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HEPE A 5 A I BOR D e S i &
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JE

HFE 266071; 2. HFiGgERrys
266071; 3. H G HFR¥S5HARERELRE
Ki%E  116023;

HE

201306)

AHE R T & AR COl #5477 th DNA 4 # F1 DNA % F L ARME A, DA 11 B

30 Ab kO H RIS, T AT H DNA &0 a F 5| ek B, £ F 2 4 Oligo Array 2.1 1 2645
4, £ OligoCale iK%, %k % & % (Hairpin). Z ¥ (Stem-loop) & B & — R & 45 4 (Homo-
dimers) 8y 4% #f, FF| F Oligo heat map 4% 4t 5 #8477 71 AT B M A2 x5, A 14 N ARy 24 45
HEGER T RRESE S, FIH DNA £BAE FBAREH 14 Ny s e 2 #, 2R HRz
ARG S AR 46.7%, 185 R Tk 100%. B, 3T COl £ E# DNA &% F # A
BRA RS A — W ERNE, EZBE AT AR A G AR AR ], B A
AR E L E N TR RBZ AR A K

KA

hESEE S917 XEIFIREE A

VE R A ) Z2 REPE AR () LA RS 43, DR A ER
BN IUE E BB, A YR 1 Ry BR A AN W 45
WTE A 3 22 G ML, i 43252 10 % T T I L K 1Y)
PRiK . FET DNA FIEMHE AR5 R R GRS
4 Bh W R S8 2 3 BOR (Austerlitz et al, 2009), H
PR IEREAS PR i — B [AJR DNA J331, il 751
FEXT RIS AT, KW Fh 45 5 o © R0 FP a5 % BT )
(Xiao et al, 2004; Moritz et al, 2004), Hebert 55(2003 )i
1T DNA SIS AR IX 4 T 8538 H 200 4455,
INKLL COl FFFIN SRR DNA KB R g A ]
S LBROY . ST SRR, R A A E R AT A
YIS e AR B, A A SR 260 FRESE 5
K17 T DNA KBRS, R BLFhEI 22 5 29 R R N
2250 18 %, JF I 25 %5 B Fh(Hebert et al,
2004), Ward %5(2005) ] F§ DNA 25 5555 AR X6 A F)
M 207 PRI TAr 28, RIITA M H REDL A

B2FF; DNA &4 ; 54 DNA X H; BF4&EK
XEHE 2095-9869(2016)06-0019-07

XAy, INRIZEAR A B TR KA BT
DNA SIEMEAEY RN iy iz 2R H, 2007
A, omEKIEXE# T EPR A G AT E RS
(Barcode of Life Data Systems, BOLD), 2008 4, &
FE A iBOL PUASHL AT i 2 — . Bk f2E DNA 2%
JEAS 11X (Fish Barcode of Life Initiative, FISH-BOL)
AT 2004 4F, FREFOCHRA BN S 5 H, M2k
DNA SIE M50 AR Wi 209 58 . A< A At i 22 F
KT —ftiidEtae . Sk RRFRIAYR DNA B
WROT A, 2010, 5, 2011), IFE5EEEYD
REERETT T DNA FRTE A7 il A= 53 F 808 1)
ALAT

HAT, EHNANET DNA KIS BB 559k 4 h
TEAR BB, FEmsE B dE e, A 22l DNA
KL DNA SR aiaiesk, DA DNA &R
Pl A PR RS OL A VR A DNA 5%
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E i %37 %

