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Studied on Amplificative Efficiency of PCR of Predigested
template DNA and GC Contents for RAPD Analysis in
the Silkworm, Bombyx mori

OIZIA - ZITAL - O|AS' - BMZ - ZEOL - MSH’ - MSA
Jin Sung Lee, Jae Sam Hwang, Sang Mong Lee', Seok Jo Hwang,
Hyun Ah Kang, Seung Hyun Sung’ and Dong Sang Suh’

ABSTRACT A sct of random primers with various GC contents have been designed for silkworm (Bombyx mori) that cor-
respond to DNA fragments amplified by the RAPD-PCR(Random Amplified Polymorphic DNAs-Polymerase
Chain Reation) to analyze genetic polymorphisms. The strength of random primers for RAPD-PCR can be af-
fected by GC contents. Specifically, primers with 50% GC content could amplify DNA fragments, which clas-
sified into three groups based on amplification strength (75.5% of bad amplification, 11.1% of poor am-
plification and 11.1% good and excellent amplification). Data also showed that the higher GC content of prim-
ers, the better in amplification strength. However, no amplified products were detected by random primers us-
ing 40% GC content. Prior to perform PCR, in most cases, the efficiency of PCR amplification to produce
genetic markers was increased by cleavage of templates with restriction endonucleases such as BamHI, HindIII,
Xbal, Haelll, Mspl and Rsal. Using above 60% GC content primers and pre-digested templates with restriction
endonucleases, RAPD-PCR can be applied for studying silkworm polymorphism to identify different silkworm
strains and to make linkage map with many adventages compared to traditional RAPDs techniques (in terms of
cost, labor and reproducibility).

KEY WORDS  Silkworm (Bombyx mori), RAPD-PCR, GC content, Predigested template
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RAPD-PCR(Random Amplified Polymorphic DNAs-Polymerase Chain Reation) 7|}l 8|4 *role] &3
Ho] £MS g A BAZ t}3t GC &3S 2= random primerel] 9814 FZ5]= DNA T o] okt 2
FEZTE ¥ 213t} RAPD-PCRE $1 random primere] ZEZ5 = GC &k o&)A A38] &S v
o] ¥4 Rt 53], 50% GC TFE e primers I FE o whalx 471x]9] 1§02 DNA ©Hol 3
F 2.4 [bad amplification (75.5%), poor amplification (11.1%), good and excellent amplification (11.1%)],
primer?] GC ¥Fo] S712FS, B4 o] $L2 FELE Ho Fn). a8, 40% GC FFE 2 primer
d oFMe o FHAEE FHEHR YUYt} PCRE Fs17) Aol 674R9] A G2 (BamHI, Hindlll,
Xbal, Haelll, Mspl, Rsal)E A}-£3lcd ol genomic DNAE # 2|3l ©]& F3 DNAR 3le] RAPD-PCRE
TP g A}, F14 wiFe] Pikel g E&o] TS ¢ 4 AT oA AnE 3 B 60% ©]
2] GC ##2 2& random primere} A 2] 58 DNAQ] ALS-2 B|71A] T2 ol A5 54 2 o
B A=Al me 7] F A7k Foled AEHolm Almdh

