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KREF, AER, XA, HHHE, 258, LE
AL B B URR, % 130112

WE 0% (Vitis amurensis) P %A TS ITS2., psbA-trnH. rbcl MmatK)F 5|3t 47PCRY™ 14 & il 7, HE4LPCR
SRR JGRPE, HOELE TR A PRI ER L SRR RO R N I 22 57 K barcoding gap &, 8 FIBLASTAINJ# %
FLECAN R PP SR S 2 B8 0, e 2 ABAADNA T B i 8 HH T P T oL 681 25 ol ot 9 05 45 7 O DNASK TRl T 7 91« 465 R, 7
KL 33N WA EFE A, psbA-trHFNTS2)F FI T 34 50 7 e Th 26 8, HoahFhiE] . s Fl N 22 7 K barcoding gap
BATS . rbeLFmatK)y 5 B A B B3, BITS2/7 51 fig 15 % 5l psbA-trnH ¥ 51 JC 7% % 5 0 & Fh . SRR ERH, 1ITS270
PSbA-trnHPE H J& 5% A % 5l 1 # 4 R IR IDNAK LG R B 414 . DNAKTEILTRAN TR S E AR, AT R 4 4 A s
BEUR I 2 SR AR R

E4i7 LA, DNAZIEGS, %58, ITS2, psbA-trnH, 55
REF, XEN, HXH, BEB, ZEH, XF (2017). 1% & F 5 % JEDNAS L@ H 7 5 [ ik, B %R 52,

723-732.

1L % (Vitis amurensis))& T 7R R EE, A 4
F(Vitaceae) #i %] J& (Vitis) & i Bk A, 72 i % J8 i
PUIEM — A Fh . HBE AT —45°CK R, R & A i
—16°CARIR, J/= TR E AL, fdb &eAsfIbi. #
5 iz 7R X S5 (RIS, 2009; Z=BEHI%E, 2014),
S A L 2 B IR AE R G L AN D 22 e L KR
T\, TR E A AN RS S T R bz — .
WA R RS FRMEE T, R B m A A
MR TR SR ARE, A L 4 AT R B R S A
FRHT A, B ANAMNE B I U DLBUHT A
FOOFP I BEIR SAE A R IR . H AT E LR B
Rer=mE o 5 AR OB = B R AU, o R
MV 27 Bt KB M SR AR IF 5T I LA B P8 b AR PR AR K 2 4%
LA, CRAF S 43 LU 26 P BT U RO T 19884 H Bt
AL T SRR A Sl R A 12 SR T
PNV} 22 e R 7 i ST, ILORAE P BT 55 UR 400 4R 171,
FERE BRI, M A IS, Hoh AR
TSR H B IR 65% LA |, A48 78t 5 Rl IR
R I DG A5 A 1L 7 5t AN RN P96 1 A 1L 4 R
WUR(LE A%, 2006). /v 5% 1 4 18 4R A7 1 1L 4
PR AR BN S 2 e, TR 4 ] LR & A P s T R

Wicke H #1: 2016-12-02; #:52 H #1: 2017-01-24

e R it B R L R T SRR B T R
PG o BRI, o L &7 Fh BT B R kAT %5 e BA B2

DNAZ A5 (DNA barcoding)s2 N F —FfAH i #¢
B S8 B 2% R DNAT ISR TR 4 25
YR T A4 K (Hebert et al., 2003). ZHAR
HH NS K30 % X Hebert%:(2003) & (X #2 th, FF7rtfr
TEF114T113 320 FJCO1T (cytochrome
coxidase subunit 1)2F 75, KK FHZF 51F(E]
AR REN IR AT S E . E Ik, COTRR BB
T bR UHEIDNAZKTEAS IR . T AERE A h CO13E R ik
NS, ER P DNAZK T RS LE AN [ A 4 v &R A A
F, AH I K I RE NS 5550 B G W) Bk I bR 1T A
CBOL Plant Working Group (2009)i# i3 k& 15 5%,
P ¥ rocL+matK )7 51 4 6 AR A oy 7 % 58 I %
2K TERY, [ R A 25 TR I ST 4L e BT 757 R
Xt psbA-trnH. ITS/ITS2 JerbcL+matK)F 5/ 5| 40 &
BATHERE VA, JRER HORITSNTS2/ 7 5IE A Fh
YR 0 2 5 (China Plant BOL Group et al.,
2011). Vinitha%5(2014 )% ZF17 J8 20 F 1601 K 4
HEAT M, RITSF FIAEMAE AR o (19 45 i Dh 2%
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. HAET, SAEMITS. ITS2. psbA-trnH. rbel.
matKFl rbcL+matKix JL/ME & 7 5117 51 4G9 38 i
THER RN R A i, 0 MR T, R TEY
W 5 A s R R 38 7 B (AR 7 AR 2 o, 2010;
FAEE, 2011). f1T H T2 B0k S AL — Py i il
K UL EIKF, R e S — A RE & B A A
A 18 IDNASK TG 7 1 55t B AT VR N IF 90 FH i

