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Abstract
gene and the EF-1a gene were partially sequenced. The nucleotide composition, the number of transition and transversion, genetic distance of

[ Objective | To investigate the genetic variation in three subspecies of Graphium sarpedon Linnaeus in China. [ Method ] The CO T

the segment had been analyzed. [ Result] There were 44 variation sites and 6 parsimony-informative sites in combined sequence of the CO |
gene(709 bp)and EF-1a(1 064 bp) gene in the examined species. The average A + T content of CO I gene was 69.3% , which showed
strong A + T bias. But genetic distance among subspecies were very small. [ Conclusion ]It has no significant sequence differences between the

three subspecies, which is still suitable to use the traditional morphological classification system for Graphium sarpedon subspecies.
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Table 1 The sources of insect samples

GenBank Z[ifi*5- GenBank accession No.

AEAH A SRAER 8] FEAKL . - :
Subspecies Location Collection date  Sample number 2(0) % HE g? - lla HelA
gene - la gene
EZWHF G. sarpedon sarpedon i) 2016 -05 3 GU372548 GU372639
WBE AP G. sarpedon connectens I R 2016 —07 4 GU372548 GU372639
B W G. sarpedon semifasciatum LN 2016 -07 7 GU372548 GU372639
22 FH R G, doson( Felder et Felder) JYY 2016 -07 1 EU792483. 1 AF044815.2
‘ . 12 mE
HETH LETALRARSFAFR XS LLHHBBEETASHA; o §
EEHR AT AATE, 1.2.1 $REGEF 2] DNA f PCR ¥4, 3G 4 B sk 2
EERNT HHF(1987—) , %k, B FIRA, MEHFREZR, ML, AF N v == RN S D U )
Mt KT e, 2 8 b, 353 R B A R G nseet kit Omega) HEISE
o SR e P AA T PERLAFR EFZEMEMR I DNAFERRAEAE - 20 C A, 5 SR RS 9T 51
LHFHEARFETELR TR L, Bl ob& 2k mE
=K M E KRBT EKIE > LT B, °
KA 2017 -08 -28 CO1 L7514:5 - GGTCAACAAATCATAAAGATATTG
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BIMFEE P EHREE 3 A A GG HAE T oA

=3 M54 5" — TAAACTTCAGGGTGACCAAAAAAT -3',
EF —la Fi#519):5 - TCGATATCGCTTTGTGGAAGTT -3';
TU#514:5 - ACGCACGGCAAAACGACCGAGAG -3/,

PCR SNARFN 50 wL, i WAk R AL HE 1.25 U i Tag
DNA % 4 i, 0. 2 mmol/L dNTP, | F 5 51 # 4> 9 K
0.4 pmol/L,10 x PCR Buffer % 5 pL, KB DNA ¥ 2 ul
(50 ~100 ng DNA) . 4 BZ6f) 95 C HIASHE 3 min;95 “C A5
30 5,55 C&E4 30 5,72 CHEfH 1 min,30 MEH ; 5516 72 C
SEf7 min,4 CLR. H Eppendorf £ PCR {GHATY 1Y
1.2.2  PCR =¥alifk T . I 1% MSs e E e A v Tk Ao DU
PCR 74y, F§ DNA B RIS & 6 H i 45l A7 [RDICRT
aifb)E R T 8K, el Pk v b SR IUTORL R 9E
V28R K (Thermo Fisher) /3 @41 X m) ¥ o
1.2.3 Jpolortr ez b, e 15 Hithiba Ay Co 1
HEF — Lo FEPIFR 3 151, B S Y 9 DFHE S , 15 Blast 47
JEAN [RIEE LA, BT Kimura -2 2410, R | MEGAG. 0 4K
HEATFE 5 20 853 B, 40 51 i 2H 7 ( nucleotide: composi-
tion) ST ( conservedsjtes ) AR S{3 i (variable sjtes) | i
215 BV /5 (parsimony information sites) |, FH 1V i ( singleton-
sites) &F, PE#F Tamurar Nei #5080, 31384705 A0 22 B8] 1Y 35
AL AR S BB (Ts/Tv) .

2 #ER5H5MH

2.1 EFERFFBHBE MREIHEsI Y raiE, co 1 HK
EF — 1o FEPR TN 4 34 1) v B 43391 2 709 bp 1 1064 bp, Hy
VKA I 445 2R 5 BUIARSE (181 1) o 32 H Blast X581 #4753
Br, R 5 EREEMCO 1 ZFEMEF - 1oL BAMRE
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7 : M. DNA #5278 (DL2000) ;1 ~2. CO 1 ZEN R399 4
[ PCR =113 ~4. EF — la JEFFE 51999 1809 PCR 7=
Note : M. DNA Marker ( DIL2000) ;1 —2. PCR product of CO [ prim-

ers;3 —4. PCR product of EF — 1o primers
BRUE3 A TH CO 1 EE EF -1a EE Y 7= B ik
oglIE=ES
The eletrophoresis result of PCR product of CO 1 and

