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Abstract

Abstract

DNA barcoding, the molecular characterization of species using a standardized
gene region, has a strong track record for identifying species. For animals, a 648-bp
fragment of the mitochondrial gene cytochrome ¢ oxidase subunit I (COI) has been
chosen as the standard barcoding marker due to its high interspecific variation, low
intraspecific variation, and relatively universal primers for various taxonomic groups.

Birds are among the best-studied and taxonomically well-described animal
groups, which makes them good models for testing the efficacy of DNA barcoding as
a species identification tool. The present study tested the effectiveness of COI barcode
in discriminating birds. In order to test the feasibility of the mitochondrial COI gene
for species identification, we performed our research for two parts: in the first part, we
determined the COI full-length barcodes for 101 species of modern specimens; in the
second part, we explored the use of shorter barcode sequences in species identification
for raptors which came from museum whose DNA were degraded.

34 Ardeids were examined by DNA barcoding and the results indicated that the
identification of most species were unambiguous because of the existing barcoding
gap between intra- and interspecific genetic distances, the genetic differences between
closely related species were, on average, about 8 times higher than the differences
within species. Four divergence patterns were illustrated in the NJ tree which were
monophyletic with >95% or weak bootstrap support and paraphyletic in single species,
and monophyletic in multiple species, respectively. We found that sequence divergent
was related with geographical distance in some species which but also being
identified accurately as a result of the larger congeneric distances. However, COI
barcode can hardly differentiate the taxa which might share mtDNA because of
hybridization such as Egretta. Furthermore, 83 COI barcode sequences of 67 other
bird species were obtained successfully, and 14 species among which had intraspecies
difference were identified accurately.

Meanwhile, we investigated the phylogenetic relationships of birds through COI
barcodes. NJ tree clustering showed that most species which can form monophyletic
branch according to species, genus and family were in accordance with their

phylogenetic relationships well. Phylogenetic tree revealed that Ixobrychus, Botaurus
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and Dupetor of Botaurinae were nested with each other, and also Passeriformes.
Multiple genes joint analysis was advised, as well as supplementation of the
mitochondrial barcodes with nuclear ones were needed to explain the phylogenetic
relationships of higher categories.

Before the Empirical test, we first tested the in silico performance of
‘mini-barcodes’ (216 bp or 108 bp) in species-level identifications of 230 COI
sequences from BOLD system, and calculated the resolution of three segments of
full-barcode, mini-barcode 216-1 and mini-barcode 108-1 by neighbour-joining (NJ)
analysis. With the segments decreasing, the resolution of species identification
lowered (84.1%, 78.3% and 75.2%, respectively). However, the choice of length and
position of mini-barcodes was important in their ability to discriminate among species.
Then we generated 111 mini-barcodes (100~200 bp) from 5’ end, middle and 3’ end of
DNA barcode, respectively. The combinated segments of 114+103 bp and 114+121 bp
showed higher accuracy at 85.0% and 85.7%, as compared to others in species-level
identification by NJ analysis. The mini-barcodes which produced species-level
resolution congruent with DNA barcode were also valuable for the identification of
the raptors whose DNA were degraded.

In all, the finding of large COI sequence differences between species confirms
the effectiveness of COI barcodes for identifying the birds. Short barcodes were also
effective in identifying specimens, confirming their utility in circumstances where full
barcodes were too expensive to obtain. In addition, to bring greater reliability to the

identification of species, increased intra- and interspecies sampling is needed.

