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#%: L[E &1 R34 RAPD. AFLP fu SSR AFIL A SE X BEAFH R T4 8 EAGK, A HEMFTHRAR
P ARE A A TATIL R S8t 5%. (7731 FH RAPD. AFLP fu SSR 3 M FAFE T HH KR T 15 NEE R
B SRR A, R 3 AR R ST T BB AT, LS RISSRARIRALA I 2 SR A% (o) Bk (0.40)
AFLP #FiBAL 2 8 He /1N (0.25) , {8 AFLP A & B AR it 48 2 (MI, 15.60) fofm &ty 2 SHA MR E (AL, 74.75) .
[4961 SSR L, AFLP fu RAPD 8915 B2 B %, (13U RE S THTAIRM MM S RN APLP B I
BUEE4S 7 1 K PCR &3 RN P AR T B0 £ 69 DNA AL, AR 38 & TR0 2 5 (R 37 Ay 3 0 1% T3

34853, K&, SSR: AFLP; RAPD; ik A#r

Comparison of SSR, AFLP and RAPD Markers for Genetic Analysis
of Domestic Silkworm

FANG Shou-min"? YU Quan-you', LI Bin', DAI Fang-yin', MIAO Xue-xia’, HUANG Yong-ping’, LU Cheng'

('The Institute of Sericultural and System Biology, School of Sericulture and Biotechnology, Southwest University, Chongging
400715; >School of Life Sciences, China West Normal University, Nanchong 637002; *Institute of Plant & Ecology, Chinese Academy
of Sciences, Shanghai 200032)

Abstract: [ Objective] It can provide a reference for selecting appropriate marker system for germplasm resource research
through studies of its respective suitable domain of RAPD, AFLP and SSR marker systems in domestic silkworm (Bombyx mori)
genetics research. [Method]l RAPD, AFLP and SSR were used to study the genetic diversity index of 15 B.mori strains. And the
three marker systems were compared. [Result] The results indicated that SSR presented the highest expected heterozygosity (0.40).
While the lowest values of expected heterozygosity were obtained from AFLPs, which nevertheless obtained the highest marker
index (MI, 15.60) and value of assay efficiency (Ai, 74.75). [Conclusion] SSRs had higher information content than RAPD and
AFLP, so it is adapted to genetic analysis of germplasm. AFLP had higher assay efficiency, i.e. it can generate more DNA bands in
single PCR amplification. It is suitable for identification and protection of germplasm and construction of genetic linkage map.

Key words: Bombyx mori; SSR; AFLP; RAPD; Genetic analysis
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(random amplified polymorphic DNA, fij# RAPD) [,
YR B 25 (amplified length polymorphism,
fiFx AFLP) P, @i /P4 EE, XA LA DNA
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5S4 A—FE, RAPD HZAMEIRH—5MEA
[ A A PR 2 DR A P A 3 AN R PR 5 45 7 B 2 A ) —
S ALl B N R R B AFLP R 2
BRI PEBE I RAL S, AT2RLT_Eik RAPD /4
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ZASPER BRI T SSR 22 21k W) b TP . ik
o PUBRIE S B s AR UK. Rk, X4 RAPD.
AFLP HI SSR Fric REEIAT LU IT, DLERIT & Hil
R, hEBE G0 Aol RER S % J
EEME . [EASREEREY BHir, 2895 Fiaid
BRI L o M fe A A KR oE Y, (HE R
H DL H A S D o RS FEH, Nagaraju
U S MR & L 13 AR & A
RFLP, ISSR, SSR Fil RAPD 4 Fibric H AR I Z FEt: g
. (diversity index, DI) , BRI (He) « A%
2 AL Ceffective multiplex ratio, E) FlAric 54
(marker index, MDD BT T LR 20 Hr4h 388 ISSR

