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W OB REAMA BN EERE Y, dR AR R R L, BRI N EEINER L . 240k,
CUAES IR T3 184 B A A 38 /MR L ANNEFRPAN 7 ARl Wit =F 5 2 R 10012 8 o U R YA SO0 R 28 B 2= (R T
TFRTE S, A2 ] Wt LRI A R S AL AN A 2 FE R AN o] D (W T EIE Y o B AR AR e SR B X (ITS) A1 3 Ai4¢4k DNA
(cpDNA)JF%|(atpF-atpH, trnH-psbA F1 trnL-trnF)X} 16 AN [E R4 B A AP R FLE ZAEPI ) 22 P RHRI RSO R R4
T RGMAIATIGT . DA AT A SN, HIRFIA ITS 1 cpDNA JPFUME T EE AR R 5 FRARTM. etk
DNA JFHIMER N RG R EM TR, 22 B RS0 R 5 IR FERKG M B A —30 TS WM ARG R EW B
TR, 22 ARG 30 DN TEBE AT 2 DB, HA B E XAk 4 NTEAEL T2 EAZRIA DNA 5145 K #5500,
ITS WAFLEIRRE, 1TS REMIM LG R AE AR, NREIS R 22 MR Z MIMSRG KR R 454081 cpDNA JFFIFI ITS J7
ISR I, WD HEWT R L84 0947 2 BEA Ay v 8 BF A8 44 (R— AN Pl SR DR 4 2 TR e ) 2 s 9240 i S -1 %6
S AN v R T A

JRBRA] P A A, BRSBTS IK DNA RS, SRR

A Molecular Phylogenetic Study of Chinese Wild Vitis (Vitaceae) Based on
Internal Transcribed Spacer and Chloroplast DNA Sequence

= . = . = . = - . = =
Zhang Yonghui—, Fan Xiucai , Zhang Ying™—, Sun Haisheng™, Jiang Jianfu—, Liu Chonghuai
Zhengzhou Fruit Research Institute ,The Chinese Academy of Agricultural Sciences, Zhengzhou, 450009, P.R. China
= Corresponding author, liuchonghuai@caas.net.cn; = Authors

Abstract As one of the major original centers of Vitis species, China has abundant genetic resources in the world. So far, 38
species, 1 subspecies and 7 varieties of Chinese wild grapes were originated in China.The vitis germplasm resources were not only
significant in the development of grape science, but also provided an indispensable evidence to clarify the origin, evolution and
biodiversity of the Vitis in the world. The genetic relationship of 22 vitis materials of 16 Chinese wild grape species and their relatives
were determined based on sequence analysis of nuclear internal transcribed spacer(ITS) and 3 chloroplast DNA (cpDNA)sequences
(atpF-atpH, trnH-psbA and trnL-trnF). Molecular phylogenetic trees were constructed based on cpDNA and ITS sequences with the
Vitis rotundifolia as the outgroup. Based on the combined analysis of 3 chloroplastid DNA sequences, Vitis was split into three clades
that mirror the continental distribution of these accessions. Phylogenetic tree which was constructed by ITS sequence showed that
two main clades and four subclades were generated from the 22 vitis materials. Due to the influence of Multiple rDNA arrays and
other facts, the phylogenetic of the ITS was relatively complex ,and only demonstrated the relationships of 22 vitis materials partially.
From the clustering results of cpDNA sequences and ITS sequences, we preliminarily determined ‘Yanshanputao 0947 was a
interspecific hybrid, which female and male parent were one species of the Chinese wild grapes and V. riparia Michx., respectively.
V. heyneana Roem.& Schult subsp.ficifolia(Bge.) C.L.Li. could be a separate species from this result.

Keywords Chinese wild grape; ITS; Chloroplast DNA sequences; Genetic relationship

MRE R T S, T (2 JE R 38 MRl 1 EAPAT
FRIR L A 4 J (Vitis LORIF BOstdilim 7 ANARFRR,  BAHE B 4 UK BE ) Al A2 R oA 14
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ANELR L, 2004). 7Eid 2L HFE R ERS#(F
HIZREE1996) fky 22 (0 = 5%, 1997). fif 2= (]
TRAEEE, 1994) AWk 2% (1 Z R 6, 1998) A1
Iy FARCEARGKLFEE, 1998) 55 J7 16 H (1 B 4=
I 1) 5y BRSO R AT T REMF. T4
257 Jegg PN i) LR 1) o 9 2R RN R ) 2 TP LS L
BEH L, N2 53 S X Pl sl AR b 45 1) o b v i
DUAN—, A7 e 0 D A %) T 265 s R A P S 1 LA
H I AN E R (LR L, 2004).

i, DNA FP 4053 B FH T4 25 S AR 1K) R 4
HEAL ST (Trondle et al., 2010), 1T DNA 54140 #F
HAW TR A (DWE AR, GE sk KEr
PRy Q)FFZIEF A Eb ks, wlifE GeneBank 25
SREFHR A, AR P 53T HL A (3)DNA
FEB o AT TR A RN iR AW QB fn 5635 . H AT,
TV cpDNA P FIRZHEAR 1T 7 5 R BT
ARG R BT N Z (FE N5, 1997).