Keywords: Birds; DNA barcode; Mini-barcode
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1.1 DNA KB
1.1.1 DNA £FEBH A RE T

FIAD T A f 5 (3R H AN S R AE b, 3T ) LA — Le A )2 534 B FH A
DNAF) 43 M 7 THI, - $2 HADNASE S 7E £ % 2 77 18 ] LAE Barcoding 73 87 /5 4f 41
i BIDNAZ TG4 A (DNA barcoding). DNASk JERG 2 I FIFRVEE I« A7 JE 05748 S
S 1 H AR B FE IDNAF BE (DNA barcode) 7EZF R A 4R S 14 AR (8] ) 2 F
T B A2 1) — BT (4 2P B U TR0 R G, B T LA R A T DR 1 ] B 4
Yo HW b, IXBUE AT CAX 4y % HhER BT YR . B ADNAZK T A
SR LSRR RHET 9 ROR O RN T A S T 5 H Y
T, TR — R IR R M R R G, ST A A 5 AR R R
SIAE S REREEEDY, IR R 5 R e bR, I LA
TEST FEFABAT PRI B AR PR 1 5 B L) B B YR Y 55 A ) 22 A R 9 7 T B A1
(B FIRF 7T TR, B o RB A RN TAE S R A Wk s An
R, RERZGVEE T AR E . AR T I AR

1.1.2 DNA ZHBH~ES X R

DNAZTEAG & — T AR, TautzZ5 (2002) & 5LHEH FHDNAFFUMEAEY)
NERGMEET 4G, BIDNAZZEY (DNA Taxonomy) Y. Zh#%: % Paul Hebert
A5 (2003) 118 5 R R RS (4 2 CA LB LT 3L (cytochrome ¢ oxidase
I, COD) _bm)—BLEEH 7 FIAE NDNASK TR i (1 il IF LA e T 723 % € h
IR, RIS PRI B AR AT S, DA LA Bl B IDNA SR T i 2 A2

20034F, ZRIRLRK. FTHEMFFIENE B X2 RFEER R, 7
BIAFE T N “TAXONOMY AND DNA”  F1 “Taxonomy, DNA and the Barcode of
Life” MIPHRWIRT 2, $& HOW AR T A4 ) AN R 52 = R EEAT JORURE I 7
DAL IR R4S 58 1) H AR, JEIHERE AR BEAL I s AR 9T, JF Hab4e 1 [ brAs
W2 4itSit %) (International Barcode of Life Project) [/ J& W &"".
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FETH, AEWKTEHmIBMEE Chttp://www. barcodinglife. com) FFil, A4=Ek
AT 58 3 S AT R AE 26 T AT ST IR A5 15

20044F, Alfred Sloandt&x£x/EAHE IS thsonianE 5K 4R I L) TE A
ST A A RS EE R (Consortium for the Barcode of Life, CBOL), (/T
HESTEEE LR R A kbR HE . [FAERK, SR E K AEMIEORE Bty (NCBDD) 5
CBOLEAE, EATNFRAEDNASK TEAL P 41 KA G SCRAME B SR A R i 5%, Wi 2%
TR (I BRAEDNAFT 51 B HAH O HHE K A7 1% T GenBank
(www. ncbi. nlm. nih. gov/Taxonomy/taxonomyhome. htmL/).

20054F2 1, FHCBOLANSE [E] [ 44 [y s A T8 32 7R AR i 2% TR A 22 56— IR
PResiUAEARE I, THRHE N 1000 TR i 2 26 T dmid e . 20074F9 HE &k
A TFH 5 K % 20094 11 F 76 52 75 5F B JF (10 58 = I EPRDNAZR T 453 b, #Bx
PRSI ERRSS T T M B AL, X TE A BRHEDEDNA ST AD B 78 TH R 3 T &
LAEH

DNAZK A [ 20024F HEA LASK, 1551 1 VR ) & JE . #ZE20104E6 7 i, 2
DR S AL 04 22 Hh L I T 2R E 122935 F0 A 1189451456 7 41, Hidh ok 1121900
FiEEI1236090 5% 17 51 75 & B A S b, ATEES A (http://www.
Barcodinglife. org/views/tax browser root.Php). HIT-CBOLKISZHE, AMIE
LI T — RFIMDNAZIEID THRY, Q. P 528 MALL Birds Barcoding
Initiativeit®)™ . f3&[Fish Barcode of Life Initiativeitl™'. Ptk
1 H B HUALL Leps Barcode of Lifeit&™ Rt Fik N2 E 4 Fh 4 & 7w AN
PRI ™, 2 J5 XA HE S e T TR R .

