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Development of Restriction Fragment Length Polymorphism(RFLP)

Markers in Silkworm, Bombyx mori
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ABSTRACT A silkworm Bombyx mori genomic DNA library was constructed from polyphagous J111 strain and un-
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polyphagous C; strain to develop the genomic study by DNA makers. Genomic DNAs of two strains were dig-
ested with restriction enzyme EcoRI and ligated into pUC18. The ligated plasmids were transferred into E. coli
host strain DH50.. When the genomic DNAs were hybridized with insert DNAs from transformant, could be ca-
tegorized from hybridization patterns to three groups as high repetitive sequence, moderately repetitive se-
quence, and low-copy number sequences. A total of 219 clones containing single or low-copy number se-
quence inserts were examined for any polymorphisms between two strains of J111 and Ci. Forty six clones
showed RFLPs and 10 of these clones were used as a probe for analysis of F, population derived from cross-
ing between J111 and C; strain. The genetic inheritance tested with each clones will be important tools to con-
struct the genetic map of the silkworm, Bombyx mori.

KEY WORDS Silkworm, Bombyx mori, RFLP, genomic library

DNA ZEMES o] &3 ol BIHT TGS PRy fistad i aM: ol A 11113 SRR AN R G
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s AV e T ERETE AR €
E3] B cloid F83% WEQ AT Fitoht
B, AH 2 RaE SO i e BEEY
o] IAY R2& 797t Wol RFLP 59 K<)
ffifgo] ANATEE dhcth. ey o} 7al RFLP] 2%
ol o SEET #ulE TRV AREE 7] s8]
HE fle Eud vt gloo A5 Al LS it
B3 Fl7F B3E)9]S Wolc)(Boucher et al, 1986;
Fujiwara et al., 1994)

B BES Folo SRS 13 DNA Fx34
71&E 7)o MRl BEN EEFE el o
g o] MR Bze2A] ollel A5 DNA E4%
FAs ERET wE PR 2 M SRS HES
7] 3% A & BBt Al FHFIH o o] & ¢t
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GHE EiEle O g Ak E&ET B fE
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Follo] AN FERANE Rkl 23S Bol
+ RFLP A T-& RSt Bk FrFeprel A
A RS U BENERK 1113} JEE AR
C:& B OB (S )58 hdste] d& Fig
oA ik AeERsled F.B2 BRcHATh. ShfER|] DNAS
FRES AN J1119] M RF 157 StES s
ATt ol BHhEARIEETOl A Bk gl F3t
o R Aol

REEH &

7}. DNAS] 578

550l At soutE]e] Foll & AR AME-EHATh §
MR MRS dEiste) 1x SSC (0.15M sodium
chloride, 0.015M sodium citrate pH 7.0)2 43] A} 2 g
AE MEAEHRE FHESlaL -70°Coll (s fERIEk
oh R h) REREIRS HRS SR I s
o] HHA BiRE THEATE 5 mie] DNA fiitHA 6
i&2(0.5% SDS, 5 mM EDTA, 20 mM Tris HCI, pH 7.
5, 0.1 M NaC}, 10 pg/ml proteinase K)y2 ififmdle] 2
BEE & 37°CollA 2087 #5338t 15mle] 1M Tris-
HCl, pH 7.5, 20 ml®] phenol/chloroform/iscamyl- al-
cohol(25:24:1)y& sl ETE sk iRESH
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o} BAE AMH-S 6,000 pmollA 1583 & L-RESH
o S 33tz 7)ol phenol/chloroform& M
sto] 23] of fldistATt. B Liggel 0.8 mle] SM
NaClZ if5ng 3 19]9] isopropanol2- £33l DNA
Z i N7t itE DNAE #el8o2 7o
isopropanol S ##3¢ A7) ¥ 20 ml Tris-EDTA 4ol
=9 o™ DNAY} 5L iGiioll RNase AZ 10 pg/ml 5
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Astsdtt. 2] phenol/chloroforme THA] H7Hsk &
ELOBE Sk Higikol] 0.8 ml SM NaClS #7)8}
3 18}9) isopropanol & 713l DNAE A AA|7] 11 %
HE DNAT ELo#E 3l 1 mie) TERER
o 5] -20°Col] Haslo] ALE-3ict.
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ath 4 F, @) 5% 2-39 o ul GeEkkkiRol
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tubeol] ol -70°Col] H@3tATH BH FA A 145D
#EREIRS A Adsln 200 ul DNA 328 #2Hink
S Y& & uutstd A b sleict. Proteinase K& 10
ul, RNaseZ 10 pi¥ 242} #7135k & 37°Coll A 208
ZF 3223 T wiok$ 600 ul 1M Tris-HCl<pH 7.5>,
800 p! phenol/chloroform/isoamylalcohol & # 713}
merelm 15%-7F 15,000 rpme 2 E.LoEE i)
[-B& S phenol/chloroform @2 ©}A] JEIS] it
g & 1/10802} 3M Sodium Acetate, pH 5.0 3} 392}
&g EASI DNAS LA Zich ke DNA
B 0% AeE2 13 AH3 F WxAIA 500 plel
T.E. #ginpel At

