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Abstract; RAPD markers were applied to analyze the genetic divergence of five populations of butterfly cabbage white
( Pieris rapae) in Shanxi, China. The populations were sampled from vegetable farms at five representative basin areas from
north to south of Shanxi, i.e. Youyu in Datong Basin, Daixian in Xinding Basin, Taiyuan in Taiyuan Basin, Zhangzi in
Shangdang Basin, and Xiaxian in Yuncheng Basin. Genomic DNA of seventy-five individuals were extracted from leg
muscle using Phenol-Chloroform method and then amplified using 12 pre-determined random primers ( 10 bp) which
generated a total of 143 clear and reproducible bands. In terms of the number of polymorohic loci, the rank is as follows:
Datong’ (76.3% ) > Taiyuan’ (74.7% ) > Changzhi’ (74.5% ) > Daixian’ (73.7% ) > Xiaxian’'(70.7% ). The
analysis of Shannon’s Index showed moderate polymorphism among the populations (H,, = 3.9507; H,, =2.9001). The
dendograms based on Nei’s genetic distance using UPGMA and Neighbor-Joining showed high genetic similarity among the
five populations. It is noted that Daixian population was closer with Xiaxian population in spite of large geographic distance.
Considering the populations were from geographically distant basins the cluster analysis did not show distinct correlation
trend between geographic and genetic distance, suggesting the likely gene flow among the populations. Moreover the
frequent use of pesticides in farms may have also imposed pressure of artificial selection on the populations to evolve to a

more uniform pattern in Shanxi Province.
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BELE |99 2 &4k DNA HR (RAPD) f William 25 85 —yk3R i, B 20 148 90 40K R LK, BUK
AT DNA Z 2R % ME AR , B2 FI T 1848 SHREME AT 0 Fh BE AL R BERTFE S8 43R " o SEMIE Pieris
rapae (L.) SJBBEHH Lepidoptera #yMEF} Pieridae, RithF b2 /M6 BT B iy, Hoah MR 3EH i, U+
FIERHEYIT R, TGS &I o E . g, N BIE RN T E RRH T oy
FhRh IR I8 (5 5 4 T 280 T MBS R S 48 7 EL AP RE A E DL R A E R S B A EE ISR XS
AT o PR TR E L R R RARE, B KR R R, RBME L 5, HALJE iR, o
BB AL, A KR WTE KBS B3 R BRI LA A, X SR R LTI EE R
B, SRk R BB E B> — YRR L PG48 R RS MR BB S 250 IO BT R AR 308 . A4
YR 1L PG T IR B S SE R EBEAT RAPD 845 ZREMEAMT , AR5 T A8 1L P9 45 7 )t R SRy M T £ 3t
BB R, 94 Ja BE— B IS SRR B A 25 X0 SO T A5 G54 R M LA B SR B I B b 3R S %

1 #REHE
1.1 kel
111 bk S5 Bkt i AR A5 R 8

5 ANHBIRAREE (K 1, B 1) 2 51R:

OILTE4 KR A T K SO SRR R (2004 4E 8 A 5N = 155 fRRRRIFRE, A5 4 DT, 52 I B A+
FERIR BB, K IR . RAEWAE R EX L5 M FH. BT EEAEL SRR
Eih 253 E4R),

QLTI 1R E LGS MR B, (2004 4E 7 A ;N = 155 R FRfCELAPRE, A DX, SCHIR B M Y
TEGESEH, T30, BRI . RAEMATH T BT PO Bk LS5, T8 7 1 30 ol Hh ik
B YAEF R, A K S T P 4 R P A AR 2 B /NS MR NS T 4 2K, — R — IR ) .

@LIPGA A JE T Ll TG A B B AL 7 R B ik 06 i SROMS W Ao (2004 4F 6 A 5 N = 155 RIFRA SR FHRE, 1055
TY, SLHEBWPORTT EAME D 10 ZERRPHRE I, P, BRI &, RIEWHE EX MK
ST E PR T B . BT A EE AR R R IAE R, 254 S K) .

