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Research and comparison of the scarab mitochondrial
cytochrome C oxidase I (COI ) gene fragment sequence
cloned by two different primers
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Abstract Universal primer (L1490, H2198) and specific primer ( Pat, Jerry) were used for cloning the mitochondrial
cytochrome C oxidase I (COI ) gene fragments of four common scarabs. The homologous sequences were compared and
partial nucleotide sequences of COI (689 bp, 775 bp) obtained. The genetic distances of these sequences were analysed
and the sequences used to produce three kinds of phylogenetic trees. The results show that the stability and differentials of
interspecific distance of the sequences amplified with specific primers are clearly higher than those of sequences amplified
with a universal primer. The phylogenetic trees constructed from sequences amplified with the specific primer are more
consistent with the current morphological taxonomy of these scarab species. We conclude that sequences amplified with
specific primer are more accurate for scarab classification.
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DNA J3 34 0 2573 28 B AR 5l B v i A Ay
PRBE HERR HE AT 1) Tl % 08 09 A 88007 1k 5 (] I pR %
EH) DNA Z5 I8 5 F AN 58 T 73 7 Bdhe 19 9 bt
A EHE ) B T B R R 1Y B B (Hebert et al.
2003) . 7 DNA %8 4 B9 & i pric b, 2k ik
COL J 91 [H 4y RE 6 PR IE 4 b 0] B 206 748 5, H.
MAREE Gy 9 9 4, 0 B A Ry R 3 W 26 B Y ek
I A ( Pfenninger et al. ,2007) ., {HEWF 5% & 7
PrgmE T K2 R COL 75 /Y H 519
L1490 ( 5'-GGTCAACAAATCATAAAGATATTGG-
3') 1 H2198 ( 5'-TAAACTTCAGGGTGACCAAA
AAATCA-3") (Folmer et al. ,1994) ,iZ5 ¥ 1z H
TZF W) COL Jp 5y 5, % & Fh 3l ¥ 19 41 xF
PEAE XF % 22 ( Ball and Armstrong, 2006 ), 7 87,
Ahrens 45 (2007 ) B xf 4 o, 72K B, Bt ik B
oCcO T % = 391 ¥, Pa (5
TCCAATGCACTAATCTGCCA TATTA-3") Fi Jerry
(5'-CAACATTTATTTTGA TTTTTTGG-3') , I M 15
BHFH o RAOR . A b By 4 Fh &1
F1| WS I <l | Ay N #8 4 fa  Hlolirichia oblita
Faldermann, £ 2 /3 M 7E A db A2 db PEIL S5 A X,
BHUBCE A MDA SR AR R IR B SR 2
T SRR FOARA Jr, 4y e 35 R B i R B2 4
T 4% TN 4 A Anomala corpulenta Motschulsky,
I P4 G e A0 i K 4 R A A A AR
O ORI R AR R SRR L A
AHUAE ) 00 35, &)y 1 00 OB A8 5 A ) B vl R Y
R #,., & H 0 & i Holotrichia
Fairmaire, 73 4 T3 E A VLI 5 AR AL 48 o LR
IR, P I R A A Y R 05 A, 1 & 4 ol

trichophora

W BCE R By AR R 2 1 4l dO 0 ) A P AR
MEPEE, TRAFEAFSR KE HE AT
A5, 3 U o 2D X L A2 TH R Bl I ™ R
THWTHE . BN 4x i Serica orientalis Motschulsky,
O3 AR AL G AR BRPY CHOR TR LT L
ML TR LR BB S A
ek, nl £ 45 Bl 116 J& 149 MY, 5% WA 3
BB My A Bk 2 R A R I AE & 2
T AAE Y AR (BRI 45 ,1985) o X 4 Fh & fa 1
BOE A 25 AR AR 45 ) % 0 (R4 T2 3
FRAEA BT, HI 0 B0 B I8 28527 T 1 28 E IR HE . i
TRYEER, TR TR —-fAEARKS
A PR LR A T . A BIE SR 0 ) R
T 525 |y FE 51 ok 5 1 4 B E N R LG fe T
1) COL FF 4, DL Fo 5 2 Fhg | x4 7 28 0E 1Y
A BT LU T & 70 TR ER T4 5 [
Bf S 4 Fh 4 fo - 40y A0 D 4 8 B DNA S5
T A 1) il B A o

