FA9E 1 AR AR XK ZZER (B AB2EMO Vol. 49 No. 1
202141 H Journal of Northwest A&.F University(Nat. Sci. Ed.) Jan. 2021

[ 2% H R B [A] : 2020-07-08 0936 DOI:10. 13207 /j. cnki. jnwafu. 2021. 01. 015
% 2% H4 B ik https: //kns. cnki. net/kems/detail/61. 1390, S. 20200707, 1537. 015. html

EZRmICEREH SSR fric & KiEfk B H ST
EAELF R REE R RN GERE A R

1 PYAE AR AARRL S Ko Bl 22 B BRPE #% 7121005
2 TREARMPLABE HEZ MR TREEARBER A0 T E I 750002)

(# ZE]1 [HMY PR BRSP4 SSR fric 3+ 56 UE HA 2b:, o0 AR M fd SSR 43 JF & I FH 42 434K %
(7531 A A Tlumina Hiseq 2500 W /% & % 2 4R A (9 SRR MIAD Lr-01 JoPk & (9 S 41 47 PE150 W%, ] MISA %k
Pt AR AR B 2k RV R B AT K R 540 . FE ML AERS L LL 18 {3 T B MIAT L1 £ i EMOAD 23 ) SR LA AT A 6 ) LAl A
FER R (KA L I Primer 3.0 #£3] SSR 514, #847 SSR 514 i i 1 £ #EPEIIE . (45 R ) 78 B b A R
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Abstract; [Objective] The development and validation of genomic SSR markers was conducted to pro-
vide basis for development and application of SSR molecule of Lycium ruthenicum Murr. . [Method] Illu-
mina Hiseq 2500 sequencing platform was used to sequence the genome of L. ruthenicum by PE150 sequen-
cing,and the obtained genome sequence was screened and analyzed by MISA. On the basis, 18 L. barba-

rum,1 Lycium chinense ,23 L. ruthenicum and 6 other L. barbarum germplasms were used as test materi-

Dk ] 2019-12-09

(4w H] ERARBAESTE (31760218 358 =t 7 H H FERHE A A L2 THRIUH (TJGC2018022) 5 42 7 I 4 A1 7 7~ 3 5 H
(YES-16-0405) 5 72 5 4% Ml 5 8 40 3 72\l 35 4 R 2% & % T (2013NYYZ0101) 5 B2 75 45 A 4K B} 2% 56 il F 5% 3 % 351 |
(2017JM3019)

(PEHERAT BMEA995—), Bl R r A LB L, EEMNER LAY S T F M. E-mail: 1392638149 @qq. com

CEAEEE] BAER 1977 —) B IR B #8100l 2 8 DA A 0 308 03 2 2 B S VR Tt/ 5 S R e S 7
FrAFE . E-mail:zhanxq77@nwsuaf. edu. cn



%13 BN LA AL AL LR 4] SSR BRI T & Bt AL £ BE 4 # 127

als. Primer 3.0 was used to design SSR primers for SSR primer screening and diversity verification. [Re-
sult] A total of 2 326 SSR Scaffolds were obtained and there were 2 494 SSR loci, with one SSR locus per
5.29 kb in black fruit wolfberry berries. The dominant repeat motifs were single nucleotide, dinucleotide
and trinucleotide,accounting for 59. 18%,27. 11% and 11. 75% of the total, respectively. There were 21
types of repeat motifs,the most of which were single nucleotide repeat A/T with contribution of 56. 05% ,
followed by dinucleotide repeat AT/AT with contribution of 12. 35%. SSR primers were designed by Prim-
er 3. 0,of which 150 pairs were randomly selected and synthesized for PCR amplification. The results re-
vealed that 10 pairs of primers showed high polymorphism,and 186 alleles were detected in 48 germplasms.,
with an average of 19 alleles. The average values of heterozygosity,expected heterozygosity and polymor-
phic information content were 0. 615,0. 834 and 0. 817, respectively. UPGMA cluster analysis showed that
48 germplasms were divided into two groups,of which type | included 23 germplasms,all L. ruthenicum
and type [l included 25 germplasms, mainly L. barbarum. Population structure analysis revealed that 48
accessions were also divided into two groups. The results were in line with UPGMA cluster analysis. [Con-
clusion] High throughput sequencing technology is a simple and efficient method to develop SSR markers

of L. ruthenicum. These SSR markers could provide reliable marker selection for genetic diversity analysis

and genetic map construction of L. ruthenicum.