M0 of, RAPD-PCR, GC §}3F, predigested template

T FEAEA FALESF A FA(National Sericulture and Entomology Research Institute, R.D.A., Suwon, Korea)
& EA AT B (Research Management Bureau, R.D.A., Suwon, Korea)
g d @& 282t (Department of Genetic Engincering, Univ. of Sungkyunkwan, Suwon, Korea)
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AP-PCR(Arbitrarily Primed PCR) i DAF(DNA
Amplification Fingerprinting)Z} 1= H&)= RAPDs
(Random Amplified Polymorphic DNAs)#-A& <lej g
333t oligonucleotide & primerZ 3la] A% A} A
°] DNAE FZ3h= 7|e2AM, % A9 YgJ™
DNAWi=S] {5, & 4 5o B2 A% LAt
A BA, FFWE, {44 o] € AAEA So gt
BHAl 3853 3ith(Black, 1993; Weish & McCland,
1990; Henry, 1992). o] 71'H-& W7l 58 &9 7=}
(Motoyuki et al, 1993), Er}E(Micheimore et al,
1991), ¥ (Fukuoka et al, 1992) SojlA] &4 §F
o &3] SEE o, &L YR 3 A
+ At](Black et al., 1992; Puterka ef al., 1993), =7]
(Kambhampati et al, 1992), W%7](Chapco et al.,
1992), &'H(Greg & Robert, 1995), 3 1}2](Gawel &
Bartlett, 1993), Y & (Edward & Hoy, 1993, Saul, 1993)
Sl &4, RAPD 2@ RFLPs(Restriction Frag-
ment Length Polymorphisms) 1}7] & o]-83 f-4EA
A3t L et £a, oF 38009742 FHA} o]
v B39 @ z92)(Drosophila melanogaster)o| A=
o] 71 & o] 83le] o]F AR ik EAjo] gt
3] ZaElm  glev(Kafatos et al, 1991), *Fof
(Bombyx mori)|i= RAPD$} RFLP ulre] &
(Doira et al., 1992) E o|S< o] &8 ABA T A ()
IEE, 1995), 4 So|HQ viAe £e), 84 2 1 %
AdY Foll B3 A+ Hart UtHAbe et al., 1995).

a3y o]9hzk& RAPD-PCR BAHE i 39
genome F-9lo|X FEE 4HEo] AL Ao 3}
£ Aol7] W& AFE-E random primere] Ag) 9
HeAdl wet F 5ol primer B o] g5 =
g mirle £ 3 Aol g8 4 itk w3, o
&gt ABE9] genome F7)|ZAFNA  GC(guanine+
cyticine)?] H]&oll whebr] ALS-El:= primere] GC &
2 PCRE 7R o) 433 443 BAS 27 &
o primer®] GC 332 RAPD BAA] s 293
8<to] =m, wjebr primere] GC o] @& PCR
FEEo Hlm 2 B4 vt Mggojo} g},

mapx] B d3e B9 ol $F AF(Moon &
Han, 1994) 3l 943 7o)l 2| {43 4< PCR 7]
el oa) £4% wjo] MdxA £ Eo|AQ] ran-
dom primer®] ¥ & &% o2 31y] YA PCR =
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¢} primere] GC #3gxle] BA ZAAA primer
e 271 9 1 FEZ% 9} predigested template DNAO]|
ol8] FZH RAPDY A4S EAlsle o 2o o
2 5% B g vldstuA S8 c)

ME ¥ Wy

L. ZA| S0l

2 Ade ZAE Feole w225 AATEAT
Aol BE 2] 111, 29, #A119, 7120, F1219]
o, Folo] A&E o] §FATAH] EFAMSH
&35t

2. DNA =&

7ol genomic DNA¥E Suzuki & Takiya(1990)¢}
Kang & Sung(1995)°] #iS 4% W¥sle] small
scale W02 Belsgth 53 4Qne] Fol FHA
A& HZEsled 1xSSC(0.15M NaCl, 0.015M so-
dium citrate pH 7.0)°] A3 g+ &, 0.5 mle] DNA 32
4N(0.5% SDS, SmM EDTA, 20 mM Tris-HC), 0.1
M NaCl, 10 ug proteinase K, pH 7.5y A7}sl mi-
crotube type2] homogenizer® wlH3lth. oF 2083F
37°Co) 2%k ¥, 1 M Tris-HCI(pH 7.5) $hZH-& 200
ul A7} 3 98, 0.5 ml2] PC(phenol:chloroform, 1:1)
A4S AH7sle] 4°CollA] 12,000x g2 Q4 E-2)31]
o 9 HF S 23] WHES uhE, A5YE F sl 3u)
9} salted ethanol(2% potassium acetate E3H)S 3 7}8}
o] 4°CollA 12,000x g2 1087+ YA 2519t} 70%
9] ethanol2 FHE DNAE AT ¥, HFFe
RNase(1 mg/ml)7} ¥3td TE €389 (10 mM Tris, 1
mM EDTA, pH 8.0)0]) €831t}

3. DNAQ| Mz}

A" ol genomic DNAE Spectronic genesys
(Milton Roy, USA) DNA A ZFEX 78 A}8-3la] 260
nm$} 280 nme} 3pFollA FRF:=e] vzt 1.8 o)<l
Hl2d ¢33 DNAQS0 ng/ul)S PCRS & +3
DNA= A28}

