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TE VP 2 5 ) 0 R A L 3 ) R e S 5 R R 12 3 W5 5 80T Ky 1 2 0 1) 3842 43 A A B A bt R B 9 %2 4
WAL SE M, TR S SR R Bl 15 A3 a5 SR 48 W R %38 H K B} ( Lepidoptera: Sphingidae) F HL (4747 M B K ik
Callambulyx rubricosa 88 35 FIH4 H KUk Parum colligata 57 3k ) ,SEFELARREER COL, Cytb FZIEH EF-1a 1E R 4FARic I st
1B ZREMERESE . JET COL-Cyeb 43T IS5 KR, PIPIRI A AZ A TR ZREMER AR (43512 0.00434 Fi10.00818) , HITES 474 |
7l e A o 5 TR =2 )7 ) Sl A R TR 4 S = AN AR ) 2 A6 0 H R /K T B 3 PRAE (Y, 99310 5410.09—1.22 il
0.18—0.57) Fl i KT HI3 AL 534 (F o 43 5110 0.29—0.84 F1 0.47—0.73) o W4 Fh 55t 25 133t AL A0 AL T 28 A0 A0 1 1 15 5 Bt B
PR 2 1), ELIGFE 55 A A B3 MR /T R0 B REA . Mantel K045 50 6 W 38 A4 B0 20 5 b BRI B 2 WIAE7E B IEAR G K &R,
H A B Ah SRR RN R 2 b B IR RED k. 48 b WSS AN GRS I H KK (C. rubricosa) FIKG A KK (P. colligata)
(18 T 82 A 155 0830 A Bt T AR ) 10 56 PR S A0, 3o A2 43 (R 3 2 v, 00 ot 2 o 88 T 8 L 7 A il A A Ak i B SRR 22—
XS5 AR 5 B Y 2 R AR R R SR L

SERR] I 5 s Sl P R b ) R s ORISR I 3t % 2 R 5 3845 41k

Genetic differentiation of Callambulyx rubricosa and Parum colligata in Hainan

Island and the surrounding mainland

FENG Dandan, ZHANG Xue, YANG Caiqing, LI Jing, ZHANG Aibing *
College of Life Sciences, Capital Normal University, Beijing 100048, China

Abstract: As a continental island, Hainan Island is geographically isolated from the surrounding mainland. Exploring the
genetic differentiation of insects among this island and the surrounding mainland will help us to further understand the
effects of geographical isolation on genetic diversity. In this study, samples of two moth species ( Lepidoptera: Sphingidae)
were collected from 15 locations in the Hainan Island and the surrounding mainland, including 88 samples of Callambulyx
rubricosa and 57 of Parum colligata. Two mitochondrial genes COI, Cytb and one nuclear gene EF-la were selected as
molecular makers to proceed following genetic diversity and differentiation analyses. The results based on the COI-Cytb
analyses showed that the nucleotide diversity of the C. rubricosa and P. colligata was 0.00434 and 0.00818, respectively.
There were obvious phylogeographic structures among the populations in Guangdong-Guangxi, Vietnam, and Hainan Island.
Both species showed weak gene flow (N, were 0.09—1.22 and 0. 18—0. 57, respectively ) and distinct genetic

differentiation ( Fy, were 0.29—0.84 and 0.47—0.73, respectively) between these three populations. The highest genetic
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differentiation was detected between Hainan Island and the mainland populations. Meanwhile, the number of haplotypes in
Hainan Island population was less than that of the surrounding mainland populations. Moreover, Mantel tests indicated that
there were significantly positive correlations between genetic distance and geographic distance, and neutrality tests suggested
that neither species has undergone significantly population expansion. In conclusion, our results implied that there were
flaccid gene flows and distinct genetic differentiation of C. rubricosa and P. colligata between Hainan Island population and
the surrounding mainland populations. The geographic isolation could be one of the important reasons for these noticeable

differentiation, which might provide valuable advice for the biodiversity conservation in Hainan Island.