@ILTEA K IE T K Tk F ISR BERR 3 (2004 4E 8 A 5N = 15 FFRKIGTIRE, (SN CZo ST T B A
PR i, 35308 K H T, Pk IE A M. RIEMAEX AT KE.HTHS%. BTALE¥HELE
R HBAR A E R, B2 3 B S5 K),

%1 T DNA {21 RAPD XM SEMMRIRA R H R E ST Ry IR 00 B 5 4 254 4 (2004 45)
Table 1 The researched samples and the five sites of location and field condition for collecting material of Pieris rapae(2004)

4 KA FhEATH HBBRA A SHBARY WE2G UKL ARGl
Species Sites Population codes Location Climate types Land types Spraying times  Dates
Sk KIF ik KH 4 REL
Pieris rapae Datong city bT 112.33E, 40. 18N Middle temperate zone Crops field About 4 times 2004-08
HRE iR Warm S 8 WEA
DX 112.97E, 39.07N 2004-07
Daixian city ’ temperate zone Vegetable field About 8 times
AR TY 112.53E, 37.g7N  Dedit i Warm ey AWER 404 06
Taiyuan city temperate zone Test field About 4 times
Kk B H Warm KH 4 WEH
Changzhi city ¢z 112.87E, 36. 13N temperate zone Crops field About 4 times 2004-08
HEX B Warm e 9 WEA
iaxian city XX 111.22E, 35. 12N temperate zone Vegetable field About 9 times 2004-08
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GILVeE HBAL GRSk AP £ (2004 4E 8 H 5 110° e 12 1 114 1IS°E
N =15; SRR E B FEE, AURD XX S 4 SR A8 B F i ~—" (i
S5, M348 , KRS o RAEMIAE T FIE K N | [Neimeng o
WA L T R RS, BT A
kB2 T 2 ANBG R SAR 2, 2 KPR ,5 ~ 7D A 1R /J )
7). 390 ~ o X £
1.1.2 3|¥
FI 52 4 10bp 9 KEHLE| IR SEH) BE 15 DNA 375 ( ( e
PCR ¥ 1 IS T A R ME . Hob 12 KB IF=AER se N\
AL T I 25 75 s T A , R T Mo e — 25 43 Ly o
B (#£2) .
1.2 W 37
1.2.1 B-E05EEHHE DNA .
FIRD-SA 7B L (I 41 DNA: U - 20C Uk AR ’cz
TRUTSER BEbRAS , BCEL OB AU ZE B P 9 5 min, |
35 RN 4 B B M B R R LR, B R, T / j i
10mg/ml % (4 k Y% (0. 5mg/ml in 1 X TES,1%SDS) 350 XX
H7E S6°C T AL 8 ~ 12h, IRA ) d B : 05 . S Ime L(/ s Shani rovince
(25:24:1) #hi#2, F)E, Jo/K ZBEUTRE DNA 5 F# 75% 4 80 km
ZREHTUEG B TR T 30 ml TE ¥k (pHS. 0) , T A
-20CHRAFEH o BT L PSR PR AR 5 9 o i H B,
1.2.2 RAPD-PCR -Iﬂ*‘j:%ﬁ ‘—ﬂﬁ(ﬂﬂ Fig. 1 The five sites of location for collecting samples of Pieris rapae

PCR 418 J2 Ji7 I J o7 1A 8 S AR B 25, Eo b 4 in Shanxi

DT : M 1L PG K [ #h ¥ Datong Population ; DX : 3 43 48 11 7 44 B
$5 2. 5ul 10 x buffer, 2 mmol/L MgCl, , dNTP 4% 0. 2 FBE Daixian Population; TY: 3¢ B} 4 1Ly 75 % J5 i B Taipuan

mmol/L,5[4) 0. 4 mmol/L, BHz & DNA 20 ~50 ng, 1U  pyuation; CZ Sy 111 76 K3 R B Changzhi Population; XX : S8
Taq DNA 2 & F#f ( Sino-American Biotechnology Compa- 1755 ELFi¥ Xiaxian Population

ny,China) , RAPD Jz i F PTC-200( 32 [E ,MJ Research,

INC) DNA Thermocycler 134T, 5% 92°C ,2 min FAE ; 4R )5 92°C #AEHE 1 min,35°C 1min,72°C 1 min, 3
T RS 44 W BJ5— 72°C 6 min, BEJG, RAFT 4°Co RBL=YIR 1. 2% S Ia bl BRI i vk 70 85, e
200bp ) DNA marker /£ 51, 37 FIIR 1k Z 1€ (EB) %4 {8, , TMW - 20 Transilluminator ( 38 [F , UVP) B¢ i iR R Gt
MBS,

1.2.3
Bt oA 5 %2 T RAPD S#ii03 WS R ERFT
P DNA BB B ISR /T 0. 99 BN SN Table 2 The random premiers and sequences
ZENME . ZRNMEELER P = AFZ2ENM S8/ 514 527 514 J¥ 5
i N N Primer S N Primer S 3t
WEIMRLA, Shannon (EEIBRERMFERNE o (orey womber (5.37)