g A o (1 AR 4 i X 0 45 P - (epl 16, tps16,
rpoC1 %5 ) F %% 5% [1] g [X (atpF-atpH, trnH-psbA,
trnL-trnF%5), BT HAEDRe Bz B RS>, 9
A AR A R, 3 T AR A 2R B 76 R L o A R )
[f) R G5 2411 57 (Shaw et al., 2005), CAEHFE. Aj
25 J& S A T TR R 1A A 8] 1) 2 4 1B A0
F¥(Kondo et al., 2007; 5k4&:#F%, 2008, H EF}=C
e A RNE, 38(12): 1166-1176), FF7Ek: Byl ik
eh A TR 2 b b RE B RE 2R i 4 oK A e R R
(Wang et al., 2008),

ITSIX EAZHEARDNA [ s B X, DA% LA
T R B 2B AR AR T — AN B2 A Gt ik
FEDIA7 A E, EA7T18S rDNA. 5.8S rDNAFI26S
DNAZ 7], 05 #5.8S rDNAZ) & T IIITS 1 AITS2
PR T8 741 o TTSTERE T REA) T AR B,

1 3N LR A S TR BE X PP 47 P B e SR AR

THDNAJFHK LR R GL P — BORSE P 41 1]
T AFZERE (A lvarez and Wendel, 2003), U 7F %k
J& - AT JE SRR T RGO HE W Fl
(R YR A 2655 & (Luo et al., 2005; Li et al., 2010).

AT TR FH 3AN W & A B s 1) [ X (atpF-atpH,
trnH-psbARItrnL-trnF) FIAZBE AL R 41 (1T S 3 41 %)
A0FE 16 T [ 7 2 B A i Je FLE G AE ) A N 1) 22
DI AR i R SRR, SRt e r 1 2 B A A
FOAR AR SR GG Zr s i ol B A A 2 D U )
BAE AT TR A 1 B A

1R 501
1.1 cpDNA 514 ¥t

T 3 o0k v [ B A A A A AT G R 22 A R
cpDNA Ji B (atpF-atpH, trnH-psbA FiI trnL-trnF)]
AT, 3 A cpDNA J#41H,  trnT-trnL i
M5 AL 5 5% 22 (5.6%), trnH-psbA i Z115 S A7 14
] /0(0.46%), GC & 27.9%~31.3%. X} 3 4
cpDNA [P A AT G IE T, BRI IKE N
1938 bp, HHARFAL SN 113 A, 245 B A
HSSAEERTD) S

1.2 cpDNA EE4HT

h Gy A b 1 B A A A M SR S I R R R
KA, VLR 7825 W s 14X 7 38 (V. rotundifolia cv.
Dixie) A AR, K F e K ] L0k A gt 7t — Bk
W (Strict consensus tree). (& 1) LUE H: DA
I AN, BB AR 3 AN
B, A A L FE S (10 VT e A 2 R Hb A 2
I3 E B QAR RO AP A2, 734 C A0 v [ 4 B A
Fi, - LRI -5 o o6 2 S A o R S 2 00 R AR
X BEFE A ) 1R 5% 2% 0% 1 5 AR AN [) K i [ 11
BOMi— 5

Table 1 The cpDNA sequence characters of the three regions analyzed

DNA F Bt JP A LA (bp) AR S 15 KL A B GC F (%)
DNA fragment Aligened length (bp) Variable site Informative site GC (%)
AtpF-atpH 614 17 3 313
TrnH-psbA 433 6 2 30.1
TrnT-trnL 891 90 50 27.9
Combined 1938 113 55 29.5
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V.rotundifolia.82
V.vinifera.74
V.davidii.10
V.bellula.69
V.wilsonae.60
c V.flexuosa.65
V.pseudoreticulata.40
60 V.piasezkii.47
var.dissecta.68
V.bryoniaefolia.34
V.amurensis.28
V.hancockii.71
V.heyneana.3
V.yunnanensis.66
V.piasezkii.56
V.betulifolia.70
ssp.ficifolia.12
— V.adenoclada.22

62 V.piasezkii.55

V.romaneti.61
A 95 — V.rupestris.77
L V.riparia.79

B FH22/0N 78 28 i A A DR R (1) 34 I 2R KDNA v Br 4 &
(atpF-atpH, trnH-psbAFItrnL-trnF) Ky 2t i) 5 K T 2Bt

W B =113, — Bk FE$0=0.9823, {4 B 15 %0=0.9950; %)
W ERBFE 10000 B R IBEE SRR

Figure 1 Maximum parsimonious tree for 22 genotypes of Vitis

D 52

100

materials obtained from combined data set of three cpDNA
framents

Note: The tree has a length of 113 steps, a consistency index
(CI) of 0.9823, a retention index(RI) of 0.9950; Numbers above
the branches are bootstrap values (%) of 1000 replications