WE L EE PR FIETEE, HAlsiE % # LY
AEFRICNE, XL BT RAH G 2 R FE AR
A B 7 2 PRI 1R S0 W R 3R ) S,
BALHART I R BLE 4 7). AR MR, ME
SO T UL A M R A R o L e B R I )
H BT 7R 585 R FH e 2 — o ARSI SR FH 5
DNAZK TR A i ide /2 41, I3 B 1L 6 267 o 5 114
il Pl 33O AL A HEAT LU B, B0 AIE % 7 A1 LR A A
[E] ) 45 0 B8 7, DNAZK TS B A B - 11 4 4 2%
T5 5 E SRR A

1 MR5ERE

1.1 8

AT 5T e B 1L %6 % (Vitis amurensis Rupr.)Fisi 1143
PRI AR (RT), AR R R MR e
PETE . DURSA R e JE33 M . BESIREHE . ik
MRS R B A B Ol R B R = WF 7 BT 5K SRR A
JoR A SR L R T o e B L R AT R, I
W RAE MR B 7 AR id g 5 5 BT AR 6 Rk R R

F1 EERE R
Table 1 Information of Vitis amurensis varieties

ik

1.2 3%

1.2.1 HDNAIEEl. PCR¥ &F1MIFF
FREQGRE I L B & /20 mg, INNRE TS 4
BB, 8 R 4 3 R 40 DNA R B 7 £ (Tiangen
Biotech Co., China)#&HU = DNA, FHHAXTER: i .
DNAZE HL™ ¥ 22 0.8 % 35 I B 5 Jis FL vk AGH i, OD 60/
ODogotbHTE1.7-1.92 8] - PCRR B AR R B AR AR 25
uL, EIEDNAER1 uL (30 ng), 1ERIAI5I#%1 uL
(2.5 pmoI-L'1 ), 2xPCR reagent 12.5 yL (0.1 U Taq
plus polymerase-uL™", 500 ymol-L™" dNTP each, 20
mmol-L™" Tris-HCI (pH8.3), 100 mmol-L™" KCI, 3
mmol-L™" MgCl,), M 7%7K9.5 yL. PCR¥™ ##2 5 & i
H51#1% 2% Chen:(2010) ) J5 1% . N4 3 6 3R,
AT PCRI JBL 26 - 7EAT T AL, FB KO & B
DNBANBAIE, T LU A TR I RO e IR K
T TPCR N (£2). PCR“WI£1.5%35 fIE b it
KA S, FTIANGel MidiZliftiR 7 & (Tiangen
Biotech Co. Ltd, Beijing, China)itiT4lifk, fEABI-
3730XLIM A b B H AT T o

1.2.2 #FIEAE

{ffiSeqMan (DNA Star package; DNA Star Inc.,
Madison, WI, USA)# {3547 I e R0 f 4, &%
BRAC BT 751 & 519X . FIH] Clustal X-2.0.11-Win
At (Larkin et al., 2007)#H1T Z P4 LLXE, FEXH4

Number Varieties name Locality of origin Parents or source Flower type
1 Zuoyouhong Zuojia, Jilin Varieties Bisexual
2 Shuanghong Zuojia, Jilin Varieties Bisexual
3 Zuoshan1 Zuaojia, Jilin Wild resource Male
4 Zuoshan2 Zuojia, Jilin Wild resource Male
5 4N1 Zuajia, Jilin Genetic material Tetraploid
6 4N2 Zuajia, Jilin Genetic material Tetraploid
7 Shuangqing Zuojia, Jilin Varieties Bisexual
8 Shuangfeng Zuojia, Jilin Varieties Bisexual
9 Shuangyou Ji'an, Jilin Varieties Bisexual
10 75047 Shangzhi, Heilongjiang Wild resource Female
11 73061 Dunhua, Jilin Wild resource Female
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Table 2 The primer information and annealing temperature of PCR from Vitis amurensis