HIECE FI 2, MBI R R G 1E % RAPD B F,  si2s GGG ATA TCG G || S1396 GGA ACC CAC A
S Marker HE§ B KW H AT B, HAI WP w129 CCA AGCTIC C || S1398  TGG TCC AGC C
SRR AR R R, St R R S GGA AGATTG G || S1399  TGA GGC GTG T

S134 TGC TGC AGG T || S1406  GTG GCT TGG A
FARATIS R AT 17 RZABHU0” B IC 5, TTA GCG CCC C || $1409 GGG CGA CTA C
BiE. Gt &5 PHAL , b POPGENE (version  s1300 TGG TCG GGT G || $1410 TTC CCT CCC A

1.31) #4355 Shannon {5 S5 %, P i Fhit
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W) ZREVESEE , FI T LA Chalmer F1 Gauer #2 M (19 L4 RAPD #7140 b E ik i 53R 447" . i I Phyltools
6.0 1155 Nei's BE IR , 7F Mega 2K {4943 5| F] UPGMA FI NJ 32:%F Bi B AMAR IS 4T REW o
2 ggﬁgg% 2 34 5 6 7 R 9 1011121314 I15M
2.1 Z:[HZ DNA Fy#2HEL
SRR S RN AT RS S R LA B3
SRR /D, PR R P -0 125 T AT AR ¥ R s A g 3
JLPY SR ERAS B4 T = M LRI 4 DNA, B Fl Fla 4k
PCR 4", ’
2.2 RAPD EiEfiL A SN e W G e U e W S W 1 S R 1 P
P 4648 T 40P R RAPD B8 2), 117 5 4~ B o e
HOSFPEE, 2275 AN 12 SREEDLS |81 3k 15 143
ML, BT LR E] 11.9 M, HAK BN
220bp % 2000bp A5, ¥ I GEIHEE R (3R 3) KU H
127 MRS, & 88.8% , Hh KFEIFBENZ B2 514 S1409 55y
zziﬁﬁiﬁg ,79‘ 76.3% , KR K0 AL FHA 1~15 :{eyafz;g;mg R::) 1pff1ﬂse: O;Z?Z:a?zm Changzhi city;
BALRE S H AR 74.7% ,74.5% ,73.7% , ZE i coutar marker (200 bp DNA ladder)
BN Z BN SRR, R 70.7% o 5 ANFPEEAE R
T B AB/ MY A DT > TY > CZ > DX > XX,

®3 TEME 12 15198 RAPD (L mBMESAAmb &
Table 3 Proportion of polymorphic loci to total RAPD loci in each population detected with 12 primers

2000bp

. 1000bp

200bp

i TR AL (AT EZ VAT 4 EZYIASi
Population Population codes Sample size Total loci Polymorphic loci Proportion of polymorphic loci (P)
Changzhi City CZ 15 94 70 0.745

Xiaxian City XX 15 92 65 0.707

Taiyuan City TY 15 91 68 0.747

Daixian City DX 15 95 70 0.737

Datong City DT 15 93 71 0.763

J 7t Total - 75 143 127 0.888

2.3 BEZFMESHT

Hi Shannon's {5 B F88(5R 4) B ,5 MR8 15 ZHEAELE 2. 6571 & 3.2965 Z[A] 224k, Horp K [F]
2.9078 fRE 2. 8987 [ KJE 2. 7403 K35 3.2965, H . 2.6571, 5 AFpEEF- 35t 1% 2 HEE B = BUR AT R -
CZ >DT > DX > TY > XX, KA i im , L E R, H Shannon's {5 515 Bl 5 M FP ¥ (] 3845 4 AL BE (R
5) BoR, Bk E 2 (Hsp) iy 3.9507 , RV 15385 2444 (Hpop) 2 2. 9001 , Fiif ]38t % 244 (Hsp-
Hpop) (5 S8 1% Z FE 1 (Hsp) 19 26.3% . FRE AV 338t 15 Z 461 (Hpop) 5 B K815 ZHE 1 (Hsp) 1
73.7% .
2.4 Nei's mfEIEE

Nei's #ZFRES BRI (R ) Ban, SR 5 DRI R BB 22 45/, 76 0. 0484 % 0. 0916 Z [,
BT 0.1, HApREAKIGIM R AR ER &R AR (0.0916) AR FIE B AR IR ZFERT /1N (0. 0484) ,
TP I8 (5 PR BT 5 b M 2 R 5 22 1) T ] B A S 3
2.5 REoth

Fi MEGA FI NJ PR SR AT X5 Sk 8 5 MR A MAR R 8 R BEA B, HEAE NJ(E 3)
RAEF A XX MR — N MERE DX #MEEN . R ER, BN AR LRE &, FEEZE
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FEFE R ELE ) DX A XX PR E SSPOR XA S TY FREA DT FEEAER, &5 5 CZ R AR
RUILTEAE 5 >SN SRF T 18 14 B 2S5 3R R B 2 18] A S SR B B