1.31TS FFH

SXof v ] A A A b LT e R 1) 22 4R 66
A BER ITS JFAIRHT IR 08T, iRk, <R
AR 017, ARM-4H 0958, /T KMk 027, <dHELl
WA 0947, ZEMEA] 0945, HE . IR
% 6402° FI A5 38 HH AT P AIAS [FIZR 2L (1) 1TS 741,
HOEPE 30 AN ITS JPHIHEAT RG 2= (R 2). Hor,
5.8S [P AR FELE 22 i pPkH IEA—SUh 160bp,
IAE B« BRR 28 RN S 2 10 114 RLArfE—
AMEEE(T)AE N . V. riparia.79.1°. V. riparia.79.3

Hlevar. dissecta.68.2° 1 ITS 741 1) 497-509 4bA5 1% 4k
12 /> Bk 2 19 M Bk, V. heyneana.3.2” . ‘ssp.
ficifolia.12.2° F1°V. adenoclada.22.2’7E ITS 741 [
679-680 ALFTIELE 11 MEFEEMIMIBR(E 2). srHT4s
KBTS JPH ZaPELE, Rets FH 1425 J& A a) 1)
RGN
14 1TS FFIRAES T

k4 B v [ S A e S FOE SR ) R G R
KF, LAR-#% )8 1 Dixie AR, KH
KRG LIEARE 3 74— B (Strict consensus tree)o
(B 3)RT LA HE, DA - 2 0@ A1 LA SRR R
ELH 2 W B HEY) N R BR(BS 100%), ELA % V&
MBI TEE 8, 70k B A6 18 MEN N
25 ANk, A9 Gy Hy TR T4 AN 5080 F
AFSE AR B AHIT (1) S 1% 9437, “Hv B
e M B WAL 013 ANFR 3 AN BE, V.
heyneana.3.2’ f1‘V. adenoclada.22.2’ 1 553 I —F(BS
100%), FF55“ssp. ficifolia.12.2” & 4E & (BS 100%).

2 1R
2.1 MR AREE X H] FR X DNA R4
FIHH 3 AN &% & B 5% 8] [ X (atpF-atpH,

trnH-psbA Fl trnT-trnL)X 22 435 % @ FHA T R 4

RE DL A s O AR, L A R
MEH 3 ANEE L, A A BLFESE YRR E o]
AV %, A B BEENOV R A, 8 C
05 TP [ A 4 B AR, RWIREARZ MRS G SR Y
R PEH 2R 53 A AH— 3. Trondle %$(2010)FIH 3
/> cpDNA J7-41)(trnL intron, trnL-F IGS Al trnK intron)
X 30 AN 47 A JE AR ARLEA T 4 e A
PR YR AR FRIAIT 5t 3 W [] — Kt S 58 PR R A 0%

R ITSIFPHIRHAE

Table 2 The characters of ITS sequence

DNA F B JFHI LR FE (bp) A T A 15 B R GC (%)
DNA fragment Aligened length (bp) Variable site Informative site GC (%)
ITS1 296 95 70 72.4

ITS2 231 73 52 74.0

5.8S 161 24 19 53.9
Combined 694 282 185 68.6
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I"})ﬁ"ﬂ'}j‘)j‘]—‘)"ﬂ"‘} BRI IIIIIFIDIDI

SIEETS G E

Q1 41 G141 G) 41 41 G &1 41 G
PSS S 2 S S S S e b R

K 2 30 A ITS J¥51 5 [ 19358 43 )7 51 Lok 48 51

F R B FFFFZFFFFIZZZFZIZIZ IR IR

Figure 2 Partial Sequence alignment results from 30 ITS sequence data

FESC D, AR 0958 R ERKHIA
H LB A 0, RBARH L il HE
M50, S IZ 9437, BIRMRAL 017, SEM- 2
0945 Fll 1L i%] 0933°9 MR e R, bl
Hi% S BRIAN) Tz, fEE P 20 NMEEA S
Ai, ARMAEAG . MEMAAG . SRMAAT . IRARAG . A
HEEE W 10 AL or A, 22 A R &
A AT YE A (LR L, 2004). L IRFPAEHLEE
IIAT SPOESEAE EXIAFAE R ZE 57, (HHOR G R R IR
I, N R 9 ANFI e b R BT JE R i REARAH
55 T BEE AN [ R SE DR (R AS SRS 5% B A A7 RS )
T8 N A AR A o T P AT 28 SR TN A2 11047 <
FCMIK 027, <55 09437, “HEZRA %4 10577 “REA
M 017, FEILHZT 09477, BEAN AT BB AR D
Fh—K, BIFICR, FAMOdf. FibRgi R

W B 1 81 25 i P R R R BBk 2 AR MR O A
P T SR A U v AR R AR 2 R R ] D (i B
EH
2.2 1TS FRHIRK At

R A P A LE B LT T A B R 3 TR 45 DL
HRECES, i ITS J3 5 7L P [7] 2F 1k (Concerted
evolution) it A2 71 [ 1) A0 AN 58 4 R 3 X 1) A7
ERA, ATRESTER—AMANAEIEZ A ITS P4
(A’lvarez and Wendel, 2003). 7E PCR &L FR H1i45 1 4%
[¥] DMSO BB A 255k JAB I BRI O /NS, 2006),
HERFAH 017 AR %G 0958 /7 [ ik 027
eI 09477, EHRA 0945 BURE. W
JRHZA 6402 F1 AR e 2 947 1E 2 FAL N K DNA 7
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V.rotundifolia.82.2
V.rotundifolia.82.4