Fragment Eight annealing temperature gradient (°C) Annealing temperature (°C)
ITS2 54.8-55.4-56.0-56.6-57.2-57.8-58.4-59.0 56.0
pSbA-trnH 52.2-52.8-53.4-54.0-54.6-55.2-55.8-56.4 55.2
matK 48.9-49.5-50.1-50.7-51.3-51.9-52.5-53.1 50.1
rbcL 52.1-52.7-53.3-53.9-54.5-55.1-55.7-56.3 54.5
ITS 49.9-50.5-51.1-51.7-52.3-52.9-53.5-54..1 52.9

AT F L . VIBRITS2/5 41 11]5.8SF126S X Bt
(HM-Mer# ) J:[% psbA-trnHFFE 51| (1 psbAFI trnHIX.
B, RS X 7. FHIMEGA 5.0%K {45t 3% 1%
HlEAT Clustal Wit%, it B K-2-PEEES{E, LA
(5] 3 27 it o AR b A N A8 5, A AT A R & & B AR«

FIHISPSS 18.0%k 4 X} it 5 25 H ik 47 Wilcoxon  Sig-
ned-rankf& 36 . FJFH TAXON DNA#k {4 (Slabbinck et
al., 2008)fEbarcoding gap/. FFFIBIPE 8 R B
BLASTLL J2NJ (neighbor joining) # i1 % % 5& 2 %
(Ross et al., 2008).

2 HZR5WE

2.1 PCRY 2Rk

AR e 1L BT IR Y D #, AR AT PCRR M
HISe X% 7 51 ITS . 1ITS2. psbA-trnH. rbcl FlmatK
(R Ak5E, 2013) )18 KR BEEAT AR AL, 73 Al fE45—
60°C 2 [f] LL0.6°C b & & B8R (£2) . 14
1.5% 357 HE B S8 JIC F RS DU P47 398 25 R (I )ik A T e

2.2 PCRY RN FRINE

ARSLIGG T 75 MEE T SIPCRY 2% . M7 1k
IhaR KA BT HI3R 1S 2% (% 3). H, ITS2. matK
1 psbA-trnHI{I ™ 1 20 2 15 5 100%, W5 A o 2K
IINE IR A psbA-trnH>ITS2>matK>rbcL>ITS . psbA-
trnHEH U %) 8100%:; 1TS2H matK i) 2% 51 H
$1°496.9%; rbel }88.1%. HTChenZ(2010)75H
nrDNA ITS2/5 1AL 1 i % B IR 33 /M A b7 19 i 2
A, MITS 51 HA Z0F ZIAURIh T 355 1L 76
R, SERATHITSAMEIR AN 7T -

23 FEFIINSMARRMHEESR
I 45 R T L P BIRRALE, T ST R AR A A

B1  5AMERF5IPCRIR S (A R KR
(A) ITS2; (B) matK; (C) rbcL; (D) psbA-trnH; (E) ITS. M: DNA
marker DL2000; 1-8: 45-60°C . [al {1 5.1 B &

Figure 1 Gradient annealing temperature of PCR reaction
of 5 candidate sequences

(A) ITS2; (B) matK; (C) rbcL; (D) psbA-trnH; (E) ITS. M: DNA
marker DL2000; 1-8: Gradient annealing temperature among
45-60°C

B anAhE ZE SR PN E R KGCE &, T
FIVH AT 0 fr . S5 R (R4)KRY, & 7018 AL
FELEE KB IME IR RITS2>psbA-trnH>rbel>matK,
GCH &ITS2>matK>rbecL>psbA-trnH, psbA-trnHA!
ITS2)7 1 1) it Ffr (8] A2 57 d5e K, rbeLFP 5k 2., matKIy
FlEe /N, 5 psbA-trnHEITS2F 51 4H A 1 7 51 21
() AR 7 AR R AR K it A 9 A2 5t rbeL 5 psbA-trnHFF
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R®3 A [FIDNAFKTERS 7 513 18 45 KA 245 51 EL Al
Table 3 The effective sequence ratio obtained by PCR am-
plification of five DNA barcode sequences

Marker Amplification Sequencing Effective
efficiency success rate sequence
(%) (%) ratio (%)
ITS2 100.0 96.9 96.9
matK 100.0 96.9 96.9
psbA-trnH 100.0 100.0 100.0
rbelL 96.9 90.9 88.1
ITS 455 30.3 13.8

489 B PCRAE T BN A LT, I 5 3R 45 e o i 7 21 B
W R A 3807 51 He Bl =PCRY™ 1 25 28 x il |5 50y 28 (E A 45,
2011).

Clear PCR bands were successfully amplified; High-quality
sequence is a successful sequencing; Effective sequence
ratio=PCR amplification efficiencyxsequencing success rate
(Wang et al., 2011, in Chinese).