Key Words: Hainan Island; Callambulyx rubricosa; Parum colligata; mitochondrial genes; genetic diversity; genetic

differentiation

VPl 5 b AT Kt e e i, S TETAR 3.4 T km?, By NHIIE 2 2 0E | LUEARAEIE 1800 m 1Y F 4 111 1%
R AL, A PR X R, DALt  Fe b 5 M P IR ) SR R TR b ) 2, O SR AR R B
Rl R R ELA RN ) R T R A, A B K B 40 A A 1 (1000—2400 mm Z [A]) o T H AR
PR P RS SRR 2 R A B T & EOR R T R E A SRR IR S 2Bk A Y 2R A
S IX 22— A VR 1 IR I AR EG AR K LR A AR R AR, R AR B AR AR E ST
IR )RR R PR 38 1% 22 A v B R b T e o1 o 25 00 4 I A7 R A L | [ st S F 5 )
P R R IEAL 2 L) B R A Y B T

ORIt e 5 0 308 AU P i e DAY b — 26 AR W) SRR A I 85 AR o 22 TR0 2 ) B Ay A 3 ) i PRI 0, DA
i B AR = A A Ak 51 SR, A — SRS & B, R T S U ) A AR KR K 5 R, A I 05 R A P
FPAE 2 ) 5 5 5 o 22 ) 5 AN B WL 381 66 PR i 2l i (S A A IR ) 35 PR A7 A, 30K (el 5 g e Ao DR Bt e A =22 (1]
FEAE B A AL A AR T Wang T X A [ K A i K B G 810 BB BE A K i ( Pelophylax
nigromaculatus ) W R BAEHEAT o347 | 2% 0 by b B BB 09 A7 78, 72 By 05 22 18] | LA K 8 05 55 R il 22 18] 2R A6 )
BB, B Z 18] 2 90 2 0 st A% oAk, 2R LAY 45 SR AE LA 5 05 3 W b TR i A B, 481 B S B
( Channa gachua) '™ SBIEAREK (Lycosa coelestris) ') Flkg /NS ( Bactrocera dorsalis) ' %5 {BXFF KATH B
Ae s p B anfgid H KA} ( Lepidoptera: Sphingidae) B2 HL, 76 505 2 [6] | DA 5505 5 4530w K s 22 [R] & 7
WAFTE R T M BREG  TT S B R R 38t 4% 204k, E R A BIFFE A

gy A H K 3K ( Callambulyx rubricosa ) 14 H K 3 ( Parum colligata ) 7 %3 H K 1k £l ( Lepidoptera ;
Sphingidae ) & HU, EAT13F FAEH 34T 12, B Ry KIeA FEh I ERJEE R e S b3 A At . R
FH A H i, MR R A R 25 R T2 9 B (AR i i, PR B el LR RAT I RE Y
BT IR AE Ak SR G F A A PR AR A AR R R TR R PPN 2R ) 2 R I BGECR Y
b, R R BURH HE T AL S H SRR, 338 R GUARXS BT, R0 LR R BRI 35 14 27 3% ZR b 3 2
ST AR RN B AT S BB E E R E R G R B R RWE B A FREERIR ™ 38
IR S5 2 DA B 2R A5 D T T R S S A BT A X

ARG AE T FE 8 B8 100 R i s DX R B 2 1) B R (€. rubricosa) FIAS H KIE (P. colligata) B HFEA | %
2 ANLRARIE (COL AN Cyib) 11 ADZIEIN (EF- 1) YR I>THRIC , X AN [ SRR T SR 15t 4% 2 FE |35t
1% o34k LRGN DRI A5 20 BT R HTE R IR PR B A5 D0 T, 55 H R MR B HOst % 2R 32 15 105 1 2
I3 AT RSN, TR B 5 AR W AR R PR P SR it — e R S B AR

1 RS

1.1 FEACREE
gkt P H R (C. rubricosa) FIRS H KIK (P. colligata) FEASRAE T 2015—2018 4E[0] , 7EEF4E 10 4—7 A 15
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BEPRR R B RS A T T 19 00 BJR 3: 00 ATIFE AR, CRRSCER B I REAR AT 0] S0 9 2 B
F-20CUKA PR . B 15 REEGFEEITRER 1,