e TR By . BRI E ., BHEr, JFETHT
22 P04 P D ARG T 7 457 5 1 DNALIES F (Schena et al,
1998; Kozal et al, 1996; Dudda-Subramanya et al, 2003;
Santini et al, 1999), {Hfif L5 A 7 FH 2l 2 9
FRYEE R RIE . B2F(Engraulidae) fa 2SR 8 T
fifi 10 2] (Osteichthyes) . 4 #E WV 44 (Actinopterygii) . i
JE H (Clupeiformes), A tH 51 Vi) i 2R HEZ
—, HEmfEgRHa e A m e 3 A0, Filan,
H A i (Engraulis japonicus) Bk & H A | #ljfef | %
e B P AT I AR TR I v i BB X 42,
WE MR A W ZH R EY . R E M B A B 5T 5
T A 300 7 t (kX 2001), S 3R E IR I BT
U5 1 EE LA B o R K, 2008) . T AL 2 Rl
245 16 J& 139 Ff'(Whitehead et al, 1988), o[ /01 f5
7 @ 24 Rk X, 2001), AR LG HIZ T
YR, FEEERHA YD DNA S0B A% LAk T
e M o FIREE . JFRITELAE DNA HLF itk 4%
A R

1 #FREFE
1.1 SRy

ARWFFEREA R A FE K= B2 05T e i K
W T A A P, 2R A IR E I . AR
2% (PEHMERGRR ). (LFnE7) (RKHE
45, 1987; dPRIEAE, 1995) A TS 2 4r 5 o iRl
R 37 Iy, WIPEEN 5 MER D, 2%
FishBase (http:/fishbase.org/)f1ZE A2 15 B R4
(Integrated Taxonomic Information System, ITIS)X}4/)
T A 285040 LA B2 43 S M AT 5 o X R MR AR IR
e, BOSTRALA LU T DNA $2HL,

1.2 DNA $2El. PCR ¥ & kil

K FH 505 75325 DNA (Maniatis et al, 1985),
20 CIRFEF M. PCR ¥ 14 RH DNA % FH 5|
Py(Ward et al, 2005), HIHERIEHFAF G 107
5% . F1(TCA ACC AAC CAC AAA GAC ATT GGC
AC); F2(TCG ACT AAT CAT AAA GAT ATC GGC
AC); RI(TAG ACT TCT GGG TGG CCA AAG AAT
CA); R2(ACT TCA GGG TGA CCG AAG AAT CAG
AA)., PCR W BARF A 25 pl, 10xZ% Wi s A
100 mmol/L Tris-HCl(pH=8.0). 500 mmol/L KCI,
15 mmol/L MgCly, 0.1%MH, dNTPs &N
200 umol/L, #&5|MZHEH 1.0 umol/L, Taq R &
0.125U, Jj& DNA =4 50 ng. K HF-20 PCR, S hyF2

JFH: 94°C 3 min; 94°C 30s, 53°C 30s, 72°C 40s,
8 MEFR; 94°C 30s, 54°C 30s, 72°C 40s, 8 PMEH;
94°C 30s,55C 30s,72°C 40s, 16 {f¥; 72°C 10 min,
FK PCR RN BEALAN T DNA AR 125 IR,

FHM: PCR =#ik 24 KREEH A AR ABI
PRISM™3730XL DNA Analyzer DNA Wl 543475
FIMRE , FI PCR 47385 A A 5 5 | a4 7 3 ) e

AHFIERTHEFE

M GenBank FZ5AHEITY Y X B — B gk}
a2k COl FEHNF51, @it BOLD a1 X} T~ 27 5
HEATUERAPE LRI, [W]ISH/E Fishbase th6 56 Fh 44 (A %4
P, AN IR ek 11 )R 25 FhgRb s
) 64 5750, SARMFFEIREE 5 PRl 28 37 &%
FIE3F 0 11 )& 30 Ff 101 4% COI LR F51] A 5615 B
W2 1,

FFHIST 1

141 # 3K Blast# 4% SERITA COl LA
A G T 5 S/ seq.fasta, S ASHE Blast B4
JiE , B Fr 50 S0 seq.fasta #% 34k, Hi i SO seq.fasta.
nsq, T8 R ERF 51 Blast B8 2 A 175 /0
AR, PEAG R ET PR S

1.4.2 R4t BERHW 11 30 Fh 101 55750
BAE4E 1. FIHEME Oligo Array 2.1 A HUdE 44 il i
PEBRER, B AT F N B2 R P51 TR Boas =X Ak S
WESHON: BEHE 2327 bp, Tofd 70-82°C, GC &
1 40%-55%, Na FIDNA ¥ EE53 51 1 mol/L Al 1 pmol/L,
W G EERW e R T (N2 XA /N T (H A
65°C, 2 MEEFEIBEE N 25 bp, IAIREECN 5, %
S I B — B IE RO L 4 (I AAAA).

