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Rapid identification of aphids on Amygdalus
plants using DNA barcoding
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Abstract Amygdalus plants are important fruit trees and some are common ornamental plants. They are also the host
plants for a variety of aphids. It is difficult to identify aphids rapidly and accurately by traditional methods because of the
degradation of specimens, specialization of morphological characters and the occurrence of multiple forms within species.
In order to identify aphids rapidly and accurately, DNA barcoding based on COI sequences was used to analyze aphids on
Amygdalus plants. In this study, 12 species were found, including 10 species from Aphidinae, 1 species from
Greenideinae and 1 species from Chaitophorinae. 96 COIl sequences were obtained from this study. The average
intraspecific divergence was 0.76% while interspecific divergence was 5.7% -15.5% . NJ trees were built based on COIL
sequences, in which most samples of the same species clustered together with strong support ( more than 95% bootstrap
value). Combining sequence divergences and phylogenetic tree results, 99% of the aphid species on Amygdalus plants
were well-differentiated by DNA barcoding.
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davidiana potanini) .\ H Bk (A. kansuensis) N 4%
B (A mira) , 32557 T 74 38 F0 0 AL FR, K B Fh 42
] 45 b X A7 93 A

BeJm iy & 36 W 5 - My, e A = T 241
AEE DL B TR AN, AR 2 R SR
firo BEJmAEY) b of R 2R AR £, Horh — 2ERp 3 2
AE 5 HE A A MO A 7 AL ) 4 TSR B Aphis
Sfabae Fi WF Aphis gossypii . Bk BF Myzus persicae %%,
IgF o A T PR AN S 3 R R A L 2 D A AR ™
I IR BE T SR R S AR 2O, 1 55 AR K
o S5 UHEE 1) % R 23 VG Gy TR ASCRY 1 Ak A
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DNA £ JZ 1% ( DNA barcoding) J& i@ i X} — 4~
B B Y 5 R DNA P 51 3E 47 43 B DI 2647 9
P RE B H AR o 2003 4, i 52K A W) 2% 5K Hebert
R/ R AN IR R SO = f AR O |
(cytochrome ¢ oxidase subunit 1,COI ) {E & zh ¥y i@
F ) B 48 7€ tr i (Hebert et al. ,2003) . HfT,
DNA B ARTEVE 2 sh W 2R #4321 12l
fR 0 [ if e BB T R A Bl o A BF L) A
e TT I, Wik TARZ 220, 45 R R BICOl Reag
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et al. ,2005 ; Foottit et al. ,2008 ; Wang and Qiao,
2009 ; Qiao et al. ,2011 ;Lee et al. ,2011)
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ATC A-3") (Foottit et al. ,2008) , PCR ¥ Hi{k & Ky
30 pL AR ,fu4E:3 pl #Y 10 x Buffer ( + Mg’ "),
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R 56 S R AR E A1 Bl RE 3 AT (bootstrap
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Table 1 Information for samples used in this study
~ GenBank
& i RIS OREEM T g
Genus Species Location Date ZMCAS Cen.Bank
accession no.
J8E 3k Wk J& Tuberocephalus Shinji BkJRE Lk 1F T. momonis (Matsumura) 5tJH 478 i 2010.06.05 24544  K(C286644
PEIEE L eF T. momonis (Matsumura) U )I| 45 FE %2 2009.05.03 22534  K(C286645
MEE L wF T. momonis (Matsumura) 22048 & 75 & 2007.08.01 20264 K(C286646
Pk L mF T. momonis (Matsumura) 84 & H 2007.07.28 20246  K(C286647
MkE L iF T. momonis (Matsumura) 55 M 48 U 7] B 2007.06. 12 19752 K(C286648
BeR sk iF T. momonis (Matsumura) % M 24 5l B 2007.06.07 19703  KC286649
Mk Sk ef T. momonis ( Matsumura) [ PG 48 75 42 2006.07.19 19380 KC286650
WhIgi Sk F T. momonis (Matsumura) VU JI| 45 2K 46 2005.04.16 17156 KC286651
MEIEE L T. momonis ( Matsumura) BEP§4 T B 2005.07.03 16959  K(C286652
Bk9g L F T. momonis (Matsumura) Fis H G XOF I E 2005.08.01 16801  KC286653
BEJEE S F T. momonis (Matsumura) b 50T #EJE X 2003.06. 15 14250  JX844360
WEIRE S F T. momonis (Matsumura) Jb 507 ¥ 3 X 2003.05.18 14234  JX844362
MEE L wF T. momonis (Matsumura) Jb i % = & 2009.07.20 23398 JX844408
Pk L F T. momonis (Matsumura) JLIETHTFEH X 2003.06.28 14322  K(C286654
Meg L iF T. momonis (Matsumura) Frim HIiEX 2 fHE 2005.07.26 16855 K(C286655
MEE L mF T. momonis (Matsumura) 75 M4 & 35 2005.07.24 17618 K(C286656
BEJE S f T. momonis (Matsumura) T H HIGXEFEE 2008.06.01 21105  KC286657
Meg L iF T. momonis (Matsumura) T EH HIEXEEE 2008.07.05 21606 K(C286658
Bk9g L F T. momonis (Matsumura) T X HiGXEFE 2008.07.07 21690  KC286659
WeIgd S T. momonis (Matsumura) 75 bR HE 75 17 2009.06.28 22372  K(286660
PEIRE L F T. momonis (Matsumura) H & CHE 2009.05.29 23006 K(C286661
9 UF J& Myzus Passerini BEWF M. persicae (Sulzer) A6 mt T i X 2004.04.21 13455  KC286663
#e4F M. persicae (Sulzer) FriEaE X I E 2002.09.25 13995 K(C286664
#E4F M. persicae (Sulzer) WAk s Ot R 2005.05.02 16122 KC286665
Bet M. persicae (Sulzer) Jb 5 i i jE X 2006. 04.25 16542 K(C286666
#E4F M. persicae (Sulzer) Jbmt i i vE X 2006.04.29 16549 JX844381
BkIF M. persicae (Sulzer) A6 5 T g vE X 2010.05.16 24385  JX844413
Bek M. persicae (Sulzer) Frim AE R EFEE 2002.09.30 14027 K(C286667
W25 FIENF M. varians Davidson b 5T T I UE X 2003.06.15 14256  JX844368
B2y FIEENF M. varians Davidson b Wi 2003.06. 15 14257 JX844369
W T YF M. varians Davidson THABRXIZERE 2008.07.06 21194  KC286676
W2 TR M. varians Davidson  fREA R 1L {#4T 2004.05.17 14703 KC286677
X
W2 TR M. varians Davidson  fREA R F {4 2004.05.23 14783  KC286678
X
¥ TR M. varians Davidson e I 2004.05.23 14784 KC286679
X
W2y Rt M. varians Davidson A XTI 2004.05.23 14785 KC286680
X
2T EF M. varians Davidson fEEA R F IR 2004.05.26 14839 K(C286681

