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DNA barcoding in rapid identification of aphids on Pinus armandii
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Beijing 100101, China; 2. University of Chinese Academy of Sciences, Beijing 100193, China)

Abstract DNA barcoding is a technique for identifying species using a short sequence of DNA. DNA barcoding
combined with morphometry can be used to rapidly identify a large number of specimens when there is insufficient
information for full species identification. Aphids are one of the most common pests of Pinus armandii Franch, an
important endemic Chinese timber species. Rapid and accurate identification of these pests can contribute to effective
prevention and control. This paper evaluates the usefulness of DNA barcoding with respect to aphids on P. armandii,
Neighbour-Joining (NJ) tree was constructed based on mitochondrial CO] sequences. Aphids from different locations on
P. armandii formed 13 distinct clusters. Bootstrap values of nodes exceeded 90% . Average intra-species divergences were
0 - 0. 0536 whereas inter-specific divergences were 0. 0554 — 0. 1444. DNA barcoding analysis revealed that different
aphid species live on different parts of P. armandii. Competition between aphid species has lead to differentiation in
feeding sites. A combination of DNA barcoding and morphometry not only quickly distinguished different aphid species on
P. armandii, but also detected morphologically cryptic species. Despite the lack of data in the species’ database, rapid
identification is an effective method to resolve the identification of a large number of specimens in a short time.
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13 PR S AR AR [A) AR 2 0L b 05F B PRH S E —— 3T DNA K1 - 51 -

15 5% 22 B i ) 9 15, ™ I AT BORE RS T (IR
#,1999) o Uk, xf AR b b O A0 B R g AT bR
B A A€ RAR Iy, (A, i TR
BB AR W R AL B0R A, Bl vl T R e 26
(A BOE A FRAEARRT LA BR o AR 38 TE 25 R AE
U TE W) AR FE BT IR, LR A

DNA £ 4% ( DNA barcoding ) NI 2 f# 283X 2%
[7) A R T B =z — , J ] — B i A o 1Y 7
G XS ) Tl gk AT %5 € 987 7 5 (Hebert et al. ,2003,
2004 ) , HA e MERS T PE SR SRR A, MBS
AT B 4 B (4 56 5 TH4R 18 0 L%, 4 Hebert 55
(2004) J& Pyiz Fl 2 kit COT Ji 51 %) sl ¥y ) Fb
o5 s W PR A %0, R VB S X
f BSAE 43 28 B 0T 45 5 T R T BT Y B2 AL ( Miller
and Foottit,2009) , [A]f},DNA & E R BAH 5
HEZ) 1 WF H o3 28 2F Y & i o Sabater %5 (2005 )
/N Be COT BB 91 88 5 I8 25 2 b e L) 3 il 1Y)
T AR Fordini Bf Ht % ¥k 4= AF 32 AL ; Wang Al
Qiao(2009) F1 Qiao % (2011) ] A DNA &5 4
% VBl Aphidinae 75 ¥f J& Toxoptera H14f jif
Aphidini #) #p 347 T 4325 ; Foottit 55 (2008 ) Il Lee
E(2011) ARG H S T 1 B Aphididae ¥ F 11y
DNA £JEH5, 25 - £ W COT e R X o k£
R o Rh

FAX DNA XEMEEAE DR Zi
(Brown et al. , 2003 ; Foster et al. , 2004; Ward
et al. , 2005; Clare et al. ,2007; Wang and Qiao,
2009) , {H J& XF T RF 2 09 28 BE, 24 1 60 B P,
GenBank, {5 BB HIAEH AR, RZLEWF R A1 ~
2 ZR P A L 2 A B W) Fh A R NI 4508 T R A
A H X R AR R U BOE R A SN R AEY)
AR, 5 EER LAY X B AT AT 2 0, AR 5
DNA Z5IE 00 55 24 1y B dhs 4 2E 47 D e, AR 3 1E 5 R
HEHLE AL PR, FRATHE e 51 A ASOR) =X Pe  4 0
B, B S0 Wl R i BEAT T BRI S 28 TE R
RN 7 J , PR A 2R 2R 45 B, o IO R A o
TP S 0E , d5cJm 3k B J8 i 1] P K 4 58 7€ FF il 19
Hi,

B 111 #5 ( Pinus armandii Franch) 2 5 22 49 & AR
RS A, e A G i ) A SRR B A T R, A
EHELEMATESHE, IR EHEEZS
Fofr g Ht, Sk AR LIRS B AN AR AL, HEBOAH O O R

Hh T DR e 0 B B TS OB B S 2R X
R AR R T 7 A I, (R, AN [A] Rl
JE 0 F R AT AR TR A LA B O AR AN AR AR
S PR ORI RE , HUA IR 1) 552 W Rb , A RE XY
SiE N 25 I8 B BT IR B ROR o