1}. Genomic DNA #R1T #iE

Follof BEfiE B J111 % Ci) DNA 2 ng g Hilfi
E£E Pst 1 oL} Eco R 12.2 37°C9] /Kiel A 3}5x}
]12]%+ & phenol/chloroform 2 2 i3}t DNAS]
A7 Ehile HAR g3 fiREREE A2l
DNA AAE TUI HIREREZ AYsld FA3
plasmid pUC 187} ligation A}Z{t}. ligation-& T, ligase
< fEAsl sLEEIE AARZ Ml e
12°CellA] 15712 A& #hEsh3ich.
plasmid¥ DHS5a. E. colioll Maniatis(1982) £-2] Jiol]
Fohe] WEEHE AIH T RS E colis} plas-
midE 50 mM CaCl, ikl &3] o Belo) M
3083 MESE F 42°CollM 3027 2=FAS B
o] Fol k. FEEHEREN LB £5Hy(Tripton 10 g, Yea-

ligation ¥
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st Extract 5 g, NaCl 10 gl)Z A 7}8k & 90&-7F 37°C
2 8§83t Ampicillineo] IRNE #IE ol HES]
Aot FEERE Fits 37°ColA 1543 Fofl 84
9] colonyqhg Ad3litt.

t}. Colony hybridization

o W =vhe FEEHE insert DNA probes: 35
22 colony hybridization® 3teich. ESHRE F.
coli colonyE 1007 {7z b petri-dishol] HfES}o
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NaCl, 0.5M Tris HCI pH 7.2, 0.001M EDTA)9]| 583}
23] neutralization A} t}. B{b7} 567 E membrane&
2x SSCo) 7keka] Al Mkl MAEAIZ) F 80°ColA 24]
7} bakingdl] (£33t membrane] prehybridiz-
ation £9(5xSSPE, 5x Dembardt's solution, 0.1%
SDS)ell 65°C2 1413 0] WkE-Al7]31 o) DNAE
probe235}a] hybridizationS 72 B 1247t <t
43 313t} hybridization ¥ 4204 2x SSC+0.1%
SDSE 2087 23] AHslaL 1x SSC+0.1% SDSO|
65°ColM 28] A & A sl Xay filmol] x&a}
Atk Probe #1E= [°P] dCTP9} random primed Kit(B.
M. B E {#H3le] Nick column(Pharmacia 502
Fpstdct.