G V.wilsonae.60.3
61 V.riparia.79.1
9 5 var.dissecta.68.2
V.riparia.79.3

var.dissecta.68.3

25 V.piasezkii.55.3
47 7 V.amurensis.28.3
) 65 V.vinifera.74.2
E 99 53 V.wilsonae.60.1

V.vinifera.74.4
V.bellula.69.4
V.piasezkii.47.1
V.romaneti.61.1
V.piasezkii.56.3
V.betulifolia.70.2
V.yunnanensis.66. 1
V.hancockii.71.1

100

V.hancockii.71.3
= V.piasezkii.55.1
V.bryoniaefolia.34.3
4|I‘E V.pseudoreticulata.40. 1
—20 V.flexuosa.65.2
9 V.davidii.10.3
V.rupestris.77.2

F ssp.ficifolia.12.2
% V. heyneana.3.2
V.adenoclada.22.2

K3 122N A L IR R i 30N TS J7 471 e 8 ) 7 1) e
NESR ]

W BHK=333, — B iR $=0.8481, 1% 15 %=0.8691; 4>
R RIBCT R 10009k E R RIBE ST R

Figure 3 Maximum parsimonious tree for 22 genotypes of Vitis

—

materials obtained from 30 ITS sequence data
Note: The tree has a length of 333 steps, a consistency index(CI)

of 0.8481, retention index (RI) of 0.8691; Numbers above the

branches are bootstrap values (%) of 1000 replications

H1, ITS PRI 3 DNy 2 AR, X
5 /NG v AN [R] b B 2 T80 A7 A 3 SRR B R A%
PiEAK DNA 1) 45 H A [F] (Dubcovsky and Dvorak,
1995), HIF5% 22 PR DNA JPAI5Em, ITS
FEA B RO SE A BB B %, IF BAERGedkb
B A8 S R A AR R B (collapse) TS, IREG BT ) 23 1)
ITS B HBEGE IR # 7~ 22 I MHRL Z M ISR SO0 R o

2.3 MAMEAFRG KRR

OPRCE . B IR AR SRR 3
ISR R RIS H L MAFA AR, AU ZE
R B A A, AT Ak SR AT D Ak
LA FE(FLER L, 2004). i34 5 B4 (1 F
AFFAEZESRRON, iR 4 S B I 25
AL IR IR BT TR E 7 M. B 1 s 3 4
FERAE IS, SRGRARBIL, K 2 PBHH 5 IR

ARG R R RN, LR RS T 3R
RB(CESCR, 1979), Ak F -4 28 NAE A — Nk
SERRI RS AT o B 4 s T 1 A 2 R AR Rk iR
IR R & K, 1990), 40k F L0 E%H
i B 2 N S A AL SRR H S FU e 4 R
VISR 20 RIE(BS 100%), Wik ik 3 Fh
AL M AP e AR T 34k

IyEE G H, EILAAT 094702 AL 80 AEAR
b B B AR T B Ak 1 A L A 2 SE AR R AR
HRR, SEPPELE, A S EMR, 5 A
hy ST S A AR Tl e CAZE AR IR AT s o [ Y
AR A AN L SE PN B 2 MR 0 TR R, 1T T
TRIG 255 B2 W <aHe L1 29 0947 % 1 28 M R ik HL AT —
SE I HTTE (3K Ak A5 2009), M4t AR B R Cvar.
dissecta.68 FIl A [E] Y A= 4 25 SR AE— L, ITS M “var.
dissecta.68.2° 5 V. riparia.79.3’ S 7E — i J5 )RV,
riparia.79.1" SR 7E — i (B J& SCRFE 20 il ) 84% Al
99%), DAk, AR e 112 0947 A BEA A v [ B
ARARIAG () — ANl SR kg o] T 2 PR ol )

SR H R, BRI 4 O (1 A6k T A
RIS B E L mA A — o4k
(N =S 1997), Mg AR R B R VL
amurensis.28’ V. vinifera. 74’35 % ok K815, ITS
PPV, amurensis.28.3° F1¢V. vinifera.74.2° B {F —id
(BS 72%). Z5AREARIRGESS Bl S0 & 5 1L
B BIAREG K RIRE, RAEG KRR

OYEE T, CRFEARM 01 A AR A4 095855
GRABIL(BS 72%), SHEEMRD IR
(CCESCHABE R, 1996).

YK TR, AR 1057 RN B B 09437 A(E
—iE(BS 96%), HIEAMERIF H 4 R —B (A A
B, 1996) . il o6 25 FH Y0 HU 8T 28 090455 2%
KAREAT(BS 99%), {ERT NI R ILARIE . 45
S REARMIXGES BHEN, —F BRSO R0,
MARAAREG KRB .

