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I E R EEYFEL KX FEY SRAP 4
F A, BT, ank

Qe KA Z 25 Be, M IbfRsE 071001)

WE: [EN] ApTAPHRFELBEMGRALE, BALEBETHEEM T 2L ETHBFELXR,
HERGFERBEN KR AWELREIF G2 T I, F oA E AR R R 3 Fof) 3 R 1R
(77751 AR SRAP FRiC 77 ik aet J 7= o [ 9 KB 230 14 MR 11 ANR B A 1 AN A8 0 SRR 41 DNA 34T 2047
[ZER Y2 69 19 % SRAP 5l 4167t 26 GR35 3 th 580 % DNA A7, Ho ot 570 £ 4 2 &4 ( 4 98. 28%),
PHEANT DT B L AW 30 %, 26 DARHE B AR BUR LB E N 0.22~0.99. UPGMA RERH, 26 17
AE AR LR 2K 0. 38 MK o h 6 NKAE. (454 ) SRAP ARiEH AR B R AF B TR B 4 X ZWH R, i
BRORRAZIE N VAR, Tt — S 0 ) L ANTHM, TR ¥4 N R EME Ziziphus jujubaMill. subsp. jujuba;
T MBRR Ziziphus jujuba Mill. subsp. spinosa (Bunge) J.Y. Peng, X.Y.Li et L.Li; HR. LWEfAEL
MZAR T —ANREHERAL, BAMLANIZAIN LM, S3FE LRSS 0 BETHEATREREM.

KRG REMY; FEKAR; SRAP; REQA

Analysis on the Genetic Relationships of Chinese
Ziziphus with SRAP Markers

LI Li, PENG Jian-ying, BAI Rui-xia

(College of Horticulture, Agricultural University of Hebei, Baoding 071001, Hebei)

Abstract: [Objective] The phylogeny and genetic relationships of Chinese Ziziphus’s germplasm resources were studied at
molecular levels for providing new molecular evidences of classification, protection and utilization of germplasm resources of
Ziziphus. [Method] The sequence-related amplified polymorphism (SRAP) was assessed to analyze the genetic relationships
among 14 species of Ziziphus, 11 cultivars of Z. jujuba Mill. and one outgroup. [Result] A total of 580 DNA bands were amplified
by 19 selective primers, 570 of which (98.28%) were polymorphic. The average number of polymorphic DNA bands amplified by
each primer was 30. The genetic similarities of 26 materials ranged at 0.22 to 0.99. UPGMA method cluster analysis showed that 26
materials were classified into six cluster groups with the genetic similarity of 0.38. [Conclusion] The results showed that SRAP
technique is efficient in studying genetic relationships among Ziziphus. Z. jujuba Mill. and Z. acidojujuba C. Y. Cheng et M. J. Liu
should be treated as a species, and further infraspecific classification of Z. jujuba Mill. should be classified into two subspecies. The
scientific names of new taxa (Chinese jujube and wild jujube) were Ziziphus jujuba Mill. subsp. jujuba and Ziziphus jujuba Mill.
subsp. spinosa (Bunge) J.Y. Peng, X.Y. Li et L.Li respectively. Z. xiangchengensis Y. L.Chen et P. K.Chou, Z. montana W.W. Smith
and Z. mairei Dode may originate from same ancestry Z. xiangchengensis Y. L. Chen et P. K. Chou and Z. montana W.W. Smith
should be treated as a species. The infraspecific taxon of Z. jujuba Mill. is not suitable to set up varieties.