E1

Fig. 1
EF -1« gene of G. sarpedon

2.2 FIIARSH BRI, CO T B 4 7 41 4t
709 bp, A2 A7 A5 6 bp, TR LIFE B AL, H B AL 6 bp, il
U T.C.A G BY& 552 39. 1% ,16. 5% .30. 2%
14.4% A + T FX 580 69.3% , FHoh i P45 2 (5 A +
T &=, 35 90.5% 55 2 5 G S &AL, Pl 0.4%
T i, ik 49. 0% , 3% 3% B2 A0 - 1) Bl 56 fiE FH A3 A7 A
B AR (£ 2) .

x2 BRI AN CO 1 EEFINAK
Table 2 The componenl of CO I gene sequences of 3 subspecies of G. sarpedon
' TiH K g C v Pi S T C A G A+T
No. Item bp bp bp bp bp % % % % %
1 SRR (F M) 709 632 77 0 77 39.1 16.5 30.2 14.4 69.3
2 AR (HHE) 709 703 6 0 6 39.1 16.5 30.2 14.4 69.3
3 E R 237 236 1 0 1 4.0  24.1 17.3 16.9 59.3
4 52 ok 236 233 3 0 3 49.0 9.3 41.5 0.4 90.5
5 B3 i 236 234 2 0 2 27.0 16.1 31.8 25.4 58.8

T2 CLARSPALI ; V. ARS8 5 PLL 205 B 5 S. R AL,

Note : C. conserved sites; V. variable sites;Pi. parsimony informative sites;S. singleton sites

1 EF -1 SEBI 475136 1 064 bp, A5 5443 5. 38 bp,
LA LA 6 bp, RS 32 bp, T,C A G IS4
22.1% \28.6% 24.5% 24.8% ,A + T V¥ &1k 46. 6% ,

R S AR T L kB 59. 2% 5 1 i G A AR,
TR 15.2% T & fesn , i85 28% , 22 IS 05 F O B 3%
i AR EE— 2 R P (2 3) .

x3 BRI AN EF -1a BEEFFIAK
Table 3 The componenl of EF -1« gene sequences of 3 subspecies of G. sarpedon
i T 5 KB C v Pi S T C A G A+T
No. Item bp bp bp bp bp % % % % %
1 R (F M) 1 064 973 91 8 83 21.8  28.6  24.5  24.8 46.3
2 ERAEH () 1 064 1026 38 6 32 22.1 28.6  24.5 24.8 46.6
3 W51 355 349 6 0 6 28.0 26,0  31.2 15.2 59.2
4 52 o7 5, 355 334 21 6 15 23.0  40.9 14.6  21.1 37.6
5 553 L 354 343 11 0 11 15.0 18.9 27.7 38.1 42.7

T CARSFOLIEL V. A8 S LG 8 P TR VLR S. AR

Note : C. conserved sites; V. variable sites; Pi. parsimony informatic sites;S. singleton sites
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i1t Paup4. Ob10 # /X CO 1 SEPFN EF - 1o SEFHEAT 75007, G PISSE G 0 S B S UL (R) o
PHT #6546 ( [A] J5i 246 5% partition homogeneity test) , 4% 5 i 7R R 4 T R R R A R LG, 26 3 7 A i,
BEHHACPARA BEZER(P=1.0>0.01) , NI LOK S TR, 55 1 A8 R i i b (R)
2 PEAERE AT —RIEAT 1. FIH MEGAG. 0 3/, 36 F P 1.5 <2, 3RBLH B B B 1 et Al
Kimura —2 S50 COTAN EF — 1o IE R HR 45 591 A 3% 45038

F4 BRIE3ATLH CO 170 EF -1a BEEFE SR
Table 4 The nucleotides substitution of CO I and EF -1« gene of 3 subspecies of G. sarpedon

é =

N"F'Z s ﬁﬁe E i si sv R TT TC TA CT CC AT AC AA  AG GT GA GG
1 SRR (HAME) 1751 13 8 1.5 504 5 2 4 415 3 1 470 2 1 2 362
2 AR 580 2 1 2.2 152 1 0 1 123 0 0 138 0 0 0 175
3 o5 2 583 4 4 0.8 209 2 1 1 112 3 0 207 0 0 0 55
4 gisua 580 8 3 2.4 143 3 0 2 180 0 0 125 1 1 1 132

T il AHTF DRI  si. SEHL0RIE ; sv. FRBLOIIE ; R. el At g

Note :ii. identical pairs;si. transitionsal pairs;sv. transversional pairs;R. Ts/Tv

2.3 BRMEEESH AT Kimura -2 S5, R MEGA 6.0 PR Z 0] ) 338 4% BE 8 A 22 AR /1N, FErh 48 44 W F [ G. sarpedon
A AR ) WA (A (B BB (R 5) o ARIMEERIANAE  sarpedon(Linnaeus ) | 5 B WA [ G. sarpedon semifasciatum
PP Z (8] (i AG BE B 7E 0. 1% ~0.5% Pt #E B )& (Honrath) | 22 RAHXTEE/IN, 5 BENF[ G. sarpedon connectens
0.3% ¥4 3 AR T/ 4G HH RS IE B OF SR IR (Fruhstorfer) ] 922 SRR K