ARSCUL A LA B S O B S X 4,
COI FF8IME Ny DNA Z 0 At ik A7 Al s phd 45 5
[ B 0 A A () 0 b e A LR b O AL 1) 22 57 5
KFR N JF 2k DNA SR RS LE AN [a) S50 v 14 1o P A
FE P AR 5 M Al o

1 #BR57%

1.1 ##

A5 LA [ B 2 B sh ) 0F 55 BT 15 R F 5% 4
T 10 AR AE B LA AR LA Sy A 32 A 0 i I SRy S
PR, HE3] 56 SR 1 000 AR RS OR
ERESRIE A — R S0 R PR BESRE S Y
RAEAE B XIFHI GenBank #5645 WL 1, R4
FI R A 43 3 LA 75% FI 95 % 05 A5 ¥ W 12 W9 AR A7 o
75% NS B bR A T I8 & 24 0F 58, 95 % W5 RS
FRIAR TR T AW =95, A Ay
FERCT R 2% B sh 9 WF 5% B 1) R h 9 1 90 o
(hE LR .

1.2 DNA #2E(.PCR ¥ B0 FF X% FF 51 bk 3¢ &
i

DNA #& B FH Qiagen’ s DNeasy 2 BUik 7 &
( Qiagen, Valencia, CA) , 4% & M\ 2 ¥ 2H 29 H 32 R
DNA 9 25 3R I A Al e F i 30 B A W e ik DY 21
DNA,

PCR 44 7 1 (K 5 % 30 pl, 145 21
DDW 3 pnL 10 x PCR Easy Buffer 0. 4 pL Easy Tagq
DNA B & 2.4 wlL dNTPs 0. 6 wL 5|4 . DNA i
B2 plL,

PCR 54y LA K4 B8 264 - 5 il COT J 51 3
5] % LepF ( ATTCAACCAATCATAAAGATATT
GG) M1 LepR ( TAAACTTCTGGATGTCCAAAAAA
TCA) (Foottit et al. ,2008) §" 3% ., PCR Jz I & 14 .
95CHIZZ M 5 min; 94°C ZE ¥ 1 min, 52°C B & 1
min,72°C %Efifi 1 min, 35 4~ 1§ 3 ; 72°C & 4E {1 10
min, PCR Jz Jif 7 GeneAmp PCR System 9700
( Applied Biosystem,USA) #47,
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Table 1 The information of samples used in this study
RS
i R A b SR A B[] E SR YA TR GenBank
Samples no. Location Date Locality Color in life GenBank
accession no.
15729 o5t Xkt — 18 2005. 04. 07 N / 1X034935
16076 A6 50 vE X 4 R 2005. 04. 24 JINB R / 1X034943
16077 At 5V E X AE ) el 2005. 04. 24 SN R B S / 1X034944
17244 PO 1| 25 gk B 1) 4 2005. 05. 01 IR HE / 1X034962
17262 DU I 3 I Bk R 2005. 05. 05 JINAR A T / JX034963
18168 = A R WL 2006. 04. 21 BB / 70920909
18203 mEA IR 2006. 04. 25 EF 0 BE R / JX678732
18207 A LR 2006. 04. 25 i ZE B / JX034978
18222 7 T 8 WL ARBL BT 2006. 04. 27 i 25 B / JX034980
18223 PR R VRS 2006. 04. 27 2 / 1X034981
18227 = T A T TLAREL ir 2006. 04. 27 e T / JX678733
18236 SEA WL ERE WL 2006. 04. 28 T 25 1 T / JX034983
18256 ZEE A T B S T 2006. 04. 29 ES / JX034984
18716 =RIE 61 2006. 05. 09 EF 0B FE / JX678734
18719 PR Rl DI R=Y 2006. 05. 09 &N 3 / JX034988
18720 = A G E 2006. 05. 09 B8R / JQ916735
18767 A REAE L 2006. 05. 16 LY B / JX034990
18773 “HAE KRBT BN 2006. 05. 16 25 2o B / 1X034991
18827 A5 4 4y el 2006. 05. 15 &3 KA JX034992
23055 Hltd RoAKmEZ BRI 2009. 06. 02 SN To# K o JX035035
] 8 i He £,
23074 o Kok 2 Bk & 2009. 06. 03 ENWis o A A JX035036
AT KA £
24889 AR TR E 2010. 10. 22 G I W Bl s JX678735
27402 demt o = MO B A= Be el 2011.9.24 ENWis B JX035063
X
27488 WG4 N & AR 2012.5.1 BB HUE 2o JX678736
i
27781 ZMA R AL 2012.5.21 BRI BT KR IR A 4L JX678737
i
27787 =AY 2012.5.21 T2 e S Cip SN K (T Ea JX678738
27793 “HAERMT L 2012.5.21 A R S AN Yo S| JX678739
27795 mrEERWMT L 2012. 5. 21 BT RS A5, JX678740
27797 AR 2012.5.21 T B L) JX678741
27799 EA RN AT 2012.5.21 HotEcT#E R R JX678742
27817 75 T B R ME N 221 2012.5.22 eI rBaf 1X678743
27819 T T A R M 2L 2012.5.22 T K B JX678744
27821 Z A RN R 2012.5.22 Rk A MR JX678745
B
27851 ZHAEMILTHAY S 2012.5.24 BF I 0 0 B EAR 2% Ci) IX678746