X
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43Kk 1 (Table 1 continued)

o GenBank
i i REWE  REEM 0T s
Genus Species Location Date ZMCAS Cen.Bank
accession no.
W2 FIEMF M. varians Davidson VU [ 36 X EERE B 2005.07. 14 16432 KC286682
W2 FIRMF M. varians Davidson U145 K 5 B 2005.04.19 17164  KC286683
w2 IR W M. wvarians Davidson IOV AR X EETT 2006.05.27 18978 K(C286684
H G FRF M. varians Davidson DU JI| 44 fE 22T 2009.05.13 22535  KC286685
25 FREWF M. varians Davidson — H {4 3 B 2009.05.29 23012  KC286686
w2 IR W M. wvarians Davidson IOV AR X A ARTT 2011.06.08 25723 KC286687
24 FIEUF M. varians Davidson VL4 % & £ 2011.05.28 26724  K(C286688
W2 TIREME M. varians Davidson wEaEEmRFEILT 2011.06.12 26872 KC286689
A WF M. mumecola (Matsumura) T H HiAXIEJHE 2008.06.30 21160  KC286662
4 BB W@ Brachycaudus van Z=UG B B. helichrysi (Kaltenbach) Jb 5 7 5] BH [X. 2010.05.03 24377 J1X844411
der Goot
24 B B. helichrysi (Kaltenbach) 221l [ 34 X MEFI 2012.05.20 27602  K(C286668
bR S
2245 B IF B. helichrysi (Kaltenbach) P32 [ 74 X A1 2012.05.20 27609  KC286669
T R i
Z5 45 B B. helichrysi (Kaltenbach) Jb 507 & 5 X 2010.05.08 24408  KC286670
2245 B WF B. helichrysi (Kaltenbach) I )I] 45 £h 371 B 2005.04.03 17073  KC286671
2240 RWF B. helichrysi (Kaltenbach) PUJI| 45 £h 5 2 2005.04.28 17215  KC286672
22 B WE B. helichrysi (Kaltenbach) = 45 Wi VL E 2006.04.27 18226 KC286673
Z= 4 R B. helichrysi (Kaltenbach) U JI| 45 VT & 2009.05.27 22640  KC286674
A4 RWF B. helichrysi (Kaltenbach) PUJI| 45 FfE v £ 2009.05.29 22657  KC286675
KEWFE Hyalopterus Koch Ay KEEF H. pruni ( Geoffroy) ] e A AR T 2010. 05.09 24361 KC286696
Ay KEWEF H. pruni ( Geoffroy) Hik&ermn 2009. 05.28 22993 K(C286697
BEW KB YF H. pruni ( Geoffroy) At 5T R FH X 2012.05.18 27531  KC286695
BEW KB YF H. pruni ( Geoffroy) 6T JE X 2009.06. 14 23263  JX844406
Ay KE®F H. pruni ( Geoffroy) R4 H BT 2007.04.21 19554 K(C286694
Mok KB YF H. pruni (Geoffroy) 4 & 2004.05.30 19198  KC286693
e KRRYF H. pruni (Geoffroy)  TLIRA 5T 2006.06.02 19186  K(C286692
BEEy KRB WF H. pruni ( Geoffroy) e mt g e X 2004.05.15 13474  K(C286691
B KB YF H. pruni ( Geoffroy) I ARAEFLEE 2006.04.11 18589  K(286690
Mok K EBIF H. pruni (Geoffroy) — FRA4E 38 U547 2004.05.16 14721  K(C286698
X
Mok R EBIF H. pruni (Geoffroy) — FEEAIE LY 2004.05.23 14782  K(C286699
X
BEEy KRB WF H. pruni (Geoffroy) — VGFG4 T 45 LA H 2008.04.02 20971  K(C286700
X
ek KB H. pruni (Geoffroy) P B XL H 2010, 11,13 26171 K(C286701