F1 I5IMIRERIHER

Table 1 The detailed information of 15 sampling sites

X35 RAE A %% (E) LEEE(N)
Region Sampling sites Longitude Latitude
jE3e Ky SRARTH B FIREL Q040 [ GEARAR A b 108.80° 18.70°
[I3E K=Y BRI AR B8 TS E R % QR X 109.09° 19.07°
33Ky FAE LT LS L R KR B RO X 109.67° 18.90°
[E3E K Bk B F AR 2 L E R A SRR X 109.90° 18.67°
E3e K =T UD-EL RS B AT 109.55° 19.10°
IHRAE P QUEVANIER/S TSl 114.26° 24.72°
IHRAE TR TABE B AR R LU 9 A AR DR X 111.39° 23.20°
TP AR X B s Tl b BT R L AR X 107.91° 21.91°
TR AR X P T R RV KRR 108.28° 22.72°
TR AR X SHZETH I I E R AR AP X 106.96° 22.47°
JUVEHE AR X T LR % A TR E LT W E R F RGP X 108.63° 25.31°
oLk 2 E R Y H R X 107.76° 25.32°
Thanh Hoa 4 ¥ Xuan Lien FEZ /A 105.30° 19.88°
Nghe An 4 #URE Pu Mat EZ AR 104.86° 19.06°
Ninh Binh & #RS Cuc Phuong [E %A 105.61° 20.32°

1.2 P

FET IS 2R AE X WA 31 5 B HUREAR 8 17 W b %58 I, e AR A T H K3 (€. rubricosa ) FiK A K I
(P. colligata) WIRRFRLHZY ARIRSAE T 7840 WP S | 1 F R AR ( Tiangen ) ZH40 DNA $EHGL & X AE A 17 4
FEIRZH DNA FOBRE, R SR O EE TG DNA (e RE 5 i, I 1% B R B R JC FRL TR ORAG I DN A
f5EHNE . RIBUR TN 2 5 X PN LR L COL ., Cyih , Fl—MZHER EF-1a #54T PCR 9715, 7145 19551
I3 iZ % Folmer %1% [ 471% 31 (Aa-F: 5'-GATCMYTAATTGATTTACC- 3'; Aa-R: 5'-GGTGTTACTAATGG
ATTAGCTGG-3") L)}z Rubinoff 25/, " #4 /K R £ #% 25 wL PCR MK Z& . AU 31 ¥4 1 pL,2xTaq mix
12.5 pL,DNA 1 pL,ddH,0 9.5 wL, P HEREF ATAENE 94°C 5 min, 281 94°C 30 s, = Fhric iR KR
43928 52°C [55°C FI160°C , I-i% B 30 s, FE{H 72°C 30 s, 3L 36 MEH , feJm FREEMH 72°C , 10 min, W ZEHA,
B 5 wL PCR P=HidE it 1% BB B I v ik A6, LA D2000 Marker £F 4 DNA Z» T brifE, WL R & &
R B — 257 BN Z K PCR P=iik 2963 AR N ml b AT e
1.3 J¥HabH

AR R, X P B A T T T, X T R AN A B REAR TP 371, B 1A 10 e 0 2R A
#47 PCR ¥4 J5 AR . #IJH DNASTAR (http://www.dnastar.com/ ) SF4LH ) SeqMan F2J5 4 77 51 Hif
JE 29 30 AMBEFE BT U1 R R — AR AR 14 1E 1) P SR AT DEEE , BHE MR R IR 100% J5 15 8 528751, (1
MAFFT® 8 #6472 & 59 L X, 5 A MAGE 6/ thff — 25 A TR xt, #% COI A [ %f 5| BOLD v4
(Barcode of Life Data System, v4) #&% , #E— 5 IF B TR RS E . FRifiAe , FHE COL A Cytb AN
) P8 RS T, T a8 & T .
1.4 L 2R b

ffiF DnaSP 5.0 K LA R SE R COL-Cyth FZIER EF- 1o BYiAE ZREE  TTA SR P B Rk Ay A
RIFAEARFEL R T 28 PEN 2550 ( No. of polymorphic sites) A% R 2 £ 14 ( Nucleotide Diversity ) | HA% AU
(No. of haplotypes) DI B 7R L2 R R ( Haplotype Diversity ) Z¥atn, FIH PopArt v1.7 3 A (http://popart.
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otago.ac.nz ) F&) L HAAE Y ) 4% ] | FE7E MAGE 6120 v 5L T B R B A 8 AT 4 ( Neighbor-Joining ) i & 4t &
‘AW,
1.5 G AL AL A i