2}. Probe/HlIIREEE #1551 polymorphism %€

BEEMEQ N1 IEEEN GO v DNAE
BamHIs 6%2) FIRfyH=2 EIEsle] Ylire DNAS
Hybond N* nylon membrane(Amershanm)ol| ##f%3}o]
hybridization®] 22 A8ttt Probe #fES
agarose gel ZEE] 738} insert DNAE [“P] dCTPE
Flfgte]  labelling sldomd labele] EEEL Am-
ersham Megaprime DNA labelling system-& A}-£5}]
wmEAE  wal EfEsttt.  Hybridization &
prehybridization & 65°CollA] s1&8 {5178t 3 [E—i
FEoll M 12A17F ¥Eg-AI7II oM A A Zo
AH et Xoray filmol) FUEA A vehd Wi=g A}
akaict.

u}. F, 3olle] 547
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Agarose Aol TEREE AL HAAA vacuum
transfer7| & FjfHste] membrane(Amersham, Hybond
Nl Ho}slic}. Hybridization "2} 2] Wyl mhak
EREE LY ’

2da A 0@

0ll Genomic DNA $R7T $fE

5ol IEMREE J1119] DNAZ Pst 13} EcoR 1 4
[REFF# 2 H3le] pUC 18 plasmid vectorol| cloning
it} cloning ¥ plasmid€ DHSa E. colioll F/E %
#23tod Ampicilline] FhIE LBA EFEEol BHEg
T 37°CAA 14-15A1 7k g TE ARl E BiRREEER
71 plateo] VIE} colony 4% EcoR 10] Wglom Pst
12 Z colony?] % Qo™ ligationo] <tEl A48
colony®] $% ol FEEHREo] W Zog Wt
F)2ict. platedl el colony S HlllREEERZ 2H2t
50009704 <lel ksl A9® DNAZYE &AM
12} boiling'} 7} alkali WO 2 plasmid & 483t
HEE plasmide FEAE DNA Y 9HE 58sl7] 9
3l cloningell AHESIAE HIREEER ThA] Hetslo]
plasmid®} 4HiA DNAS =7 & BEREIC 2 R
SATHFig. 1).

HIlEEERS 2 plasmid] 4] DNAZ=L7]:= Table
1ol A B upe} 2o, Foll2] genomic DNAT THFgh
A2 fAEe] Ut FATHIES Hste] genomic
DNAE Ut RS TREE2R ok apolr) 9
o} Pst 19] 7% DNARH S 7|7} 3.1 kbo]Ato A
EcoR 18] ZA-SE 20 kbulmieA wglc).
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1
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Fig. 1. Separation of insert DNA from plasmid gene li-
brary of B. mori J111 after digtotion with restriction en-
zyme EcoR 1
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Table 1. The number of clones with categorized in-
sert size in silkworm genomic DNA library from J
111 strain digested with restriction enzyme, Pst I

and EcoR L.
Number of clone
Insert Size(kb) umber of clones
Pst I EcoRI
4.4-8 81 ”
3.1-4.3 63 53
2.0-3.0 35 7
05-19 55 79
others 266 272
Total 500 500

Pl

Boucher F(1986)2 f1ify J%EES U=A Pseu-
domonas solanacearun®] 73 %- #§i A DNAS] #7]7} ¢}
FatHR W e A7) colony7} Bkt g v} gl
t}. Hartung 5(1987)% Xanthomonas competris2] A
A DNAE EcoRIC.Z YJste] 1% 2717} 1-2kbe)
DNA YjRete Adtele] &g T #47E A 2skednt.
8 fEpel 73+ MacCouch(1990)7} H{2] DNAZ
Psdl o2 JHrsle] et ) =%of wal 1-2kb 27
TS st SEMT SRITS RUES vl 2lo) Kol
v e R A uhe} B BT BYEA TS}
© HIFREER A M2 ZR7F S-S Ho] Fh

RFLP probeol] ##3% 0.5-2.0kbe] insert DNAE 7}
7l colonyw 19%W19] 2 MRy Bton vector KT}
2 insertZ 7}2 colony® 16% o)A Q1))

)

-0f| genomic DNAS2#9| 7| Mg = A

g2k = 157] ol fifEe] DNAS Pslo s Y
3to] membranedl] FEAIZ] T EAM ol Ji1
genomic YT ZRE ¢ kY cloneE S probeR
3led Southern hybridization-2 8}91T}. Fig, 20]|4] Bz
kel o] SW 195 clone= o] ol ¥ glo] =
5 highly repetitive band(AY2 Fpatlem SW 40
clone2 moderately repetitive band(B)Z, SW 29
low copy number band(C)Z Z}7} H2pidbeich.