Key words: Ziziphus Mill.; genetic relationships; SRAP; cluster analysis

0 2= (Rhamnaceae) 50 Z Mg ELFMEK 1 1ME
= ERAE 170 B, P EDEHS BB E R E
[WF57 & XY g (Ziziphus Mill.) & R 2k} X, B 18, HAR=HENE 14 M. AAREHET

Yk HEA: 2008-07-30; %% HHES: 2008-09-28

HEEWE: FHXERBEREEIE (30270927). b4 HARI R4 H (C2004000363)

EHEIN: & H (1982—), &, AR, fid, WFFU7 AR TP . E-mail: lily-1543@tom.com. MfE/EHZEE (1965—), 9,
WALKIA, B, WL, W7 RN FAEY % B E AR EAR . Tel: 0312-7528315; E-mail: pjy@hebau.edu.cn



1714 OE ok M R % 42 %

DUG B ANt 2 rh, 5 2 AR DR U U A
BN T A T AN AR, AR i T sk 20 B E 2R
G, RREME T RER S EATE A EREM
WU BRI IE T &M SRR PSR &R R, AR
AR SE & T 12 2 ) LB (1) 4y Uk s, (A
Shy v RSB YR AR A A P PR A, B
FWE . [RTAWFSTEEE]Y Liu 20T 1995 4E AR
RV ER IR S i) N E MR RSN S BL I i
FROE, e TRBHEDELL SR RS, BITEHK
S BRSO AR B S R LB o
HAIERH . RN S E WAL TR, Ly AL S
BGOSR AR 53 o SR A e e Z R 5 < [
W F: s PRI RAPD BARS  [H 4f ffp
TRIG, ARG EARER . mE RARR AR e AR
PrIRI o A AR, IR ANIL AR, AR A
PGP, A2 BUL T IDNA [# 1TS /% cpDNA (]
psbA-trnH J& 5110} i [E A S AW I R 48 K B HEATHEST
BT RBERHME FIEg KRR, xFEMN
RAPD #ric BEARIR IR RN 73 K250 R, A

x1 kRl —Ex

Table 1  The list of materials used in the experiment

TR A, AR A 2 T KA. TR
WHEPIA KLY BEH SRAP FRICEARMARE, 1Z5ikE
W TR S R . SEDDEAL SR 2
FEVES T ELBRIE N AL 250 S5 7 T, o Al
Wyisifle 2 REPEAN 73 BT T2 T Bl {HA7% SRAP
BENRIEL R/ PS . S Y & TS S
o MR IR B ) R ] AT SR R0 Jit™ v
AJERY) AT 14 AP 11 SRR 1 ASSMERE T
ICHTEMBEAT SRAP 7041, UM > 7 /K-F 875 & F
B RAFIR] SRR KPR G R R, B A IR 73 R
A BRI -

1 #8573

1.1 #

BERAPRL A J5= o [ A g 14 ANFR L 1 AN ST
Wr AR (Paliurus spina-christi Mill.) . 21y 11 4
A, PEILER 1o [Rl—H AR AR 3~10 ¥, AR
W R R AR S, R TR IR A AT ] SE g %, [+
—WIRIAS R A EHE S 5 F TR 514 DNA 251