H T AT IBAE I, WA RS RN H 2 5 16 Arlequin 3.5.1. 25 B ) 148 B4 0 A] ) K2P 38
2 A b 3 DX R R ) 38 A A G 20105 22201 ( AMOV A ) i 4 U i % 2 S ) 32 Bl U, I o -5 At
AL MR EL(F ) AR (N, ) R AWM AR RS . S i — 25 HE W2 75 B 8 B s I A5 B AR 2 B = A T
ok, I R HEY vegan £ HAT Mantel A58 LS8 A£ 1 S ( Fo/1-F ) FHELE 2 (km) Z B[R R
1.6 R

g T YW BRI A 7 SR AR B AS SR Arlequin 3.5. 1.2 BT R R K00 AT T R MRS, 11 Tajima’
s D Fl Fu's Fs 250, HB(EIEE R 1000,

2 ER59H

2.1 L REE

ARHFFEAE 15 D RAF ST HERE R IAEAS 145 3k B TE 524 DNA FIBE TR 45 A8 76 9 A4
RCRAER ST H R (C. rubricosa) 88 3k, 7E 14 R SR MY H R I (P. colligata) 57 Sk, XX SEFEAAY
COL . Cytb Ml EF-1a ZEFHEAT T PCR AT, FKE COL FN Cyrb FEH ERHRG I IR A TER G 00, e A
PR 3 H B SOR AR H Z SE SFOR HEA T b S, ARG L ZREE T . e Fes P H IR
3 i 88 2% COI-Cytb FEHIFI 81 2% EF- 1o BN, TEA H Rirh 4 15 1 52 2% COI-Cyeb B 42 2% EF-1a
R (FK2),

ISR Z L B AT IR 2 FEE A RIECRL A5 B 2 M 45 2 T8 b ok 2 BT I D K ik 1Y) 152 4% 2
FEPE, S5 R BE PR B 42 v 22 25 P 6 A BSORT B R 88 /N 1 ST b A i PR B HE B A BT A 45 5 e
¥ A KIK (P colligata) 1 , T LA PRI IREHE 48 (9 25 31 hom 640 5 54 AR A50R 37 AN B RS | i
SRS R AUA 6 2PN SR 8 A AT AE Al Zbr R i R RICHE £ 43 i 45 SR b, 4 T R ik
(P. colligata) WIRH TR ZAEPE RN AAT R ZREPE (505174 0.00818+0.00034 F1 0.985+0.007 ) 1= T4kt 4] H Kk
(C. rubricosa) , 1AL (EF-1a) W25 R 5 LR IRIE N 45 RARTR , 2875 A H KK (C. rubricosa) I IR Z
BEPE(0.00147+0.00021 ) FlEAAE R Z 41 (0.680+0.042 ) 155 T4 H KUK ( P. colligata) , BEVRRF , B KK HR
FLA AR AT TR 2 RN i ) BRAS R 2 AR (2 2)

®2 FHEABEXE(C. rubricosa) F1%) B R (P. colligata) HiEfE SN

Table 2 Genetic diversity of C. rubricosa and P. colligata

EZY eI

EVEITES ﬁﬂ-‘%ﬂtg Fra B No. of polymorphic &ﬁ@i%#@ iﬁ%ﬂi& %f%ﬂ%#ﬁ
Datasets Sampling size Sequence length/bp sites Nucleotide diversity ~ No. of haplotypes Haplotype diversity
LRAfF A H R (C. rubricosa)
COI-Cytb 88 1381 34 0.00434+0.00014 39 0.944+0.015
EF-1a 81 757 14 0.00147+0.00021 16 0.680+0.042
¥ A KK (P. colligata)

COI-Cytb 52 1381 54 0.00818+0.00034 37 0.985+0.007
EF-1a 42 757 6 0.00093+0.00017 8 0.551+0.078