1.1.3 DNA R EARMRER ARG
1.1.3.1 DNA &S BiRERERERE R AR B RE

DNAZ T i Ffr 6 F 1) E s 8 FRL 6 201 4% DA R DU ANRFAE : O A0 — Bt
FRIDNAIX SRS AT BB X 73 2 AN R 1 2336 s @R A8 2 8 1) R BEAL (5 B LA e
MIFIESS KRG CBE 85 A E; @RIZEAE T85Ok
SEICIR: @R R 8 HOAT U T-DNARY 1 o 7EZb i3 R ZH 1) 134 B F g i) 2
PRIH, COLANCY thE PR kA R Ay HAR e, BRI EA ke . JHhcoT il
51 Reted 34 K 2 BaPCoT L K5 sty ¥ 41, 1fi HCOLF 41 LhCy thifi A £
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MRGKEES, COIEERER T EMA L Cytbit ENg AR E, Fr L& &
PR o RTINS . KRBT RR R ECOLF I LERENE, H
F RIS SR 200 RARIE 2B P IR AR AALE T LN B 4 R E 7, BRIk COT 26T 1
WAR B AR E P 5 vT S, 2 H AT ph e I Eis 2L A B
Hebert & 2430 i€ | — BUMCOT (LKA A M (3R CEAMBR L T) FER5 T a6
[1158-705/11648 bpt (BRI 7 FI1E AFRHEDNAZ AL ™, RN HAE RS AR UE 2 1%
AR 1) IR B SUAR 25 2 @ 51 1, i B H AT R EE SRR, HDNAJT 41 A &
TR NI CRIMEAT DR 3 B0 A TR R 137 o, W 5 B At
ARG ARKMIFEIED, [N, R4 & A A5 N BT LA IR E, B+
SE 3N BUIREE AN Z FAR IR R R s, mTBAE AR R

DNAFFIH REANMIE AL A A T C GUUM AT ReRIfE oL, A4 E—K
15 bpfIFES, BLAEHIEIA® (KT 1042) Rty il it sy
FhE, MR TG ), — S fRAENT, XA Ll ke
G LR, A G - R AR O, B G R DT 1) 2 = 38 S AT LR AR AR,
— K45 bplf RS RERE P e AT 10OAC R TR B Zm TS . BT TAEW 5
AR E, TESLBRAF AR, ZRAG— B L E MK IDNAFF 31 U484
BT, FTUMRAR BB 2275 B ANA 45/ B 5 2 [IDNAJT 41 o DNAZK A5 TAEw]
PLUEESEAE — B FE A L A () 3 [RIDNA - 7145 S i Sk a2 b, ERE Bk,
X LR AT B A A HE B 20 A K H 5E A mT DL BT R

1.1.3.2 DNA ERBHMHFRS X

DNAZETEAG (R HEA TARRAE Sy (1D OFF S eREMDNATEH; @it AffiiL
WG, RAPCRIRBLZAE, WP @F 5N, FHTA T HI AT P L,
WERZ AN SRR A R 2, e 1% BT AR B &S E NDNAK TS @4
RIS ZDNASK TS HE e o AR R I8 0 — 245K B AN [F A AR R A0 1
[FJEDNAFF 31 (21650 bp) #EATPCRY HGFIM >, Bl 5 %A 1 7 21 34T 2 751
FERTRIER AT, I AL B ARG B o 1 31— A i o 1) o 25 e o 0o e k)
PR, B AIE A RS 1) S5 R REAE PR e A7 2R e s FEAR R, ZORi4ADNA
RGBT T CAAESE 73X — ™ DNARE S R0 40 5 K% SR YR 1) P S B 4 1k
JEH BN Barcoding /T PTG AL, SUGFEIR, o A B s B A5 B E R/
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B R R BE IR S e R R GG AT 45 SR . RatnasinghamfllHebert™

WIH R MRS P MR S A MMEE: OMAEE (R Pl 4K
BrBOMZE AR IS0 @FIERAEE (H. THBC S SRR A N 3
f); @OREFBE CREN. KEHWFGCPSEAKIKEM FD: OIFALEE N

GDNAZKIEAL T (BRI BRRAALE . PCRY G, XA ) ©FFIER.