T ITS WA 8 2 f v A7 AF SO RR M R
(<50%), “var. dissecta.68.3>. V. bellula.69.4>F1V.
piasezkii.55.3 % — S PRI RIS 4 RAE A R ME, 75
B AR FEAIL & 70 KT BT

3PP T5 ¥
3.1
IR 22 B AEHELAR 18 4 v [ A i 4

1R RRIERD, 2 Gy PFRAN 1 O3 [ A4 0 s, 1
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SRS T [ A b AR 2% (52 K M SR AR E 5 BT I 5 R
R3 HT ARG T KA E A

Table 3 Vitis materials used for phylogenetic analysis

Tl JBOAE M 7] 265 0% 5t 7 (5 3)

YHK P4 ITS B 44 i S A T 44 B

Name Species Name in ITS tree Name in chloroplastid tree
Hh2 B B V. heyneana.3.2 V. heyneana.3
Duanmaoputao V. heyneana Roem.& Schult.

T80 7l 0 2 T V. davidii.10.3 V. davidii. 10
Hunanciputao V. davidii

S %] 943

(Roman.du Caill. ) Foéx.
%

ssp. ficifolia.12.2

ssp. ficifolia.12

Sangyeputao 943 V . heyneana Roem . & Schult

subsp.ficifolia (Bge.) C.L.Li
Sk AL 01 A 6 % V. adenoclada.22.2 V. adenoclada.22
Luochengxianzhi 01 V. adenoclada Hand.-Mazz..
1117575 0933 11125 V. amurensis.28.3 V. amurensis.28
Shanputao 0933 V. amurensis Rupr.
FEAN 1T B B BB % V. bryoniaefolia.34.3 V. bryoniaefolia.34
Wugangmiaojieyingyu V. bryoniaefolia Bge.
IR 1057 IR V. pseudoreticulata.40. 1 V. pseudoreticulata.40

Huadongputao 1057

V. pseudoreticulata W.T.Wang.

RFAH 01 AR % V. piasezkii.47.1 V. piasezkii.47
Lingbaobianye 01 V. piasezkii Maxim. V. piasezkii.47.3
AR %G 0958 AR % V. piasezkii.55.1 V. piasezkii.55
Bianyeputao 0958 V. piasezkii Maxim. V. piasezkii.55.3
iR AR V. piasezkii.56.3 V. piasezkii.56
Xianmaobianye V. piasezkii Maxim.
F5 LG ik 02 WA Jik i % V. wilsonae.60.1 V. wilsonae.60
Lushiwangmai 02 V. wilsonae Veitch. V. wilsonae.60.3
REKHH k] V. romaneti.61.1 V. romaneti.61
Lingbaoqiuputao V. romaneti Roman.du Caill.ex

Planch.
Bk 0943 B V. flexuosa.65.2 V. flexuosa.65
Gelei 0943 V. flexuosa Thunb.
=R 01 = V.yunnanensis.66.1 V.yunnanensis.66
YunnanputaoO1 V. yunnanensis C.L.Li.
He1l1 1% 0947 e LI var. dissecta.68.2 var. dissecta.68
Yanshanputao 0947 V. amurensis Rupr.var.dissecta Skvorts. var. dissecta.68.3

SEHNHI% 1104
Meiliputao 1104
o ELME I

SN 4
V. bellula (Rehd.) W.T.Wang
M4 2

V. bellula.69.4

V.betulifolia.70.2

V. bellula.69

V.betulifolia.70.2

Songxianhuayeputao V. betulifolia Diels & Gilg.
ZZ I 7E % 0945 R 2 V. hancockii.71.1 V. hancockii.71
Lingyeputao 0945 V. hancockii Hance. V. hancockii.71.3
A R Il V. vinifera.74.2 V. vinifera.74
Muscat Hamburg V. vinifera L. V. vinifera.74.4
Y HL A% 0904 Vb U % V. rupestris.77.2 V. rupestris.77
Rupestris 0904 V. rupestris Scheele.
A% 6402 TR V. riparia.79.1 V. riparia.79
Riparia 6402 V. riparia Michx. V. riparia.79.3
NE S [ 146 45 V. rotundifolia.82.2 V. rotundifolia.82
Dixie V. rotundifolia V. rotundifolia.82.4
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3.2 DNA H3RE S B A

SR FH SR 1R CTABY M 26 g - v 4 HOKE DR 241
DNA(ELE, 2008), 7£1% B b e k4T sk
¥, {# ] Bio-Photometer plus #% R & &= 1X
(Eppendorfd) £l 3 (K 2] DNA I SR 2l B, FFR ik
FEFFE 4230~50ng/uL

2R FIITS 8115 S (K 4).

