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Abstract;: The genetic structure and segregation of molecular markers in F, of Chinese shrimp

( Fenneropenaeus, chinensis) were studied by random amplified polymorphic DNA (RAPD) technology to

explore its usefulness in linkage mapping construction. Two hereditable types of DNA markers, the non-
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segregating type and segregating type, were identified from the amplification results of 22 random primers.
The non-segregating marks in both parents and progenies accounted for 54. 1% of all markers, reflecting
one genotypic combinations of G, and G, (AA x AA). There were three kinds of segregation, including
Mendelian segregation, deviated segregation and abnormal segregation, which accounted for 45. 9% of all
marks. The standard Mendelian segregating markers were divided in 3 : 1 ratio and 1 : lratio, the former
accounted for 14. 7% of all segregated markers and the latter accounted for 64.7% respectively. The 3 : 1-
segregated markers in the F, represented four genotypic combinations of G, and G, (AA xaa,Aa xaa,Aa
x Aa and Aa x AA), and one genotypic combinations of F,, and F,, (Aa x Aa); the 1 : 1-segregated
markers in the F, represented two genotypic combinations of G, and G, (Aa x aa and Aa x Aa), and one
genotypic combinations of F,, and F,, ( Aa x aa); non-parental heteroduplex, so far, has not be
conjectured their genotypic combinations, which were segregated 1 : 1 ratio in the F, progenies. Non-
standard Mendelian segregating marks and abnormal segregating marks accounted for 11. 7% and 8.9% of
all segregated markers respectively. Totally, 76. 5% segregating markers, explained by two way pseudo-
testcross, could be used to construct genetic maps of F. chinensis. Accordingly, the result would lay a
theoretical basis for genetic linkage map construction using RAPD markers and F, population.

Key words; Fenneropenaeus chinensis; second filial generation (F,) ; random amplified polymorphic DNA

RAPD marker; segregation patterns

v [ X} #F ( Fenneropenaeus chinenssi) 523 E 4+
AW EZZFE, b TEX S ERHE . HEE
o, LHR 1992 SR RAT P EXTIF IR R K,
LR IR BT R0 SR A B BRI R AR AR N T
FrLATh E X AR SR TR B RS R SR VI BT
AR AR BRI A P E T ERHT

A LE S 5E R & ( white spot syndrome virus,
WSSV) R G M BFEHE B — R IR, ff R
HEFTMHEARET R MM REERZ, 5 Frid
HWOEMESR Y BT T E AR =R
o MER B BB EYIRIE, LT E X AR
HEZFHRE QTL B4z, BIAT 0 FhricHi B
B M B Bf . RAPD ( random amplified
polymorphic DNA) #rig 2 ) 22 38t 1% ZE S B35 %
RMEERCZ —, BHAR B MIER RIS
FIBR R R AL, TR BT B R SR 1
B2 07 T A oM B s B R A 8. AR
RAPD #ric g 9 G i/ ERTBH A8 %A BC,
RIL.DH.F, & F, 4} B#EK, i1 T o E X AR 28
SRR, MER R ERAEEZEEESFIAH F,
PENPEEBEA" . R F, BEURH S SR
Hip FRH R “ SR 3Z (two way pseudo-testcross )
B xR B BT A R B
EHESRE. BERFEHE. ARALZRH/IF,
F, %3R3 F, K REECRESBE

AMREAE, FNEF MEh2ERL 1 28,
PP E U 24T 38, i 2o 2L B g v] LA F 7 3
g 3 T SR AR I 43 T I T R e R R R A
F, fIF, P¥RBAEE, XMHELHELETE
K, IFENAER, Pl 21531 58, X
Qe R T DL T PR AL R T E 8
B, BELL E, BRI SR o R P 5 T - A
(1 2 1) FI g3 KIE(3 1 1), HUF,
B o B AT B8 S S, A E R T
f# RAPD #Ric 7t F, Y BE L.