143 AP 4 IRAT 0I5 ik AHIE5E S
NCBI-blast-2.2.24-win32.exe . Oligo Array 2.1 F1 Oligo
Array Aux 3.8 FR{FIfi 8 & URE 5 S YR S R
Bt o BRI bR AE R 2R E iz s s A e 55 0
R E 5 R . TSR EHFE OligoCale 7EZ4K
4 (http://www.simgene.com/OligoCale) H i1k , HERR 5
W LI . 2L I H & RIRGER AN EASBRER . X
FERE T B A RT 5 ADIEE R B AN XS, 1
KT 4 A EE R I 1) BAMECXT

1.4.4 FA LSRRI EMERL  SEIEETH
FIH ClustalX HexfUI5% . Yok )m B Ak e MR B 5
Y15 #H1E Oligo heat map (OHM)TELL 4K M- (http://
bioinfo.unice.fr/softwares/ohm/) 1T HE L2438 , 25 F 2%

AEER . A RENE S TR Y A B AR 5
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WISy 45 82RF(Engraulidae)ffi2 DNA £IE6S HL T A BF5T 21

*1 30MEMEL COl HEXER
Tab.1 Information of COIl genes of 30 Engraulidae species

Y)Fh Species

i Quantity

GenBank /%55 GenBank Accession No.

Rk #¢ Engraulis encrasicolus
MR Engraulis mordax

HZfiz Engraulis japonicus
PR #E 7 Engraulis anchoita

Fivh 226 Engraulis australis
A5t Engraulis ringens

£#i82 Engraulis eurystole

FrEM 6 Thryssa kammalensis
KAkt Thryssa setirostris

I [CHE B Thryssa hamiltonii

H W8 Thryssa vitrirostris

L Rr A B Thryssa malabarica

E[EE M7 /N 8. Stolephorus indicus
RIEMIHE /N 41 Solephorus holodon
KHR /Mg Anchoa lamprotaenia

AP EF/MME Anchoa ischana

Feats /Mg Anchoa hepsetus

/N Anchoa delicatissima

i R/NE Anchoa compressa

TS /ME Anchoa mitchil i

JI#% Coilia nasus

E[J £ 6% Coilia ramacarti

K Setipinna taty

fE ] # 8 Setipinna phasa

##ll Setipinna tenuifilis

FaHy /i Anchoviella lepidentostole
Rk 4% i Encrasicholina heteroloba
KPEPEAREL Lycengraulis grossidens
KFHfifg Cetengraulis mysticetus
KL s Anchovia macrolepidota

3 AMOI11180; AM911181; AM911182
FJ164578; F1164579; F1164580
5% (7)This study

EU074422; EU074423; EU074424
EF609349; HQ167626
AMI11170; HQ167627

FJ918906

ZRWF5%(8) This study

EF607597; EF607598; EF607599
EU148568; EU148569; EU148570
JF494691; JF494692; JF494693
FJ347882; F1347883; FI347884
EU595317; EU595318; EU595319
JF494598; JF494599; JF494600
JQ841067; JQ842365; 1Q842366
JQ398435; JQ398436; JQ398437; JQ398438
JQ842002; JQ842003; JQ842004
GU440219; EU450645
EU450644; GU440218