45 No. 432K Taxa kU5 Sources
1 B Z. pubinervis Rehd. JPYS5 7Y Jingxi, Guangxi
2 JHA Z.incurva Roxb JVGSE VY Jingxi, Guangxi
3 FEHA Z. attopensis Pierre Z MBS Menglun, Yunnan
4 FEME Z. mauritiana Lam. ek Jinghong, Yunnan
5 KPA Z. mairei Dode 2B P-4 Pingyuanjie, Yunnan
6 & Z. xiangchengensis Y. L.Chen et P. K.Chou DIl 2 3% Xiangcheng, Sichuan
7 UL Z. fungii Merr. JVh T % Baise, Guangxi
8 44 Z. rugosa Lam. = ##¢ Menglun, Yunnan
9 NYAT Z.0enoplia (L.) Mill. JPEE PG Jingxi, Guangxi
10 I Z. montana W.W.Smith K H Daju, Yunnan
11 ERAL Z.laui Merr. WM — I Sanya, Hainan
12 ToMEA Z. apetla Hook f. 2 M PEXUR AN Xishuangbanna, Yunnan
13 W AR P. spina-christi Mill. Jbx5t Beijing
14 HFFA Z, jujuba Mill. cv. Chuangan WAbfRE Baoding, Hebei
15 R 7. acidojujuba C.Y.Cheng et M.J.Liu. WAL M Cangzhou, Hebei
16 WAL B Z. jujuba var. tortuosa cv. Hebeilongzao WAL M Cangzhou, Hebei
17 K7 A Z. jujuba var. tortuosa cv. Dalilongzao 4L 1 Cangzhou, Hebei
18 7 F JE 2 Z. jujuba var. tortuosa cv. Henanlongzao WAL M Cangzhou, Hebei
19 JotZ /N Z. jujuba var. anucleatus cv. Wuhexiaozao k3 M Cangzhou, Hebei
20 KMTEH% Z. jujuba var. anucleatus cv. Dayewuhe ki M Cangzhou, Hebei
21 i 4 Z. jujuba var. carnosicalleis cv. Shidizao 4L 1 Cangzhou, Hebei
22 BE#E Z. jujuba var. lageniformis cv. Mopanzao WAL M Cangzhou, Hebei
23 P4 Z. jujuba var. lageniformis cv. Huluchanghong 4L 1 Cangzhou, Hebei
24 KA Z. jujuba cv. heteroformis WAL M Cangzhou, Hebei
25 JRHL4T Z. jujuba cv. Tailihong 4L 1 Cangzhou, Hebei
26 —7F{% Z. jujuba cv. Sanbianse WAL M Cangzhou, Hebei
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JRET-JE ARAT PR o B 25 P R U DRI 4 5 DNA
1.2.2 SRAP-PCRAAZ KI HAE)F 20 Ul PCR X Y
Z, & 1Xbuffer, dNTP 200 pmol-L™. 5]#1% 30
ng. MgCl, 2.5 mmol-L™*. Taq #§# 1.0 U Filf4 DNA 20
ng. #H5&AA 94°CHIAEYE 5 min; 94°CAEYE 1 min,
33°CHEME 1 min, 72°CLEf 1 min, 5 MEHF; 94CA
P£ 1 min, 53°CEYE 1 min, 72°CEEM 1 min, 30 ME
R )i 72 CHEM 5 min. § 324K F 5 A 1 k1%
B HLIK A B, LUK E R e e,
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I FH 9 32 S R L i 2 2SR ) 19 X5 14
SR 26 (344 K1 E R4 DNA HE4T PCR 74, It
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2 19 %f SRAP 3|44E & BYH 1E1E R
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1-26. The same code as in Table 1
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Fig. 1 SRAP pattern amplified by primer M1E2(left) and
M2E1(right) in Ziziphus

M2E1 (f7) ¥ i8RIEEEY SRAP

Table 2 Amplification results of SRAP primers for 26 experimented materials

LRy i AR &) E 2 INER M AR AR W) B2 NSRS
Name of Total amplified bands Percentage of Name of Total amplified bands Percentage of
primer pair (polymorphic bands) polymorphic bands (%) primer pair (polymorphic bands) polymorphic bands (%)
M1E2 53(51) 94.34 MA4E3 25(25) 100.00

M1E3 41 (41) 100.00 MA4E5 49 (48) 97.96

M1E4 32(32) 100.00 M5E3 25 (25) 100.00

M1E7 32(31) 96.88 MS5E7 19 (19) 100.00

M1E8 14 (13) 92.86 M6E4 27 (27) 100.00

M2E1 50 (50) 100.00 M6E5 57 (57) 100.00

M2E9 16 (16) 100.00 M6E6 11(9) 81.82

M3E3 38 (38) 100.00 M7E2 16 (13) 81.25

M3E7 25 (25) 100.00 M7E7 13(13) 100.00

M3E8 37 (37) 100.00 Total 580 (570) 98.28

2.2 BEERBEEREST

26 17 PR B AL AN R B AL TE Bl 75 0.22~
0.99, “J¥E N 0.48. AR R LA, 1
P e P LL 2 1) IR AR AR P R ek, 204

0.99; TR A 3 LA, FRAL, AL A (1] (AL
FHEN, K022,

FEA g 14 AP E] P AR ], A% AR R 2t

a2y 0.22~0.86, “FHIME N 0.36. FHLRE K
ORI (0.86) , He/hNE B Ap ) 5
A (0.22) o Hrr, EARSLARREAEHLRECH
0.85. FEAMKFN T ARRh Wy WAL EL ], 5t 4L AL R A
LBy 0.86~0.99, “F¥IME N 0.90. AHLRHm K
O R e A S A AR KT (0.99) , fesh
TR IR A (0.86)
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G3HT, #3326 M ALEAPPRHTSE GO RRPRIE (B 2) .
MEEEE AT LA, LA 0.3 (Rl R Kk B1Y,
BRI 2 K38 ISR, LA, BrAsR
125, WAMOAE 11 AR AR AR RSN
PO BRI SR A 5 2 26