e
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A AR AR [A) AR 2L b 5F R B0 PRH S 5 —— 3T DNA K210 - 53 -

43K 1 (Table 1 continued)

RS
e RAEH Py | KB ER LN NS GenBank
Samples no. Location Date Locality Color in life GenBank
accession no.
27853 ZEEWITAY S 2012.5.24 A - 0 4o, JX678747
27855 ZEAWILTAY % 2012.5.24 ook LR O =X e 1X678748
WU
27859 ZEAMITHTAY S 2012.5.24 nb B M ZE 4 IX678749
HE
27867 ~HAERE LFEH 2012.5.24 & B S 2 JX678750
27885 ~EA E T 2012.5.25 fef I B 5 JX678751
27895 A TN 2012.5.26 A g JX678752
27897 ZHAE TIAMIFL 2012.5.26 &R K JX678753
27901 “HE TN 2012.5.26 €N (T E4N I1X678754
27947 A~ T B H A B AN 2012.5.28 - R gk, JX678755
%
28008 Py AR i 2012. 5. 30 Bt ok JX678756
28010 A YEvE 2012.5.31 i A 53 JX678757
28028 A KM E I 2012.6. 1 IEETE S 16 -2 JX678758
28061 A KT EIL 2012.6. 1 Bt Lr(a JX678759
28144 it = AE 2012. 6. 21 2SR 1 JX678760
28145 H& R 2012. 6. 21 BB ES i) JX678761
28199 Hifra S B ox| B 2012. 6. 27 b 25 B W8 o I R g 1X678762
28200 Hh 48 S B 5 4 2012. 6. 27 fef I B 4o, 1X678763
28213 BEph 4 P Hok 42 B K M 2012.6.29 e I P 4, 1X678764
VNI
28216 %@%‘Fgﬂ%%ﬁl%ﬁw 2012.6.29 WL R TRk 1X678765
/N
28230 BEVE 48 K A L4 g 2012.7. 1 Bt B ES i) IX678766
28233 BEPE A K H 2012.7. 1 Bt 1 L0, JX678767
28234 Sy =N 2012.7.1 LR AR (A I1X678768
PRI B3 ~5 wL PCR =¥, 4 1% F 5 X

T W R BB HL K (120 'V, 20 min) 43 A7 460, 56 4F
KN EE A5 R, REAH

YRG0y T ) 22 Al AR AR T IE R
X e, DL i P 90 RS Al B2 o I e i A
R P 51 4, 8 ABL 3730 A [ B F X
(Applied Biosystem,USA) | #E47,

730 b X < BT 3R A5 5 8L ] )Y 31 3 i DNAStar
5.0(DNASTAR,Inc. 1996) # {} € # Y Seqman
FFHEAT R K BE4E . i Editseq ( DNASTAR, Inc.
1996 ) 2 Fr 46 46 Pf 42 J5 19 77 91 J2 75 B 1E 0 #3% h
B, Lo O 7 50 OFE 8 . 32 A Clustal X
version 1. 81 ( Thompson et al. ,1997) B4 utf7 £ &

FEH 5307 Af ] MEGA 5.0 344 & )5 51 1)
B 2H B, KR T K2 P #EAL 55 7 51 (] 11 35 1% R BT
449 7 48 22 B ( Neighbour-Joining tree, NJ) ( Saitou
and Nei, 1987) . Jy 4] (04 16 F Pk 53 7 76 DAMBE F2
J¥ (Xia and Xie,2001 ) o, LRG3 A0 460 55k 9\ il
LL TN93 i % ( Tamura and Nei, 1993) & IF /) B 55
Sy Tl AR A T o A R K 2 B T A ] 43 B 3 K
S 2R A 0 U I R A () R e A A B A RN,
F ] AR T 5 22 1 534 o
1.3 EEZRETE

5 R il R 2 Sk A A 5 4 110 T 3 AITOHE o I
HVE LB AR AS, £ B 3B T AT B S B
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FT A bi AR 1) 48 5 Bk T WF 3 SR P 2 A A ) Ry
fEJF SRR B EARA AT L. RS
2K R G AKPE Remaudiere fil Remaudiere (1997) 1
Y, EBFEYETE DNA FXIEH TAEZ 547 .