4. PCR

£ Ao A8-3 10-mer?] random primer= UBC
(University of British Columbia, Canada)2] 101~200 ser-
iesE TY3ld(Table 1), o} ot Zo] PCRE 31512



60

=

-
= T

3 3

A

Vol. 35 No. 1

Téble 1. Nucleotide sequence and amplification strength of random primers for RAPD-PCR analysis in the

silkworm
Random Nucleotide GC Amplification Random Nucleotide GC Amplification
primers Sequence Content(%) strength*  primers Sequence Content(%)  strength*
101  5-GCGGCTGGAG-3' .80 E 144 5'-AGAGGGTTCT-3' 50 B
102  5-GGTGGGGACT-3' 70 E 145 5.TGTCGGTTGC-3' 60 P
103  5-GTGACGCCGC-3' 80 E 146 5-ATGTGTTGTC-3' 40 B
104  5-GGGCAATGAT-3' 50 E 147 5-GTGCGTCCTC-3' 70 E
105  5-CTCGGGTGGG-3' 80 E 148 5'-TGTCCACCAG-3' 60 B
106  5-CGTCTGCCCG-3' 80 E 149 5'-AGCAGCGTGG-3' 70 E
107 5'-CTGTCCCTTT-3' 50 B 150 5-GAAGGCTCTG-3' 60 B
108 5'-GTATTGCCCT-3' 50 B 151 5'-GCTGTAGTGT-3' 50 B
109  5-TGTACGTGAC-3' 50 B 152 5"-CGCACCGCAC-3' 80 E
110 5-TAGCCCGCTT-3' 60 B 153 5'-GAGTCAGGAG-3' 60 P
111  5-AGTAGACGGG-3' 60 E 154 5'-TCCATGCCGT-3' 60 D
112 5-GCTTGTGAAC-3' 50 E 155 5-CTGGCGGCTG-3' 80 E
113  5-ATCCCAAGAG-3' 50 P 156 5'-GCCTGGTTGC-3' 70 E
114  5-TGACCGAGAC-3' 60 E 157 5'-CGTGGGCAGG-3' 80 E
115  5-TTCCGCGGGC-3' 80 E 158 5-TAGCCGTGGC-3' 70 B
116  5-TACGATGACG-3' 50 P 159 5'-GAGCCCGTAG-3' 70 B
117 5-TTAGCGCTCT-3' 50 E 160 5'-CGATTCAGAG-3' 50 B
118 5'-CCCGTTTTGT-3' 50 B 161 5'-CGTTATCTCG-3' 50 B
119  5~ATTGGGCGAT-3' 50 E 162 5'-AACTTACCGC-3' 50 B
120 5'-GAATTITCCCC-3' 50 E 163 5'-CCCCCCAGAT-3' 70 B
121  5-ATACAGGGAG-3' 50 B 164 5'-CCAAGATGCT-3' 50 P
122 5-GTAGACGAGC-3' 60 P 165 5'-GAAGGCACTG-3' 60 B
123 5-GTCTTTCAGG-3' 50 B 166 5'-ACTGCTACAG-3' 50 B
124 5-ACTCGAAGTC-3' 50 B 167 5'-CCAATTCACG-3' 50 P
125  5-GCGGTTGAGG-3' 70 P 168 5'-CTAGATGTGC-3' 50 P
126 5'-CTTTCGTGCT-3' 50 B 169 5'-ACGACGTAGG-3' 60 P
127  5-ATCTGGCAGC-3' 60 B 170 5-ATCTCTCCTG-3' 50 B
128 5'-GCATATTCCG-3' 50 B 171 5-TGACCCCTCC-3' 70 P
129  5-GCGGTATAGT-3' 50 B 172 5-ACCGTCGTAG-3' 60 B
130 5-GGTTATCCTC-3' 50 B 173 5'-CAGGCGGCGT-3' 80 E
131  5-GAAACAGCGT-3' 50 B 174 5-AACGGGCAGC-3' 70 E
132 5-AGGGATCTCC-3' 60 B 175 5-TGGTGCTGAT-3' 50 B
133 5-GGAAACCTCT-3' 50 B 176 5-CAAGGGAGGT-3' 60 E
134  5-AACACACGAG-3' 50 B 177 5-TCAGGCAGTC-3' 60 B
135  5-AAGCTGCGAG-3' 60 B 178 5'-CCGTCATTGG-3' 60 E
136 5-TACGTCTTGC-3' 50 B 179 5-TCACTGTACG-3' 50 B
137 5'-GGTCTCTCCC-3' 70 E 180 5-GGGCCACGCT-3' 80 G
138 5'-GCTTCCCCTT-3' 60 P 181 5'-ATGACGACGG-3' 60 B
139 5'-CCCAATCTTC-3' 50 E 182 5-GTTCTCGTGT-3' 50 B
140 5'-GTCGCATTTC-3' 50 B 183 5'-CGTGATTGCT-3' 50 B
141 5'- ATCCTGTTCG-3' 50 B 184 5'-CAAACGGCAC-3' 60 E
142 5-ATCTGTTCGG-3' 50 B 185 5-GTGTCTTCAC-3' 50 B
143 5-TCGCAGAACG-3' 60 P 186 5-GTGCGTCGCT-3' 70 B

