A C T A
ABRICULTURAE 4= b R F 4R - 2015,30(2) :150-155
BOREALI-SINICA

HSEAH SSR R SRR

N TR Z,ﬁ'JiEé“,ﬁ”:%fif“,% % M

(1. vy K2 BEZ3Epe, ILvE KA 030801 ;2. LLPE4 FHE B Ak, IivE BHE 038100
3. VR KA A ﬂ%%rﬁm P OR4 030801 ;4. LA MO BHABF 5T B, ILVE K 030012)

WE O TR SRR TR G 2L S E IR OCR R 7 X SSR 514, XF 16 45 Fh (R) il 17
AN AL ZREE AT 00T, 452 16 R AL i34t 56 AN IE TR, 43 8055 0 JE R 4 (Ne ) 2 3. 798 ~
10.000, V344 6. 953, Shannon’s 15 BFEEL(1) by 1.984  JHEEZ 54 (He) My 0. 837517 {3 TR ALRE fh ™ 34 J5 JLA il 1 73
ANEENEHEIN S S ) B A 308 (Ne) h3.273 ~ 11,840, 3354 7. 398, Shannon’s 15 B8 H(1) K 2. 105, IEEL 4
(He) Jy 0. 843 ; FHNBR A (11514 ZHREVEABIR 57 , IR M85 Z MK T3 T4 ; GenAlEx A3 47715 H |, A0 F0 R A
[ LR E(F, ) 2 0. 055, Ja T B B A 3L ( Nm) 318 4. 295, 1561 Je T 1) 228 5 32 3 L 34 38, NTSYSpe
Z5or 2B, SSR 43 F-Amict iT LUK 2ERAR AR 43 S 4828 TR et P2 3 NS,

FKGEIR AL AL SSR  HE ZHEPE

FE £ S, S665. 1 XERFRIRE A 3XE4RS 1000 —7091(2015)02 - 0150 - 06

doi :10. 7668/hbnxb. 2015. 02. 027

Genetic Diversity of Ziziphus jujuba Mill. and
Z. jujuba var. spinosa Based on SSR Markers

ZHANG Peng-fei' , YU Dong-feng’ ,LIU Ya-ling’ ,SONG Mei-ling’ ,ZHANG Ru’, YONG Peng’
(1. College of Horticulture ,Shanxi Agricultural University,Taigu 030801, China;2. Forestry Bureau in
Yanggao County, Yanggao 038100, China;3. College of Life Science,Shanxi Agricultural University,
Taigu 030801 , China ;4. Shanxi Academy of Forestry,Taiyuan 030012, China)

Abstract : To know the genetic diversity and the genetic relationship of Ziziphus jujuba Mill. and Z. jujuba var.
spinosa germplasm resources,7 pairs of SSR molecular markers were used to analyze the genetic diversity of 16 Ziz-
iphus jujuba Mill. and 17 Z. jujuba var. spinosa in this experiment. The results showed that 56 alleles were amplified
in 16 jujbe samples,and number of effective alleles ( Ne) ranged from 3. 798 to 10. 000 and averaged at 6.953,
Shannon’s information index (1) was 1.984,expected heterozygosity ( He) was 0. 837. Moreover,73 alleles were
amplified in 17 wild jujube samples, Ne ranged from 3.273 to 11. 840 and averaged at 7.398,1 was 2. 105, He was
0.843. So, genetic diversity of both of jujube and wild jujube were rich,and the wild jujube level of genetic diversity
was higher than that of jujube. And,the GenALEx analysis showed that gene flow between populations exchanged
frequently ,and population genetic differentiation percentage (F_) of jujube and wild jujube was 0. 055 ,the average
value of gene flow among populations (Nm) was 4.295. Furthermore , NTSYSpc cluster analysis showed that jujube
and wild jujube could be divided into three groups of jujube,wild jujube and transition group using SSR molecular
markers.
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Tab.1 List of materials used in the study

5 SR 5 St U5 Hh ik s T b
Jujube No. Varieties Origins Wild Jujube No. Origins
DH1 TR KA EVDF Hbs SP2 I EL e YA
DH3 T A REEMNAS SJ4 L ELAR A
DHDI1 FEAL 1 HIREALA SY2 FH il EL T
DHD2 A 2 R B ALA SI2 A TG R
DB TS B EAR T SY AR IR LA
DB1 L& LB T A SY77 FH = Bk A
DBP5 AR5 P B T SY5 ok Btk
DBJ1 T 1 Ll B A SHI1 B ET LM
DBL5 Bl 5 B LLB-FBl A SST AREEFTILA
DS2 IR A E/NREL sS AR KRR
DS3 1% AR/ IR Sp i & B v ya it
DM A ABEMEL SD2 E 38 ELEA
Dmil - KA E ARt SYQ5 PRt B2 A
Dmi2 - RKAB MR SY1 FH % EL 3 YA A
Dho2 - KAB A et ST5 KA BT R
DW1 - KA E ARt SG2 1 T R R
sC oAl

. Dmil \Dmi2 . Dho2 DW1. K4 B FAMER Al 208, — . AR,

Note ; Dmil ,Dmi2 ,Dho2 ,DW1. Ancient jujube in Baiyan village; — . Unknown.