1.4 #HHAREEE

RN PR T T SR R i AT A Y
I8 AN [R) B AR 257, 41 SR S A F HL 0 3 O A
(] O i, 5 5 o B R B — AR S S PR SR Y 2
AR IR J5 18 1 DNA R TE RS £ R X 455 4 il 12
WA s A A PR HEAT IR, A 3 ) 4 8 i NJ
S A i A ) 20 A, O BB A D AN IR 1Y S
Riln B RE - SHMETIES R EE.
IXAE KA R ity gl ] 7 R I ) A X Tk

2 HREHW

2.1 PCRYBHRUKRBEERRKEFISH

HAF COL P L 56 4%, DNA 338 8% Rk 5]
100% , 15t W 38 F 51 Wt 2L 5 97 3 o I 7 ) 1Y
DNA J7 51 Fr BE 2 Bk 4 3 5 | 400 1 910 e JE Al 388 53 2 DA
#5311, 2 Seqman HLXFJ5 35 633 bp T /5 £ 19
Feo HAR PRSP AL 466 A, AT AZ 7 i 167 A, fij 24
R AL KL 130 Ao B L F 2 % R O 40.0% T,
13.4%C 36.2% A 10.4% G, A +T=76.2% ,C +
G=23.8%,

2.2 {AFEST
F DAMBE 4.5.20 35 TR A #E 5 COT BN
5 ) 5 e 5 e F L i AT B0, R A () G A%

0.08 r :
> B4 Transition =
0.06 F 2 ¥k Transversion
g
S 005 |
g‘z 2 004 |
® g
g i X
E 0.03 X
0.01 |
R I\
0 ;ﬁQ 1 = 1 1 1 1 ]
0 0.0236 0.0472 0.0709 0.0915 0.1181 0.1417
TNO3 JE B
TNO93 distance
1 ETF633bp iy COl FI@MMESTEAE
Fig.1 Saturation plots for the mitochondrial 633 bp COI sequences

P P e 97 1) B 45t P45 500 TNO3 AR R AG 1 FY) B 2 AT A 1)

The number of transitions and transversions of each pairwise comparison of taxa are plotted against the

TN93 model corrected distance.

e AR B S 2R KO R R B
T A3 B DLROE REBH T Jm 2219 20 #r

2.3 NI#HHESREERESHN

BT COL bpicty s 17 NI B (K 2) . NJ #rp
AL A ks B B OB Sy S T 13 A g
SO H SR R AR T 95% , 73 5lic h A B.C.D,
E.F.GC H.I.LJJK.L Ml M;Hf A5 B,CHD,E
5 F,K5LAEN—3;AB.C.D.EF MG,

H 1LJ K L5 HR— K3, idH AS Fl GS, 3 #F
RO 5 96% F193% . B E A ~M 435k 13 4
NSRS

BT K2P BLALHER 13 AW R i o7 35 B Py ast
fRIR B (R 2) o Fila] 358 1% BE 2 3% WU A i 22 0
2 SR LR B R S s 2 R (R 3)
13 N4l 19 S X5 A 35 % B 5 £ 0. 0000 ~ 0. 0033
Z ) AR B AE B B S R AT LR BT A5 B



13 PR S AR AR [A) AR 2 0L b 05F B PRH S E —— 3T DNA K1 - 55

(0.0170),C 5 D (0.0370) ,E 5 F(0.0269) fil K
5 L (0.0055) , H: 4% 9 W0 40 R () (0] 5215 5 5 35
KT 0. 040,

F2 L EFHNFHMAEEES
Table 2 Analysis of average intra-specific

divergences of aphids from Pinus armandii

4 ST A 38 4 B

Name Average intra-specific divergences
A 0. 0009 +0. 0009 (0. 0000 -0.0033)
D 0. 0000
F 0. 0007 +0. 0007 (0. 0000 —0.0016)
I 0.0020 +0.0011(0. 0000 -0.0033)
J 0.0017
L 0. 0000
M 0. 0000