FE T LT A TR PRI R ) B AR X 2 PR RN R 0 A BT B 245 SR 3R B &6ty A B Rk ( C. rubricosa ) RIS H K Ik
(P. colligata) A ZALR) 1S 2R M BRAEH , W] A3y e EAA (£0 60 ) (T REAAR (2R 74, B () i e )
BEUR (2268 o SR, 70 A% DRBSCHE A A 245 SR v ARG D 38 1) 48 15 R R 25 (181 1, 181 2) o B TR R BRI
BAREA ISR B RIK (C. rubricosa ) FAT Y I 25 I v, BRI ) 0 e 5 TR AR %) PR A% R0 K00 0l Sk
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4908 JAE = 44 %

15 4> 16 A1 9 A H P 1 AN BAEEL (H_9) Sy 8w AP ) A 0 e 2 B | HL A 34 Sy 25 B A i =2 i 2
¥y H R (P. colligata) B =N B S A 13 4 12 R 12 AR H 34 o0 i s s A e T A S R R
R A A R R W] i T H R (C. rubricosa ) BERE )RR R 5 =AM HEIR 35005 A 9 4> .6 A H 5 A
RN I B S R ELAT fi /D (R B RS s A R (P, colligata) B = A BEA 0& 45 5 4.3 AR 4 A B fs
ROk A =AY 27 DA AR H_L, 9 AN MASE AT AL H 9(18 1) .

COI-Cyth EF-la

i~
3
g
O
€
K
m
=
£ ‘
m O
AR
H 1
) ) ﬁf‘ﬁ
H 19
. 2161720—**—.— o W
H9 H 37 ® WY
H_ 13 H H 3 @104‘&2(&
1A REAR
H_12e—+— H 14

3 H 17 H8 H 7 H6 H3 H2
S
£ HJIS H_10
S ——w—tp _ H4HS5 H 4 HS H7
SH
=4
R H 1 H_8
ing
g 10 A

IAMREA

B 1 EFAREEERREEHAB R (C. rubricosa) T4 A X8 (P. colligata) B B 51 45 B
Fig.1 Construction of haplotype networks for C. rubricosa and P. colligata based on different datasets

P AERT R B N R AGR A AR EL, B AR G AR A R BT, H_1—H_39 ARG R 26 1Y | 45 0k IR A AR 582 i i

2.2 AL LA

DT 2250 (AMOVA) 25 3R BS54 H Kk ( C. rubricosa ) ¥ H KMk ( P. colligata ) H 545 A8 5 K R
HAR—F, RIRLRARILRLE (COL-Cyib) B HTas 3R, 27 A H KIK (C. rubricosa) FI¥) H KK (P. colligata)
() sEt A% A S 28 F2 ok [ AP ARE D, 4300 o5 AR S Y 71.73% M 61.33% , FPHEIA] B0 H 3R BN A 35 A5 404k, F o, o0 5]
0.717 F10.613, SRMIZEEREE (EF- 1o) 45515 BORAARE PR A 1 25 R — 20, A% AR R 45 R R W
Wb ) 3 A5 728 S R A T RIRE , ELRRRE P #9728 520 30l |7 B A8 R 19 95.98% F1 91.13% , 2% TR [1] 1) 352 4% 73
TERRFEEAR, F i, 439028 0.040 1 0.087 (% 3)

ARWFFEIE— 25007 T 27 b H KWK (C. rubricosa ) FIRY F Kk ( P. colligata) B35 A% 43 AL 2 BE A1 35 R i 7K
-, 45 R SR B IX TS Bl AL o A B — o, ORI KR 4R COL-Cyrb A &5 2R 7 el ) H K
(C. rubricosa) &R Z AIEAEAR BB AL /ML (F = 0.29—0.84) , H LA i K EHAK (N, =0.09—1.22) ,
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sk B KWK, C. rubricosa
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2 WRIFAGRMIEERMSEEMESRTABXB(C. rubricosa) 0¥ B XK (P. colligata) NRFEE B
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Fig.2 Construction of the phylogenetic trees for C. rubricosa and P. colligata using neighbor-joining algorithm based on haplotype