1 #BR57%

1.1 AR

L1 #H{miE FESEAGFLNE L, Hrb
BB 4 f0 5 TR Y 4 R R TE 0% I I 4 R 4R H
Jb T vE DX 2 AR ) Bl P, 5 S 4 fe O R
{8 5 F0L RS2 7R AT A6 48 VR N T T AR SR AR A i R
£9:00 Ze A FEMIA B T 5 B AP R oR AR B R
SR IME SR A Tk AT o 2R RETRE T
Jo/K Z EE (Ahrens and Vogler,2008) , 7E &= 1R T
PEATORFF o

1 ERPREER
Table 1 Collection data of the samples

FeA< 5 No. 4 Species name K AEHL Location K AE B} ] Date
1 il £ T 4> 78, Anomala corpulenta Motschulsky WAL R M 2011 427 H 10 H
2 4 £ T 45 f8, Anomala corpulenta Motschulsky WAk BN 2011 47 H 10 H
3 Hi 43 Wi 4 o, Anomala corpulenta Motschulsky Wb M 2011 47 A 10 H
4 T % #1 4: fo, Holotrichia trichophora Fairmaire b T e X 2011 45 H 15 H
5 T 15 8 4>t Holotrichia trichophora Fairmaire JLE T i E X 2011 5 A 15 H
6 B4k & fa Serica orientalis Motschulsky Jb 5 T i UE X 2011 4E5 A 21 H
7 M9 4> ff, Serica orientalis Motschulsky LT i vE X 2011 45 A 21 H
8 At K R 4> 5, Hloltrichia oblita Faldermann WAL T 2010 426 H 28 H
9 et K B 6l 4> f, Hloltrichia oblita Faldermann WAk M 2010 46 H 28 H
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L1.2 #iXs55HE ALBHAN5IYHh L
WA TN A A . FE R4 DNA $2 B ) & R
QiaGen /A #] i) DNeasy Blood & Tissue Kit, PCR ff
FHZ i ol 138 18 0 w] AR 77 1Y 2 x Tag PCR Master
Mix, DNA Marker & 4 3 4 2\ & 1) Trans DNA
Marker I, DNA [0]§ fif FH 25 5 &~ TaKaRa MiniBEST
Agarose Gel DNA Extraction Kit Ver 3.0, ZJ5 I i%
AR 24 i oy 208 A Al Y pEASY-T, Cloning
Kiv 32 ) &, 2% 32 25 40 0 o 42 =04 2 Al 48 R Y
Trans1-T, , W5 22 5] Sy Rk i Ak A= W) £R A R 2
A,

1.2 RWHE
1.2.1 EHFH DNA g2 4 FiEa 1719 4
Foim L 2H DNA |9 42 58 4 9% R QiaGen 23 W] 1Y
DNeasy blood & Tissue Kit &5 & " # 25 BE 17
(Ahrens et al. ,2007) ,
1.2.2 COI EREMME JlfLIAIRE DNA /)
SR 51 %) (L1490 5 H2198) 5 k¢ 5 51 9
(Pat 5 Jerry) #4747 4%, 20 pL PCR {& £ b 4145 2
wL DNA,5[4¥) Pat 5 Jerry 45 1 wL,PCR Master Mix
10 pL LA K TEH K 6 L (Jii#z45,2002) . PCR 1§
WEE N . D94°C Z5PE 1 min, @94°C Z5 4 40 s,®)
45CEB K40 s, D72CIEM 1 min, DEE 5 KD ~
@,©94°C 72 40 s,(D51°C 1B k 40 s, (@82 °C Zt fd
I min, Q&KL 35 KL KO ~@,072CHF S
min, 7E 4°C Z& AT RAF (Bi/NF-25,2010) .

RGP YITE 1. 2% 1 BN R BE RS T i UK o B
Je  ARERSNT R BEAT U , P I 1T Az a5 & o] i
aifl . LA 4: LR L PR Mo 9 5 pEASY-T, 84K
F25°C F &4 15 min, E =Y A Trans-T, 5%
ST AN ER IR SHENH &

bp M 1 2 3

900
700

F (10 *g/mL) ) LB/IPTG/X-gal BUIE BT 42 I
{88 T 37 C AR il 55 IR A0 i B 3R T e e Ak 1o
28K B 18 Pk IR AP A R B AS RETE TR
b T LB WA b, 37°C THE IR B8 K b i % k35 15
7% (Clare et al. , 2007) , 4r%% )5k 2t b R A
MAEYEARA BRITAL A " HEATI T

