilani-orange and Herati—yellow and the most genetic distance was
obtained between Baghdadi and other four races. It is concluded that, ISSR marker can seperate
different races of silkworm with different origin very well.there fore to approve the it is suitalle
to use more than more than 30 primer for 14 silkworm individuals with 2n= 28 is better.
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