20 uL PCRY #44 R f04E: 30~50 ng DNAKAR,

44 cpDNARITS Jv Be it 51915 B
Table 4 The primer information of the cpDNA and ITS fragment

2 uL 10xPCR Buffer, H'& e WiR 71 & PCR X W27
(#5). AR DI B A S (Lo S AR )
FHEAT B2 ) SEPCR= I 44k . ITSIF41 11 5
B\ I ik - pGEM-T# f: (Promega) FlIDHS o 52 45
A (RAREARHE A B A R TER.  HARF A%
oo Hetk, SRETEPCRIGIUE, 798IPHMETRE, &40
FERREPE3A T B BEA T PP o

2R 519 527l 276 3R
Name Primer Sequenc Reference
AtpF-atpH AtpF 5'-ACT CGC ACA CAC TCC CTT TCC-3' Kim Ki-Joong, 2007,
AtpH 5'-GCT TTT ATG GAA GCT TTA ACA AT-3' Pennisi, 2007
TrnH-psbA PsbA 5'-GTT ATG CAT GAA CGT AAT GCT C-3' Shaw et al., 2005
TrnHGUG 5'-CGC GCA TGG TGG ATT CAC AAT CC-3'
TrnT-trnL A 5'-CAT TAC AAA TGC GAT GCT CT-3' Taberlet et al., 1991
B 5'-TCT ACC GAT TTC GCC ATA TC-3'
ITS Pl 5'-TCG CGA GAA GTC CAC TGA-3' Wang L., and Zhuo L.H,
P2 5'-ATG CTT AAA CTC AGC GGG-3' 2006

%5 cpDNAFITS H B IPCRY™ 844 2 1 Js b FE

Table 5 PCR amplification system and cycling conditions used to amplify the cpDNA and ITS fragment

Elk7ER s PCR ##{A % PCR J% W27
Primer name PCR amplification system PCR cycling conditions
Mg dNTPs  SI#ikJE(umol/lL) TagDNARAHE  FUtE 35 B3k SEAH
(mmol/L) (mmol/L) Primer concentration Tag DNA Predenature 35 cycles Elongate
(umol/L) Polymerase
AtpF-atpH 1.5 0.2 0.4 0.5U 94°C Smin  94°C 30 sec, 51°C 40 72°C
sec, 72°C 40 sec 7 min
TrnH-psbA 1.5 0.2 0.4 0.5U 94°C Smin  94°C 30 sec, 55°C 40 72°C
sec, 72°C 1.5 min 7 min
TrnT-trnL 2.0 0.2 0.35 U 94°C Smin  94°C 30sec, 62°C 1 72°C
min, 72°C 1 min 7 min
ITS 1.5 0.2 0.5 2U 94°C Smin  94°C 30 sec, 52°C 30 72°C
sec, 72°C 1 min 9 min

T A tenT-tenl A1 ITS (P34 R HP s N BSA(ZUKE A 0.1g/L); £E ITS (K9 #4K R DMSO (O A e REAAFR i 4A & 1)

4%)

Note: Add BSA to trnT-trnL and ITS PCR reaction mix (final concentration was0.1g/L); Add DMSO to ITS-PCR reaction mix (4%

of total reaction volume)
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3.3 DNA 2 ¥ /5%

¥ 15 2] 1 )7 % H Contig Express Computer
Program (InforMax, Inc., Bethesda, MD)#4-1E4THf
$, it 5 GeneBank I CUANF 25 1) cpDNA 4277
(DQ424856. ) LA, My G e S IER T . H
Clustal X 1.83 #A4x) 341|147 L X (Thompson et al.,
1997), T Bioedit 7.0.9 HE4774 T TR (Hall,
1999), fffH Mega 5.0 THEIRIELIRL, WHF GC %
B PR AR AL SURE BT S (Tamura et al.,
2007). #JH PAUP * 4.0b10 %A, DL M35V )&
Dixie MRS L 5 7 410 SR HH i K 1 249 B0
(Maximum Parasimony, MP) 1T R 4 &K & 7 #r
(Swofford, 2000), AR EFL) MP &, RHHK
AWK (heuristic searches), W 45 P44
#(TBR), #&F%FAGE RN, Xt TP 2
AR ) 2 AL(Gaps) A BEAE Bl 2% (Miissing ) IR 2
JR A0 Ik FBEAL 7 2 (Random), #1 h 45 4 1 AT 5
PR 1000 X HE S (1) H K% (Bootstrap analysis)>k
PPl (Felsenstein, 1985).

YE%& TTER

TR BT AU AT S0 RS
FURAIT A AN, INE A K SRS AT i
VIRIGS FE; XU M BTN 55 5008
W HUROMHT, AR S AP A O R
e

Bt

AHIE G BLAC AR 7 b 5 R R v B <
(CARS-30-yz-1) B o A il o R A M ARk 2 e X4 M1 A B
TP 128 TR 622 30 22 T £ A S 36 ek o H PR AR S Rp A
A i AR U R A7 B 44 (R TRIA T D H N PP 7 2 AN B 4
L

S 3R

A’lvarez 1., and Wendel J.F., 2003, Ribosomal ITS sequences
and plant phylogenetic inference, Molecular Phylogenetics
and Evolution, 29(3): 417-434