1.2 DNA ZE5#

PEHGE T (29 0.2 g) W R A T # 4, ok
2R CTAB ¥ UL 40 5 DNA SR )5 0. 8%
Th R WL S FL KR DNA o i, - AE B G R 452
TRRER, [R5 A4 e e U 7 { ( Eppenorf bio-
photometer ) Kzl DNA ¥, HH R 2 50 ng/ L 25 M,
1.3 SSR 5|4

iz HE RN 21 45 1) R A T A A, 28 T
YRt , YEHUH th Z AP B 7 X SSR 519 (HH

A TAY TR AR S A RAF AR HTE
FIRHEFEA D) PCR P73, 7 XF SSR 51919 15 51 Je
HAR JOREINER 2 PR,
1.4 PCR ¥ & =44

P 1G S EAFA 10 L, H 4% 0.2 mmol/L
dNTP,0.2 pmol/L 5[4,1.0 U Tag DNA RA M, 1 x
Buffer,50 ng FA Az DNA, 8 i 7 4 iR 56, 4 2
PCR ¥ 38 W FEF 4 .95 °C TASYE 5 min, 9K )5 &4
TEFR 94 °C 50 s, BEXF 51 W00 IR KIREE R 50 s,



A C T A
ABRICULTURAE 152
BOREALI-SINICA

ok R F R

30 &

72 °C 40 s, LIEFF 35 R, T AAE 72 °C A 8 min,
SN EE RS HIAE 4 °C, P34 ) b AEFE R P 584 L
PCR ¥ (DTC-200 1) 47, ¥ =¥ H 6% ZEE

SN TN BE IS HL UKk 73 B, DA IEE o 55 W, HLTK
IFTRIZI0 1 h SR AR YA BEAT I (SO, BRI A
i~ AR T Goit A,

®2 SIYFIIRBNERE

Tab.2 Sequences and annealing temperature of the primers

P (A HE Y FIMFHI(5" -3") B IR/ C
No. Locus Repeat motifs Primer sequence Annealing temperature
1 BFU0277 (GA),, GCACTACCCTGTGGAACTCAA 58
AGTGTTGACCTGGCAAGAAGA
2 BFU0083 (CT) 5 TTTTCCAACCCTCCCTCCA 55
CCTCATAACTGCGACGGCTT
3 BFUO574 (CA), GAAGGTTGAAGATGCTCTCTCT 57
CCTGACATCCATTTGAAGGAA
4 BFU1205 (CA), TGTTGCTGGTTCAATTCCAG 54
CTTATGGCTTTTTCATTTTGTGA
5 BFU0528 (TC), TTTGTGAGGTATAATGGCTTTCA 56
GCCTCTGTTGAAGCAAGGAA
6 BFU1383 (ATTA), TGTTGCTGGTTCAATTCCAG 54
CTTATGGCTTTTCATTTTGTGA
7 BFU0308 (TC) TTTCCACCCCAAAATACCTT 53
AGACGCTGGATGAGGTAGAT

1.5 HE\ESITOH

TEAR I 2 R #E DNA Marker S)352 457 15 Y
ENIFER R BER /N, SR A GenALEx 67 43Sl 315
DA S50 AL 1 T 359 55 067 SE B Na, 547 250
RN Ne, B2 A He AILER AR & 1
Ho DL K F-Zitshiy F, F, F,, H F 38R
(149 32 PR 5 ) S 8 3R -5 B 30 SRR A i AR p
(O S R | 4 i DR R ) 512 o A 56 5 L343 301 B 0
RAE R (SRR SRR D) o) B B P 3R
TR AR 22 8] (38t AL A AR AR . AR A 30 Nm =
0.25 x (1 = F,)/F F15 &0 ZEF s B (Nm) ™,
15 IS (Genetic clustering ) J2& 52 W & ¥ 8] A7 L P
() — B0 0T, 1 e S TR R s B (D)
(HAEFTLIN 0 ZICBRK) , 285 FIH Excel 2003 Al
NTSYSpe 2.0 B 34T UPGMA BT