Primose(1995)= 448w bl wel 3Exos
DNAQ] tH o] ubEg]o] 9It}. highly repeated %t
© Yefafs F2lollut telomeresol] tandem repeat AHe 2
l2™ moderately reptitive DNAE ififois Z-amo) 5
Ee] At SR EF Zraket(1990YSE HH o)
genomic DNAE BamHIo 2 YJHsle] BU{ES DNA
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Fig. 2. Southernblots analysis of DNAs from 15
silkworm lines. They were digested with Pstl and hy-
bridized to probes of SW195(A), SW 40(B), and SW
29(C), respectively. Silkworm' lines are Od Yulam(1), R-
Yellow(2), Zebra(3), Galwon(4), BibackJam(5), PndPS
(6), S8Re(7), Jam123(8), Jam124(9), Jam125(10), Jam
126(11), C4(12), J111(13), C,xJ111(14), and Baekok
Jam(15)

479 clone-g& #ikE A highly repeated se-
quences, moderately repeated sequences ! low copy-
number sequences 2 T2 = At nd By 9 7
o] Srollsl H ST o M WEZ Fio] hssT:
Folle] genomic cloneo] highly repetitive bandi}
moderately repetitive band& 34 & 7393 RFLP9)
probe 2 o] ZAgH 797} Bl whakA probe 2 A
#4E cloned low-copyyt single band & Fik st
cloneEo|t}. t}ae] cloneE Fol|A] {edMYC. 2 sin-
gle 3 low-copy clone$ $4ksh= -2 colony?)
plasmiduioll #HAE o] 9+ insert DNAo| #4) DNA
Z probe 23}] hybridizationg s} A3 o). &
petri-disholl 100702] colony S ©]2l5le] 14417} %
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Fig. 3. Individual colony hybridized with EcoRI dig-
ested silkworm DNA showing single copy clone(a),
moderately repetitive clone(b), and highly repetitive
clone(c).

37°Col| #5%3to] membraneo] #FEE F BAM: ol
J1119] genomic DNAE probedts] HES #HE X-
ray filme] ®h-g-o] o] me} LESHA TEREUG
(Fig. 3).

Fig. 39] c&} 2o} A Al hybridization ¥ -2 copy2]
7t e Ao g B ay single copy £ b F7F A
o2 2 4 9t} hybridizationd] #5571t AA et
72 clonel] repetitive sequenceol] FHEEIle= Ao
2oy

Table 2014 B ujel 7o)l SW29 clones low-
copy number?] EA1E B9 19719] cloneg Dral%
8%0| HIREBHE UHTele] fWEE Eatt Rk J
1119] genomic DNA membrane©l| hybridizationg} %k
B highly repetitive copy clone2 §121 21} moderately
repetitive copy &= THREUITH

a2 i clone?] 50% o]4tol single ¥ low-
copy numberZ HolmZA] o] A glo] EHHE LA
£ #Ed)t dlBrl 414314 RFLP probe clone-S A
& 4 AT

MYl clone2| RFLP 185

R ol A 1119 JERAalE AU G 2
olE9| F7} w53 e] DNAE EcoRl% 8%9| HilfREs
#2 Este #{EY membraneol] EKE probeE2]
% T4 (polymophism)& hybridization ©. 2 &t}
Fig. 494 B vie} 722o] SWI195 probe clone2

g 3] A Vol. 36, No. 1

Table 2. Characteriszation of silkworm DNA clones
according to their copy number

Clone Restriction Insert Copy
enzyme* size(kb)  number
SwW29 Dral 21 S
SW37 EcoRlI, Scal, Pstl 0.8 M
SW40 Pstl 0.7 M
SW46 Pstl 0.5 M
SWé64 Pstl 1.7 M
SW195 Pstl 15 S
SWR1-1 HindIII 14 S
SWR1-6 Pstl 0.6 S
SWR1-12  Xbal 13 M
SWR1-17  EcoRI 0.4 S
SWR1-38  Xbal 0.5 M
SWR1-54  Xbal 1.3 S
SWR1-61  HindIIl, PstI 15 S
SWR1-64  HindIll, 0.5 S
EcoRI,Pstl Dral
SWR2-66  EcoRI 1.0 S
SWR2-38  Dral, EcoRI 0.7 S
SWR2-40  Dral 13 S
SWR2-24  EcoRV 20 M
SWR2-25  EcoRV, HindIII 15 M

1) S:single or low copy number

M:moderately repetitive

*These enzymes were used to digest silkkworm DNA, hi-
bridized to selected clone probes.