Chao W.J.,, and Yuan Z.F., 1990, Discussion on classification
and relationship of chinese wild species of grape, Xibei
Nongye Daxue Xuebao (Journal of Northwest Sci-Tech
University of Agriculture and Forestry), 18(2): 7-12 (387G
PR, BAEK, 1990, T JRAY 2K RERARM
BiE, PHAERM R FR, 18(2): 7-12)

Dubcovsky J., and Dvorak J., 1995, Ribosomal RNA multigene
loci: Nomads of the triticeae genomes, Genetics, 140(4):
1367-1377

Felsenstein J., 1985, Confidence limits on phylogenies: An
approach using the bootstrap, Evolution, 39(4): 783-791

Hall T.A., 1999, Bioedit: A use-friendly biological sequence
alignment editor and analysis program for windows
95/98/NT, Nucleic Acids Symposium Series, 41: 95-98

He Y.H., Li C.L., and Cao Y.L., 1994, Comparative anatomy
of vegetative organs in the genus Vitis L. and its
systematic significance, Zhiwu Fenlei Xuebao (Acta
Phytotaxonmica Sinica), 32(2): 154-164 (fif k4, ZE5Zs,
WLFS, 1994, % i E IR 4% B I LU 22 LR S
RN, HPFRFR, 32(2): 154-164)

Kondo K., Shiba M., Yamaji H., Morota T., Zhengmin C.,
Huixia P., and Shoyama Y., 2007, Species identification
of licorice using ntDNA and cpDNA genetic markers,
Biol. Pharm. Bull, 30(8): 1497-1502

Kong Q.S., eds., 2004, Chinese ampelography, China
Agricultural Scientific and Technical Press, Beijing, China,
pp.25-31(4LK L, 4w, 2004, hEAZGE, hERM
BEEHOR AL, E, JExt, pp.25-31)

Li C.L., Cao Y.L., and He Y.H., 1996, A taxonomical study on
Vitis L. in China, Yingyong Yu Huanjing Shengwu
Xuebao (Chinese Journal of Applied & Envionmental
Biology), 2(3): 234-253 (4128, ¥, /K4, 1996,
o [ 4 5 J (Vitis L) 2» R0FFT, ] LSRR L) 2 4R,
2(3): 234-253)

Li X.M., Xie R.J., Lu Z.H., and Zhou Z.Q., 2010, The origin of
cultivated citrus as inferred from internal transcribed
spacer and chloroplast DNA sequence and amplified
fragment length polymorphism fingerprints, Journal of the
American Society for Horticultural Science, 135(4):
341-350

Liu S.J., Kong Q.S., and Gu H., 1997, Studies on the taxonomy
of wild grape species native to china by the palynolog,
Guoshu Kexue (Journal of Fruit Science), 14(2): 100-105
=%, fLRIL, LT, 1997, 34 % s A itk 2%
GrWETE, RMELE, 14(2): 100-105)

Luo Y., Zhang F.M., and Yang Q.E., 2005, Phylogeny of
Aconitum subgenus Aconitum (Ranunculaceae) inferred
from ITS sequences, Plant Systematics and Evolution,
252(1-2): 11-25

Ma Z.S., and He P.C., 1998, A Study on the taxonomy and
relationship of wild Vitis native to china with POD
isozyme, Huabei (Acta
Boreali-Sinica), 13(2): 122-126 (2 )ik, B, 1998,
e A A A0 Tt [ X e 6] 4 e B 2 Ao 2 SRR
KRBT, IR, 13(2): 122-126)

Nongxuebao Agriculturae

1577



FRACHESE, 2011, 5T ITS H cpDNA 751 1) v [ B AR 2 4 7 R G4k, 7 FRIPE R Vol.9 No.78 (doi: 10.5376/mpb.cn.2011.09.0078)

Niu L.X., and He P.C., 1996, Taxonomy classification of chinese
wild Vitis plants, Yuanyi Xuebao (Acta Horticulturae Sinica),
23(3): 209-212 (“-arHr, B, 1996, FIH HF A6 4 8
R R Sy 5%, T 22544R, 23(3): 209-212)

Pennisi E., 2007, Wanted: A barcode for plants, Science,
318(5848): 190-191

Shaw J., Lickey E.B., Beck J.T., Farmer S.B., Liu W.S., Miller
J., Siripun K.C., Winder C.T., Schilling E.E., and Small
R.L., 2005, The tortoise and the hare II: Relative utility of

chloroplast DNA
phylogenetic analysis, American Journal of Botany, 92(1):
142-166

Swofford D.L., 2000, PAUP*. Phylogenetic analysis using
parsimony (* and other methods) Version 4b. Sinauer,
Associates, Sunderland, MA.