*: B, P and E/G indicate bad, poor, good and excellent amplification.
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Table 1. Continued
Random Nucleotide GC  Amplification Random Nucleotide GC Amplification
primers Sequence Content(%) strength*  primers Sequence Content(%)  strength*
187  5-AACGGGGGAG-3' 70 B 194 5-AGGACGTGCC-3' 70 E
188  5-GCTGGACATC-3' 60 G 195 5'-GaTCTCAGCG-3' 60 B
189  5-TGCTAGCCTC-3' 60 B 196 5'-CTCCTCCCCC-3' 80 B
190  5-AGAATCCGCC-3' 60 G 197 5-TCCCCGTTCC-3' 70 B
191 5'-CGATGGCTTT-3' 50 B 198 5'-GCAGGACTGC-3' 70 G
192 5-GCAAGTCACT-3' 50 B 199 5-GCTCCCCCAC-3' 80 G
193 5'-TGCTGGCTTT-3' 50 B 200 ~ 5-TCGGGATATG-3' 50 B
*; B, P and E/G indicate bad, poor, good and excellent amplification.
t}. & 25ule] ¥ke-&ld| genomic DNA 30 ng, INTP EGB P

mixture(3r=AJF, 3+=) 200 uM, random primer 100
nM 22]3. Taq DNA polymerase(3=HF, =) 1
unitE 3713t ©}S, mineral cil(Sigma, USA)S- 30 ul
At 5, 94°CollA 583 E HAS A7l o 94T
oA 60%, 35°Co|A 60%, 72°CollA] 90%E 132
sta] 453 ¥he-2 FPsiE Tt FFE FE(last ex-
tension) 72°Cef|A] 5%-7t =35t 2™, PCR 7|%
2 water-bath thermal cycler(FINEPCR, 31=)& Al-&
sttt

5. T7|Y S (agarose gel electrophoresis)

PCR ®Fg & 12ul¢] #F-2-8HL sample buffer(0.
25% bromophenol blue, 0.25% xylene cyanol FF, 30%
glycerol)2} 37| 2z FFel] 1.5%~2%2] SeaKem
GTG agarose(FMC, USA) gelo] loading3t &, TAE <
%-891(0,04 M Tris acetate, 0,001 M EDTA pH 8.0)o]
Al 7.5 volts/em 2 A 7] G F8tAh. 4719 F F, 583
gel ¢] DNAZ EtBr2 ugmDz M3ty ZFHEZ
10837 AA3 ohF 2Hel4d (260 nm)stall A AlzRlES
(Polaroid 667, USA)3}it}.

6. AP-PCR SET £/

PCR %H8-8 3% &, A1113} 29 AEe SZ4
9 FE== o2 A 7|Foez EAsdn
(Fig. 1). 1) FF°] A Y}EWE Bbad am-
plification), 2) m|¢fetAl FFHo] HALWE P(poor
amplification), 3) FZo] ¥3 31, FA| AZTHAA 1-
27}l RAPD w7l HE HASHE G(good am-
plification), 18]3 FFo] g3, FA] A7l
37 o]4ke] RAPD t}7} A2EH S WS E(exellent
amplification)2 & Asld &£ 1007}x]19] UBC