Key words: L ycium ruthenicum ; genome;simple sequence repeat;genetic diversity

MR AC (Lycium ruthenicum Murr. ) £ i Bl
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A. # Bk Whole plant; B, £ Flower; C. J2 52 Fruit
K1 BEMAATER Lol A RKEN
Fig. 1 Lr-01 plant growing condition of Lycium ruthenicum
1 il
Table 1 Materials of Lycium used in this study
Gt i 5T 44 Bk i R ETRE il 5T 44 Bk fh 4 LG
Code Name Species Fruit color Code Name Species Fruit color
. GR1% TERR 06 o R R RE
Ningqi 1 L. bararum Red : L. ruthenicum Black
, TR S 6 v e st "
Ningqi 2 L. bararum Red - L. ruthenicum Black
. TR L HR e v Lens s "
Ningqi 3 L. bararum Red - L. ruthenicum Black
. TR L a6 s Leos AR Fan
Ningqi 4 L. bararum Red - L. ruthenicum Black
. TR KR 6 o ieio St R
Ningqi 5 L. bararum Red : L. ruthenicum Black
. TR S s v L S A "
Ningqi 6 L. bararum Red ’ L. ruthenicum Black
. TR 5 s f e P b HRA R "
Ningqi 7 L. bararum Red L. ruthenicum Black
o TR A f i 6 v Les st "
Ningqi 8 L. bararum Red - L. ruthenicum Black
,  FRB i e - s R
Ningqi 9 L. bararum Red L. ruthenicum Black
o TR0 5 i f 6 v ieis S f
Ningqi 10 L. bararum Red L. ruthenicum Black
L TRl E 5tk e v et A i R
Ninggicai 1 L. bararum Red - L. ruthenicum Black
L, WD £ e v Lot s R
Jingqi 4 L. bararum Red - L. ruthenicum Black
L ER1E KR 6 v Leis e R
Mengqi 1 L. bararum Red : L. ruthenicum Black
L ER2H 5tk e w Les Py "6
Mengqi 2 L. bararum Red - L. ruthenicum Black
L FERRLE 5 s 6 v e s "
Ningnongqi 1 L. bararum Red - L. ruthenicum Black
KRB 5 e v Lesl s "
Ningnongqi 9 L. bararum Red - L. ruthenicum Black
L FER S A st b Lo S A ne
Ningxiahuangguo L. bararum Yellow ’ L. ruthenicum Black
o PRENIE FER o o L S A i
Zhongkelvchuan 1 L. bararum Red ’ L. ruthenicum White
] o a o H o
19 Lol L. chinense Red 3 W-12-30 Unknown Yellow
) e m o K H
20 L0l L. ruthenicum Black i W22t Unknown Yellow
) P m o A o
21 Lr02 L. ruthenicum Black 5 WAL-LS Unknown Yellow
) L m . H # o
22 Lr-03 L. ruthenicum Black 16 W-12-26 Unknown Yellow
v Leos R e o FHsE K a0
L. ruthenicum Black Tianjing 3 Unknown Red
s Lot R R s FH5 5 oy 6,
- L. ruthenicum Black Tianjing 5 Unknown Red
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1.2 REHE

1.2.1 A BE\ DNA 3R RHiAH &1 (DP305,
AR M AT & i 5 4R B R 41 DNAL H 1%
T I AR I L TR ARG T DNA i 58 54 1k 28 400
¢ B i+ (Eppendorf, Bio Photometer plus) # il
DNA ¥k B f 4l i, fF DNA i vk B B & 50
ng/pl. 8T —20 CLAF, ] T2 PCR XS,
1.2.2 ZHasn 5@ ot XA KR
41 DNA #7SCEM e, db st A B AE W RHECA
B2y &5 F] A Tllumina Hiseq 2500 | /73 & %F DNA
SCHEHEAT PELSO )5 )% 5¢ MU » 3 8 i 2 3k 15
e AT A& N A K F 5% W Reads, FH
SOAP denovo #4751 P4 F 2 2% .