EcoRl 5 7%2] HIREEEE EHHE genomic DNACY A
polymorphism-& H.o|x] ¢ke wbH psAo & jEFs A
Are EREWMQT IEEEMEG) o FEE po-
lymorphisme] 2o F;2 f#e] bandE 25 iy
st3 STt oj e} o] HIREFHMNZ EHEH S o
polymorphismo] Hol= -2 Gy BEILFSo] A
Z T2 AY QAL A, E, T Sl oldtd
B @ AL 53 FHE AR st Ulrste HlkR
BER R e ul B Rl9 fiXd xol7} o
ooz HAA €t} o]#13k DNA ©¥#H & RFLPEln
8 Botstein(1980)5cll o}l SEEH fFMKE T2
A 4 + dokn A=At RFLPE &S T HEE
%, sE{ET 5%, map based cloning 2 &{#AY o] &
Hrlete 9oz AMEE 4 dch.(Prince er al,
1992)

Z 2,153709] colonyE #:#:3}d colony ¥ fHA
DNA hybridization & EHMidle] single ¥ low-copy
number 2 HHE & 21978 732 polymorphismS &
Q1 &} #5521 Table 3ol 2okalitt.
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EcoRI EcoRV HRindI Scal
1 23 4 1234 12 3412 34

Dral DBasll Xbal Pstl
123 41234 12 34 12 34

Fig. 4. Restriction fragment polymorphisms of 4
silkworm lines. DNA was digested with restriction en-
Zymes EcoRl, EcoRV, Hind 1, Scal, Dral, BamHl,
Xbal or Pstl, respectuely, probed with the clone SW195.
Silkworm lines are:C, (1), J111(2), C,x J111(3) and Bae-
kok-Jam(4).

Table 30| H.i= ve} o] &t AZ2 JEEENE
A% Alelol polymorphism& o] 46702] probe
cloneg 32K3IATE Cloned] #fiA DNAZY| &= A=
20 kbujgte g zgton) ciddt HipRALERANA po-
lymorphismS E%ith SWR 10-51 clone¥} o] thel
Zo A3 FHAAMY polymorphism& 29l A$E
Qo R 27 o)de EAIME  po-
lymorphism g ®.¢Jt}.

S0ff F, RFLP genotype #§%

o] & F,9] genomic DNA%: phenol/chloroform© &
13 o] H2jshe] 583 3 probe clone 2 4t Hil
[BEE#EE | eldle] membrane blotd #HEsId).
SWRI1-61 5-& HI 23} x| g714] #ikd clone 5 ¥
A 10702] clone-g hybridizationol| probe & {#H3t]
t}. Fig. 514 BE=ule} Zro] hybridization #5£= F,
R S22 AS N RZFE) B3 e 8
HE Holz 23 vy C AU [E--3 W=
el 2 Hole ALddd B# BF wEFd v =g
7+z] hybrid® 2.2 4% 21Tl SWR1-61 probe clone
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Table 3. The list of clones showing polymorphism
between J111 and C; strain DNA digested with 8
restriction enzymes.