KT P EMIFREESEENEEC SR T
VBRSBTS R FL REAORI AFLP 43
FAmic, X o B X A B 38 1% A R TSR T R 25
5% M 7% " A F RAPD #RiE A1 SSR 418, IF
LLE, eI B AH 8 T o [ R AR Y 38 1% i R
W B4R UL F, A RRIB A, T o E R
#F AFLP 53 FARic st G S SiRNE . BT EX
IR A & (2n =88) , B &3 BB G E YR
A RE, T RINESHEE =SS T
A R EEATHERK QTL &, AR E
BT T RAPD #Ric7E 3R, F— A (first filial
generation, F, ) fll-F —f{(second filial generation,
F,) )&=, A 9 # A RAPD R A1 F, #¥
Ay e v [ %o I PR 3 £ T B PR S £ BB AR AR
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s MR (REM) Bl E R 1 MR 1
1 WSk FEMEARHERT AT 3R, P2 F, (HFAF 38 600 J2 25
L1 ) o BELIEL LB 12 S AELF, 8 53 A

2004 FFFHE 1 BARCEHIMEIF (G, ) &
BT AR, 55 1 R B A X A A AR
(G, ) (BB B A R EERE) , RAAN LK
RAEPOR A Fy o 2004 410 AF 11 AN F, K
AHERE 40 BXAFHET AL, 2005 4EFZE

BHEFEAR(G,.G, ), BT -70 THRIGRKEN
REFEH.

REPLE| 4 (3% 1) \dNTPs, TagDNA 385 iy
B ERETEY TEERAF,

®1 KENSIHFET
Tab.1 The sequences of RAPD primers

ElL] 3 Bk F ElL] F Bk F

Primer Sequence Primer Sequence Primer Sequence Primer Sequence

S82 GGCACTGAGG $266 AGGCCCGATG S475 GGAAGCCAAC S1231 ACCGTGCCGT

S202 GGAGAGACTC S302 TTCCGCCACC S494 GGACGCTTCA S1297 CTCGAACCCC

S215 GGATGCCACT S431 TCGCCGCAAA S1090 AAGGCCCCTG S1396 GGAACCCACA

S224 CCCCTCACGA S436 AAGCGACCTG S1091 GTCACGTCCT S1391 ACCCGACCTG

$246 ACCTTTGCGG S440 GGTGCTCCGT S1092 CCCAGGCTAC

S261 CTCAGTGTCC S442 ACGTAGCGTC S1093 GAATGGCACC
1.2 7 A ZMERT Y1 OFI 2 ROk H B BT 4

AF %4 DNA #)4  HEXMFEEL DNA - 38 F, 19 53 MK,

MBERZBREEALEY W% H SRR RS pL PP 2% HIX

GENEQUANT pro ( Pharmacia Biotech Ltd. )
RNA/DNA 7317 & A E 8T 1% BrAs ki e ik &
JE o

RAPD-PCR & 3 RAPD X Wtk & K
PCR PR A H & 10 x PCR R B 2. 5
wL( 43 :100 mmol- L~ Tris — HCI,500 mmol «
L™ KCI1,2.5 mg-mL ™' BSA,pH 9.0),2.0 mmol-
L™ Mg**,0.1 mmol -L ™' dNTPs,0.2 pmol-L ™
2|47,20 ng ZE 4 DNA, 1U TagDNA R4 W
(5U-pL™), BRBAAF N 25 pL, RAPD
HIEIAART A :94 CHIAEE 5 min JFHEA 45 ME
7, B MEFEHE 94 C 1 min,37 C 1 min,72 C
2 min, 576 72 THR A IEM 10 min, 7
PTC-200 %I PCR X _L#47, =W 2% W BRiakE
BERE Ik 73 B ,EB Yot , J5 A Gel Doc 1000 BEE
BUARAGHEAT BIR AL 3 (5B 7= W) 7E L IK BT F
4 C, B IKAHIRE WA 1 51 TAE)

HEZ2 LN E IR S R T E B,
5| YT 2 B Ik RAPD RNk R,
ORI E 110 5|47, 3 H EY 3 ¥E
Wi s QFHLROEH M5 WY i
G, .G, \Fio \Fis 2 10 4~ F, Wb iRAMA, BEH 7=