BE# KRB F H. pruni ( Geoffroy) At 3 1 ¥ UE X 2006.05. 14 18846  JX844389
Moty K BEF H. pruni (Geoffroy) 4t 5T B FIX 2010.06.05 24647  ]X844422
ek K BIF H. pruni (Geoffroy) — PETE 48 5% 1 B 2012.06.08 28102  KC286702
BE# KB UF H. pruni ( Geoffroy) J6 3 T g UE X 2004.05.10 13470  KC286703
Mok K EBEF H. pruni (Geoffroy) — Hids 4G X &I E 2002.09.30 14028  K(C286704
BEW KB YF H. pruni ( Geoffroy) A3 1 1 VE X 2003.05.18 14233  ]X844361
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43Kk 1 (Table 1 continued)
. GenBank
i i REWE  REEM 0T s
Genus Species Location Date ZMCAS Cen.Bank
accession no.
BhEY KRB H. pruni ( Geoffroy) Jb T UE X 2006.06. 15 14249  JX844365
et K EEF H. pruni ( Geoffroy) A6 5 T ¥ UE X 2003.06.23 14297  K(C286705
BhEy K BIF H. pruni (Geoffroy)  JLET AT IE X 2003.06.23 14298  ]X844371
BhEY KRB H. pruni ( Geoffroy) Jb T UE X 2005.04.30 16115  KC286706
BEW KB EF H. pruni ( Geoffroy) dbmt g e X 2005.05.07 16144  KC286707
Bk KB YF H. pruni ( Geoffroy) J6 3 T ¥ JE X 2006.05.04 16558  JX844383
BEEy KRB WF H. pruni ( Geoffroy) e P A e B 2005.05.07 16935  K(286708
BEW KB EF H. pruni ( Geoffroy) B Y T Bk B 2005.07.01 16997  KC286709
et K EEF H. pruni ( Geoffroy) A6 5 T g UE X 2006.06.08 19313  ]X844395
BEEy KRB WF H. pruni ( Geoffroy) JEET T B I X 2007.07.05 19784  JX844397
B KB YF H. pruni ( Geoffroy) s B X EHE 2007.07.18 20571  KC286710
et K EEF H. pruni ( Geoffroy) A6 5 T 3 FH X 2010.05.16 24389  K(C286711
BeBs K EBIF H. pruni (Geoffroy) BTG4 TG4 1l 2010.06. 02 25003  KC286712
BhEy KRB H. pruni ( Geoffroy) Jb TR H X 2012.05.08 27533  K(C286713
BEW KB F H. pruni ( Geoffroy) At 3T A R B 2005.05.12 16154  KC286714
Mok K EBYF H. pruni (Geoffroy) T 8 X A2 H 2003.08.21 15418  K(C286715
4595 WF )& Rhopalosiphum Koch KA 45458 R. Padi ( Linnaeus) b fH X 2010.05.04 24378  ]X844412
RALE W R. Padi (Linnaeus) M5 H G X IEF 2011.09.29 27414 KC286717
T R i
IR A5 R. rufiabdominalis Sasaki 774 HiA X FEE 2010.11.19 26267 K(C286718
5] 98 45 )& Ovatus van der Goot EHLRIMF 0. malisuctus (Matsumura) PU J1| 45 #0677 2009.05.12 22510  KC286716
= I8 Elatobium van PO 4 VA X bR 2 H 2010.08.03 25750  KC286721
Wi F E. salicifoliae Zhang
der Hoeven X
EA 1 ASZ AT P. koelreuteriae At 5T EA H X 2009.04.21 22199  K(C286720
Periphyllus Mordvilko (Takahashi)
7B S Mollitrichosiphum 5 1| 75 B4 1 M. luchuanum A R HE LY 2003.07. 14 14488  K(286719
Suenaga (Takahashi) X
2.2 REEBEWEMOH