2.4 HEFETEER

IB3A YR % I — AR AE M (AT ~
M1) (I 2) , 2B w5 E, AL 5 Bl Jg T
WM B K F Cinara piniarmandicola Zhang, Zhang et
Zhong, C1 5 D1 Jg& T #\ K & K ¥ Cinara pinea
(Mordvilko) ,E1 5 F1 J§ T/ B K B KT Cinara
brevisaeta Zhang, Zhang et Zhong,G1 J& T & LK K
W Eulachnus alticola (Pasek) ,H1 J& T ¥ 4 K K 1F
Eulachnus drakontos Zhang et Qiao, 11 J& T B K
KW Eulachnus thunbergii ( Wilson) , J1 K1 5 L1
& F 1 b ¥y K KW Eulachnus piniarmandifoliae
Zhang, M1 Jg& T 4¢ LU #% Bk ¥F Pineus armandicola
Zhang, Z58 5y ¥ FIE 508, 7T LAAR 1 48 1 A
Wi, A 305 B SR K R R, G 3wl
KREF, H SR e A R W, T 302 AR R BF, K
H L SRR IS R BE, M SR R BRI
B2, T C5D,E5F,J5K(L)M®isEE
KT 2% , ML X P S R o fa]— 4
Yo, BT LA, 33X Se ) f i 06 ol ik — 2D e .

3 it

3.1 BEEEBEXT 2%HH&KIEMH

i o — & B s o A, AT K BLAR LA L g
HA—-HZR(CHD,EHF,J5K,JHL)ZH
M AL T 2% ARl e S e, X
MRS LA —h . B4, XL AR

®3 LR EFHATESEEES
Table 3 Analysis of inter-specific divergences

of aphid from Pinus armandii

- B il ) 32 A B S S B i ) 3 A B S

lfltfe In?er-speciﬁc ﬁfe Infer-specific
divergences divergences
A5 B 0.0170 D 5K 0.1195
A5C 0. 0554 D5 L 0. 1220
A5D 0.0775 D5 M 0.1318
A5 E 0.0795 ESF 0. 0269
AL5F 0.0617 E5 G 0. 0999
A5G 0.0838 E5H 0.1168
A5 H 0. 1001 ESI 0. 1006
A51 0. 1042 E5]J 0. 1001
AL]J 0. 0956 E5K 0. 1195
A5K 0. 1001 E5L 0. 1220
AL 0. 1025 E5 M 0. 1419
A5M 0.1214 F5G 0.0928
B5C 0.0617 F5H 0. 1022
B5D 0.0795 F5I 0.0921
BY5E 0.0838 F51] 0. 0907
B5F 0. 0659 F5K 0. 0998
B5 G 0. 0882 F5L 0.1022
B5H 0. 1095 F5M 0. 1444
BHI 0.1016 GY5H 0.0707
B 5] 0. 0930 G5I1 0.0671
B 5 K 0. 1069 G5 0. 0596
B5L 0. 1094 G5K 0.0749
B5 M 0.1316 G5 L 0.0771
C5D 0.0370 G5M 0. 1266
CHE 0. 0863 HY5I 0. 0695
C5F 0.0748 HY]J 0. 0665
C5aG 0. 0905 HE5K 0.0751
CHH 0. 1147 HEL 0.0731
C5I 0.1113 HE5 M 0.1167
C5] 0. 0862 15] 0. 0627
C5K 0.0976 15K 0.0610
C5L 0. 1001 15 L 0. 0590
cCH5M 0.1393 5 M 0.1392
D5E 0. 0885 J5 K 0. 0536
D5F 0.0748 J 5L 0.0516
D5G 0.1023 IJ5M 0.1219
D5 H 0. 1121 K5 L 0. 0055
D51 0.1177 K5M 0. 1420
DYJ 0. 1001 L5 M 0. 1395

J& T[] M R 3 2 A7 AE AT > KL, i
= tie.
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18236 Al
28234
18207
18256
17244
17262
18223
18719
18767
18773
27488
27795 | A
27819
15729
16076
16077
18827
27402 AS
2779
23055
23074
28028
28144
27797
22216 B1| B
9 27855C11 C

99 273859DI | y

27901
2819E1 | E
18222 F1
0
99 201 | F
27851
27781
27787
27897G1I G
27895 1 H
o5
99 2013 | 1
28230
28200
99—l GS
28008

— 280I0KIi K
27885 L1
18720
27853
27867
28061
18716 M1
18168
24889
18203
18227

99

99

96

99

93

99

95 .