JiE B e BE L Uk > B, EB Bt 8, G A Gel
Doc1000 BERZ BB AT R AL

2 FAmabr

2.1 RAPD {RiZHISE S

RAPD trid £ E y B HRC, ABEERPE
BRYAA JLPCR KHPIFAKAE, AiFMIcH
“17, FCHRC R “0”  BRRIERC - 7, RITER
P RAPD H7E G MET R, HI#E RAPD
WRETERA F, & F, M9 48R ER IR
B EARCEE, BA R R R 2 AL S
HEHEAEN AA B Aa, IR ZIEH BAMEN aa,
MW ZIEHEFRPOERSE, FIARFR
B (a>0.05) ¥ EXEHBE KT R ERERD
B,
2.2 BEfEHRIEAA

FlY &£ 5% RAPD M 4 F &R A
RAPD #riC 4% k. FJ Gel-pro Analyzer 4.5 ¥4
WER BRI TFERD. F1MaRSH Y R
SRR TFRR/NAEC -7 258, 0 $82-1703

FAZH B S82 5| Yy A, Ko FEAAN
1703 bp,
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3 iR
3.1 S|MimEER

ABITET RIS Y3 8k B % Sangon 24
Al S RFIMENLE 4, 76 110 K ATH 59
H 86 A& T WYY AR E L E MR, BT
iy 3 i AR RN 5 B 12 KAFE. FIA G, .
G, \Fio \Fiy ZFL 10 4~ Fy B sk MEBEAT IR 1,
HoffESE 22 519 RE L) . BIGHX 22
ANBIYI%E F, B 53 MAMEREFTY L8 2) 148

A&7, A 68 RERMR NS, T E
BT PR 3. 09 P EFFID,

3.2 RAPD fricEREXF, BEHHSBER
A EWN RAPD F| Y 3 45 R TR
HRHE RAPD #Ric7EH EXTAF F2 2 oL a
Ao BARIE M Binic. Xt B RAPD #7id
T RTRE (K 2) "/, 2 EiR e oy 4
BREREREN 1M 3 1) MR W R
BRI BRI IC AR B EARIC.

R2 FRARAPD fFricEEE HEEREFHEE
Tab.2 Genotype of parents’ RAPD markers, ratio of segregation and x*-test

s FHERUE F, RIAE F, Bi88E F, YR LG fE *HE
Loci G, Gy F, Fy Phenotype(F; ) expected ratio(F, ) actual ratio(F, ) e
$82-0472 - + + - 25 1:1 27 : 26 0.02
$82-0802 - - + - 25 1:1 22 : 31 1.53
$82-1703 + - + + o3 3:1 35:18 2.08
$202-0667 + - + + 25 1:1 31 :22 1.53
$202-0935 + + - + 25 1:1 30 : 23 0.92
$202-1026 - - + - 25 1:1 28 . 25 0.17
$215-0442 - - + - 25 1:1 28 . 25 0.17
$215-0368 - - + + 25 1:1 33:20 3.18
$215-0500 - + - - 25 X 8:45 xI
$224-0376 - + + + o3 3:1 39 : 14 0.18
$224-0913 - + - + 25 1:1 25 .28 0.17
$224-1236 + + - - 25 x 0:57 x
$246-0375 + + + - 25 1:1 25 : 28 0.17
$246-0237 + - + - 25 1:1 29 : 24 0.47
S$246-1738 - + - - 25 1:1 22 : 31 1.53
$246-0685 - - - - 25 x 347 x
$246-0743 - + - + 25 1:1 27 : 26 0.02
$261-0462 + + - + 25 1:1 39 : 14 11.8
$261-0745 - - + - 25 1:1 19 : 34 4.26
$261-0721 + - - - 25 x 4 .46 x
$266-0681 - - + - 25 1:1 24 . 29 0.47
$266-0707 + + - + 25 1:1 25 : 28 0.17
$266-0986 + + + 25 1:1 26 : 27 0.02
$266-1775 - + + - 25 1:1 29 : 24 0.47
$302-0325 - - + + 25 1:1 29 : 24 0.47
S$302-1178 + - + - 25 1:1 28 . 25 0.17
$431-0818 + + + - 25 1:1 29 : 24 0.47
$431-0607 - + - + 25 1:1 23 : 30 0.92
$431-1679 - + + - 25 1:1 27 : 26 0.02
S$436-0446 - - - + 25 1:1 23 . 30 0.92
$436-0657 + + + - 25 1:1 27 : 26 0.02
$436-1293 + - + - 25 1:1 40 : 13 13.8
$440-0413 - + - + 25 1:1 31 :22 1.53
$440-0578 - + + + o3 3:1 40 : 13 0.18
S$442-0327 + - - + 25 1:1 24 : 29 0.47
S$442-0634 - + - + 25 1:1 30 : 23 0.92
S442-1721 + - + + o3 3:1 42 111 0.74
$475-0343 + - + - 25 1:1 26 : 27 0.02
$475-0491 - + + + o3 3:1 35:18 2.08
S$475-0400 - - - + 25 1:1 19 : 34 4.26
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- % ;‘:R 2.
I FARAH F, XH# F, 8L F, SR LB 1
Loci Gy, Gy Fo Fy Phenotype(F; ) expected ratio(F, ) actual ratio(F, ) e