K, matKfF sk, ITS2FF 5/, 5 rbelfil
PSbA-trnHJy 51121 & ¥ Fr 51 21 it A 4 22 S5t 2 A B
K rbel 5 matKFy 5l il it 18] Kz d b A A8 e AN 2 3%
ANE T X Ll 2 BRI A

24 AFREFFIM&SMERBHALR

FATH H Wilcoxon s 46 43 #r PR 199 1 471 ity Ao ] K% it o
YIRS S T 285 L (3R5, R6)FR W, ITS2/7 41 i) St Fh
AR K FHES T, HERKEE, rbel5matK
JFAERARE, HREZE/NT psbA-trmmHSITS2)F
B, A NAE R ITIH, pSbA-trnH S5 ITS2F 51 22 7 A
B, HWEZE KT rocLfimatKiT . a5 58—
7B EE LG R AR AT o

2.5 A[EIF%IBarcoding gaptit

Barcoding gap#& &4 F [AIDNAZK JEAS T 51 1 | 15t
A R B R TR AR 5, FRER 3 Z TR il — >
{2 [1) 18] % X (Meyer and Paulay, 2005; Lahaye et al.,
2008). HifE2 (X AK2PE AL IE S, YHINEAFAR
S BN B R B A A G L) P AN, matKIE B I R E] A
P AR S E A (B12D), ANidE A T L A TR A
JE; rbCL ¥ B IE 2 53 B BEAA [ea) it o A A% S 7 ) R
(EI2C); psbA-trnHJF 51| it Fil N A8 53 2 53 MURE A 73 A
PR BB B S5 2500, T it ) PR A e A AN AR S 22 5 P
SRR, AR 1L A BRI 2508 (KI2B); ITS2)741
W il A% 53 48 vh fE barcoding  gap ¥ 1) /£ i (0.09—

0152 1)), HL ity Fofr 5] 01 5 i Py A2 52 43 il £ o 7E bar-
coding gap &l i, A B FRIRE X, HiE
A5 93AT BEAG fi [e)  o FRDAE 3,  R)T L BE R
HI(EI2A).

26 {RiEFIKEEIERTM

ST Ll 2 BRI P R R Y AR UK, R C e
(7 134T FAAUPE IS 2R 5L (BLAST) Eoxf, 45 Rk 1
ITS2 71 psbA-trnH [y FI| 7E i Ff 18] (1) 45 7€ ;i 2h A v,
rbcL FlmatK 51 3 DL BBk 5E B0t 11 78] %5 B8 IR BT A
Pt 40 o NOZR2E W 5 SRR 0, FIFHITS2/7 41 2k
M RG K EMF, AR GRS R A2 R, fefp s
SE AN B g% 0% 22 72 S UK I B2 U5 il (I 3AY) .
PSbA-trnH T FIKIFE I R Gk B WA, AN [) B I i Fol
) 75 BH BB i 2 %, H#4N2 5 Shuangyou £ 73061
jShuangqing 7 1£— & [ 2 7 (E13B). FI HrbcL 731
MR R G B R, AN (5] G5 R ] (19 43 3 S A
B, AR FLEAL PR B E AR /N(EI3C). matKIF 41 1) %5 58
BRI T rbeL 731, Ho oy #r 2 8m (KI3D). 274 Fik2
FhTETT R0, AR rbeL M matK e 51| ()43 3% 28 A R
o, AE YT I R T R RN R R T R K FITS2 5
pSbA-trnH T 51, HLAS RE X B 43 58 8 b A AT %
W &R RIS E, HIEIER %€ IR 2K
FITS2MpsbA-trnHF %1 . Rk, ITS2H psbA-trnHIF
B BT A D L8 A R S E AR TS 7 1)