17 LA 0.38 Mt AR R B BIE, P (it el
ooyl 6 ANJEHE: AR 1L R HAFERIKCE 1L AR, JER
AT R 5B 2 JAFE 5 AFORT 11 ARG R, 2D

A 2 AR, O 1 SRR, R B
3N, BREEMIFR. B 2 WRAFA, RA 2
ARSI 1L AN 8 TR 2 3 RBIRANERE
W s 25 4 REHE 5 M, B0k 2 M
K, LIRS RRA, B LR 3R, PR
R R 2B 2 WRERFEIL, P08 2 M, 3
JEFRABHEIE Y 2R 20 5 REFBBAE. ol 24
T, Bim AL R 2 6 RAAFEEBH A 14
Fft, RIS R

—

0.20 0.30 0.40 0.50
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FILLFR $ Coefficient

2 26 KA RIE T SRAP IRE X RBIRER CFEihdn 5 %R D
Fig. 2 Dendrogram generated from SRAP markers for 26 accessions of Ziziphus (the same code number as in Table 1)

3 it

SRAP Fric&—Fl#r % T PCR [1) DNA 73 4x
WA, HZAMEMEIMEAL . SRAP Frid C4TE
L AL N o 5l e )5 %) ) AR L
AWIFFAEE AR R T SRAP Fric ol Ji == o [ g &
JERIPII R G R RIAAT /b, 45 R AR SRAP 7id
e AT, AR R TARICBOR . JEE 19
XA EY L 570 L2 EM, ZEEEN
98.28%, i A B YIAFAEF 1 2 A EREE 21
Pho X5 Budak 5CUGHF AR (WF ST £ AR
(95%) ML, 5 Feerriol 2805}y s NI 5T
M2 BMELR (72.7%) B 25 . XS5 ROR T

YRR op DA 5 2R 22 AT K

K SRAP FRIL 173 28 5 4 g R (1 A AL )
BAT 2 MARKRNE, L 0.38 [istL AL R Kk 1,
P BalE e 6 DNIERE, BE—bnlor oy 9 MK
e BRI IR IR A AR AL LU B, EAR
P 8RB v L R 3 PR AL AN BT B o8 4
I APIRE; ARIEAEF AL 75 RSB DL
Lo RBE T AR oy (R R A AR Py R AR A [ HEAE 7 3
WA EENTT, ELAE RAPD 7445 R (G 30k
) AP A — S L, 3R Y
(K1) T 73 ARG R 73 it 1P 9T