$494-1237 + - + - 25 1:1 29 : 24 0.47
$494-0489 + - 25 1:1 24 : 29 0.47
$494-0750 - + + - 25 1:1 21 : 32 2.28
$1090-0571 - + + - 25 1:1 20 : 33 3.18
S$1090-0714 - + - + 25 1:1 29 : 24 0.47
S1090-0986 - - - + 25 1:1 18 : 35 5.45
S$1090-1091 - + - - 25 x 4 46 xI
$1092-0292 - - - + 25 1:1 32 :21 2.28
$1092-1200 - + + + 25 3:1 37 :16 0.76
S$1093-0879 - - + - 25 1:1 28 : 25 0.17
S1093-0618 + - + 25 1:1 17 : 36 6.81
S1231-0787 - + + + o3 3:1 40 : 13 0.18
S1231-1211 + - + + o3 1:1 28 : 25 0.17
S1297-0462 + - - + 25 1:1 27 1 26 0.02
S$1297-0647 + + + - 25 1:1 20 : 33 3.18
S1297-0647 - - + - 25 1:1 22 : 31 1.53
S1297-0917 - + + - 25 1:1 30 : 23 0.92
$1297-1115 + + + + 25 3:1 38 :15 0.38
S$1358-0494 + - + + 25 3:1 o3 53
S$1358-0955 + + + + 25 3:1 40 : 13 0.18
S1391-1536 - - + - 25 1:1 21 : 32 2.28
$1391-0520 - + - + £& 1:1 27 53
$1391-0750 + + + + o3 3:1 41 : 12 0.28
S1391-1667 - - + - 25 1:1 20 : 33 3.18
$1396-0729 + - + 25 1:1 22 : 31 1.53
S1396-0929 - + - - 25 1:1 34 :19 4.24
S1396-0671 - - + - 25 1:1 24 : 29 0.47
$1396-1000 + + + + 25 1:1 23 : 30 0.92
E: “+RREW, - TRALW

Notes; “ +” showed “band”, “ —” showed non-band

R4 &AL AOBACERZE RAPD 2FHAMENREZSHN,EF 2383 1 1 08K

PE BRI T3 RIE, B RAPD #7278 M
B AE, FagRBAH (RE L1 Fa), #R
G, G, FEERR AA x AA X RARIE G A7
K 54.1% ,

o ZERS BN FEEHMEKR
SE AR BT IE o AL B 36.49% ,H LT
PIRRE

(1)RAPD #RiC7E F, BEAZ B 3 1 1 538
A BRRARICHBCRILE RS, BRE
LA EARICH 11.76% ,387E G, Ml G, FEH
L&, 7 By M By, PEVEH 7 B o M By BIR IR
Merh 2B HMERLEN,EF, PER3 1 14
BSHY RAPD #ic, U HAE G @ M1 G, BR N A
Al AA xaa( JLIE 1 o b #H7) 71 Aa x aa( LA
1 5 e ) s WERILARIE & 2 BARICHI2. 94% ,
BEPBCREAH 78 B o f1Fy B R

Fric, AR ALY Aa x AA(TLE 1 e i)
M Aax Aa( LB 1 H d#F),

(2)RAPD #RiCZE F, HEH 1 1 1 B E,
BB B N 53 AT AP EL . T AR
ABGEEEEI 1 - 1 ARiC MR REHEN H A B4
HER HEF, #EPE2H1 1 2B RER
iz,

AN AT AR D EREEAN 1 - 1 fRidE
FEPIRR A, B AR IE (L 1 A £ ) W
FEERIC(E L F g i), BERFEIRCS
SYESARICHY 30.88% ,#EW G, 1 G, EE AN
Aa x aa; YERHA VRIS & 4 B AR E R 10.29% ,
WG, G, WEKEAEY Aa x Aa, XFF RAPD
FRICHE Fro M1 Fy, R EEE A Aa x aa,

ST XARIE F AR, KRR IC B
A 3 kA Ot G, M G, IR E %
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S$1092]

GR Gd‘ Fli Fm‘ !