2.7 ¥hHe
2.7.1 DNAZIBIZIEFTIHFIE

HRAE I DNAZK AL Fr 41 b H 2% Ao ) 38 57 K b A A 5
/N B S8 A0 P G Eh 26 = 25 RE 25 (Song et al., 20009;
Yao et al., 2009). A5 M54 DNAZK LR 751
(ITS. ITS2. psbA-trnH. rbcLFimatK)h ik H L
XA LR A P R A E M ak R A, BIITS2F
psbA-trnH. X ITS2FF 58K, By, HHEAEw S
TR5F1)5.8SHI126S X BUIY JlF 1€ I 30 31 — 0 4514
(Selig et al., 2008; Dassanayake et al., 2008; Keller
et al., 2009), f#F|HITS2/ 51347 4b B 5 H7 5 I vke
. ¥ R16%%(2012)ik BLIE T (Notopterygium inci-
sum) 31 FE G ATHET, B HITS/NTS2/F5E N
DNAZK IS RERSE | HERG %0 TG 2544 . X2 55(2010)
%} 24Kl (Caprifoliaceae) DNAS 538 Fl 7 51347
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Table 4 Measures of inter-varieties and intra-varieties divergence locus length and average of GC content for 4 candidate
barcodes/combination sequences

Potential barcode  Aligned length Number of Mean intra- Mean inter- Average of GC content
(bp) variable sites distance distance (%)
ITS2 483 397 0.0015 0.1162 64.50
matK 896 44 0.0032 0.0110 35.40
psbA-trnH 422 238 0.0089 0.0921 27.50
rbel 697 82 0.0068 0.0180 44.20
ITS2+matK 1379 441 0.0024 0.0652 49.95
ITS2+psbA-trnH 905 635 0.0058 0.0985 46.00
ITS2+rbcL 1180 479 0.0045 0.0655 54.35
matK+psbA-trnH 1318 282 0.0064 0.0550 31.45
matK+rbcL 1543 126 0.0051 0.0220 41.35
psbA-trnH+rbcL 1119 320 0.0076 0.0560 39.80

5 Rk F 5 SR E 2 F I Wilcoxon s B

Table 5 Wilcoxon signes tests for inter-varieties divergences of candidate sequences

w+t w— Inter relative ranks n P value Result

ITS2 rbcL w+=33035.00, w—=13630.00 319 0.000 P<0.01, ITS2>rbeL

ITS2 matK w+=1444453.00, w—=0.00 577 0.000 P<0.01, ITS2>matK
ITS2 psbA-trnH w+=11562.00, w—=8660.00 500 0.000 P<0.01, ITS2>psbA-trnH
rbelL matK w+=8673.00, w—=6903.00 319 0.174 P>0.05, rbcL=matK

rbcL psbA-trnH w+=4350.00, w—=8720.00 620 0.000 P<0.01, rbcL<psbA-trnH
matK psbA-trnH w+=12556.00, w—=25330.00 422 0.000 P<0.01, matK<psbA-trnH

6 EIEF AN ZE T I Wilcoxons 1

Table 6 Wilcoxon signes tests for intra-varieties divergences of candidate sequences

w+ w— Inter relative ranks n P value Result

ITS2 rbcL w+=39345.00, w—=18966.00 384 0.000 P<0.01, ITS2>rbeL

ITS2 matK w+=142845.00, w—=0.00 577 0.000 P<0.01, ITS2>matK
ITS2 psbA-trnH w+=17550.00, w—=18326.00 366 0.056 P>0.05, ITS2=psbA-trnH
rbcL matK w+=11952.00, w—=5253.00 384 0.000 P<0.01, rbcL>matK

rbcL psbA-trnH w+=5968.00, w—=13589.00 469 0.000 P<0.01, rbc<psbA-trnH
matK psbA-trnH w+=3985.00, w—=12578.00 580 0.000 P<0.01, matK<psbA-trnH

ik, R IITS2 7 41 e 08 fE 1 5 7 & % (Lonicera  ThARIHKm, GCE& & im, R I B M) 42

japonica). % % (Sambucus chinensis). Wi & tH
W W 52 (Kolkwitzia amabilis) LA % - -1 1t (Heptaco-
dium miconioides)% . {T-FHBH%:(2016)7E 4% B i F =2
J& (Calanthe)f it & th, 1TS2HRImatKF 51 ] LLE A
WA 2 & 5 A S E P8 2875 BR55 (2000) 7L 7
PR R AR B R RN, $2HGCH & 12 H Wk
GORFRLITI— IUE B Aa bR . ABFFEEIREW], 23
KNI TS2 - 41| 75 % 7€ 111 4 ) B3 U5 b 977 3 280 R AT e B

St RVEL/IN SR N AR S, WA E I AR B, U
FEAR BRI GRS, w1 AR R 48R A ISR 25
iz, EX T 2R BN BRIREER — € RIR
Yo SMAESMEIER P, HERFITS2/ 7 5IAE 1l %
PR E IDNAZK AL 751 .