1.2.3 SSR4z % %515 514kt ffi H] MISA X
{4 Chttp://pgrc. ipk-gatersleben. de/misa/) #f 17
SSR i s AR R RIE R EE BT K 1~
6 bp, BLAZ T IR T 52 P 1 e /NE R Bk 105 R
Mg 8 O HE P 0 B /N SRR 65 = D0 RS B
i 85 B P 1 i NE B 5. AN SSR ¥4 ]
B fc/IMEL R 100 bp, BV 471 (] B

iz ] Primer 3. 0 B HE 4751 P 4t &= 5t

BEMLIEE R 150 XF 5| P4 B8 LR S50t . 51 0 K
18~27 bp,GC &= 7E 40% ~60% . i K K B 50~
60 C, BRI MR KR EM2Z R 5 C,
72 LS 5 sk s n 18 bp iy M13 5@ 1 51 91 )% 51
(TGTAAAACGACGGCCAGT), 3' i 5 # A~ 4,
FAM F1 HEX 1 Fh 2% 5t 5 A1 & 1l FH 51 4 . e 4 51
W3 vk R I R 5 A IR R A .
1.2.4 PCR¥F A % &M SSR 314 it PCR
PHIAR 15 pL.50 ng/ul DNA BIRE 1 4L, 10 X
Buffer 1.5 pL,10 pmol/L ANTP 1.2 yL,5 pmol/L
LwEslY 1 wL,5 pmol/L TSI ¥ 0. 2 pl, 5
pmol/L M13 2631 # 0. 8 pL. Tag DNA % 4 i
GU/pl)0. 1 pL KW B 7K 9.2 pl.

PCR Jx W 7 Gene Amp PCR System 9600
(Perkin Elmer, USAY | #4747 & JF R :94 °C
5 min; 94 °C 30 $,58 °C 30 5,72 “C 30 5,25 NMEH;
94 °C 30 5,53 °C 30 5,72 °C 30 s,10 MER; |5
60 °C 30 min, ¥ #¥) & ik ABI3730XL DNA
(Applied Biosystems, USA) #&l, 5% A} LI1Z-500 {E
J TR
1.3 HIEHZKITESH

A GeneMapper 4. 0 B4 X+ ABI3730XL W 4E

1 D 4 K8 AT 20 A AR AR TR AR Al 1 4 i B
J# ;R Hl DataFormater {474 4 3% F Be i 4k
PowerMarker v3. 25, NTSYS-pc2. 20 fiI STRUC-
TURE2. 3. 4 i A#8 3. B PowerMarker v3. 25 %k
fEE0) 4 5 4y FL BRI K (number of alleles, Na) (W22
&4 (observed heterozygosity, Ho) ] B2 2% & )
(expected heterozygosity, He) . Z &8 B & & (pol-
ymorphism information content, PIC) 1 & £ £ 4
240, FI NTSYS-pc2. 20 FAF 3 55 Rl i (] (1 35
Fle B S L 9K I K 38 A% B B 4 [ A MEGA 6. 06 %%
R UPGMA L HEAT K0, 2 i R g R 36
B, I 3 AE 2 % 4 iTOL Chttps://itol. embl. de/
itol. cgi) % 4 % 1k, 1 STRUCTUREZ. 3. 4 #&
PR XF 48y M A A L HE AT BE K 25 4 43 BT 18 R
R BN 1~10, S B 1T 10 W IRIB 1T
% burn-in time 1% & > 10 000, B & K~ 100 000,
B AK . 221 # 5 AK ®9 X R K. ] STRUC-
TURE HARVESTER 7 £& %477 % B & Fh 5t 9%
U535 A% 25 K R AT T A AL 43 A TS A 05 s 5 2 BE 1Y
LA (Q ) 5 1 A4 B (o) ke BIF 5 A1k 2k ) A Ao J5 1) 2