M Gy G F F F,

&7 12718

82152_
M GgGyF sy F, M GyG P F,
Bl RAPD fRicfE %A F, M E, BamhR
Fig.1 The segregation patterns of RAPD markers in the parents, F, and F, of F. chinensis
BS54 58281092 8135881391 ,5215 . 8431 X B HES F, M F, MET HNER ., G, Gy MF ¢ Fi s ARRRHAE
& F AT —RAEF, BT RAME a~1 TR A RSB I 2 B AL s M S DL-2000
Fig. 1 showed the results of amplification with the primers ($82,51092, 81358, 81391,5215,8431). G lane, G4 lane, F ¢ lane and

S431

F,; lane were two pairs of parents; F, lane and following lanes were first filial generation, F, lane and following lanes were second

generation; a ~1 showed segregated loci; M lane was molecular weight marker
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W HEFMF, PELZA,BEF $21: 14
B(RLEL F h#), hEFRIC A B2 BIRIEH
16.18% ; ORIt TE G, 1 G, H 34 K B+ f7E
G, M G, 4 TCilH , (B7E F, o A1 F, FI5H,
HEFR$21: 1 458(LEL $i%), 4R
10 E A EARICHY 4. 41% ; OFRICHAENGE G, F1 G,
FERER,EFMF, AR, EF 231
D1 E, WRARIC 5 A B ARITE) 2.94% .

RIE B, K 3 1 1 B H AR
T BT DA o o A A 0 A S [ 4 388 4% 3
B3 AR RS HLE, 1 1 1 BARIC R LA SR &
B ER AR A AR R R A E SRS . AR,
FFA P ER AR RN AT S ] 593845 RS B ARIE 5 4
BARCH 11.76% ,fF A EMEAREIERY 1 1 4R
Ch 2 B A IC B 26. 47% , FF A W B A AF 8
e % B B T B ARIT o 4 B AR T B 20. 59%
BB R R, RIE R WS, BE R
IEHF Q. @EIFRIC AT F T8 A MEAF S5 i F i 1
o

Bt 7EF, MEdg i RAPD R
ICHABEHASIT ¥ ERET 1 1 /M3 1 ME
IR 538 LU A5, i 85 T A JR S8 AL B B L R o 4
B 11. 7% . Ko —iRic RAET EKN
WA, PIINESGERE R LA BAEF, R4S
BHAIE, £ F, PASE (LB 1 i j # k
) o

FESFBFIE  RESERCHERD
4 8.9% , X FIFRiCA WiFh 2 EL: —Fh /2 RAPD 47
ICTE G, M G, MK T B )5 R EE H 4
BY =Y ; 55 —Fh 2R B RAPD #Ri07E G, Al
G, BAHHRERLE, R F M F, 97,
HEF PRESE, PBHEAFAL1HK3 1
MBS B (LB L o 13 ) o AR E B
JE—FE L

4 i1t

4.1 RAPDi#Rizth3:1%11 : 14Ri2MH %
AHEBBNFERERIBENES 1A
1: 1 3B EH,3 - LARISH 18.5% ,1 : 145
0H 81.5% . 3 1 1 B AL &K Bl B & KT A
R URM AR Xt F, RABHRHE, H
HEU S AR T —RABE TR 8
3:14Ri0.528.6%,1 : 1 4Rt 5 71.4% , HE

#:4: U ] FT RAPD ARIC7E o [ X oF B 5o 32 I 3%
ERHEF—REFEFRPR/IT 3 - 1Hxidd
32%,1 : 1 FRic i 68% . ABFFEH 3 1 fnicH
MWERRRIESRM,L - 1 48iRcd TRAK
Bl AEE AR FEREIRTAF, kP kA1
1 SERRECRRE X8R T A
F, YEEIBEK LRI A F, AR B S AR B R B
RIETEZMEEHARFE.
4.2 RfERFIC