FEARBEFE T, ITSFHIPCRY 1Y B 2 A1 5 Fie
DR ARARAK, B2 IGO0, oIk B AT | i 2 B
PRI € . SR psbA-trnH)T B 15 1L i %1 55 I B A
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Figure 2 Distribution for intra- and inter-varieties variation of Vitis amurensis
(A) ITS2 sequence; (B) psbA-trnH sequence; (C) rbcL sequence; (D) matK sequence
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Figure 3 Neighbor-joining (NJ) tree for 11 varieties of Vitis amurensis by using different sequences
(A) ITS2 sequence; (B) psbA-trnH sequence; (C) rbcL sequence; (D) matK sequence

BUs T s RCR . MR B M E O, it A ]
AR S R TITS25 41, REM T 1L %) 4% 22 S B Y
PRI T %8 . Yaos 5 (2009) ) SL 56 45 K W, psbA-
trnHFP 538 FHVERT, 38 Bl A s, H W s A7 AR
75 bp R~ 751 i Ak ] B X 3 A 3 22 e PR )
%)(Kress et al., 2005; Fazekas et al., 2008; Yao et
al., 2009), FHIZ:(2011) 2L RH AN Fh264 B fhik
17508, R IpsbA-trnHIF HI1E J& FoKF b 2% 52 kT
K N96.4% . A E W (2016) %) T E My A2 (Lycium
chinense) ¥ E i 7 psbA-trnH 5 4] [\) DNA 4% F2 1t &
TR I . w2 (2015) 4 18 )TV (Acer palmatum)

(1184 43 B L B2 A AT DNAK S 23 i, N
rpl16+psbA-trnH+trnL-trnF i B2 A 5035 A S I
AR T 43 KR % 2 IIDNAZ AL 81 FATHIE NN
PSbA-trnH /T 51 B % 45 & A8 S 350 /IN 1 1L 4 B0, ()
RN TITS2 7 F1 48 L & B IR S e H A 2. H
BT, FER) FEIE AR 0t 1% H— A Be % %5 58 B 0 g 3
HEIWFH . ITS2H psbA-trnHF FI1E 1117 %) % E %
EREANH . ik, RATEVCHITS2F psbA-trnH
J7 BB A1 A L 2 o o 90 4 (A% 38 5 91 o
rbcL ¥ 5 5y 18 25 5y texd, (HHEAERF Tk 24
HAEF G DL B RKSF, P % e RILA B & (Kress



730 Hi¥AR 52(6) 2017

and Erickson, 2007; Lahaye et al., 2008; Newmas-
ter et al., 2008). 7 1114 %) U5 %, AT A
rbeL 7 F\AE b A TE) AN G il N 22 e U, Ad AN
Ll 6] %) 55 U5 45 78 IDNAK RS 741

matKF7 51 B g i [X R 31 AL T AP, H 3
TE R IR0 % 52 Th 2 LR —$i(Chase et al., 2007;
Hollingsworth, 2008). &% 111 % %] ¥ J§ %5 52 1, matK
FE B i () A2 S 0/, (B B R B, 45E
EU AT R I 50T 1L 7 5] 7o 5T ) 68 78 DD AN IR T 1T S2
FlpsbA-trnHF %1 .

2.7.2 DNAFREBEAELABMREFFRLEESRH
BZF

DNAZK RS E AR IR AR FHIE . 591, A8 538 5
HARIERIE, 20 79 % e e, A
DNAZ A5 H A B TR 4 A Lhok, 8 R 41 A
R ME s — o W E IR R, KA Z | A&
WK, B RER, BT EREAE, BE
PRI =77 FLT I 5 1 1L 2603 v P2 H Rl LB
A EMMEZ . LB RE ERBHZ,
OB 8 1) b PR JE S P 9 22 JE AR B R B
R T AR 1. EZBRAEFE T, R —L
ooty o B A HEAT VR B 4 B o ASHIE 72 6 DNASK T RS 5 AR
FE L A BT A T Wb R R, B L A 5t
P HAT TR0 BEIRIIANFEA, IS M ik P
F) 0 645 HY I TS2 M1 psbA-trnHI & 41 1L %8 %1 % U5
BEMTA, RN IR R SRR
RPN RO P R . L R A L R DR E A
LS B R B B S PR R . FRATTARLS
DNAZ T 15 A Kt iz A 1 6 46 9895 46 5 10— T )
TH,

SE 3

MRk, kMg, @, ER%, BERE, AkE, BB, R&
g, BB =, A LM, BEE (2013). 2k DNA K5
THERTEN. REPZE 38, 141-148.