A% 8 RFLP B0& & TMARSUEE 734, 17 SSR 7Rigt
FEZFEPE S AT T BTt A B ik DRl P18 77 T AR K A
Bk, T RAPD A HRAIKH DI{E, EEMEAR. [
WEFRVINGLY BEE T ARG BRI K, AFLP
N T F &AW U, AEX Z+h SSR. AFLP
HIRAPD X 3 i FH 1) 43 ~Fbic B BOE AR I3 L4
AR 1) S ) ] AN SR 15 AN AR B R, B
BT T SSR. AFLP fll RAPD X 3 Rl FH 14> Fh%
RGN Z L. WX e fr B b, HTix
3 PR Id RGAE K At AL # o0 %% B F Ak, oA
AR R R TR IE AT IR B IE A 1) 4> T ARl R iRE S
*,
1 MRERE
1.1 kv 5 EE 4H DNA $2EX

PRIk ) 15 DMK Aok A X & 4 MRS, A
a AP 10 AMAME, ol $EHUE 24 DNA, SRJ54%
EVRA SRR AR R ERETE LR 1. AR
PAREES) Eh 78 P K27 X A B DA AL

BIb DNA il # 2 OCBR[12]00 777k . s kR,
JFH] Bio-Rad Smart Spec™ 3000 43665 i 52 vk
J&, fRAFE DNA 2L Ageonso 7 1.8 Zifie
1.2 RAPD ¥RIZ M

PCR 142 [ SCHR[ 131/ 7 T AT AL, S
KH oil-free 7 Thermolyne Amplitron I ! DNA & 1%
% BT, BEFLG ). OPS-18. OPS-19. OPC-18.
OPZ-06.0PZ-13.0PW-03.0PB-08.0OPB-10.0OPB-11.
OPB-14. OPB-17. OPB-18. OPC-01. OPC-02. OPC-05
15 A Y WAE 1.5%DIEREREIR YK 2 h

(2.5vem™) , £ 0.5 pgml™! EB 464 15 min 245, 1F

B AR R 8 EMEE T

x 1 RERMWEEEERE

Table 1  Strain and major characteristics of Bombyx mori

Gy R4 Ry et
Serial No.  Strains System Voltinism
1 H il Fl Gansu strain " & Chinese b V!
2 =R 58 M white egg " & Chinese V!
3 P4 =K Qian M® *H & Chinese A
4 /N AL Xiaoshiwan " & Chinese b V!
5 4% 01 Tuzhong01 * & Chinese V!
6 C108 C108 IR Chinese 6V
7 ¥ 17 Sul7 I Chinese 6V
8 F15 B BaixiaB 1% Chinese ~ ZHV
9 Ki Dazao " & Chinese EZA%
10 Wi ZE Cambodia #hity Tropical EZA%
11 [k 18  Europe 18 KK % European b V!
12 J3I 15 Sovlet Union No.1 KK & European A%
13 [ k435 Baghdad k% Buropean ~ —H V'
14 =16 Ttalyl6 Kk % European 1t V!
15 7532 7532 H & Janpnese Ak v?

1.3 AFLP #RiE9 4R

AFLP Jt 51907 51 S o3 #7732 WL HR[14]
1.4 SSR#RIEH#7

SSR FRic I IERE S LR Jridi . PCR 74
A Z K 15 ul, G145 10 X buffer (75 Mg®*) 1.5 ul, dNTPs
(10 mmol-L™") 0.25 ul, Taq & (5u-pl™ 0.15pul, 5l
¥ CELC RN 10 pmol- L) %% 0.6 ul, KK 10 ng.
S NFE R Touchdown F2/7: 95°C 3 min; 94°C 30s,
63C 1 min (BEAMEHIEAL 0.5C) , 72°C 1 min, 7§
16 W #:45 94°C 30s, 56°C 1min, 72°C 1 min,
PEER 24 W B — MEHE 72°CLEMP 10 min, §71Y
7o) 4'CLRAF. PCR X MW.AE Biometra T3000 2 DNA
A AL ETER. K SSR 1 =T 1% 5 NE Bl 5t i
HITK,  EH LUK 5 S SRANT Y it SR TR 5 Tk P 5 PG K
) EFERE . SRR IS 7= I0AE 8% ¥R P 5 A 445 e
I boy e, BAAS I, KA T 20 X514, Bk
11 1S LA (45 | DA T IR HHs S8 10 3 4
1.5 BUESH

el g e RDE A B A A ICh 1, i
h0, GEENIERIE . AT 15 AN S SRR ) R AEL
i :