12121212

Fig. 1. The amplification strengths of four groups de-
tected by RAPD-PCR in the silkworm, Bombyx mori.
Lane 1 and 2 are 1111 and galwon strains used as the
template DNA. E, G, B and P indicate excellent, good,
bad and poor amplification, respectively.

random primer& #2433} T}

7. Higtg A9 X2

BamHl, Hindlll, Pstl, Rsal, Mspl¥} Haelll(Promega,
USA)YE A3l o] genomic DNAE 324 &9t
&4 4343 thg phenol 3233 L ethanol A3}
A& 3% %, 30 ngule] FEE 3t TE buffer(10
mM Tris, 1 mM EDTA, pH 8.0)] &3j3t thge]
PCR %F2-9] template DNA 2 A}8-3t9) ).

ot W

1. GC &2 585
W2el RAPD BAo| 43 BE £79 ran-
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dom primerE AHE-317] W&ol Z4zte] primero] g
Tm gk 328kA] &3, A 2=x00A49] PCR
vgx 9 0 214E EY 2 31 oj@e] RAPD mark-
fEe] 2 dAFelMes ¥l
gemomic DNA templateo]] tH3g} random primer2] an-
nealing € £ 2 35°CZ dA A 1A slw, old &
1007}#]9] UBC random primere] ZFEZL2 B39
o}

B gFe)] AHE3E 100 F72] UBC random primer
FoA 40%2] GCFFE Z= 146H  primer(5-
ATGTGTTGTC-3)Z RAPD-PCRS F8) 5+ A3}, ZEZ
AHEol W3 #EAE R AdTHFig. 1). o] Aie
B o] A28 1007}X]9] UBC random primer3-ol]
A 1469 §7ER] o] A7l 21 A =7t
x|qt, 40%9] GC FHFE Zt= thgo] primer(201-
300 series) PCRS 3 FEHWE FEHEC] A9
HAEA] Fgkrh(Data not shown). o}}e] A= &
«72] PCR %7  annealing £%7} 35CE 3"
€ #AA3Pd primer GC #go] W3l 2 9<le] 3l
Aoz FAHE & Yot wEhA], FAE Aoz
g AP-PCRY 7% 40% GC #32 2 random
primerg Ag3t= L 7Fedt 3 Ao ¥ Aoz
QzZtEc}. FAIZE UBC primer 1007] FollA 50%2]
GC T2 2= 45709 random primer® PCRE 43}
& Z3N(Table 1, 2), L ZEEE B 180] 347H(75.
5%), P 18-S S/H(11.1%)= 3970(81.5%)2] primer
1 FE X ek 8, E o G 252 674
(133%)2 1 57} ¢ At 0|9k A3E GC
T 0% FEH} HuT W SEL e L T

erE screeningd}7|

ir

=] Vol. 35 No. 1

229, 40%NA 50%Z primer GC o] F7FgH
w2} FEET H|F3HA Uebdtls Kazuyishi et al
(1994)2] A7} fAIBISITh

60%2} 70%2] GC &S zte 27 26709} 874
random primere] SEZ2Z B3 A3}, 60%2] GC 3
28 zh= 26719] primer Fo|A4] B 180] 137](50%),
P9} EG 180] Zt2Z} 670 (22.5%)2 BA = .o, 70%
¢ GC &&= A 5= B 1E 6/1(37.5%), P 18
20(12.5%), EG 280 8$M(S0%)= ekttt
(Table 1, 2). o] 2] Ao A GC Frake] F7to] uhe}
A AP-PCRE] $EL7} F71tches AML-& 35%9] an-
nealing XA primersh % DNAste] Zgol
F77] fEQ e F8EHY, 60%4TE FF
=7t A8l Frlehe o] f+= 7ol genomic DNAS]
GC Y= #ho| 3L Hojghn FFH}(Fig. 2).
o]Z& Zzelel 3lolA 70% Kt 60% GC dFS
Zte= primer7} B} ©] £EZ%7 £ Gawel &
Mclnnis, (1994)9] Z3}el= thd 1E ZAofo|n, o|A
& zoels} Folgtn she 9| Hold|H 71 2
7} obds} AZHET