sequences

ARG £ SRS oA SN 3mSR L Y el IS R v =B e K

FH R (P. colligata) WA [RIFEMA 2 I, o 46 00 381 458 g 10 382 4% 20 AL (Fgp = 0.47—0.73) DL il = JE A 52 37
(N, =0.18—0.57) WAL, BLAN , ABFGEIAE e BREk T A1 H ORIk ( C. rubricosa ) TE WA T FEVR NI R & B 22 [B] (1)
AL SRR BE fe s (0.84) |, T AE H KK (P, colligata ) TE B R ¥ K F1E R 5 T 14 22 1] 19 382 1% 43 A0 78 32 A v
(0.73) , FLARMAR )82 7 AL A IR BB T35 22 53 (P<0.001 ) {FUAZ R DR R AR A 19 245 SR 5 o (R i DR 5
LR 2t P H R (C. rubricosa) FIAE ] KUK (P. colligata) £ H B = AR FFER] Fo (H2/NT
0.15, ULBHFh ) B2 A Bl oAk, HL&%atr T H Kk (C. rubricosa) BOPAT HRE I RE 55 = ASFREERIAS N, YR T

4, UL RAR I (R 4) .
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#x3 FHEHBXRW(C. rubricosa) FIH] A R (P. colligata) KI5 FHE S
Table 3 AMOVA analysis of C. rubricosa and P. colligata
- I THR ERAR EEGE T ON
Species Datasets S““,r“‘? of & Sum of Variance Pe“fe“,‘age of differentiation
variation squares components  variation/ % index Fy
EGHEIEPN COI-Cyth i ial| 2 165.068 2.847 71.73 0.717**
(C. rubricosa) PR 85 95.410 1.122 28.27
EEEN 87 260.477 3.970
EF-la iR ) 2 2.265 0.023 4.02 0.040*
FHE 78 42.142 0.540 95.98
JERUN 80 44.407 0.563
¥ H R (P. colligata) COI-Cyth e a] 2 152.948 4.376 61.33 0.613**
FhEEN 49 135.187 2.759 38.67
JSEEN 51 288.135 7.135
EF-la FRHEA] 2 1.544 0.032 8.87 0.087
FhEAN 39 12.837 0.329 91.13
PEREN 41 14.381 0.361
wowow xSRI PAETE 0.001.0.01 F10.05 MKF T B3
F4 BHEHAERE(C. rubricosa) WA AR (P. colligata) KIBES U RB (AL T) SERFR(HALLL)
Table 4 Genetic differentiations ( below diagonal) and gene flows (above diagonal) of C. rubricosa and P. colligata
g7 A B KIK (C. rubricosa) ¥y A Kk (P. colligata)
COL-Cyth wr ] TG COL-Cyth [ filas] T 5
W 1.22 0.09 Wi 0.57 0.45
fioaE] 0.29*** 0.17 R 0.47 *** 0.18
5/ & 0.84 " 0.74** R 0.53*** 0.73***
EF-1a wir- 1) 7 5 EF-la Wi o] T &
[ 8.03 14.45 Wi o 3.32
fioias] 0.06 17.36 fite] -0.03 3.32
R 0.03 0.03 i3 0 -0.03 -0.03

T LR PRI B I 25 SRR PSR E & R Z () S AP e iR 2 L0 3 n 35t A% 34k, TR AR5
PLRAE SO B Gl Mantel #3050 — 20 4307 1388 o0 AL R BEIE 2S Z [ A G 3R o S5 R o, W) R 7E 5t
43 I PRI B8 2 [B] Y477 B 35 IE A OGO &R Hoh i P H R IK (€. rubricosa ) WPist A% 1 25 0 b BRI 25 2 [A)
HIRHOC R EL r=0.663, P<0.05 , 14 7 K (P. colligara)) it A4 I 1 1 3t BRI 26 22 [R] A AH DG R 4R r=0.366, P<
0.05, %45 U] FRIE 2938 WA A Z (8] 7 A it o A IR R 2 — (181 3)