Insert Polymorphic restriction
Clone No. .
size(kb) enzym

SWR 10-9 0.9 BamHI, Pstl

SWR 10-51 1.6 Scal,

SWR 10-55 1.7 EcoRI, HindIll, Pst I, Scal

SWR 10-77 1.6 EcoRI

SWR 11-1 1.1 EcoRV

SWR 11-7 0.9 BamHi, EcoRI, EcoRV, HindlIl,
Xbal

SWR 11-19 1.7 Dral

SWR 11-31 1.8 HindIll, EcoRI, EcoRV

SWR 11-66 0.9 EcoRI

SWR 11-75 1.0 Hindlll, Xbal

SWR 11-90 1.3 BamHI

SWR 12-4 1.2 EcoRI

SWR 12-28 1.0 BamHIM EcoRI, HindIIl

SWR 12-30 1.2 Pstl, Scal, Xbal

SWR 13-19 1.6 Pt1

SWR 13-41 1.3 EcoRI, EcoRV, Pstl, Scal, Xbal

SWR 13-91 0.7 EcoRI, Ptl

SWR 14-5 1.9 EcoRI

SWR 14-7 1.9 HindHI

SWR 14-8 1.0 EcoRl, EcoRV, Hindlll, Scal,
Xbal

SWR 14-26 13 EcoRl, EcoRV, Hindlll, Pstl

SWR 14-30 0.8 EcoRV, Xbal

SWR 14-44 0.5 EcoRV, HindIIl

SWR 16-26 1.2 Pstl, Scal

SWR 17-9 0.3 HindIll, Scal

SWR 17-20 1.1 EcoRI, EcoRV, Hindll, Scal

SWR 17-52 1.0 EcoRlI, Scal

SWR 17-82 1.1 EcoRI, HindIIl, Scal

SWR 19-1 0.7 BamHI, Xbal

SWR 19-4 1.4 EcoRI, HindIII, Pstl, Scal, Xbal

SWR 19-19 0.8 EcoRI, Scal, Vabl

SWR 19-25 1.4 EcoRI

SWR 19-27 1.6 EcoRI, EcoRV, HindIIl, Pstl,
Scal, Xbal

SWR 19-60 0.6 BamHI, HindIII

SWR 19-73 2.0 Xbal

SWR 20-9 2.0 BamHI

SWR 20-15 0.6 EcoRI

SWR 20-24 1.8 EcoRV

SWR 20-61 0.8 EcoRV, HindIIl

SWR 21-24 2.0 Pstl, Xbal

SWR 23-64 1.3 BamHI, EcoRI, EcoRV, Pstl,
Scal, Xbal

SWR 25-14 0.7 BamHI, EcoRI, EcoRV, Scal,
Xbal

SWR 25-82 2.0 BamHI, EcoRI

SWR 1-6 0-6 Xbal

SWR 1-61 1.5 HindIH

SWR 1-64 0.5 EcoRI
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Fig. 5. RFLP autoradiographs F, individuals derived
from crossing between J111 and C; probed with SWR1-
61 clone. P:polyphagous line J111, U:unpolyphagous
fine C,

& 3 A Vol. 36, No. 1
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9] 4% 98 4 30 band A S F/ES R EAM
(P)o] ofEE, FERRATE(U)O] 8fEEE, W#Re] hybrid7}
14{F8 = RFLP genotypeZ} 1:2:19) HraRz 4#EQ]
t}. o] 3e] FHRE Hol SWRI1-61 probe-2 Foll9] &
Bt FRETS BRRC) glo] M sE(#Sh cloned) A
o2 #EH=]™ Mendele] R4 w25 U
Table 40| A Hi= vle} 3he] FE-Ao] Azl= ¢33}
2] ettt HAR Fitdelle ol AAl genomeg 10-
20 cMeglg n2A 748kl 4 9l polymorphic
probed] w7} 5 ool dta Errel AAIZRH
RFLP &40 H a3t 3% DNA7L g E|ofo} g2
EE 7 7lHvlt} F3lo] ¥HEE & I XL S
7VA o} = 53] Fol 1HEE 109 @g7Ale A
g 7 FARAM Tl Pt 7% ke
o 4#iE DNAZE /xEo]o]A] membrane S HIES)
71e 23R Rkt 7]olA AAZ F, e
A% 1 (EREE5-E 409 @887} 2 probe clonenir}
[{—3% Zo] ololA linkage 55#re A =8H2] ek

Table 4. RFLP Scoring of parent types on F2 population derived J111 and C, crossing

Probe  SWR

10

SWR
11-7

SWR
12 -4
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Table 4. Continued.
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