9

\O

M

E 2 #F 633 bp COI 71 K2P S ¥ H
LR EFHP NI K, BEREZTHERT
AEEF(=90%)

Fig.2 Neighbour-Joining (NJ) tree of
Kimura-2-parameter ( K2P) distances based on
633 bp COI sequences with bootstrap percentages
(=90% ) above the branches

ESFZREES LR TEERERY. El
FER R AL T HONSCER  F XRMHEMEIRA =
Mo 2 THUER2R,E S F ZE %Ly
0.0269, B L, E 5 F X RMHMEARRA
25, BT E— k. WL, \TEHAN E 5 F
s T PSS [R5 e B A RE ol T T A e P
B LA KRB 0 A, A5 A ORE 22 1] B9 TR A2
TR W BELIBT , DA T A7 75— 2 B 388 1% 1 2, (E R 3k i 22

PR B AT IR B RO T

CHDMIXRAMI SHERYRA ML
Hh L bR PR R AR I A W R b PR RE S R T
[ oA o 38 B 25 2 S e 1 Jm TR I R R I,
XFLE 3 S RE K IR ER 2 B A5 R AE JT A
B2ER, HZ Cl R A VI B — A58
00 ONEN R R = o E RO BT AT V2
fR 2 5 RE Sl IR R i VI A 0 3R v [ S0 A il 583 )
B, HABE AR R AR B A B AL I SRR
MIEEZRIFA R R, H2E, XD LR
()35 A B 25 35 ) T 0.0370, B4 W] BB i T F 1y
(B o SR o 77N 1 U B i (V8 7 B el £
225, AT, X AW B A7 1 B A7 B 2 26 50
JCo [FFER,T 5 K(L) e B R DML, B
M2 [ By 5t 1% B 4l i 1 0.05 (0.0536 Al
0.0516) ,3X /™ FE 25 £ 283K 2] 1 W % il (] 352 1% BE
B (Foottit et al. , 2008 ;Lee et al. , 2011) , M7
FT5K(L) ITH a2 5. K, A b R Bf
FW A REAAEE T XX AR 2R BT, H
I, B E — DA 2R T AU — A €Ol
PRCEATE Y, Z 5 B AT A E Z AR,
XF H AT R A RR Y

RN YNV AR UL EYSONE 2 &
e, BT DA 2858 Ak F Ak 27 50 T 3 3 AR 78 73 26
EARBIE Tz M, e K SR 2 A
AL — B PR R AR X B By R, SR AR 2 W)
Tl BB A AT 2 W0 &, 5 U N B9 R 5
ARXESE 5, 107 AE TR PR IR R8C IX 438 AT 8 o o
XFE AR Z W)l 7O 25 0 3 20 AR AR 5  1R 1Y
AR [ —Fl . DNA ZIE A5 I35t 4% 43 7 KO-k
it — YR LR EATRY 22 57, K28 Fhag
PEWA Xy, BEH DNA ZRIEM I kR, RZ
FEor R BT R I, . 8533 B (Hebert et al.
2004 ) . %44# H ( Monaghan et al. , 2005) %, A fE
TE [R5 3 A5 1) ) Fb AT BEAFE B AR 4. R, %
JE A —Fh 25 ALY by F 26 F a0 AUAUIRSE TR S
SR, AT RE 23 PR O 25 0 ) B T S R
FRAEAH LA ) Fh A D2 1 VA28 T [8] — Wy b, 1) A
SCY R ORI B W B o e AR R B AR A A
HA AR 0 R A, £E 2545 55 [ FE i 44 1 (71 3R
WS B AR T B B ), AN R A AR AR A 5 IR B -
B ALK SE DNA ST, 4t BB 15
B4 Tk Ui ) BR Yy Fh i s 0 kA= o i DA,
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A AR AR [A) AR 2L b 5F R B0 PRH S 5 —— 3T DNA K210 - 57 -

B PR 4L 5E , 455 B 552 1 DNA X E ), A
ILRES AT R X 73 ) Bl i 81 i A [ PRy ) DRk
E A BT R B 78 8 25 S R AR AR B | T
SR> A B KA 7 T

3.2 BHEHFITAESTMUMBELXR

gf e 55 AF 32 AR ) TE K AR R P OB R
TR PR L O R o AN E B ROR R AR
ANTE BT ALY AR 28, A Se i e 2R R A EAE )
YUz A SR M A O () Y B e AR TR Y
i@ i AR 1 N iR SN VA D B = S WA ER T
B9 EAEY) Z 0] B B 4 O A R K O AR Y 4h
Ho AN b A7 Az A A [F) b 26 Y B de, 4 b of
AESAARMBEARA (K 3) . FIAKER
IgF T A Y T FIRE AL, 4 AR 0 25 e 2
PR B B A R I AR IR KR R
B YR A AR A R A IR K
PNLY NV /S SN S ITE /A SN % 4 2 ) ol oS e T
EATHA B AT S BE 7, BEAE S W) B9 AT R b R
B AL PA BRI AR W FE 5T i B (2 AT
frahfe AR AR A RE M B O Y, hE
KA HIRA