2.3 PR

SRR LA COL-Cytb FIZIEN EF- 1a BiFP 43T hric XF &7 14 H Kk (C. rubricosa) FIFS H K ik
(P. colligata) #EATH R I A3ATT , G5 SR W3R 5 Frow , G4y P H KMk ( C. rubricosa ) TR H R (P. colligata) 1)
Tajima’s D Fl Fu's Fs $0 GE , UiH & A i — @ R B R EED 5k (002 R 4% A H KRR (C. rubricosa ) 78 H
WA R A B 45 SR rhak 31 i 7KK (P<0.05) (R 5) .
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S H R C. rubricosa ° K H Rk P. colligata
r=0.663 r=10.366
151 p=0.006 : P=0015
2 10
D
o 10}
7
R
=
£ 5+ 5k
4
)
0 -
ofbewd o T o %
200 400 600 800 0 300 600 900 1200

Hi B B Geographic distance/km

B3 EF&udEREGNhEERSREERS EKHEXE

Fig.3 Correlations between geographic distance and genetic distance based on mitochondrial genes
3 g

3.1 ZokiAHE PR RS B A DR RS A AR R R s A 3 BT A R R — Bk

B H AL R LA A 3 BRI B R 35 A5 a5, SR AT W R M RIS "2 5 o TG 20 T4
0 A IR R A T R et (PR T A B H 22, RCE A%, AT LA IS oA 04 S e B A A 1
P30 DR LM A 3 R R, 35 DR 0 S R s A2 2 AR A st B4 B 5 i LR 43 FAmie o AR 4 3R
BRI (COI-Cyth ) FLIE I (EF- Tao) PRSI B Sk 73 A 191 DR e My i v i 5% 700 ) 30 DRI ) 382 4% 734k
S5 LR BG4 1T G RO — B0, ok RS R % B IR 2 = TAXER I X AT R JE i T2k 4
FE PRI R S K S R, R B B 2 0 22 A R R, R BT A5 SR 22 5. Zhang ST X AT 2 1Y
Coptolabrus J& B RAFFR WA I, #H L FAEFEH PepCK Fl W , BRI ARFER COT AT LUK 21 5 Z2 (1748 S A s, LA S
AR (H R AFAERR R G O, L ANPE AE 8T 5 ( Frankliniella occidentalis) "8 F COI J PR %8 5 3] 19 BAAT
SRR A TR 1TS2

K5 FHHABXRW(C. rubricosa) FA¥I A KK (P. colligata) B IEEE R
Table 5 Neutraliey tests results of C. rubricosa and P. colligata
PSS Neutrality test

Yyl LGS FEA R — ;
. . . Tajima’s D Fu's Fs
Species Datasets Sample size 5 » 7 »
S
Lati A H K%K (C. rubricosa) COI-Cytb 88 -0.346 0.430 -19.812 0.000 ***
EF-la 81 -1.707 0.018** -12.068 0.000 ***
¥ A RIK(P. colligata) COI-Cyth 52 -0.188 0.486 -15.442 0.000 ***
EF-la 42 -1.312 0.103 -4.906 0.002 """

ABFFE R, e T LR SE T34 2 1 B B R 28 73107 22 73 A g A% S A S 45 SRR, ety AT H R
I (C. rubricosa) FIFY H Kk (P. colligata) £ =N FEMR Z [AIAFFE 1 22 MO BRZ5 4, IF H 45 FEAR 2 (R A7 5 38 4% 43
1o SRMIAZHE PR 8 25 SR ARG I 3] B 9 1) 38245 704k, HE I3 55 SORAARBE DU R i E AL A7 G, BRIKZ A,
XA REARL R DB LA I TR ICHE T AT Y SR IE TR . ARk | B I B A F) R 4 J LA B30 e A s £18 R
W BERR ARG, (A5 AE A BE N AUK P B HEAT R RREAL 25T A T BE , 3X TS — 2500 B A A B a1 e P 4
189 77 1245 B R BE 3
3.2 PIRhRIE AL ZAE R 23K