2 HREHH

2.1 PCRYBHRURERRERFINGH
TH AR R, W 519 LEP-F/R BEAS1E b

BETEZ 1R SR B (46 ~ 52°C) NI & 4 Bk
JEAE D) L U COT 3 K P 4], 47 3 44 % 3k 5]
100% , 58 &= 45 5 4F i DNA 085 0 20Kk . Aot
FALGRTE COT JF 3L 96 4%, %4 Seqman [ X )5 1%
F] 667 bp H T a2 iise.

Horp R SF AL 468 A, ATAR A 45 199 A, ] 24
FRANL A 164 A, I E RN 41.2% T,
14.0% C 34.4%A 10.4% G, A +T=75.6% ,C +
G=24.4% FELEW B AT f

T AR H R RN B KR 2905 Ay A T NT R
(B 1) 45 R/GLKERSIESEEMER, %
Bk AR Y 12 B o JE T 3 AR R, B
I . #}  Aphidinae ( 10 F ). £ & % ¥ F}
Greenideinae (1 Fp ) Al & 1% W B} Chaitophorinae ( 1
) o

MERG K &M Al LA I, B &% 5 M.
mumecola 5 #kBF M. persicae IR Z2 7 — it , HoAth %%
Y Fp ke S HS A B R AR, R A — R Y
i S W 1 7 B O T 1 5 3 SO N = 789 5
Macrosiphini B9 ¥ Fh , Bk 8 Sk F T. momonis . 75 J&
WF M. mumecola MEYF M. persicae . ¥ 24 T I8 F M.
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varians . 357 BB W 0. malisuctus . 2= & W B.
helichrysi 5 W55, LHFFHR N 75% o (5 I8 9 )&
Myzus (99) R0 IF BEAT FEBR 2R o 305 . ) 1) ) ol 2R
RS B WA SR I, HAE S
g A g 7, 2% SRR — B B 1 Rl B SR R AR L N
9% ~100% |,
2.3 FIERSH

FET K2P BRL, e RS A A D 2 SR

(6 AWy B, T+ 55 1 B G P 32 By a4 R (3R
2) B 12 AWy R vl st A BR S (32 3) o Bl A
B AL B i /NME N 0.06% , e RAE N 1.7% . Fif
[F1) 358 12 B 1) 25 2R T LA BR T Bk BF 5 A 9 48
{14 334 B B 0. 3% LASN , LA 19 19 40 o £ ol ] s
TR R T 5. 7% , f KA ) 384G BE RS 3k 3] T
15.5% ,

x2 BUWMAFIESR

Table 2 Mean and range of intraspecific nucleotide divergences

Y ¥ it £ 2R (%) T (%)
Species No. of individuals Mean divergence (% ) Range (% )
k9% Sk F Tuberocephalus momonis 21 0.10 0-0.30
W2 TN Myzus varians 16 0.06 0-0.18
2245 B WF Brachycaudus helichrysi 9 1. 60 0-2.60
KA 4598 5F Rhopalosiphum padi 2 1.68 —
WAy KW Hyalopterus pruni 35 1.00 0-2.30
WEUF Myzus persicae 7 0.10 0-0.30
3 i R | IR TN | a2 S % 71| B