F4 HBIBESH Shannon's 5 2158 %5 i Shannon's {5 BISBHERIFBE ELE L L
Table 4 Shannon's index detected with 12 primers for 5 populations Table 5 Partitioning of the genetic diversity between and within

Pg;[ :ﬁr cZ XX Y DX DT p(;plu*l%ations with 12 primers estimated by Shannon’s (d:;:_‘s;; :)ldex
. Hpop Hsp Hpop/Hsp
S128  3.6392  3.1830  2.371  1.3502  3.4320 Primer /Hsp
S129  3.8803  2.2876  2.2511 2.1239  2.8544 S128 27951 44213 0.632 0.3678
S130  3.5817  2.0546  1.3374 2.2926  2.9384 5129 2.6813  4.3%6  0.60% 0.3901
S134 2.3271  2.5527  1.5164 2.0075  2.5522 S130 24409 3.6403 0.6705 0.3295
S1383 2.8983  1.7625 2.1912  2.3225  2.2754 S134 2.1912 24810 0. 8832 0. 1168
S1390  6.6160  4.0801 7.3395  5.0947  5.9294 :zzz z Z?(l)g 3 ;ZTZ g: ;22: g: Z:i
SI1396  3.9556  3.9552  3.0637  4.3732  3.9409 $1396 3 8577 4 9871 0.7735 0. 2265
S1398  3.1259  3.2885  1.3556  1.7257  2.6548 S1398 5 4301 3 1285 0. 7768 0.2
S1309  1.1643  1.6244  1.9400 2.6443  1.1585 $1399 17063 5 1981 0.7763 0.2237
S1406  2.1338  2.3881  3.8742  4.4341  2.3909 51406 3.0442 4.0581 0,750 0. 2498
S1409  3.8573  3.6393  4.4217 5.1457  3.8703 $1409 4.1869 5.4304 0.7707 0.2293
S1410  2.3697  1.0691 1.2217  1.2695  0.8968 S1410 1.3654 1.9269 0.7086 0.2914
35 Mean  3.2965 2.6571 2.7403 2.8987 2.9078 S35 Mean  2.9001 3.9507 0.7370 0.2630

3 itig

RAPD $i R7EF L R EMEMBIF P LB A B SR M BT I PR iRE . A
TR AT T IS A ) PCR BEARR , i R — L5 19, A AT EE M, I s w i L 500, B E %
NBAETE ARG A2 , BT 3K75 /) RAPD ElIEHEMI AT §8. 450 (R 3) BIn, 12 &5 9350158 143 ML,
Ho 127 ML R EBNLAE, 5 88.8% o BRMZANLA LRI IR £ B WL 25, X EHE
NERE IO, XAFE ) IZ A YR R AE R R 5 Db I 2B ALA LR (P) 1E 70. 7% (XX) £ 76. 3%
(DT) Z ], 2 F A RARK (A SRR (36 1) J& K AR b K RIFEE R IGFBE AR R BEAR X 48, T
SEb A AR AP EE R BB AR, 5 AR, K SE IS A B K R A EE (DT) e, & T B R EE
1.6 ~5.6 ANH 7, SRS b 2 A (1 B EL AP (OXX) AR, R T HEMHEE 3 ~5.6 ME R WRIELHAHR
ST, KA R T3MIASEA , 72 Rl — 5S4 9 = 4 BRI LU F EE R B I 2 B AL EE R (P) &
AR YR S Ty ) BE 45 SR R X S PR R 2 A R 2= S 2R B BBk, B0 - R R AP 2 8L LR S R 5 K H ER
B R RS, AR FE L DAL, 8 iR S, e AL TE L AR, JR R IR SR A — B R
Ro KFEZHHSBEAITER &M 518 1L AR E A B B AR R, EE RN X — XA R P, K
[FIFPEEAE B 2 L AR IR Z B B RS

Hi Shannon's {5 B84 ( 3K 4) B : K HFEH WKIGFHE (CZ) FKFIFEE (DT) K381 2R dAE R
B, TSP 2 1) B B AR (XX) AR B A0 (DX) MR K. Shannon's {5 B85 ZBALA HF(P)
HIBHE 3 B R A —3