FEA SR VIR IR) 732 rh, AONIRAL IR 73 2R 253
PR —AKIPE R ] B, 3 A7 4 Bl 219 AR
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BN ] 1 APl AR 1AM RS
1 AR (RPN AT, RACHARM, X2 H it
FEFE I AT 5 ACRIPRAGE 2 MRl HT AR
P RE . AR . A, R DR, {6
MEES A e OISR BRI A
Hh R A A 1T SR 20231, [ bt i 1] 7 AR R A 155 4
KA. Rl R s, BT fems. 7
TP, AR A AN R S A B T B
SEA I, MEAERI AN FIZRIE T, [R5 AR
PR AL )M o (HDARTI AT SCHIEST, Rl 2 00 T4 2%
e [T oy F A s, i TR
Z JURARRIRA, Mol B, AR 4 S8 A7
PR /> N RIS IR, T4 45 A7 A Ry R
BT FH T 5 v R f 4 3 AL S8 A A 14 FhoRn LA Ak
KBERI RS, BE4T T SRAP 20 AL & 230 B (RAPD.
ITS, %3CHRE) , R4 SRAP $di 51 Dice AL
RECRY], ARIRRE LA R ECY 0.86, TMHEA
P B M AR LR B 0.36, FERh—2I1)
AP FAR S R B AE AR S AR /N, SCRRPF AR
FRAAE R 1 ANPPAR B, X — W i1 2] T RAPD £ds
HUITS AR ISR % T AR A R LR Rz
TEARS TS SR B it 0« AR 8E oA AT A5 7
HAFEA AR ZE S, AR N AR A B AR R 1 AR
WA EAPAL I, BIBRE AP, AR, G T4
PR 224, 2402 1768 4E i Phillip Miller 2
iR B BRI B RR A E 416, 4 Ziziphus jujuba
Mill.. R4 )¢ 1883 4F i Bunge HR4fK H H H
JEEB IR bR A E 4 19, Sk Ziziphus vulgaris Lam. var.
spinosa Bunge. 1909 4£ Schneider 1R Z. sativa
Gaertn.. 1934 “FHSEEHHAEIR LA Z. jujuba Mill.Hr,
JRA 4% %y Z. jujuba Mill. var. spinosa (Bunge) Hu ex
H.F.Chow™. 1994 4XIf %45 TR A B 1% 4 Z.
acidojujuba C.Y. Cheng et M.J.Liu™®, /EF A g4
YEIR LA AR AR B IS , 45 T 9154 0 IR
A Ziziphus jujuba Mill. subsp. jujuba; V7R 4
Ziziphus jujuba Mill. subsp. spinosa (Bunge) J.Y. Peng,
X.Y.Liet LLic BRAFLGIALIKAZM, B2
A TR A SORAE e BT A SR < (R HEAE /Y, A3 SRAP 43
TR B RS ORISR GO RIRIE . # A AR 4
EWHFGRRBOL, &SRR, KRR,
BRI = R G R RZWAMIE, FFETESY0
KB, B 55 RAPD i Iz Bl e ah i—5, A
h =3 NAZCA IR T — MR I SL R A G, BHAEBE (43

) AR B TR Fi4h, BRI
BHEALRECH 0.85, AT HEHRA (0.86) . 1F
Pl —Z K BB AR AR, DA Ay B AR L A,
ZIAIA LA, BT AR 1917 4, FLT
B 1979 47, G IFJE N AL A 44 A

RTRPIF TRy, —eorh 6 AN & ()i
AR L ORI, Jp IR, R, AL, R
SR PR SRR 2 G, AR
(R IB A AR e K TSR R AR AR e, AR B K1) 43 2
ANEHRW, BIFAHEARR, AR NAE AR, W)
AR SRR B AL G R, HERI SR, SRAP 40 HT
SIS S I iy N S D B | o S
TP AR RSE L R RIT . IO /N A% A
HAETEAFE T AR, SRAP R TR m
TORGRRBE . [FIFE, [FA AR AT, B A
R K AT AR B R A — D . WFE— 20 SRR AR 4t
AR A AR 54 43 R AR R AN AR, R Rl R A
HRAEM . AR L ARG, BT
ANE AR

4 i

AHFFCLE [ A 1 0K SRAP 23 FAricia ] 214
JEMIZRG R R o 455K W], SRAP Frid &
— AT AR ATEE > T AR ICEOR . ISR H )
19 555 D ZH 500 5= v [ oA 4= 8 14 A 11 A4
AL LANSNRIEREATY 0, LG 570 &2 &
PRI, 23538 98.28%, e Ak 7~ & B YTl 5
[T AE R FR . At AH AL 5 0.38 4b¥s 26 ki
MBS 0 6 AN A SCHPRACRIIRAAE R 1 ATk
o, gk 2 MR, 8 TR A O AR
Ziziphus jujuba Mill. subsp. jujuba; VFHRZ Ziziphus
jujuba Mill. subsp. spinosa (Bunge) J.Y. Peng, X.Y.Li et
L.Lis &8, PR A PAZRIE T — M 3L
[FIRHSE, BRI 1A, & IFE LAy
HONAE: JROE R ANE AR
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