2 A% 1007§2] UBC random primerZ<& GC ¥
o] 80%2 12712] primerZ PCRE S-313lq I 35
Zx g BA% A3, B 180] 174(8.3%), EG 28°]
1171 (91.6%)2 JERGoH, P 188 AEE R ¥idch
(Table 1, 2). o]AolA] GC 3}3Fo] E2 primerZ AP-
PCRE 488 11 FTE=% vl #A JehdE
ot 4 9)9len, ol Haymer(1994)e} ZAx}st 438}
At azieg A% 2 %5 18S9 DAF(DNA
Amplification Fingerprinting) ¥4JAloll= GC 3ol

°|

m
=

Table 2. Efficiency of random primers by RAPD-PCR in the silkworm

GC content(%)

Amplification Total
strength* 40 50 60 70 80
N % N % N % N % N % N %
32 0 6 6 8 11
E&G - 32 - 0 - 13.3 - 225 - 50.0 - 91.6
100 1 45 26 16 12
13 0 5 6 2 - 0
P - 13 - 0 - 111 - 225 - 12.5 - 0.0
100 1 45 26 16 12
55 1 34 13 6 375 1
B - 55 - 100 - 75.5 - 50.0 - - 83
100 1 45 26 16 12

*. B, P and E & G indicate bad, poor, good and excellent amplification.
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B E B E B B E B [:] E AS
46 47 48 49 50 51 52 B3 54 55  PRIMER
GC% .

AB ABABABABABABABABAB

Fig. 2. RAPD-PCR profiles showing relationships
between amplification strength(AS) and GC content of
the UBC random primers. Lane A and B represent 11111
and galwon strains used as the template DNA. M; /Hin-
dIIl DNA size markers.

101102 103 104 105 PRIMER
80 70 80 50 80 GC
M1 21212121 2

64—~
20~

Fig. 3. RAPD patterns amplified using the five UBC ran-
dom primers. Lane 1 and 2 are 11111 and galwon strains
used as the template DNA. M; /HindIll DNA size mark-
€rs.

80% Ax9l random primerE XM=3l= Ho] &L
primerZ t}pe] FF F AT 2E S 98 EnHo)
23 A7,

2. RAPD pattern

E dtollA A8 AA 10071) random primer 2
A FHIEE VJeEME primere 4471 (44%)2 A}
ST}, o] FellA 1117} 2 F AFNA polymor-
phismE XolE primerE  317)(70.4%)0]9, A
10071 9] primerol] M E 3UH(GB1%)E EA= U0t
(Fig. 3). &3}, polymorphism< Hol& primers= GC
ol 50% o4l Aoz FAMEITE. GC o]
50%, 60%, 70% R 80%% 2+ zHzt 4570, 2674, 167)
@ 12709] primerol4] polymorphismE Ho|x ran-
dom primer: 2k} 67)(13.3%), 670(13.3%), 871(50%)
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2 1170(91.6%)2 ZA}E]o] AP-PCRe| Z3}H3 ten-
mer®] primer GC o] 60% o|4to] Hojof & A
©2 A7hEth. E#, 0|23 A= Fukuoka F(1992)
4 Williams 5(1990)2] 239} AX A =]51c}.

d¥tz o2 AP-PCRY| AM4-H¥E random primers
ten-mer(10 oligonucleotides)e] 7% 4'% =, 1,048,
576709 A& thE drig 238 71 4= = Ao
2 A7xe) ojme] oM P4 Aol ohd ol
Operon(Operon  Technologies, Alameda, USA) ¥+
UBCA tige = A|ZH primer serieso] TH(Haymer
1994). A=, o] 2} primer series® PCRE 438
ol £ AFMAE GC gl e FZAHE
HABE $HH 2 FIche, F 5o)2Q] primerE
ERAor Add ¢ U Ao, =T FAEAA
of 285w ATE =¥ & 493 Y F UL AL
2 AlgHg