RFEBR, L, R4 (2000). 16S rDNAFJERYEFTE R W
B S A RMERISRER R, EWEZ RN 8, 146-152.
B, TpE, B, R (2015). X TVER T 48 KB

DNAZIERD L. HYFL 54133, 734-743.
ZRiE, B, WHA, WX, XE, (LEAR (2014). L

AT R IR RAFE TP SRR SR, ARl
B4 (65-6), 115-121.

IR, FER, DR, BEK, B (2010). BARZHAHE
YIDNAZ D@ H P 7R k. E P Zi4E 35, 2527-
2532.

HRE, BRZU (2010). fE%) DNA IR HAR. H4#4H 45,
1-12.

EFRPRA, KEB®, KEW, #aEE, KBEE, TR, NE
(2016). HFE 2B EYIDNAZKIEIS AL, AR 1,
2425-2429.

WER, Bil=, B, ZRa, REA|, B (2006).
FRHE L A A BRAT S S R IR, RS 28(3), 53—
57.

AER, 7, FER, TLE, SEE (2016). THEMIKCE
Al psbA-tmHITDNAS TR %58 BB R 7. Al B
¥ % (6),1-2,7.

RiER, X%, B, HXH, WEA (2009). H L #HE
PR R B K. AN 5HEEE (1), 64-69.

T4, BB A, XU, BREAR (2011). $EZERMEYIDNAKIEY
HWHFPIRTGIL. Y54k 46, 276-284.

FRM, PO, TR, |, DB, BRE, KRR, RE&T,
Btk (2012). FIEHMITSNTS24 L% % 2 F Hofa e vt
HHERTERT . 2% % 47, 1098-1105.

CBOL Plant Working Group (2009). A DNA barcode for land
plants. Proc Natl Acad Sci USA 106, 12794—-12797.

Chase MW, Cowan RS, Hollingsworth PM, van den Berg
C, Madrinan S, Petersen G, Seberg O, Jorgsensen T,
Cameron KM, Carine M, Pedersen N, Hedderson TAJ,
Conrad F, Salazar GA, Richardson JE, Hollingsworth
ML, Barraclough TG, Kelly L, Wilkinson M (2007). A
proposal for a standardised protocol to barcode all land
plants. Taxon 56, 295-299.

Chen SL, Yao H, Han JP, Liu C, Song JY, Shi LC, Zhu YJ,
Ma XY, Gao T, Pang XH, Luo K, Li Y, Li XW, Jia XC, Lin
YL, Leon C (2010). Validation of the ITS2 region as a novel
DNA barcode for identifying medicinal plant species. PLoS
One 5, e8613.

China Plant BOL Group, Li DZ, Gao LM, Li HT, Wang H,
Ge XJ, Liu JQ, Chen ZD, Zhou SL, Chen SL, Yang JB,
Fu CX, Zeng CX, Yan HF, Zhu YJ, Sun YS, Chen SY,
Zhao L, Wang K, Yang T, Duan GW (2011). Comparative
analysis of a large dataset indicates that internal trans-
cribed spacer (ITS) should be incorporated into the core
barcode for seed plants. Proc Natl Acad Sci USA 108,
19641-19646.



Dassanayake RS, Gunawardene YINS, De Silva BDDNK
(2008). ITS-2 secondary structures and phylogeny of Ano-
pheles culicifacies species. Bioinformation 2, 456—460.

Fazekas AJ, Burgess KS, Kesanakurti PR, Graham SW,
Newmaster SG, Husband BC, Percy DM, Hajibabaei M,
Barrett SCH (2008). Multiple multilocus DNA barcodes
from the plastid genome discriminate plant species equally
well. PLoS One 3, e2802.

Hebert PDN, Cywinska A, Ball SL, deWaard JR (2003).
Biological identifications through DNA barcodes. Proc Roy
Soc B Biol Sci 270, 313-321.

Hollingsworth PM (2008). DNA barcoding plants in biodi-
versity hot spots: progress and outstanding questions. Here-
dity 101, 1-2.