PN 7R s 1R VAP 7 B e L RS
PARRE ORI PG R I A IR K R W s 1ok
F W B} Lachninae £ J& K BF )& Cinara, 5 2 AS
SRR (L 2) 5 81 i A L KR8 e 4K R
g RN B AR LA R BF (GS 30) J& T R 1
WA KIFJE Eulachnus BI¥)F0 5100 M SZ A9 4E DAL
FREFJIE T BRIF Rl Adelgidae ¥AFR /& Pineus, © 5
B R G K RBOL . WA A S AL LUF
RGO F AR 1 W) A AE TR A L B B 1 R T
i,

Igf s 7R 2F EARY AN R 0 BOR B AL T LUE AR
Je AN ) /N AR 35 IR AR L 22 A 1 Y 0 Al 2 3 1R
WSS IF AR AE S E R, A EEW
& KRR 09 W AP AEAE & 98 5 A W] 0 2R B [a) —
BEmy AW B LA R WE, B2 th T E147 3l g
WAL DOR RN b L e IR B Wl S e I S
SEOR A AR NS T o TR W TR Y W) Fh AT A A X
SE YR ERAL, [A] — ARAE ) b LR R i 2R
SOILF A EE, AR F AR AL (25 R
ERCEE R ) DU &R 5907 SR, 25 D Rl
Z VBT e b 55 5 W o A L 35K ) S R 4 R

B e 2 O T R R A, O AR LA TR
G AEA B 0, 7 S BOROR A ZSE T, A E
TP AR TR AL 22 R 1 55 00 ) b 22 A Pk 22 1) Y
KF I 7018 K 3k 4L by s v oy [ 2E Ak 9 25 2R
( Richards, 1976; Blackman and Eastop, 1994,
2000) . ANEA BWFFE T, B E B AR SE (KR
WEIE ), T 3 B, B B T BT R Wk A
JL, Wcwiin R S IR, YT IV RIS V2R T RS HUOR
B DI Eh T 0 B9 47 R — D T A A5 — 90 0 e
AUAT SN a0, B AR AS A0 K, BB 0% 7R £ F R
M REFLE 5 — SR (K2 KRR ) 7 7% B K¢
b T AR 0 R B A B M B 4 o R
ok — i 1A PRI M 36 4 0F ol A IR A% E— P Rk
Wi AR S AR A AR B, Jr AR B B .t TR A A
VFZ 25 W AR S AL, 38 A2 25 6 10 40 & Dy 5 1 ) b g
fedR At 12 a], Al A5 B0 A A9 4 R R T ) ol o
200 B, 2 5 BB ER KRR o

3.3 MRS EER N A

DNA ZETE R H AR )12 b T4 ol 1) 568 5
LW KT Z AW R, B 5% 2 (Hebert
et al. , 2003) , 125 (Ward et al. , 2005) , 3 H
(Brown et al. , 2003 ;Hebert et al. , 2004 ) , Wik 2%
( Barrett and Hebert, 2005 ), #k & 2% ( Hogg and
Hebert,2004 ) , %53 H ( Foster et al. ,2004) , #% 4 H
(Ball et al. ,2005) X #53# H ( Cardoso and Vogler,
2005 ; Monaghan et al. ,2005) %5,

BEX i T 2 BB 38 OB 2557 EE L)% E 1)
Yh ,DNA SRIE RSk T 2L, r 2 Bk
REAS LA Z B B 4, i f e 2 2 R 4 e ol 5 A
MRz — WAy 2 AN 4 5 B dus TR i A 0
JAA BN OC R o 1 Se s A T AR OIOHE 4
28R, HR IR AE B F AW Z 18] 1) 2= 5 P i A8
e R 28w dirp 204 2 503 A, H 2 5 D EL
WEANAR B AEY Y, A5 TR T MR T
UgF AT SR ATR IS TS A B R R R R OB
MEPERF 10 AL (3K 2% ,1999) o Kk, i T =& 2
a] ¥3 ¥ ( phenotypic plasticity ) 1 # & 7] 48 ¥
( genetic variability ) T2 T R0 AW 5B LT
VFZ R4 o BEXReE A Y b i i ey b, ) AR
SCWFFERY AR A b i F H, SR AR 7R 2 4R O [ 2=
A5, PR AT RE AL & 22 A [ 0 A W Y (AR 5
A7 A I ARMEEAG %5 5 , ELAEIFE T, 7 ad 2o
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LA KR KEF 18236 2R
A R K 28234 WEERE R
kKR K 18207 AR
Lk R K 18256 YR
AR KIEF 17244 /MEBEE
sl R REE 17262 AMEBRE
eIl R KIF 18223 WEEHUE
R KR KEF 18719 BEEHE
AR RIF 18767 ZARBEE
KRR 18773 MEEREEE
KR KIF 27488 EFHHECTEUE
Il R KEF 27795 WT#EE
Elika K R KEF 27819 W8 =
kKR KIEF 15729 NP B
kK R KIF 16076 IR B
IR REF 16077 AMEEREE