(F6) , R ETE RULE 3 AN Fp ]S L B & 0.30% ~0.34%

x5 BREEAKE CO 1 #0 EF -1 BE Kimura -2 SHRIEEEES( T=f) Mgz ( L=fA)

Table 5 Pairwise distance ( below diagonal ) and standard errors( above diagonal) for CO I and EF -1« gene between individual of G. sarpedon

Ak

ME 0 20 31 @l 51 (6] (71 (8] (9] (0] [n] (2] [13] (4] [15]
[1] — 0.002  0.001 0.002  0.001 0.001 0.001 0.001 0.002 0.002 0.001 0.001 0.002 0.001 0.006
[2] 0.005 — 0.001 0.002  0.001 0.002  0.001 0.002  0.001 0.002 0.002 0.001 0.001 0.001  0.006
[3] 0.002  0.002 — 0.001  0.001 0.001 0.001  0.001 0.001 0.001 0.001  0.001 0.001  0.001 0.006
[4] 0.005 0.005 0.002 — 0.001  0.002 0.001 0.001 0.002 0.002 0.001 0.001 0.002 0.001 0.006
[5] 0.003  0.003 0.001 0.003 — 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001  0.006
[6] 0.005 0.005 0.003 0.005 0.004 — 0.001 0.002 0.002 0.002 0.001 0.002  0.001 0.001  0.006
[7] 0.003 0.003 0.001 0.003 0.002 0.002 — 0.001 0.001 0.001 0.001 0.001 0.001 0.001  0.006
[8] 0.005  0.005 0.002 0.003 0.003 0.005 0.003 — 0.001 0.002  0.001 0.001 0.001 0.001  0.006
9] 0.004 0.003 0.002 0.004 0.003 0.005 0.002 0.004 — 0.002 0.001 0.001 0.001 0.001 0.006
[10] 0.005  0.005 0.002 0.005 0.003 0.005 0.003  0.005 0.004 — 0.002 0.002 0.002 0.001 0.006
[11] 0.004 0.004 0.002 0.004 0.003 0.005 0.002 0.004 0.003 0.004 — 0.001 0.001 0.001  0.006
[12] 0.004 0.002 0.002 0.004 0.003 0.005 0.002 0.004 0.002 0.004 0.003 — 0.001 0.001  0.006
[13] 0.004 0.004 0.002 0.004 0.003 0.005 0.002 0.004 0.003 0.004 0.003 0.003 — 0.001  0.006
[14] 0.003  0.003 0.001 0.003 0.002 0.003 0.001 0.003 0.002  0.003 0.002 0.002 0.002 — 0. 006
[15] 0.081 0.079 0.078 0.079 0.079 0.081 0.079 0.081 0.079  0.081 0.080 0.079 0.080 0.079 —
7 :[1]G. sarpedon sarpedonl ;[ 2] G. sarpedon sarpedon2 ;[ 3] G. sarpedon sarpedon3 ;[ 4] G. sarpedon connectensl ;[ 5] G. sarpedon connectens2 ;[ 6] G. sarpedon

connectens3 ;[ 7] G. sarpedon connectens_SH4 5 [ 8] G. sarpedon semifasciatuml ; [9] G. sarpedon semifasciatum2 ; [10] G. sarpedon semifasciatum3;[11]G.
sarpedon semifasciatum4 ;[ 12 ]G. sarpedon semifasciatum — SH1 ;[ 13 ] G. sarpedon semifasciatum_SH2 ;[ 14 ] G. sarpedon semifasciatum_SH3 ;[ 15] G. doson

F6 BRUE3AIHE CO I EF -1a EF Kimura -2 SHRKIEREES ( T=f) MirEE(L=%8)
Table 6 The Kimura —2 parameter distance ( below diagonal ) and standard errors ( above diagonal) for CO 1 and EF -1« gene between 3 subspe-

cies of G. sarpedon

A SR IZ L WEBET RN B A A3 KR
Subspecies G. sarpedon sarpedon G. sarpedon connecten G. sarpedon semifasciatum G. doson
18 & WA G. sarpedon sarpedon — 0. 000 7 0. 000 7 0.006 5
WEREERD G. sarpedon connecten 0.003 2 — 0.000 6 0.006 5
B W R G. sarpedon semifasciatum 0.003 0 0.003 4 — 0.006 4
K22 R G. doson 0.079 1 0.079 5 0.079 8 —
2.4 RERFESKN RIS HALFIED T, %8 i3 Paupd. Ob10 X i i PTPrest FP31l {5 B 5,
T RG L B AR TR IG RN, st G I BN R AR bR, L S5 R PO 0.002, R IZEIE A A KRB EMRELEH
R AR AR RO ARV E R I (] 2) . B MR REYLEAE | 7T T R G R E T

M 2 ATLAE Y, BEE AL R B B3O, Ts S 3 33ig
KT Tv BEANAY R , B A5 A0 B Z AT R IR SC R, T[T R AT A 3 AR, b E IR EE) g,

Tv W B TRGE , ISR AL TR SR AE 3 78 I S 08, TTRAR ISR , il vh
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Fig.2 The substitution saturation analysis of 3 subspecis of G.

sarpedon
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