ZAMEFREE (ny)

2B EE (n,) s

T BV Z A& G (ny/U, U 519
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)

{78 (L)« 4T RAPD, AFLP FHig A %
() B N A 22 A AT IR I b A 2 25 kAt i) B
(n,+np,) s

BEAS G IR B A7 558 n,=L/U;

B TR R AL (ngy) o SSR BRA 134
S FE N n,y=ny/L, X}T- RAPD,AFLP &7 15
Py 55 7 H DR BN R A 0y =25

LN SR (Hep) : Hep=1-Zpi’s
b Pi AR 1 NSRRI AT

LANIEE] (B Bl B=ny/n+n,y;

WM (He) P'He=BZHn,/n,;

B A SRR BOE (n) MY n.=1/Zpi%,
Forp Pi 5 1 ANEFEAL R D AR

AT FE B B (Ne) P): Ne=2n,;

LAMERME (AD P Ai=Ne/U;

HHEEL (B) Pl E=np:

FriciE% (MD Pl: MI=EHep:

BE s Bh T POPGENE version 1.31 Chttp:/
www.ualberta.ca/~fyeh/) 5&/¥.

2 FER59%
2.1 ZHEMKEMSR
RAPD bric /A eh I 15 ANBERI S | p3E 4747 184

R2 IMAFIRCRFHERILE

JEAF 3] 181 4] X 40 ff) DNA 578, rp 168 4624
PR CPREABENLEIY 1120 &) 5 5 4> AFLP
FIAEILIRAT 311 4] X 31 DNA a8, gy
260 2R CPYBASIHE 52.00 4 ;11
X SSR 5143443 102 45 1T X 43 1) DNA 7, Hrp
102 28500 CPEXEI% 927 4 - 3 MaTr
PR bR gt R W, BT bRic 2 G0AE 5 A i B ) #1 A
FAES AR Z AN, FEEREENERESE
AT o
2.2 RAPD. AFLP #1 SSR #RiZfE B & EHILLE

RAPD 73 #7145 P3R5 W03RAF 12.07 M7 AT
AFLP -3 62.20 M7 f4, SSR -3 —AN5 14 1 M
TN RCT R S5 5 5 B s a1 /2 SSR(9.27), RAPD
A AFLP A b, AL AN 2 AN TR
o BFA ARG RE D 2w = 1) 2 SSR (1.67)
HAlK Y RAPD (1.56) , AFLP (1.44) . M
S (He) KF MLt SSR (0.40) , A5 /&
RAPD (0.33) . AFLP (0.25) 3 2. IXJL/ME% SSR #f
JERE, VWX 3 FhbRiC RGEHIEL, SSR ARiC R 4L
A e 2 2SS B &, RAPD IR 2, (1) /& AFLP.,
2.3 FRIZIEEFIRRICIERR ELEL

PRLREC (MD & — M hrid RIS 1
FRTebR, w2 AMIE R (Hep) FAME
A (B) fged el AFLP % i i 22 2 MR

Table 2 Comparison of RAPD, AFLP and SSR marker systems among 15 B.mori strains

B 4is 43 THhRid Marker system
Parameters Abbr. RAPD AFLP SSR
5% Number of assay units U 15 5 11