1.2.3 F34H4 L BLAST [A] 4 kb xf T 5o
Wy 4558 5 GenBank H1 (1) 4% 2 B4k 22 i 17 [] 5 1
Fe % (Cognato, 2006) , 5 31 JIT I 7 1) 2 75 ff 52
COI J¥ 4. ¥ Fr 4% 2 (9 COL J¥ %1 43 5 F H
MEGA4. 0 B 1 535 7 51 1 249 1) o B 20 0l 5 &% 4
FEAS [B] B9 18 1% BE B ( p-distance ) ( Agusti et al. ,
2005) o Jf X 7 45 B H] MEGA4. 0 %R {4 3E 17
NJ(AB4ERE) ME (e /NFEAA ) (MP (S5 K & 201 )
3FRGERFW R,

2 HREHH

2.1 ¥ i COl 55l

SRR 5 1 5@ s 98 8 Ccoly ol 5
B, ol g5 B aE AT 00 Y, 45 2L 38 i BLAST X Lk, #¢
GenBank fig 4% 38 2 5 H [F IR AR & 19 COLF 51
B FBA T 7 B T 51 R COTF 41 K B, i B 9
BEFF 9 Fr BeR/NEY R 700 bp , Horp 1 ~9 S LA 1)
() GenBank 2 . HMI80444.1, FR719155.1,
FN263071. 1 FN263071. 1 ,FN263071. 1 .JN581903. 1 .
FN263071. 1 FN263071. 1 HM180444. 1 ;45 % 5|4 ¥
Ky 52920 800 bp,1 ~9 SHEAF S 1) GenBank =
. DQ524530. 1, DQ524530. 1, DQ524530.1, DQ
524505. 1, DQ524505. 1, DQ524422. 1, D()524422. 1 ,
DQ524535. 1 .DQ524535. 1, ifif HARS B9 # 7= )
LUK A5 R0 52, ASRE S A IR B 1 O R S 5 1 0 i

5. 6 7 8 9

E1 #EHASI4 COI PCR ¥ ig
Fig.1 PCR amplification of COI used the universal primer
M: DNA %78 #5#E DNA marker trans DNA marker 1T ;
1938 51 ¥ 8 =4 product of the universal primer.
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S/ L RTE A S DI KR a7/ A R T R

2.2 WEAN

L2 firos

1-9:

2 $#R5I% COI PCR ¥
Fig.2 PCR amplification of COI used the specific primer
M: DNA %3 FH##5#E DNA marker trans DNA marker 1T ;

SRS WY P24 product of the specific primer.

HR A 73 3 25 AP FI g A T.CLG 4 Rl
Bl 3 5 A R AT 20 B, 9F 5 45 P B v 1 e R
Mo mJARHE ARSI YT R COL R By 8

AT C.G Bl 25

19.4% 16.4% ,Hi A +T %
MG+CFERMk,. HoH

&4 9 29.3% .35.3% .

R, N 64.6% ,

— BT A+ T
TN T2.4% B BT E A+ T H
64.6% ,E=FWFMNESTERIKA+T &

i N
N

57. 1% 3@ 151 90 9™ 39 Fr 31 v 4 it 1 7 802 1

T e e (R i e

B AT CLG B 2% F 45 5%

s oy i Col FF o i
A 32.1% |

36.9% 16.6% . 14.4% , Ho b A + T & & & ik
69% ,1fi G + C 5 A%, Hrp 5 — % 5 A
+T N 60.4% 5 % FAim A+T S h
85.9% ,MHEHMH G FREMN N 3. 1% 5 =%
WFris A+T 58N 60.6% , X FWESI Y
P38 2 v e A 0 IR - AR R AR
{14 D 1] 2

2.3 BMEHEE

FIH MEGA4. 0 {4 X3 4 Fp 4 fa 719 COI
P38 P 50 o AR AT 8 AL BE B AT, AR A RE AR
Vi) f) 38 4% B B AN 2 2 AN 3 IR .

x2 BEBASIMY I COI FIEMEES

Table 2 Genetic distances among COI sequences amplified with universal primer

=}
*ﬁjfij 1 2 3 4 5 6 7 8 9
1
2 0.217
3 0.168 0.197
4 0.168 0.197 0. 000
5 0.168 0.197 0. 003 0. 003
6 0.167 0.198 0. 002 0. 002 0. 002
7 0.165 0.197 0. 009 0. 009 0. 009 0. 008
8 0.214 0.209 0.048 0. 048 0.052 0. 050 0.058
9 0. 000 0.217 0.168 0. 168 0.168 0.167 0.165 0.214

HEREAS 1~ fURRFEILE 1, TR,

The species of No.1 to 9 are same with Table 1.