3. Predigested templateE 0|28 RAPD patterns

AP-PCR& 33}7] Aol ol genomic DNAE 6
base pair cutter] BamHI, Hindll, Xbal3} 4 base pair
cutter?] Haelll, Mspl, Ras10.2 A 8)s}] A|3ELE
Ae)sA] ¥ 243 7 PCRE S8t predig-
ested 5% DNAS] Al-8-of 2|3t RAPDS] M=4S
213} t}. UBC random primer 147H-& o] &8}
PCR ®F3-& 435t Au}(Fig. 4), uncut template(lane
1, 2, 3)2] RAPD band 94t#}t= ©h2 o}# 7} BamHI,
Hindlll, Xbalo|A] 37l o]3 #FA=EQon, E3] 4
base pairg 143} DNAE M3l Haelll, Mspl,
Rsal®] 799X & controlQ] uncut template 9} ] 7A]
ZAg 5 Wl =(major band)®] RAPD w}#|7} BAibgl &
F 4 19t} B3, Fig. 49149} 2o Msploz He)
o] S2Y 19k 9Ael RAPD 5L o5 3
1195} 121 Fei el A% So| =<l bandeh 42
7}, ojeizto] AFFELZ A)stn, T3 AR
22 ol genomic DNAZ A}-83}e] ZZx]& RAPD
< Fdol B3 profile2 Table 37 2t} 17]9] bad
amplifiation®} 77§12} good and excellent amplification
+ Hol 7/19] random primerE A}8-8led BA% Z
3}, 1073 primer2] 7-$-9|M T controld} predigested
73 DNA©|A2] RAPD2] W= okAlo] zrgtom 1}
M=} 114, 115, 119, 120, 137, 147 primerel| & A g8
& A3 FF A RAPDE Ho|& W=7} AAH
o Frkshe S Bt
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1.2314.23123123123

| A VY [ VD A Y B WY A WY A W

Uncut BamHI Hindl Xbal Haell MspI Rsal

Fig. 4. RAPD patterns amplified using predigested template DNA with six restriction endonucleases. Lane 1, 2 and 3
are Jam119, Jam120 and Jam121 silkworm strains used as the template DNA.

Table 3. Profiles of RAPD-PCR using template DNA predigested with six restriction endonucleases

Restriction endonuclease Number of RAPD markers
Uncutted template DNA 1 1 2 4 3 2 2 2
BamHI 1 3 2 1 1 2 3 4
HindIll 1 2 4 1 1 2 3 4
Xbal 1 1 1 1 3 6 1 2
Haelll 1 1 4 1 2 4 5 5
Mapl 1 4 3 1 3 4 5 3
Rsal 1 3 6 1 2 2 6 6
Random primers 107 114 115 119 120 137 139 147
GC content(%) 50 60 80 50 50 70 50 70
Amplification strength B E E E E E E E

Folle AAIE ZFFAAN FLstA A= & Aigtn PR HENE AT o] Az
AE AR TF0E ZFHAE AT o] FFT Al FET B AF Filo QRE 28 & W2
52 ot wn 9ok 3y A4 343 29 325 AT4 FAFEATAHS & SGHAA AL T&
tdg Aol AAE QA FEAM, 53] DNA  Fnt
FEoA 9 AR AT HFoZ QA B2 &

Z Aol A ge] H3 Uk wWeix] B A= RAPD ol228
w4 9] mappingE 3 ol genomeo] 34L& 9%
R GAZ PCR 7|¥HES E3)A RAPD ZEZAL ran- Abe, H., Shimada, T., Yokoyama, T., Oshiki, T. & Ko-

o K

dom primere] GC & SHN 1 ZEZLE FAs) bayashi, M. 1995. Identification of random amplified
om T RAPD wpHe] t}akst e & 9la)A] predig- polymorphic DNA on the W chromosome of the

chinese 137 strains of the silkworm, Bombyx mori.
Jpn. J. Seric. Sci. 64(1): 19-22.
Black, W. C. 1993. PCR with arbitrary primer; approach

ested 73 DNAS| o] $4& Aw g, 2 7] 2

e 2% oo BA §F 2 3 53 A 7

AR E A oR AlsdEd with care. Insect Mol. Biol. 2: 1-5.
Black, W. C., DuTeau, N., Putetka, G., Nechols, J. &
AL A Pettorini, J. 1992. Use of random amplified po-

lymorphic DNA polymerase chain reation(RPPD-PCR)
2 =59 91n 2 9 A AEE dF AT to detect DNA polymorphisms in aphids. Bull. Ent.



March 1996

Res. 82: 151-159.

Chapco, W., Ashton, N., Maetel, R. & Antonishyn, N.
1992. A feasiblity study of the use of random am-
plified polymorphic DNA in the population genetics
and systematics of glasshoppers. Genome 35: 569-574.
Doira, H., Fuji, H., Kawaguchi, Y., Kihara, H. &
Ftledman, Y. 1992. Genetical stocks and mutations of
Bombyx mori: Important genetic resources. Isseido
press, Fukuoka, Japan.