2 ZER 55

2.1 BRHARKCEEAF SSRIIAHESHME

FIF MISA 84t 20 2 3845 2G $idls i 72 852
% Scaffolds(JF 41| % K24 13 187 545 bp) i#f 17 % #%
NS BB AR5 A 41 SSR Scaffolds £ 2 326
o RAEIR N 3.19% ., A F] 2 494 4 SSR i
MR 3. 420 Hoh A 5. 29 kb S H A 1 A4S
SSR i . BIEMAL I 4 SSR KA\, A%
TR B AT TR E R KM E, Hoh, gy i
G KAV R I 2 . O 1 476 4>, (5 B SSR A S
59. 18 % ; Hyk b R AT IR RN — B R R AL, Ay
A 676 Al 293 A, 5 L SSR 7 s AR 27, 11 %6 Al
11,7525 00 FL N A% R 5 2 28 AL I B AR /0, L
HAY (5 24 SSR A7 SR 1,96 % . F AT DL SR LA
Fo I 4] SSRH 47 3 T 1 B30 i Bl 4 B3 B 42 BK
35 2 AT (R 2,

e AD L P 41 SSR 5L, L 10 IR EA
WHUIR %, ik 804 4~ SSR v A5, 5 B SSR 37 5 50 )
32.24 % s Hk Ry 6 A 11 Y E L, SSR A o5 553 51 Ry
389 1 282, 5 i SSR 7 45 By 15. 59 % A1 11. 30%
(2,
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Table 2 Number of SSR including one to six-nucleotide repeat motifs in L. ruthenicum genome
SSR 2 HZ I Repeat BB
SSR type 5 6 7 8 9 10 11 12 13 14 15 >15 Total
qi&ﬁﬁ& 769 269 147 109 51 35 96 1476
Mononucleotide
Q*Zﬁ& 332 127 75 45 29 10 8 S 5 2 38 676
Dinucleotide
j&ﬁ:ﬂ& 166 52 20 11 10 6 3 5 1 3 9 7 293
Trinucleotide
E&Zﬁ‘m‘z 9 1 1 1 0 0 0 0 0 0 0 0 12
Tetranucleotide
F’rﬁﬁﬁzz 18 2 4 2 2 0 0 0 0 0 0 0 28
Pentanucleotide
NEH R
Hexanucleotide 0 2 ! ! 0 0 0 0 0 0 0 0 0
2.2 EFRWICEEAD SSR EF LB FMME ANEAT IR #H G )P R RARIKRAT 2,3.7,2,5 Fl 2

EN
MERMFCEE N 4] SSR FEF KB (K 3O KF . Fh.

2 4944 SSR i LA 21 Fh B AR )Y . A H TR

*3

ZRMICERASSREFEINN T

Table 3 Distribution of SSR types in L. ruthenicum genome

SSR 2 Al B UG FF AR B B A7 B SSR & T A/ Y
SSR type No. of Repeat motifs Motif type Frequency Ratio
P A R 2 A/T 1398 56.05
Mononucleotide C/G 78 3.13
TR 3 AC/GT 268 10. 75
Dinucleotide AG/CT 100 1,01
AT/AT 308 12. 35
=R 7 AAC/GTT 133 5.33
Trinucleotide AAG/CTT 26 1.04
AAT/ATT 43 1.72
ACC/GGT 4 0.16
ACT/AGT ) 0. 20
AGC/CTG 43 1.72
ATC/ATG 39 1.56
VU AZ R 2 AAAG/CTTT 6 0.24
Tetranucleotide ACAT/ATGT 6 0. 24
TR 5 AAAAT/ATTTT 1 0. 04
Pentanucleotide AACAC/GTGTT 2 0.08
AATTC/AATTG 12 0.48
ACATG/ATGTC 1 0. 04
ATATC/ATATG 12 0.48
AT IR 2 ACATAT/ATATGT 1 0. 04
Hexanucleotide ACTGCT/AGCAGT 8 0.32