Z A1k 1) Number of polymorphic bands n, 168 260 102
AEZ &M Number of monomorphic bands yp 13 51 0
P82 M4 IR Average number of polymorphic bands/ assay unit ny/U 11.20 52.00 9.27
B 28 Number of loci L 181 311 11
AT -FE AL 75 Number of loci/ assay unit n, 12.07 62.20 1.00
B 25 3421 FE R L Average number of alleles per locus Nay 2.00 2.00 9.27
2 A ST EE B Expected heterozygosity of the polymorphic loci Hep 0.36 0.30 0.40
2 2540 15 [ LA Fraction of polymorphic loci B 0.9282 0.8360 1.00
I 5 0P Expected heterozygosity He 0.33 0.25 0.40
RFAL 1A RS FE R L Effective number of alleles per locus ne 1.56 1.44 1.67
B HER ) B U Total number of effective alleles Ne 261.80 373.75 18.33
ZAPERIZR Assay efficiency index Ai 17.45 74.75 1.67
4 %S 4y . Effective multiplex ratio E 11.20 52.00 1.00
Fric 454 Marker index MI 4.03 15.60 0.40




12 JRSPRAE . 578 RAPD. AFLP 1 SSR FRic 9T A L84 Hr 2929

R (AD FRRCIEE (MD , 23514 74.75 F1 15.60,
SSR HIHAK 5k 1.67 A1 0.40, 1fij RAPD F{HAb7E
AFLP 1 SSR 1[i] . AFLP 5 1 () MI & KDk e
B (B, HABPIR B 51K KA RAPD
(11.20) SSR (1.00) . LA L& LIEH AFLP
B 2 SRR (AD MiFRICTEE (MD {4,
I B X S e AR . XSRS AFLP —
SN AT A=A 22 4 2SR IT AN J2 A7 ARSI
B2 SMACOrR B (e R (He) ek
LR 3 Flbsic 7 vk Hp A AR

3 itig

PEHED, SSR Z &M= AIMLEIEN Y DNA &
HAME S R P BRI (T Bl T R B o S
PR UR Y AR T AN S ) i AFLP, RAPD J&[Al
N FRLTT IR NS . FAN SR, bl SSR 23~
EIHLZE KT AFLP R RAPD, M350 T SSR
JEZ ARG R SRS, 546, SSR &L Bk
&, BT Z AR, R SSR bRic R
SR AFLP F1 RAPD . 1HAE, AR,
XFpE S T REAFLER WAL . . FEDUFE AR R 5
th, AFLP ({5 55t e SSR, RAPD ml"l, [,
g MbRIC RGALL, SSR BV A RS e
Kz e N TR T TS LS, R T SSR fEA
I — SRR (B R R . ANFF X 3 P
LRGE B &= S UL e 2 H > R 5
PN S I 45 SRR AR — B . fER AR IA] SSR
MM B ot A .

PRLtREe (MDD Ron—Mrid RIS,
ERAMEEL (B) MEZEENER M (Hep) 1)
ZEA W . AFLP A5 85 i MI{E 2 RO A B i) B
{E, 1H AFLP ] E {EH s AR 40 (1, nf U i
A5 R AT s AN 3R St B (K AN ROk AP0 78
2EH N KA WG AFLP il RAPD (1) MI i Lt SSR
v, (A HREE KT+ SSR 1 MI H & T
RAPDP!. [RIt, R HRhEk R RN [ 4 Fhric R4
M LLEE DA B . 5 MIARBL, ZEXT K AT 70+ AFLP
(12 ASPER AR (AD) b RAPD. SSR fH; AFLP
() A R, R HRaEt, Al S EA
PR RS SRR B H A6, B R A5 mT
FIH AFLP PRigiie) gt Bl oL 1

4 ZEig

AW, SSR. AFLP 1 RAPD iX 3
FhbRid RGEHS AT LU T K M Bt st o0 it (2
AFRFIARCRFEAE & BMERN . SSR frid AR
M Z S E RS ENZ A& E R (Hep)
DRI e 350 901 B R R b A% 22 FE AT 13
BETE R AFLP HA R m 2 S PRI ReR,
RENSLE— X PCR 4 14 HH G I HH DNA 7K 1A 2
5, e LEAL R 4R 20 B T T D0 BRI AR,
FIE S TR % 517 RAPD brid i Tl &bk
i) RN AN T S0 A UL, LAY 52 31— s 1 R
il A& LS A AR AR AR ] 5, I — 2
N
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