TERFAR B 2 | oA 22 REVE R RAE Y RIS N R 7 LA BRI 7 1 T BE S8, A% IR 22 Pk A A5 78
PR SR T AL SRR PR AR R SR BT SRR I R TR A R AT IR AR
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T S S ER SO IR B R —E A I, BNERaE A1 B KK (C. rubricosa ) AR H KK (P. colligata ) Y3 R
WK AR TR 22 BV RN R K S (R B R 2R L SR R — BUME 7 SR AT 5 ( Dendrothrips minowai) ™ i)
FFE A iR, Avise 25 IACH 3 Fh < ARAZ 1 IR 22 B o PR 70 2 M B2 mT RIS DR A o A 30 10
RA Y XY IR S AR 7 A (FURAL T IR 28 AR B R R B AR X R R R B0 . AE TP A 56 Pt R
B, AR KA T R, RO RS R B E KT,

WAL F AR LA W REAGE N RS ) B AL LR AT BT LORL IR I K A M i 25 SRR B
o R i 1 35 1% 748 S SRR B TR ], EL T R AAC VA 5 B R R A R AR 22 [ st % AL R AR v .
gkl B R (C. rubricosa ) W9 fie K38t A% 43 AU A & A5 76 WO ) BF 1R T B 0 B A 22 8D 5 4 T R gk
(P. colligata) W Kt A% 43 A0 A8 & A A 1680 R R A R i 5 B AR 22 i) BV VR o R e 7 5 S ] g i B0 ) a8t £ 4
AR 56 /e B R G, AR, BAAE R T i 25 R s 2 A1 H R IR ( C. rubricosa) TET R S BT 5 1Y
AR RVE s E /D H H R (P, colligata ) TR FE 5 BEAR S PR BECR dh B AR R 850 A R4 80 (B 1/ R
R 275 DL R 255 ULEH I R 5 R AT S AR SR ) A | O LV pig 3 IR 5 SR R Rl A = Rl 2 48 ™
AT HRZUAIBAE S . Mantel 6550525 5 7 BH Hb 2B 25 1T B8 2 R Mk A45 F (4™ A B B s Z b M E RN 22—
R R AR R HCATRE Sy i) (H A2 BT 5 W 5 i 22 ) W S 9 b L 5 i D e A i A A 5 1 i S
AR 22 1) ELA A R i DRI BELRRE o HE A, A EE T 8 00 Kl e DX VA i 5 AR A A1 %) B3 28 2 v L S 5 A ik I
Lo T B AE AE TI PR BT AR AL L3 1 B8 T 1R R, LA SR 76 168 7 5 19 25 ) 2 R DR A T A v 20
BERIUG AT It LA B8 5 16 B % DR MR 1) a5t A% AR

4 #ip

SR H R R SR AR TR R B R0 i KB st A% A AR IS O, ABFSEAE 15 A RAE RURSESRAT T H X
8% ( C. rubricosa) FI¥g H Kk (P. colligata) whHt 145 A Fe T LRI AR L IR A4 3 R 43 FhRic, 7 1 FhRE
[E]35AL oAk FEPRURR R DT S0 sh A SN, RS IE R I 0 M4l SR AN [ (R SRR L ) COL-Cyeb 1Y
gE LR ki A B ORI (C. rubricosa) RIS H Kk ( P. colligata) 7576 KK - B AZ R 22 A6 ME 0 5 A 1) BRA
RIZZ R (G T H K (C. rubricosa) :0.00434£0.00014 F10.944+0.015; #4 A K ik ( P. colligata) :0.00818 =
0.00034 71 0.985+0.007) , HLAF5 7Y o) 4% [ 1) 45 1% dd s o B b 1) i 2R M B85 4, B0 0 SR ) LT T B T i
T B BER 2 B AR BRI AL 40k (F ol 0.29—0.84 F1 0.47—0.73) , JUH 55 55 BEAR 22 1] | 2L K A2 K
SEARXT AR U PREE B 5 35 4% B 28 2 [ AA AR E AR DG OE 2R (AHOC R AL r 43900 0.663 1 0.366) , 15 ] 1 35 F 25
A RESRA(HV m 5 AEAA 5  00 R B AR A 22 i) 7= A st A A SR R 2 —

Boigh SR Al AR RO O AT BUaE R R UL TLA RS R B AMASR KB kR
FAEREACR L LR P4 T RIFT B,
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