3.1 COI 1£5 DNA £ kEEY TR

DLIE B 3 o 3L a4 T2 15 £ R ((distance-based
barcoding) fig 75 ¥ i (1 %5 72 1 ) R AR 60T T 8 4y
FAm i B P R 8] 52 1% BE 25 RN B PN 3t A% BB S 22 ()
()43 B F5 B ( Aliabadian er al. ,2009) . 4 Ffi i) F1
Fofr A A 38 1 B 8 TR B B, W ROk L B 5 R
WM., B R Y i R, T
COT J¥ 51 i) 4 B3 43 Bt 2 B b Py 5 ] BE B LT 1%
AEE(K2),MNTEE2E5R0.76% , il 751
FIEEFN 111% o BT A #5800, K24
YRR RE A AL B X 5, S R IE H] 99% . 1k
Bl COT LIRS DNA ZJE 65 X 43 of He g S )
T, XA 45 R 5 Foottit 55 (2008 ) Fll Lee 5%
(2011) B 58 3B 5 AL

3.2 EFCOIEFEY DNA EREBHAREHTF
K EIE R Hh I 454

MNI B ERJDLREH, 2 MY f e & 280
Hh— 2 1 3% 2R M 3R 25 4 4y Ak, ) dn 2R R i i b
Jr (bt ST FRE AT T (U= B ) R RE

F T 80% M198% G M EZEFEH T 2.5%,
W PR NSRS MBS
AR, B EENERERT
1.8% . HAkJRE K tof A0 — 2 if 35X AN T A 0
B COI &A% A KA B ik I,
X F COT 5L K 69 43 Bt FUBIE ST, 4% J BF 55 40 o 1) 3
ES B IVNE R B Ry S AR RS

3.3 ETF COI EEH DNA ZEHBHAREHF
EMYFH R FZAEK

16 NJ A b, 250 0 5 Bk R 2 — S . X T
AR]85 B B AT 0. 3% , Bk iF 1 Fh Py 5t 1%
FEEI N 0~0.30% , W% ZIRIfEEE E& . HRY
L5 BRI S AN W Al AR S LR R AR AL, DX 7
T IR F 11 Sk R 1A BOR) A A, Sk TREB K SE T
aLT- 55 T ik 55 I A ob 5, Bk o 9 Sk 9 T &
MG H Sk TR K & £ ok il f 1 TP B Y 2/3
(FeA%BR A5 ,2009) o %5 FIR A F 40 55080 , T LU
T A5 96 MoF 5 Mk 0 11 4 R S E A AE — S TR) L, ] e
FAERY 2 G . i T A B 58 A 9 0F 1) B il 2
A 15 TR Gy TR R L, RS SR
B RS BRI LRI



2 T B AT DNA

FETE T %) Ak J A gy b B g R M

47

81
97|
=

16959 B4 5 Bh
17156 JU 1147 R A T
19380 BhpGTIG %

19703
19752 4 b
20246 Mmf“‘f. (=3
20264 LA EVEE
22534 PU)Il# AR T
24544 B A7 Tl

B S 2F

Tuberocephalus momonis

23398 ALl s B
23006 nw«m ]
22372 ¢ E
21690 5

21606 J* %

21105 5%
17618
16855 i (171X -2
14322 el aX
27602 P3¢ F G KIE AT
27609 I’\unl
24317
24408 L5
17073 JY)1145 #hik £
17215 PY)1145 HhiR L
18226 ZFIHIHILE
22640 )15 AT S
22657 JU)1|HHEIT 5
13995 X BB | B8 Myzus persicae
21160 5 RE | B Myzus mumecola
13455 4t

16122
16542
16549
24385
14027 3
14256 4t
14257
21194 5 £
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Fig.1 Neighbour-Joining (NJ) tree

based on COI sequences and Kimura’s two parameter

model with bootstrap percentages shown on left
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Fig.2 Histogram of genetic divergence using mitochondrial COI sequences.

( divergences were calculated using Kimura’s two parameter ( K2P) model)
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