Kress WJ, Erickson DL (2007). A two-locus global DNA
barcode for land plants: the coding rbcL gene complements
the non-coding trnH-psbA spacer region. PLoS One 2,
e508.

Keller A, Schleicher T, Schultz J, Miiller T, Dandekar T,
Wolf M (2009). 5.8S5-28S rRNA interaction and HMM-ba-
sed ITS2 annotation. Gene 430, 50-57.

Kress WJ, Wurdack KJ, Zimmer EA, Weigt LA, Janzen DH
(2005). Use of DNA barcodes to identify flowering plants.
Proc Natl Acad Sci USA 102, 8369-8374.

Lahaye R, van der Bank M, Bogarin D, Warner J, Pupulin
F, Gigot G, Maurin O, Duthoit S, Barraclough TG, Sav-
olainen V (2008). DNA barcoding the floras of bio- diver-
sity hotspots. Proc Natl Acad Sci USA 105, 2923— 2928.

Larkin MA, Blackshields G, Brown NP, Chenna R, McGet-
tigan PA, McWilliam H, Valentin F, Wallace IM, Wilm A,
Lopez R, Thompson JD, Gibson TJ, Higgins DG (2007).
Clustal W and Clustal X version 2.0. Bioinformatics 23,

REF S LA R R EDNAK TASE I EFI ik 731
2947-2948.

Meyer CP, Paulay G (2005). DNA barcoding: error rates
based on comprehensive sampling. PLoS Biol 3, e422.

Newmaster SG, Fazekas AJ, Steeves RAD, Janovec J
(2008). Testing candidate plant barcode regions in the Myris-
ticaceae. Mol Ecol Res 8, 480—490.

Ross HA, Murugan S, Li WLS (2008). Testing the reliability
of genetic methods of species identification via simulation.
Syst Biol 57, 216-230.

Selig C, Wolf M, Miiller T, Dandekar T, Schultz J (2008).
The ITS2 Database |l: homology modelling RNA structure
for molecular systematics. Nucleic Acids Res 36, D377—
D380.

Slabbinck B, Dawyndt P, Martens M, De Vos P, De Baets B
(2008). Taxon gap: a visualization tool for intra- and inter-
species variation among individual biomarkers. Bioinfor-
matics 24, 866-867.

Song JY, Yao H, Li Y, Li XW, Lin YL, Liu C, Han JP, Xie CX,
Chen SL (2009). Authentication of the family Polygona-
ceae in Chinese pharmacopoeia by DNA barcoding tech-
nique. J Ethnopharmacol 124, 434—439.

Vinitha MR, Kumar US, Aishwarya K, Sabu M, Thomas G
(2014). Prospects for discriminating Zingiberaceae species
in India using DNA barcodes. J Integr Plant Biol 56, 760—
773.

Yao H, Song JY, Ma XY, Liu C, Li Y, Xu HX, Han JP, Duan
LS, Chen SL (2009). Identification of Dendrobium species
by a candidate DNA barcode sequence: the chloroplast
psbA-trnH intergenic region. Planta Med 75, 667—669.



732 MR 52(6) 2017

Screening of Universal DNA Barcodes for Vitis amurensis

Huifang Song, Haishuang Liu, Yiming Yang, Shutian Fan, Changyu Li’, Jun Ai

Institute of Special Wild Economic Animals and Plants, Chinese Academy of Agricultural Sciences, Changchun 130112, China

Abstract To determine the best candidate sequence that can be used as a universal DNA barcode to identify Vitis
amurensis varieties, we used PCR amplification with the ideal annealing temperature and sequenced the DNA fragments
of five different regions (ITS, ITS2, psbA-trnH, rbcL and matK) of Amur grape samples. The effective sequence ratios
obtained by PCR amplification and sequencing, divergence of intra- and inter-varieties, DNA barcoding gap and identifi-
cation by using BLAST and NJ tree methods were used to evaluate the discrimination ability of these candidate se-
quences. ITS2 and psbA-trnH had fairly high amplification efficiency and sequencing efficiency in 33 samples belonging to
11 V. amurensis resources; they had larger divergences of intra- and inter-varieties and better DNA barcoding gaps than
the other regions tested (ITS, rbcL and matK). In addition, ITS2 could discriminate some varieties that could not be suc-
cessfully discriminated by the psbA-trnH region. ITS2 and psbA-trnH may be promising DNA barcode region combinations
for identifying V. amurensis resources. DNA barcoding can compensate for morphological identification and help in the
exact identification of V. amurensis resources.
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