The same below.
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x3 BRSIMYIE COI FHEMEHES

Table 3 Genetic distances among COI sequences amplified with specific primer

o =
$ﬁ§37§ 1 2 3 4 5 6 7 8 9
1
2 0.013
3 0.014 0.001
4 0. 169 0.159 0. 160
5 0.171 0. 160 0.161 0. 007
6 0. 164 0.156 0.156 0.173 0.177
7 0. 185 0.176 0.176 0.186 0. 190 0.039
8 0.181 0.172 0.173 0.154 0.152 0.182 0.198
9 0.185 0.174 0.176 0.154 0.152 0.186 0.202 0.033

26 2 R BT AR 38 L BE B T A & A TR R Y
FEAR AR B e LA F 1% ~5% 01 5
2,1 53,253,859 5XIEEFRLEE NN —
ANFIEEZR 1 )7 91 ] 35t 1% BE B3 T R 20% 2247, iR
15935456.7.8,456.7.8,5%56.7.8,6
58,7 5 8 X ULIE A 2% % 7 Hh R[] B i AR A A
WZ BB BAEIEE NN T 1% ~5% , G451 A
RER Lok — e R Pk

Z b XL, R R R 5 Y ) COT Jy 9 7E
A5 A G - 1 Tl ) R AR 22 1) 1 35 A% R S R AE 15%
~20% e AT, 5 R P RE A (] (1 38t % R 2 0 4t R AE
1% ~4% ,TEFf 8] 5 Fl P 0 358 4% iR B AR AR B E .

2.4 REEENBOHBE

G338 FH 51 5 R S R ) 2 R i R
GEBW,

M3 el LUE S A E S 8 5 7y 5
I REREW T M1 59,354,556
R oy Sy — 2, T 7.8 .2 S AEA 5 H A AL A
MZEFBER, AR5 ESEEE S ARG ——X
N AR S 0 SR Y 3 A R G
HEACAR o AR AT UK IR 25 27 43 FE AR TR 1 SR SR
— R R 123 2K RS A4 5
S5 HBEEBAEMH,6.7 R EM,8.9 KRG
L, X EEEE AR R S e | ) T 1 0 91 AT L
3 B 4 1 HEAT HERR Y 5325

3 i

ASCK I e REE] Y COT JP 315 SCik T iz 3
MK /h— 3 ( DeSalle et al. , 2005 ; Antonia et al. ,

2007) . MHLIKES RIS R E R R gl My 1)y
SR 2 Ty Hr e, &
X — G R R AT RS2 TR g I 0T 4 f 1
DNA (1% 9 51505 T i i 4%

P B 2 B 1 45 B A B el L RS B S
ol Py ey COl Folh A +T &m0 3lh
63% 5 69% ,#B w4 AT kL, 76 55 5 1 (1 B
FERE PR D AEAE — % W ] X5 Al STk b R
) COL Jy 5 iy e 5 % & AH 45 ( Brower et al. |
2006)  [AREFSI WY B P HId AT & &ACHE
S 875 i, v RE R RO 2 FR T RE S
J& COT JP AT X B i R B, i LA AE B B & i 1
T 220, mAEAHBI MY HF s 3 A%+
H A +T S5 0HR72.4% ,64. 6% ,57. 1% ,F%
Sl Wy 5t 4 Bl 60.4% , 85.9%
60.6% ,7E %% 2 N G g & & A
3. 1% 75 HAB B 3 53 43 28 09 SCHR v 43 2R 880 38
Gy COL PN AAAE — N Fh A+ T & &
=T 80% , 1 G & A 3% £ A 4 (Ekrem
et al. ,2007) X AP 2408 5 51 081G 77 9 R Pk
11738 51 R B A X — 45 8, B P45 R 2
HALFIHFHEXNZ, miE i — 2 Wik,

WG IS R RE W BT 45 R, AT
VLA A R S 5 1 0 4 38 45 3210 09 7 5 58 6 v o b
Hg R — B AR 3 S — AN MERR YRR
[l R N 3 7 N 2 E R s I = 2 NI R S -
55 OR PR 4 0 Oy B8 4 fu B A f -, A A 2 A
SHIMNE X 2 P4 fa 22 8] 1Y 3R 5 06 R N % T,
RS ol Py p s #2588 F R dix 2 fh4
o F RGO R AL 2 Fh 4 fo 73 15 S AR
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MER(A) 89| LR NN &l Anomala corpulenta Motschulsky 3
88| BBl 418, Holotrichia trichophor Fairmaire 4
84 B4 Holotrichia trichophor Fairmaire 5
T Y% &4 Serica orientalis Motschulsky 6
PBL8 41 Serica orientalis Motschulsky 7
L 4k K R84 Hioltrichia oblita Faldermann 8