AT IR TP R F R A/T A F, 5 A SSR
(ALY 56. 0500, A IR EE 4 I P KA 3
Fi, Bl AC/GT.AG/CT #1 AT/AT, Hh AT/AT
P S flm . 12.35% . R FRER
FFRMA 7 R H T AAC/GTT & 35 25 A i
£ 133 4~(5.33%), ACC/GGT & K5 2/l
DA A4 A0, 16%), YR R AR 2R A L
AAAG/CTTT(6 4~,0. 24%) il ACAT/ATGT (6
A,0.2400) K FE, WEFRERILFIRAMLL AAT-
TC/AATTG(12 4~,0. 48%) #il ATATC/ATATG

(24,0, 48%0) A FE. ANEFRE T KA
ACTGCT/AGCAGT(8 4~,0.32%) W F(F 3.
2.3 HMIERASZEM SSR 5| ¥ ik
AR 2 S R 4 AR S /E 157, Le-
017 KK 5 57 M Lr-01" R #4 BE, % &34 My
150 X SSR #6531 Wyt 2 2504 51 ¥y i itk . Hevp 37
XEIER B E S, ZEERRN 24.6%.
LA51 %) LRSSRO018 Sy i HAE 4 {3 Fh it L 93 %l
EHE B KWK 2, BB 2 A M, 5
LRSSRO018 75 4 {73 Fl 5T i) 22 3 1F w85 22 254k
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Fig. 2 Analysis of capillary electrophoresis detection of four Lycium accessions by LRSSR0018 primer

2.4 HICEEAH SSR RGBS SHEDT
MG 2 A P45, N 37 X SSR 51 4 v Hk ik

10 X 73 HAE 48 403 b1 ORE B9 388 15 2 80 25 R (3R

O KB IR F] 186 DAEMLEEN b 12 D k%

900k 287.67

e 600

Z TH215 Ningqi 1
%g 300
gg 0 s L M n L
&S 690 287.63 || 290.32

S 460 Lc-01

=

= 230

™ M Ao A J____.
240 280 320 360
¥4 B BK AMbp
Amplification fragment size
570+ 298.56

2

Z 380 372.90 Lr-01
%,E 190 +
Wy O -
RE |
& 3 480 287.84 K ¥%5% Tianjing 5

§ 320 | 290.40

= 160t

0 . v A
240 300 360 420 480
I8 v Bt K /Mbp
Amplification fragment size
Bl 2 514 LRSSRO018 7 4 {3 HAL S KL 119 B 20 4 H TK A6 I 45

x4

Table 4 Genetic parameters of 10 SSR markers used in 48 Lycium germplasm

28 AN FH 19 A B AL A N 0. 375~0. 854,
¥ 0. 615; BB I A BE O 0. 730 ~ 0. 922, -1
0.834; ZHF R FHN 0.692~0.917,F 1 0. 817,
R W Ut A b B R B A R i L 2 R

10 A~ SSR #Ri27E 48 T B h IR E S H

EE/EZ) T SRS (5" —=3" VAL WERARAE MHERAE ZAFEAOE
Primer name Repeat motif Primer sequence (5'—3") Na Ho He PIC
LRsSROOLS  (TCTy, ki OAAGAACTGIGUGTCCATC 20 o458 0780 o0.768
LRsSR026 (TCTy,  GGGTTCATCCAATTICCATAGATC o8 0067 0900 0893
LRssRooz7 (T ), EGGATCCTCATTGTTGTGGCA 15 o osis o7
LRSSR0034 (GAA) 1 Eitﬁé;ﬁ?é{fﬁ;?g;?ﬁ;ﬁg& c 18 0. 854 0. 900 0.893
LRSSR0076 (AAT) ;%/}fﬁg Aré’CTTATAA&AC(}LTL/i’TT&Ié’AI 13 0.375 0. 730 0. 692
LRSSR0101 (CTT 5 EEES\%T(/?T\T(A/?\AT(AT&T/{AT /i(j*T((((AT( 12 0.417 0.735 0. 699
LRSSR0O112 (TCT) 15 E((J(TJ/?\(A((JR(C‘iﬁ&((ATTL(TTT((:(T((A/?T G 27 0.813 0.922 0.917
LRSSR0132 (AAT) 1 EZ f?%ﬁg%ggé’?é’gé AAIZ&XJT(éé(’(/T 16 0.521 0.786 0. 760
LRSSROLO (AT, EROCATAMACACAGACCTTCCGA 2% 0750 0875 0866
LRSSR0146 (CTT) 4 EA(JTILIL&E’&LXX?IT& ﬁgﬁﬁ(é}r ACG 17 0.625 0.895 0.886
S Average 19 0.615 0.834 0.817