JQ842367; 1Q842368; JQ842369
AMF5E(7) This study

JX260855

AWFFE(7) This study

EU417790; EU417791; FJ459395
ZRWF5%(8) This study

JQ365220; JQ365221; JQ365222
EU392185; EU392186; EU392187
JX124803; EU074448;, EU074449
JQ398441

7Q398447

_— = W W W00 W] = ) W NN W R WW WL W W W oo = NN W W

S84, WICRET ATV AR D AR i) 0 R E 5 5 PR E
ANBESHHERR IS AE £, o 5 AR 51 45 A (Y[R
i ik GE -5 HARY R A REAR P SN 25 G, PRI LU T
AERET B AN BEAE o 1) 22 AR T

2 HR5H5H
2.1 #ER&EZE DNAEREER

WX ERRME 11 J& 30 A 101 45 COl KK 41
HEAT R, R B 31 615 bp FH T DNA £S5
Mro @5, 30 Rkl 21 DNA K2 751 1K)

SEHITEIE B AQ24.2%) . T(28.4%) . C(28.2%) 0
G(19.2%), 7] WA FEAL B B0 BH 2 ) R fa 1, AT

B H(52.6%) T G+C F i (47.4%) . B M F %1
PR i rP AR SEAL A 501 S, ARS8 114 4>, Horfr,
BT S 70 A, B S 44 . 8T%FEE IR AT 98%
(B R AR RS 3 B0 a5 5 56 2 BT e da
FE, B R A

e K2P BRI 30 Fi BB £ 25 A4 Fh ) A ]
WL . R EoR, MPERBAEEE S 0.004,
T[] S4B AL BE S 0,146, Filia] 5 Ff S 247 38 A4 5
BHh 37 AU H ARBRAHE 22 62 (Engraulis australis)
2 YRR A RS R B O 2.3 HoAh A
Y54 Hebert Z5(2004)482 i “10xKL0 7,

SR AR 3T 30 FhERL a2 COl ZXIEA5 )7 4]
ST REIER, TTLLEH, 62RF 30 Fhfa2sy
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% H R #3746

RERMAL Y, HEARE XRFE, $9MI¥46E
BRENHFRIX A, 7280 COl LK E B DNA &I H F
BRI IS A TTATHY .

22 MPYHRHEERRERER

BERL 30 SRR T Oligo Array 2.1 HEAT45 1 4
ik, 35 24 NIFEG 46 SRR YERRE; @i
OligoCalc K45 225 20 SN G AgIRER, 5 2 505 16
PRI 26 SRERER(FR 2) 5 3 ek , A Oligo heat
map(OHM)¥- R 5 5 B Wy F COI J [ 7 41) kg 400
FA, ZRACAE M 1 R, TZ53 AR BRIIRE,
BT IFBA SRR T I 258, BEF REEAR
W TV 22 R AR ET TZ52 ARS8 G 22 R 51 e
I, EH H AL | BRUISE | RERAYFSIZL3E, TZ71
RENFEFEST RS, R S MW BRI T4 A, b

B2 ZRPREHE T HALAR P 51 454 1 [l ih ik E -5 HAth
RREBR P IG5, TREH RSN, SO REAR X B
b B s SRS o oA 14 IR 24 SARET YRR
H RS SRR P 5 R SRS A, F4T LU SRy X 1o 4 el
ARERIRET . Ik, AWTZEXF 30 FhieRl a2 iy COl
SENPRET AT 3 Fe0fi 1t , B aRA5 24 R4 AR,
BCBEERET T LAVER . 5 S oA th 14 FpBRRL 2,
FRAR XL PR B 0T B R £ 25 B0 G I AL R AL 46.7%
(14/30), {ELXS 2% 52 i 2 9 49y ol 14 268 5 o fy 4 0T 3k
100%,