Lk EN 4L Anomala corpulenta Motschulsky 1
100" 44k K S48 4. Hloltrichia oblita Faldermann 9
Bk EN 4= Anomala corpulenta Motschulsky 2

—
0.05
ME#(B) 95 H4kWN 48 Anomala corpulenta Motschulsky 2
100 [L 44 MW 448 Anomala corpulenta Motschulsky 3
HLREE 4. Anomala corpulenta Motschulsky 1
— BYE &1 Serica orientalis Motschulsky 6
100L———————— B8 &1t Serica orientalis Motschulsky 7
100 r%ﬁf@ﬁ@ Holotrichia trichophor Fairmaire 4
B8 & Holotrichia trichophor Fairmaire 5
86 et K A8 4 Hloltrichia oblita Faldermann 8
1001 44k k 948 46, Hloltrichia oblita Faldermann 9
—_—
0.02
17 BEMBEAA Holotrichia trichophor Fairmaire 4
MPHF(A) 16 =) b K R840 Hioltrichia oblita Faldermann 8
56 kAN 4= Anomala corpulenta Motschulsky 3
100] | BB L0 Holotrichia trichophor Fairmaire 5
100 | | YR &1 Serica orientalis Motschulsky 6
I YR 4 Serica orientalis Motschulsky 7
%W 48 Anomala corpulenta Motschulsky 2
4k 48 Anomala corpulenta Motschulsky 1
#{t K S48 448, Hlolirichia oblita Faldermann 9
33 HSENN 48 Anomala corpulenta Motschulsky 1
100 45 W 42 Anomala corpulenta Motschulsky 2
MP##4(B) 96 Lk 48 Anomala corpulenta Motschulsky 3
100 L 1 LR 4 Serica orientalis Motschulsky 6
100 YR &-# Serica orientalis Motschulsky 7
99 B4 Holotrichia trichophor Fairmaire 4

1000 ——— =, #4844, Holotrichia trichophor Fairmaire 5
b K B8 46 Hloltrichia oblita Faldermann 8
b K B8 E40 Hioltrichia oblita Faldermann 9

74 FGKT 4 Anomala corpulenta Motschulsky 3
NIFHA) 84| B #4410, Holotrichia trichophor Fairmaire 4
o4 || BB LA Holotrichia trichophor Fairmaire 5
YR &4 Serica orientalis Motschulsky 6
S48 40 Serica orientalis Motschulsky 7
——— 4 K S48 &40 Hioltrichia oblita Faldermann 8

100

%N 4= Anomala corpulenta Motschulsky 1
100" 4t K B84 46, Hloltrichia oblita Faldermann 9
%N & Anomala corpulenta Motschulsky 2

0.05

NJ#(B) 95 %k NN 4L Anomala corpulenta Motschulsky 2
100 ﬂﬁé’%ﬁﬁ% Anomala corpulenta Motschulsky 3

LRI 40 Anomala corpulenta Motschulsky 1
—— B84 Serica orientalis Motschulsky 6

100 PRYR 44 Serica orientalis Motschulsky 7
100 — E3&E 444 Holotrichia trichophor Fairmaire 4

L £ #8848 Holotrichia trichophor Fairmaire 5

He b K P48 448 Hioltrichia oblita Faldermann 8
1001 syt 4 ¢, Hilolirichia oblita Faldermann 9

93

B3 BERASIYESHRSIUTEFEIMENIMRASZLEN
Fig.3 Three kinds of phylogenetic trees which constructed by sequences amplified
with universal primer and specific primer
TE A B A3 s 51 8 e 9 SR 5 0 Yy P IR R R E W .
The A and B represent phylogenetic trees that are constructed by sequences amplified with
universal primer and specific primer.
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B BB R, BE E B b AT A f o ar 2R
TG 3G 779050 0 1 25 R 5B 800 K% o i
10 45 SR AH 22 B

ot N = R D3 i R R = B AR B 1
7 AL AW PR R WE 58 R 540 4 B A5 0 1Y
5 (Monaghan et al. , 2007), fF COI K 7TE
B A T DA AR B B8 TR AT AR Ak, B LA
N QA) I G Q1 B S Y VAR 3 o = I <
(Dasmahapatra and Mallet,2006) , M A< 2 56 28 ok
A, COL BePH nl DL FH o Xof 155 8 3k 47 %58 h 9 A 1) 2
Tk, A THESB T ZERIYTIEE
T A o — 2 i 45 2RI IE .
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