2.5 48R EINRGERE LS 6] B AL BE B L SR 5 ] UPGMA B2 2 45 B2 )

A NTSYS-pe2. 20 B AR5 48 MM (3D,
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Lr-08 =

Lr-17
Lr-01

e
I_E Lr-21
Lr-20

Lr-14
Lr-06
Lr-19
Lr-02
Lr-18
Lr-10 ~ 1
Lr-16

Lr-15
Lr-13
Lr-05
Lr-03

Lr-09
Lr-04
Lr-12

Lr-11
Lr-23

—

Lr-22

K ¥E3%5 Tianjing 3 N

R K55 Tianjing 5

&L 2% )1[15 Zhongkelvchuan 1
THL 315 Ningqicai 1

T 4295 Ningqi 9
45 Jingqi 4
7 B 3 B Ningxiahuangguo
T 435 Ningqi 3

W-12-26
W-11-15
W-12-27
W-12-30
Lc-01 ~ 1l

mrﬁﬁ sliGhRELE

T 1265 Ningqi 6

T 4245 Ningqi 4

F 4825 Ningqi 2
FiE15 Mengqi 1

F 125 Mengqi 2

T 4285 Ningqi 8

T RIS Ningnonggi 9
TH275 Ningqi 7
F421%5 Ningqi 1

T RAL1S Ningnongqi 1
TA2105 Ningqi 10
74255 Ningqi 5 -

K 3 %F UPGMA A E Y 48 1k F Bl BE i) 7 48 5 254
Fig. 3 Phylogenetic tree of 48 Lycium germplasm based on UPGMA method

HIT&T 3 n] 1,48 iy My AC M s i &l o 1 ATIL 2
ANHE, KA T R A 23 0h AR, 4 R A
flo KRB h AL Ak 25 3 Ff s, R o o T A AL
HPTRSH5TR 105 . FZIL 1 555K 2 5.
TRFE 1 SGETR 9 TRELRRIT, X5 HKR
Lot A 15 SARAT G 55 0 BORMIAC R O — /o A 3t
LEOY ORI RIERIE . KK 3 5 MR K
S TRGRABOL, GHAMM TG LR KIL, X 2
7 Fob o Ry BOROIRL S A R F i L i R AR R . AR 20 26
GRS B RIETRM—EL

2.6 A8 MR MIRMBE LML

& 4 LA Y k=2 I AK {8 K KR
Evannot™ 4 () AK {8 43 87 7 15 . 48 £ B3 4 Al
s A& g3 Sk 2 A 2R R

% STRUCTURE HARVESER 7£ 25 %k 4 4%
Bl 4% 48 Ak A B T 2 i 2 AN AS [ 1 B A 25
a3 A [ 230, 3R s A TR) 0 2 43 S ST ) il
S2CK ) Fm (F 5).,

HIEL 5 W], ST 28 BEAL 46 25 My Fh T, & 4 23
PR M AL LKA 3 5 HIRKE 5 5 o 2B B



%13

BN LA AL AL LR 4] SSR BRI T & Bt AL £ BE 4 # 133

5200, ZHMTN QEH KT 0. 95 (B T 18 5 Fh i
(RS 15D, 3R W o 57 >f U5 B — o 15 JH Al ol Jog
HEARTLHKHEZH. 18 ST ChRIE) 1 5) Bg
J& T EMAC H S 40, 8% 10 S2 AL &L A
AR B 5 4 ] 43 7 S2 i,