2 SR G5

2.1 SSR ¥ EEEHMESH

FIFH 7 X SSR 5 [ Wy % AR A 3 33 A FEAS i
17 DNA ¥38  S5 5 R, P FEAS 344 15 5 b
i (110 ~292 bp) , If H BARAFELE ERZ
Bk, 7 X SSR 51 ALY G 94 DEEALIEA A
B IS RE VBN 6 ~ 19 A, 44 2437 5 R By
13.8 4, 7E7 X SSR 51 BERMP (£ 3),
BFU0528 51 ¥ 2 &M b, Z2 8 %K 91. 7%
BFU0308 £ 1EfAR, N 37.5% ,7 Xt 51444 %

SOLEA RN 62.8% .
®3 SSR &FHRIERT 33 MERRI B R
Tab.3 Amplification of SSR primers on 33 samples

B IVERS EZ3IA EAY VA
o PE(Na)  E(Np)  HHR(P)/%
. Number of Number of Percentage of
Primer o . :
amplified polymorphic polymorphic
alleles sites locus
BFU0277 19 12 63.2
BFU0083 6 3 50.0
BFU0574 14 8 57.1
BFU1205 12 8 66.7
BFU0528 12 11 91.7
BFU1383 15 11 73.3
BFU0308 16 6 37.5
B3t Total 94 59 -
SE-34 Mean 13.8 8.4 62.8

2.2 EARBENEESHEEST

2.2.1 G M EE 2T RIH T X
SSR BN} 16 {3 BFEA ST 5% ZREPE BT 4l
(£ 4) R, LRI ] 56 NTEN R 7 FE R L
i (Na) B4R 4 ~ 12 4>, F 34928 8 A4, Hor, i a5
BFU0083 fic /b (F 4 55 HE K ) , BFU0277 fx £
(A 12 D) A SCE N FE B (Ne) A5 1E R
3.798~10. 000, F4 4 6. 953, H:dr | i &5 BFU00S3
%/ (3.798) , BFU1383 #¢ % (10. 000 ) ; Shannon’s
HEIEE() FEIME N 1. 984 W5 ¥ (He ) F
BIE R 0. 837 , F AR SRR ) 515 Z R
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Tab.4 The genetic diversity of Z. jujuba

GEY] FEAEL S0z HE R AR R B Shannon’s #5%4 A A B

Locus N Na Ne I He
BFU0277 16 12 9.800 2.366 0. 898
BFU0083 16 3.798 1.358 0.736
BFU0574 16 6.897 2.356 0. 855
BFU1205 16 5.333 1.733 0.813
BFU0528 16 5 4.500 1.561 0.778
BFU1383 16 10 10. 000 2.303 0.900
BFU0308 16 10 8.345 2.209 0.880
P-4 Mean 16 8 6.953 1.984 0.837

2.2.2 PREMEHEZFEMESHr R 7 X5 SSR 5]
YIXE 17 0y BR AL AR AT it A% Z AR 3 BT 45 2R (3%
5) F B, LRI 2] 73 AN GE AL HE R A 5L R AR
(Na) 22467 5 ~ 16 4>, 3428 10. 4 4>, Horp {7 g
BFU0083 /b (i 5 1% £ A1) , BFU0O308 i %
(516 DEERLFEE ) AR AL IR B (Ne ) 2240 H

3.273 ~11.840 34k 7.398 , Horp | {37 5 BFU00S3
/0 (3.273) , BFUI383 ¢ Z (11. 840) ; Shannon's
SRR ERME K 2. 105 WAL 4 ¥ (He) F
YIEN 0. 843, 3R WK [A] 7 Hh ] Fig 2 15t 4% 2 AE Pk

=)

L g

R5 ARFHERERESENE
Tab.5 The genetic diversity of different habitats of Z. jujuba var. spinosa

GEY] FEAEL S B R AR LB R B Shannon’s #5544 WG

Locus N Na Ne 1 He
BFU0277 17 14 9.000 2.421 0.889
BFU0083 17 5 3.273 1.352 0.694
BFU0574 17 11 5.000 2.025 0. 800
BFU1205 17 10 7.529 2.155 0. 867
BFU0528 17 8 7.143 2.025 0. 860
BFU1383 17 8.000 2.138 0.875
BFU0308 17 16 11.840 2.616 0.916
-4 Mean 17 10.4 7.398 2.105 0.843