FFEORECA AR R R, TERHESSEH S BRIk

Barcode Library
(sequences linked to named specimens)
E= Human disease vector
= Aedes albopictus

collect samples — analyze — compare to library Asian mosquito

sequences R

—
B Flant pathogen

__— = Heterodera glycines

‘f e _— . Soybean nematode
—— Fame —
A Analyzer —s=————u____ S_—

T —— — N B Endangered species

\\ —E  Chelodia mydas
tissue samples barcode ™\ % Green Turtle

=
=
=
=
—

\. B Invasive species

‘&= Caulerpa taxifolia
Marine algae

%1 DNA Barcoding ¥{E¥ife (5| H BOLD)

Fig. 1 Operation process of DNA Barcoding (By BOLD)

DNASKTE RSB 72 1) H 1724 B bR 7 51 5 4 DNA ST IR dis 2 (Barcode of

life data systems, BOLD) Hiy o1 FREAT HUXS 0. 24 Hi UBOLDIz H Fr 41
FEADLEE Rl R GEE AL AR S5 & BORIE 7T 3% 158, SEAUETE 2R A i 50 DA oA DL
Bk B E I EEE, RS KRG ARG T B A e &R Fa, 53R
VLECHPF, w2 T AW 00 R I MR 8A% U7 ik, (B0 PP 3 (1 7 SRS e DT VEA —
AR TE™ s K, WA S )7 18 MEGA4. 03K {2 37N]

(Neighbor-Joining) #f, 4347 H HIF SURIARSRIE F ARG R ™, Al
ST H KA E VP FNAG o AR5V BRI, (H 3 B R R IR HE A P A
SRS, T HLTE AR ALUSE RN 0 A% PR B 23 (S R AR AEAS S 5 0%, X ol () R Ay 28 S



i)

(3

AR, FORFEA A2 NN L3R 7= R R A

1.1.4 DNA £ RER
1.1.4.1 DNA 50 A FREEHARTR

B EDNASK TE R BRI T A WA N, SRR 22 (1t 70 #1035 B I TR R e %
YL T S P SR AT e AN 4 K

TEZNYIH, Hebert520034 %t 2 Ft sh kil B 1 1 Hof a1 T, 3611
1133200 (I COT R R 5 1 HEAT 34T, R I JHCE ot Ay R 1] 225 2 1) AL i A 1R
M X 5y Fir A W AR, BRI, AT TE SN P 5 COTHE R /& 4 3 [HIDNA 2% T i
PRUESEDN, JLZEAR SRR Bins e 7 b 2 I S O R . VencesSH 4R
PIDNAZETEAG S [ b _b 23 R TR AL PIARIEAT SRR 2 e ey, 45 R Rk I
COTHE PRI AN RE A% R 1) % 501 HH 210 Ph T L3S i 10 i iR 1) L AR [ 3 3 S
AR S oAb 35 B A R AN X 10002 R i H FL s A= 2 e vk R 2 e,
JanzenZ5 | FHDNAZK FEAD (FICOLEE R 7 Bl AL (K — 3 P &, Be i 4 e W LA
Je RIUIX — DX SR AFAE SRR 25 JF ELREHERR 455297 %6 1R, FLARASREME
W 2 51 5 00 SR (R WA ST 25 58 SUBR 1A, DR LA 98U AUDNASK
TS RE RS R BT I W B — Hu X AR 2 REPE R . 324 ik, COTRERITESM 7 26
SR BB RAT Z AR, BAEIE RS . WEH. AEHRR, Ak,
KL HSERAHL R R . A SIS e