KT RECEREARFHERE (—L&
EHEBR X EARIE N IEFRAW"), Alifle
&) g B R B RB R AR RY , BRZE— A
RN S EFE 2 MAFRFEMEN a2, EH
£l a,a, il a,a, ZEHEIKISH MR, LB 2 a0, 1Y
T B = R IR E A [F T a,a, F1 a0, , FE
P T ARBREBMAA, Riedy ™ AN, A
KGR MRS ICH RIS R 4. 4/5|1 9, 3
BRXERENETHER, REEREERMEE
VERREEHNER, TS YK
ZEMERTIER, B BRE - EEE LFE
4 PMAFESEFMER a,.a,.2; fl a,, FFE a2, FI
a,a, FEHELIKAT A H BLE A, AL E 2 a0, F1
a,a, HBLHEH . X a8, xa,a, ZEXGEF A HB
L, BEET—REHL : 1 H%F;aa, xa,a, 7
YR HEEH ,BET —RPIFE1 1 45,
A EHRETICH A S B 1 0 1 2ERD
) 37.2% ,FHARVEXA BB E . RTF HER
ICHAIE SRR, BECERE EEUR:
T RB R A AR I DR 8 Bl R 4%, T LR
IR SRR R, Bt A% BAl &R 22 I 4% 238
BEUR, CRE B B AR 7= A IR R 9 S B (BE
BEMERE) W RBHER K, HERHWE,
RERICHA ST, REBEXR F, BWirid
(55.6% ) L H T XA B, (16.7% ) , X —45 R
VLA R RS BRI W BB 5 TR AP RE,
4.3 REBERFIC

RAPD #RICHR 3B AR E B AR H T EG
7, FERSBHRERE, BN NHITEE
FEA A, R iCEERR S SIS RS T E
AGEHmMAEY . EYREESHMIBENE
ERE, A REY AN ) Z—, Lyttle
Y mAERR SE TR EEE X,
Brummer % "7 g 7 & 2 IR 7 B B TR B 2R R
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LB, FE 0 B AR vb 0 20 B R B T 2B iR B
fEO0, X AR R T A 5T UL 2 84 o0 7
FRCRIE 2 AR AT 8, Kianian 2 Y04
BIFHASGR ARG X R BIT, v icim o B A ME A
e, BlInIE T RS B A AR R 24X 2 5 R R R
REA JOAEHRFERASHER, BEFH
FEEEMRE . X—EHREFRMITBANERM
B, AT BB R R E AR R R R R A Y, R
HAESEHERRBREEZRAR, FEURS BT
DX (11. 9% ) KBRS, ABST w311
PRIEAL 1 AME S B AR 1. 5% M10.4% ,
FAXIRYE 3 ¢ 1 ARSI B RS, X — 4R IE
375 Byrne %1% 5 1 Iy P 1B 44 S0 BE L P SR
i 3 BS LBl R Y 4B A — B
4.4 RESBERL

FH A BREIS TSGR, T A £
B, ELA3 R o™ B i S o 7R R 20 B LL BB o T
i REVCRHA R REALE, TRATEN
Lo ABMAEFFHE D BEERIC A2 BRILH
10% , 3% 7 BRRTE 3R W45 B9 RAPD 139047
BRI EB A A AME™ T HEE AR
. NEFKWBIFHREHEN TR TR AR
R ERE A FH LB ERFFI. 82,57
HOBBRT RN T EXHRE F, Bk h &
BT —ERERER,
4.5 RAPD #RiC 7 i B xF HF i £& & 351 B i b Y
AIRRE

H T RAPD BRI HESL, W I EAY &
B B8 5 1 1 BOE ininic i 5 B2, B W LURGE
FARBNF e % o2 25 N A6 % 81 59 DNA #rig #E47
QTL Ez ™ o R4 SUBTALHLL” , i A4F & i
IRGIESHY 1 ¢ 1 AR ie o0 e S O AT 28R 1 i B R
FIHEARR AL BRI TS, i 3 ¢ L AR NGRILE
B F, FEB1 : 1 SBESFHRCE S AR
HENRERAZ BRI 1 o ARTTSE P B S LR AT FY
F, BATA 45. 95% By AL AR A T 7088, H
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