2.2.3 AU FP A5 4L 7L 3BT 381 GenA-
1Ex B0 0f A 1R A o (1] 35 4% 3 A 24T 0 B 45 2R
(K 6) K], LR AFEEEHZRME(F,) N
0. 129, FhNFEH ZREVE (F,) R 0. 197 ; Fhla] 8 4% 43
b ZE(F,) 0. 055, KBI5. 5% m354% 73 AL R
F6 EFRMBEMENEESL
Tab.6 The genetic differentiation among

Z. jujuba and Z. jujuba var. spinosa

FhNIED FhIEEIN Fhe) s il

f' i” ZREPE  EREME AMERN %”t“
F. F, F,

BFUO0277 0.119 0.096 0.021 11.655
BFU0083 0.389 0.263 0.096 2.354
BFUO0574 0.208 0.128 0. 066 3.538
BFU1205 0.191 0.115 0.063 3.718
BFU0528 0.221 0.120 0.083 2.762
BFU1383 0.127 0.088 0.034 7.103
BFUO0308 0.114 0.093 0.019 12.908
34 Mean 0.197 0.129 0.055 4,295

FEAEFAORBRAFPA],, AR TR A L (Nm) F-3
{B°h 4.295 BB 2 AW ) 356 PR A2 i s s

2.3 BEDW

2.3.1 EEFPEIRIET FIHERAE NTSYSpe 14
AR A TR E L OC R BPIRENE 1 fis,
1 A 16 A S A e st AL AL 5 50 0. 79 Ab R AE—
A TEAHL R 2L 0. 846 AbTTHs 16 LM Fl (R ) 4
15 25,55 1 2240 4E DHI . DHD2 .DH3 .DHDI1; 4 2
FA145 DB | DB1; 4 3 J5404% DBLS \DS2, 55 4 2540
% DBP5 .DBJ1; %% 5 254145 DS3 . DM, Dmil , Dmi2
Dho2 . DW1, Hrfr 551 28R #fE 1 (DHDL)
2(DHD2 ) J2 M3 #x B AL A At i A bl v 6 R R R
a4 (DH1 \DH3) 1Y 3£ 4 8 R il , 4 MRHE
FHRIR 21 0. 866 b R AE —, 5 5 iy i
(DS3) J2 NAH(DM) FhE A R 5 58 5 2%
) A FE AL R 8L 0. 916 AR FE—E ., Dmil |
Dmi2 \DW Dho2 J& 4 ¥Rl 20, BN ML RE—E,
FEUA Hs AL I B AT
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Fig.1 UPGAM dendrogram of the
different Z. jujuba cultivars
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$0.82 AbTFIHE 17 ByIRALS; R 3 A RHE, A 1 KR
hSG2; 55 2 5 BE N SP2 . SJ4 SHI  SY2 . SJ2 . SY5,
SST.SS.SY .SY77; % 3 Z5Hf &y SP . SD2 ,SYQ5 . SY1,
ST5 .SC, % 1 258 Ry i P BB b R 4L (SG2) , H
FEARBRIE B K, AR RS, 320 T8 5 2 2
PRESRIE NIRRT 55 3 SRBF MR BRI 6 8
NF B2,

5YQ5
| | SY1
5T5

T T T T

[ DL s e e S S S s

0.79 0.82 0.85 0.

H2 FEEBELIY UPGAM BXE
Fig.2 UPGAM dendrogram of the different
Z. jujuba var. spinosa forms

2.3.3 R 33 MHARLEST FIHEAE NT-
SYSpe HEH)E 33 MEARRFEL K RMARIE A 3
FiR . I3 AT 254 S DGR R B 0. 79 ~
0.95, ML R K 0.87, FEAIL %L 0. 814 4b
AR TR SR 4 DRSS 1 R
fu4% DH1 ,DHD2 ., DH3 . DHD1 DB DBI SG2; % 2
KRELABR ® O ¥, 4045 DBLS  DS2,SST ., SY5 . SJ2 .,
SS . SY .SY77 .SY2 .SJ4 . SH1 .SP2; %4 3 2KBENH U
& DBP5 \DBJ1; 55 4 ZS 0 2R R L IR & BEA,
£3,3% SP. DS3 . DM, SY1, ST5 . Dmil , Dmi2 , Dho2 .
SYQ5 .DW1.SC.SD2,

rre—ee——r-rrrrr T
0.79 0.83 0.87 0.91

B3 33 EEFAN UPGAM REHE
Fig.3 UPGAM dendrogram of 33 individuals
of Z. jujuba cultivars and Z. jujuba var. spinosa
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