AHITFE R FIAEL A i 2k B2 R 2. 2¢ DNA 28214
W, Gt PRI UL AR PR B RS COl

®2 RPN 24 ZFHERMERHES RFT

Tab.2 IDs and sequences of 24 probes of Engraulidae species

W4l %5 Probe IDs

% ¥ 51 Probe sequences

YFh Species

TZ51 TTTACTTCTCTCGCTCCCGGTTTTA
TZ52 TGACTTATTCCTCTTATACTAGGGG
TZ53 ACATTCTTATTCTTCCCGGATTCGG
TZ54 TAGCTGGTATTTCATCTATTCTCGG
TZ55 CTGATATAGCCTTTCCCCGAATAAA
TZ56 ACTGATTAGTACCGCTTATACTAGG
TZ57 CCATCCTAGGAGCTATCAACTTCAT
TZ58 GGAGCTATCAACTTCATCACTACAA
TZ59 TACCTCTCATGTTAGGAGCACCTGA
TZ60 GGATCTCATCTATTCTAGGAGCAAT
TZ61 TGTTCGTTTGATCAGTTCTCGTGAC
TZ62 TTGGAGCAATCAACTTCATCACAAC
TZ63 GTTGACCTGACAATCTTCTCCCTCC
TZ64 GGTAGACCTAACAATCTTCTCTCTT
TZ65 TCCTAGGTGCCATCAATTTCATCAC
TZ66 CCACTATCATCAATATGAAACCACC
TZ67 ACCACTATCATCAACATGAAACCAC
TZ68 TTACTTCTTTCACTTCCTGTCCTAG
TZ69 CTTTTCACTTCACCTGGCCGGAATC
TZ70 ACTTAGTCAACCTGGGACACTCCTG
TZ71 TTCTCCTTTTATTAGCCTCATCTGG
TZ72 CCATGCTTTCGTCATAATCTTCTTC
TZ73 CTTACGATCTTTTCTCTCCACCTAG
TZ74 CTTATTGCTCGCCTCTTCTGGAGTT
TZ75 CGGACCGTAACTTAAACACCACCTT
TZ76 AGTTCTCATCACGGCAGTACTTTTA

TZ77

CTGGGAGACGACCAAATTTATAACG

IR 4L 6% E. anchoita
B4 2262 E. australis
82 E. eurystole

kB 2 T, kammalensis
I B T. hamiltonii
Oh M 62 T malabarica
K Aliks i T, setirostris

EPEEMAH /N2 f8 S, indicus

KHR /Mg A, lamprotaenia
Fany /Mg A, hepsetus

B PHEF/NER A, ischana
BV /NER AL mitchilli
JI#% C. nasus

EEEPEB% C. ramacarti

) S tenuifilis

Jem 25 it E. heteroloba
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Abstract

Species identification plays a key role in the protection of biodiversity. However, there have

been great challenges in traditional morphological identification because of its innate limitations and the
lack of experienced techniques. Recently thanks to the development of molecular biology, DNA-based
identification is becoming a more accurate alternative method. The cytochrome oxidase I (COI) barcode is
a short piece of DNA from a standard region of the mitochondrial genome, which can be used to identify
and classify different species and has been proved to be highly effective in many species including fish.
The advantage of COl is that it is long enough to identify variations among species yet short enough to be
sequenced quickly at low cost. In this study, we analyzed DNA barcoding of Engraulidae species in order
to explore the feasibility of DNA microarray technology in species identification. Oligonucleotide probes
were designed based on the COIl sequences of mitochondrial obtained from 101 individuals of 30 fish
species in 11 genera. Forty-six specific probes obtained from 24 species were selected with online
software Oligo Array 2.1, among which the probes potentially forming hairpin, stem-loop, or
homo-dimers were identified with Oligonucleotide Properties Calculator and excluded. The remaining
probes were virtually hybridized with the target sequences in Oligo Heat Map (OHM), and subsequently a
total of 26 probes from 16 species bound to the target sequences specifically. The DNA microarray
technology identified 14 species, accounting for 46.7% of the total with 100% accuracy. Therefore, DNA
microarray based on COIl sequences should have practical values in the identification of Engraulidae fish
species. Nevertheless, this technique needs further improvement and the key step would be screening and

optimization of high quality molecular probes.
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