(S, T 2R ARDNAGE IS B Hol A, B RIRDN, COLF BAET
ik oy 2 %™, At S TEAL S A AR 2 IR i 22 B bR A A 2% T D ok
YR ISREGRN T BRI RS R By (rpoB, rpoCl, matK, rbeL,
UPA) AHESwAS X A BY (trnH-psbA, atpF-atpH, psbK-psbl) , BAMEA %KL
1TS. HET, MabT X Fr U B A LB RN B B, 2481 22 00 72 2 1
7] T matKAl trnt-psbAIX 24N RS 5 A G, 1534 7 BolE T RE 2K im & 52 Hi 1
atpF-atpHEkpsbK-psbT B BbAt, FrBALE )G M NiZ 4 b3k T, gmigtA
PRSI, Al B MBI L, %S F gk 5 o e 2R EUE, B
AR R B (ntd s ARG ) X 5 B

DNAZK FEAD 7 FoAth ST 7 AT AR Kk JE . COLmT LA /DR H - #E A
JEARZ A (R RURIDU R, (HEIA B UM AR A IR LU R A, H AT i A
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AL ZRLARCOTEL R e 41 LU g tRas P SR R AL 32 L L IR B 22 5 . 20k
PRDNAIS N It R 1B [R] (] B 22 S A AR R HMERBE, ik T B — 57 s (¥ 1 1) 43T 7 25
Bz A5 w e

BRILTINEY . AL AT AT AT 7 TAE e, RN —
ANEONESE R 2™, SRDNASKTE RS BRI 72 (KT S 4 T o fh Rt Br
TV AU ER 2% 11 . Hebert 55X 260MAb S W £ 2K (I COT I [K J37 1 AT I 78 K
DL, T—MLRAAEBAFEMCOLZMAY, XX FhTEIBMHT, RS 5
BEAT 4328, UESE T COLFERINS F S 28l s e i skt ™ . bjs, [bs 281y
HEEF NGy FHEW S K —H#F20054E9 H oL T “All Birds Barcoding
Initiative” , EPABBI, HAFRTET JuHASLE N8 4L 4t 5 CL A /A & 2R
DNAZ& TR bR e A 508, AR 2 /055 ie 3t R OB JLEE BRI %,
B35 H) FIDNAZS TR PRI AL B SO 4B s AR OR AT B DL oE I S 28 i AR B e, RIS 15
FEDNAZK AT 7T TR A R T Id m i B, SR BE AT S br A e TR, I
TFRER A R #E 2™ . % TNCBI, EMBL (European Molecular Biology
Laboratory) FIDDBJ (DNA Data Bank of Japan) ({7 5I%#E A 52N,
R AEREARTG G AR 1t S B R B 4 SR R, ABBIAE 4Bk 3K
HEAT ORAF M A R B e WL (A2, RS R R B iEAR A (WIDNAbRID . TEAS
L FERYT . REGRE. WIERARA S , AT ERSFHEAEN S
TRAFHITF o FBETCN 0L IETE G I DNAZR TG . AEUEFR A DA AR DR AES Box 4
HIH TR A, ZAEBESBORIP TR . SRR ESER A
ST E R ILARAT R A I E T A, i 4 e S48 1N HEURI,
PRS2 A5 . HRTE T S 2RDNAZ LD W S R B: COTTE 1 2K py 45 57
PN AR, R R YRR E M COTSAIAD A R BUHT I S F, BIAEREF 7T
REFHISAE, DRI I bR A, ATRES R IURTfl. SR, —AH
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LIRS, B T RINAESR: (intraspecific variation) A H# R
(interspecific divergence) , RILEIEAR HEE R A%, JCHAEREHAREE
FIEHLT, HESECN™E . Kk, DNA barcoding R fEX EA AT FE 1)/ R2a 3t
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NI 14 IDNA SR TS 3EAT 40 b 55 78 AN 73 R T SEME o BB EERE AR TN L B v 19
TR BR B AR A AT ELBL M, JC I MDNAZR TG 7t — 28 Sl 10 g [R]— A
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71, BN B hRdE B BAEI0% LA B LA R E T LA HHAR R 45 R, s it

7



Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways:

1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library.

2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.



http://etd.xmu.edu.cn/
http://etd.calis.edu.cn/
mailto:etd@xmu.edu.cn