A SLI AT T RAPD ARic R F UPGMA 1 NJ A4 @ i 2R B 45 5% (B 3 LB R NI &)
B, PR R 5 DFPEET , BT MAE B RE—#E ; 22 T Shannon’s 5 B 48 BUG B AR ¥ [] 33
B (3R 5) Wan , SRy SRR RE N B33 % 28 5 (0. 7370 ) BRI A] 8578 57 (0. 2630) 157 5 Nei's B EFE B 48R
e E] AR AR BE BB/ (3 < 0. 1) o XJLTRBIE LS R4 G R, ILVESRA R 5 MR Z A1 — 8 1938t % 40
b, (BRREE [R]85 26 RARE , M BEZ AR R B — 7K I 2R R 32 0, X WAF & SR 2T 12 40 1 WA i st A5
o WIVTERHIE E A, = LB, T 8RB 58 2 PELITSRA SR AP e (8] A B R AT o SR SE 2 anith , 7E LIPS 2 4F 1)
ez gL b B I, MR L E K 25 R B3R 2000 £k /& Ik B, 398 SE ke i i > )
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EFPAN AT B BT T AERHE Y B Sk SRR A %
Ay RSB T RORHRIIE , 1L P 7 1L RIS S B BB SE 4
LW SRt S A B S

RIS R (B 3) B, 74 S A 2 8]
AR OR 2R o B B 0 e fEL [R] S S s SR S Al i AR R
FRE(DX) SR EFRE(XX) B oMK A B R
Ui, AREAREE (DX) 5 KRR (TY) FUK R A (DT)
PERSBOR , (Hi TR IR R M ZR, ERERR L
SIS R B e T AU Bl R (DX) A BB Fl R
(XX) JE B KR Z 5h, 4 DRI JG 5 RIG A
(CZ)MIR . K5 Nei's L H B BIR 4R
PR, 3t T B g o L R) K P B 2 AR B A
(DX) AR EFEE(XX) ZE8 2 R R BBl , T s
B AR Rl —A 35 A 4GB AR ( DX) AR IR A
F(CZ)TEMERR LBOT . ZRFREY, LIRS
RIS SAR BB AL G T HIXT EZ AR o

AT LAE R R, S MR AR AR AR P4 K &%
Prls AR B BIRE B , IR A4 i 3 R O 7E T H
ERKPRERR SRR iR EE T A A 1K
2o T LARESE , BR B A K AR AR R4, B BKF = 3R
BEARFSL P ERR A IS PR R SR P R B E R
Filo PRULHEN, S 3R 5E 41 M 22350 s EL R (P) A
Shannon's 18 & 2 FEPE 15 B IS BURIR, ARG 5T 4
PIEEE RS 9 DX A1 XX PR o R SF T RE 5K 2y
MFEERAEERR . THEBAKRSR™ENE
ELAPRE(XX) , H Shannon's {5 B 15 B AR, ZEMLALL
R(P)RTHEMBES ~5.6 MED R, XA REREH T
R R B LR & FECRYIRGTZY TR = A2, [F]
WATEE ST R R R A SR, X—R5
HPRSEXT B BUMRRY BV (AR AL SARIERT IS 15 I 4S
RAEMW AT M55 18 1R B BUGER B AN RE
BEoE RGBS R A T B S AR, Tt I i ol g
WEAR T B R A B (R AR 152 2 e, iR 1o
ARG B R AR L G5 A AT REA BRI, 1LY
HIATER S AR B Z AR R — KPR A 5T
T, AR 2GR 18 A 454 O S i ] BB B8, (ELSE B 2
Pt s i, 5 A s AR R, 25K BUR IR
TR [ PR BEAL Z5 RR PR 5 T o 4 F 2 7KP B L
B 3 FRR RS S SRR, X RS OIS R —
MR IR

L8 ERTIR - IUVEAE 5 SRS AR Z [ R Fr

B3 NI At 5 FBEITA SRR R e R (B
RER*EL)

Fig.3 Dendrogram of Pieris rapae based on Nei’s distance of RAPD
marker clustered using neighbor-joining ( See table 1 for explanation of

population code)
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S [ BE YR PR S , PR AL EL A R v I A% e, AR TR A BE RS /N, (KB T S R ) 2 A Wb 4
BAEGHRER . BT AR RIS LR & R VR, & R Z 18] A S R AR BE (8t 1% oAk, S b R 6 2
B FLHE S AR X L PG SRR st S A PR IR AS SRR VAR AL AR 57 = A T B EL AN RO, JHL rp AR 24 it PR X 3
FHRERAE S RN AT BB R IRA I . AR BERUM B0 B Y Bl EA R BR Y, (B 45 R e — e
EERBRT I PSSR Rl A R R TR A B B R B AL 5 ERIPERT, R R e 4 S BT T
YER IR LATESE AN . SR TARZG M S0 S SRR IR A 454 7= A AR L R T IR AT
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