Taberlet P., Gielly L., Pautou G., and Bouvet J., 1991,

Universal primers for amplification of three non-coding

21  noncoding sequences  for

regions of chloroplast DNA, Plant Molecular Biology,
17(5): 1105-1109

Tamura K., Dudley J., Nei M., and Kumar S., 2007, MEGA4:

(MEGA)
software version 4.0, Molecular Biology and Evolution,
24(8): 1596-1599

Thompson J.D., Gibson T.J., Plewniak F., Jeanmougin F., and

Molecular evolutionary genetics analysis

Higgins D.G., 1997. The CLUSTAL-X Windows interface:

flexible strategies for multiple sequence alignment aided
by quality analysis tools, Nucleic Acids Research, 25(24):
4876-4882

Trondle D., Schroder S., Kassemeyer H.H., Kiefer C., Koch
M.A., and Nick P., 2010, Molecular Phylogeny of the
genus Vitis ( Vitaceae ) based on plastid markers,
American Journal of Botany, 97(7): 1168-1178

Wang A., Schluetz F., and Liu J., 2008, Molecular evidence for
double maternal origins of the diploid hybrid Hippophae
goniocarpa (Elacagnaceae), Botanical Journal of Linnean
Society, 156(1): 111-118

Wang J., 2008, Researches on the biodiversity of the
morphology and polymorphy based on SSR markers of
Vitis ficifolia Bge. native to Henan province in China,
Thesis for M.S., Chinese Academy of Agricultural
Sciences, Supervisor: Liu C.H., pp.14-15 (F4&, 2008, i
BB N S 24 (Vitis ficifolia Bge )Fl N JE S M (£ £
FEPEI AT, W22 e e, AR B, S X
2R, pp.14-15)

Wang L., and Zhuo L.H., 2006, systematic classification of

some species of Iris based on ITS sequences, Dongbei
Linye Daxue Xuebao (Journal of Northeast Forestry
University), 34(4): 54-56, 75 (L£¥, HWIIF, 2006, T
ITS FPo| s R SR A 0 R R G020 2K, ARAEpRallk
23R, 34(4): 54-56, 75)

Wang W.C., 1979, Vitacearum novitates, Zhiwu Fenlei Xuebao
(Acta.Phytotaxonomica Sinica), 17(3): 73-98 (LK,
1979, HIEBHEB A, P IE24R, 17(3): 73-98)

Wang X.Q., and Hong D.Y., 1997, Progress in molecular
systematics of plants in recent five years, Zhiwu Fenlei
Xuebao (Acta.Phytotaxonomica Sinica), 35(5): 465-480
(A4, WA TT, 1997, FHY T REGFE TUAEINETTT
HEREMEDL, RP5rJ524 4R, 35(5): 465-480)

Zhang H.G., Liu C.H., Wang Z.Y., Zhong X.H., Fan X.C., and
Dong D.D., 2009, Identification of the resistance to grape
phylloxera of Chinese wild grape species, Guoshu Xuebao
(Journal of Fruit Science), 26(3): 306-310 (3K IR, X5
W, EIBER, BhibeLr, #5%2, #2009, o E L
1 % DU A 2 R R 0 R R A T, R 2R, 26(3):
306-310)

Zhang L.P., Lin B.N., Shen DX., and Wu P., 1998, Taxonomy
of Vitis by RAPD, Yuanyi Xuebao (Acta Horticulturae
Sinica), 25(2): 191-193 (KL, ARAALE, VhiEgs, 2T,
1998, i % J& RAPD 7) 2K B 7T, [dl & % 4, 25Q2):
191-193)

Zheng X.Y., Cai D.Y., and Teng Y.W., 2006, The influence of
ITS-PCR amplification and sequence for Pyrus with
DMSO, In: Chinese youth society of horticulture, seventh
symposium (ed.), Advances in horticulture(VIl), Beijing:
China Agricultural Press, pp.141-146 (KB/IMfi, 28713,
JEIE3L, 2006, DMSOX] AL AHATTSIX 4748 L2 i 1) 5%
W, Lo P B A B AR AR THE S (),
&R, P EARNE R, 65T pp.141-146)

5"Publisher & — N8 TFl2% 5 30 A4k 16+ 3C
&6

'ﬂ-Publiahar"‘
{E5"Publisher B Az F2i8 3, ATAaf A KB of LA S 9 1 28 i 15 11 i
KT IFS, R SCHESZ ™ RS IR o () VP o

MAEARA, IR, MANEREA
SCTFRBUIB T AT S B 8 R
SRR, AT AR IR 0% B
SR BT e 1 B

{ELEHERA: http:/Sth.sophiapublisher.com

1578


Administrator
新建图章


	研究报告
	A Letter
	基于ITS 和cpDNA 序列的中国野生葡萄分子系统进化
	A Molecular Phylogenetic Study of Chinese Wild Vitis (Vitaceae) Based onInternal Transcribed Spacer and Chloroplast DNA Sequence
	摘 要
	Abstract
	关键词
	Keywords
	研究背景
	1 结果与分析
	1.1 cpDNA 序列分析
	1.2 cpDNA 聚类分析
	1.3 ITS 序列分析
	1.4 ITS 序列聚类分析

	2 讨论
	2.1 叶绿体转录间隔区DNA 聚类分析
	2.2 ITS 序列聚类分析
	2.3 部分样本亲缘关系

	3 材料和方法
	3.1 材料
	3.2 DNA 的提取扩增和测序
	3.3 DNA 分析方法

	作者贡献
	致谢
	参考文献
	表1
	表2
	表3
	表4
	表5
	图1
	图2
	图3