Edwards, O. & Hoy, M. 1993. Polymorphisms in two
parasitoids detected using random amplified po-
lymorphic DNA polymerase chain reation. Biol. Con-
trol 3: 243-257.

Fukuoka, S., Hosaka, K. & Kamizima, O. 1992. Use of
random amplified polymorphic DNAs (RAPDs) for
identification of rice accessions. Jpn. J. Genet. 67:243-
252.

Gawel, N. & Mclnnis, D. 1994. Resolution populations
of the mediterranean fruit fly at the DNA level using
random primers for the polymerase chain reation.
Genome 37: 244-248.

Gerg, J. H. & Robert, E. P. 1995. Linkage map of the
honey bee, Apis mellifera, based on RAPD markers.
Genetics 139: 1371-1382. B

Haymer, D. S. 1994. Arbitrary(RAPD) primer sequences
used in insects. Insect Mol. Biol. 3(3): 191-194.

Henry, A. E. 1992. Genetic analysis using the po-
lymerase chain reation. Annu. Rev. Genet. 26: 479-506.

Kafatos, F. C., Louis, C., Savakis, D. M. & Glover, M.
A. 1991. Integrated maps of the Drosophila genome:
Progress and prospects. Trends Genet. 7:155-161

Kambhampati, S., Black, W. & Rai, K. 1992. Random
amplified polymorphic DNA of mosquito species and
populations: techniques, statistical analysis and ap-
plications. J. Med. Entomol. 29: 939-945.

Kang, H. A. & Seong, S. I. 1995. RFLP analysis of
silkworms for DNA polymorphism. Korean J. Seric.
Sci. 37(1): 16-26.

Kazuyoshi, H. & Robert, Jr. 1994. Random amplified po-

Korean J. Appl. Entomol. - 65

lymorphic DNA markers detected in a segregation hy-
brid population of Salanum chacoens X S. phureja.
Jpn. J. Genet. 69: 53-66.

ANKIEEE. 1995, REOBGCEE T & BRI 2
HZE. A BARE PESEEUN BIZERT (—FFE(A) B
KERRBEE)

Micheimore, R. W.,, Paran, 1. & Kessell. R. V. 1991.
Identification of markers linked to disease-resistance
genes by bulked segregant analysis: A rapid method
to detect markers in specific genomic regions by us-
ing segregating populations. Proc. Natl. Acad. Sci.
USA. 88: 9828-9832.

Moon B. W. & Han K. S. 1994. The test of combining
ability and heterosis on the silkworm (Bombyx mori)
breeding. Korean J. Seric. Sci. 36(1): 8-25

Motoyuki, M., Kazuyoshi, H., Yoshiki, U. & Chukichi,
K. 1993. Rapid identification of janpnese potato cul-
tivars by RAPDs. Jpn. J. Genet. 68: 167-174.

Puterka, G. J., Black, W. C., Steiner, W. M. & Burton,
R. L. 1993. Genetic variation and phylogenetic re-
lationships among worldwide collection of the russian
wheat aphids Diurahis noxia, inferred from allozyme
and RAPD-PCR markers. Heredity 70:604-618.

Saul, G. B. 1993. Gene map of the parasitic wasp, Naso-
nia vitripennis. Genetic map. Ed. 6: 3277-3280.

Suzuki, Y., Takiya, S., Suzuki, T., Hul, C., Matsuno, K.,
Fukuda, M., Nagata, T. & Ueno, N. 1990. De-
velopmental transition of silk gene expression in the
Bombyx mori. “In molecular insect science”. pp: 88-
89. Plenum press, New York.

Weish, J. & McCleland, M.
genomes using PCR with arbitrary primers. Nucleic A-
cids Res. 18: 7213-7219.

Williams, J. G., Kubelik, A. R., Livak, K. J., Rafaiski, J.
A. & Tingey, S. V. 1990. DNA polymorphisms am-
plified by arbitrary primers are useful as genetic mark-
ers. Nucleic Acids Res. 18: 6531-6535.

(1995 119 6 AH%)

1990. Fingerprinting