99

\ A R K 18827 Bk RE IS
99 Il R R 27402 3
kA k R KEF 27799 e

L AR KIF 23055 ESS:T

LK R REF 23074 EEHE

\ kA R K 28028 WEERE R
il R KEF 28144 WEERE R

A R REF 27797 WFREE
FIE KA 96 BURCE Y 26216 MEBE |
KA 27855 SHOHERMEERUE]

99 A R KIEF 27859 fIg e Sl E ST
Ak R KIF 27901 WU
AN ——GEKREKEF 28199 R
Kl - FEKRKRE 18222 L EN

HEKEA 27793 AHECERE
HEKEKIF 21817 es I

99 TEKREKEF 27821 4HHH LML R
R EA 27851 AH MRS
HEKEAE 27781 LB T R

\ HEKE K 27787 LR
m LK REF 27897 -

T KWF 27895 B E

B KKEF 28145 R

o EiaKoKEF 28233 Bt s

- WK KIF 28213 EmEEE

93 AR KIF 28230 SRR

KKbF )R BRI KEF 28200 R
A:%mm&ms 27947 - BEE

o felikakKEF 28008 B
&'5@;‘.' — #l KR EF 28010 TR
o 99 el FAK KU 27885 EHOFBEE
& / felifa kK EF 18720 BRI
) e LA KT 27853 R
LAk K HF 27867 EH B

A KK EF 28061 ot EEfE

Sl AABRIEF 18716 EHEE

e L FARRIF 18168 B R

HRAFH o9 Sl FARRIE 24880 B

LI FABREF 18203 B E

HElIAABREF 18227 R

3 IR EFRYMEESMYXR

Fig.3 Relationship between aphid from Pinus armandii and their niche

DNA ZJERS ) COT F¥ 41, L o3 A L it 4% B g L[] — Fofr 35 Hh2f) AN [s) 2508 17 7B Ok , 788 9 0 28 27
PR AR S, WROWK - EREmEE W s % IR
SFRRAE , AL RE S 15 3] P 8 45 5E W1 R i H B9, b T JLAE DNA ZZIBH B A 200 HERNE R
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BB (] A A iz e i — S ) 5, bR R AL AR,
o1 a2 A A4 AT B RS BB AR 4 1 S e AR 1 2 00 4
(Chase et al. ,2005) , i T 2R & K ( nuclear
mitochondrial DNA, NUMT) (77 4¢, il fE Rk 179
M) ZFEPE (Song et al. ,2008) o A 5843 & 73
TE T RE 23 52 Wi A7 LA ZORL AR Y 7] 28 M (Petit and
Excoffier,2009 ) . i H., 24 #ij £ 45 2 19 £ 48 & A
PR, S8 A i 5 2 B0 1) W) b © 8 35 3] 223 449 F
1732392 4 % % ( http://www. barcodinglife.
org/ ) , W RZ AP BN TR E R ZERE, 1L
LULY SR EC Y BE7/RE - ST NS RS S IE 7/ R - I T}
HRZEH A R xR KR L& 55, A fE
B A K P B A SRR AR AU
WEEEE T COL JP iy DNA ZIE RS % b, 75—
FEAREE b 2x AR B Ry BRAE

T 5 I AR 0P % 58 19 77 7%, #8 DNA 2%
ATESPIZANE Y RS F ok S SRR EI AR Y N
BRA G4 h BEAT DNA ZRIE A% 4G I 15 53 7,
13 BN S5 R AR AR BE TR 28 4% B8, 3K FE AT X Ry
E B2 EAEY) , TC I R A 0 B ] R RE TR
R T P 5 B0V B8 PR A B8, — R TIE S
FUE AR G R TAE R, 5 — O W YR A T AL
HE DNA Z5IE RS 43 25 B0 (] @, JF A B T & IR
FEOP R T0 0k X A7k, A BT X A i
b EBLII OC R R R, DL R AEFH EAEY) L
(38 A D e S5 ok B — A A AR, AR R
T 2 AE 0 2 93 TR DL SO 6] 19 ) b B ot B
HEAT DNA ZRIE M A AT 5T, e 2 W 5% o e HE 2E 2
TrRMKE

HEHEF AREAAFARER D, H oK
IR AR e — R R &
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