H &5 iR i), S2 ZEREALEE 23 (pFh T, &4 18
07 AL 1 43 v M AL A 4 oy JL AR T, 7 SR
SB 4800, b 11 SR 19 5 2 AR 4 i S A
39. 7M1 46. 5% Y S1 4L 15 5L, 00 11 5 R = A5k
MR TR 15 A KR, BERK:19 5Hh
T E AL Le-01, AL TR AR 5 2 S 4 A J A 4 AR 3L
o2l S A d i B o S D s o TN

250

200

1 2 3 4 5 6 7 8 9
B A& Hu(k) Population

B4 A8 Oy Myt R BT TR AR (B 5 AK X &
Fig. 4 Relationship between £ and AK of

48 Lycium germplasms

| S1 | S2 i
1.00
0.80 1 ||
2 0.60+ — |
S 0404 -
(o
0.20
0.00 t-o-~t-~+-+-"++-"+-r-"vr-r"++4-r"+""+"-+"-+"+"-+"""-"-—-=-r
21232425262829303135373839404220223234362733414748182 4 5 716178 1315441 10141243346 6459 1119
T G 5
Germplasm code
Pl 5 48 My AT i B 5% 1 35 1% 25 44
Fig.5 Genetic structure of 48 Lycium germplasms
3 Wi (PIC#K F 0. 5. )& T i BE 2 &4 SSR 5141,

A5 A A Illumina Hiseq 2500 il F7 3 5 X 24
BT R Lr-01 FEE 4847 PE150 % . 3k 45
SBUEER 2G5 R MISA B34 R 5 2 494 4>
SSR 7 A5, 1145 5. 29 kb Bt HI B 1 A SSR {7 4,
e S A K g B b Al . o U
RS AR TR B S A A A L L SSR A7 Y
AT F G L 3X 0] BB 5 A B 5T I E i RN A
RIRER KD,

AT 5, S SR A A 3 DR 4 v A A R R B O 2k
RN B BR (59. 18%0) . R H R (27. 11 %) Al =
B R (11, 75%), Wi DU, F A oS 4% 3 R 83T
1.96 % fEHZ Bou KA, DL A/T.AC/GT AT/
AT A1 AAC/GTT H 30 28 A 5 150 ) B SR Ay At 2
PRI SSR P rh s & A A M T Bk, X 5 20 5 A
o ASEAE Y SSR A3 A LA — 2

HEl 5Ty SRS 20 H T SSR
PRI & 1 SSR bRic e 12 N FH S F o ¢ U5 35t 4%
RS T 1 ARBESE N 2 494 4> SSR A 45
Wi IF & 150 X SSR 514, e &Pk th 10 Xf £
AYEE Y SSR G4 A8 0y 4 A2 Bl i 3t 4% £ B
PES M, LRI ) 186 NEMEH . 2R FRE T

ABFFE A0 6 i 10 X7 SSR 51 85 % 48 153 Fh 5 3R
KW s R 5B a5/ o B s A — 8, 58T a0
HHMFCHF & SSR bric” " & SCoT™ I SRAP 45
0 BRI A A — 2, BRI S A 10 XF SSR 5]
W) I i L OF ELAE W R ) e B B 8 R 4 7

AR5 T 1o 38 I B R AN AE WA B T
Tk T BEAFILF 41 SSR FRid . 4531 43 01 2B 54
FOIE R 4] SSR i K R GG IE TR R T
— it SSR 519, F & T REMAL FhR LKA, H
F 0 7 B0 N T & RO ik B 2 3 SSR
PrRicse . R, A 0 50 5 B i AR s &, 0 vk
K BAZEMER SSR bric, H#r BAEM L SSR
PR IO R BRI P WE by 2 AR 4 AT 38t £ 22 5 2 A st 4%
SER S HT AR AL SSR AR iC S At Oy B IR A A B T R
R I 22 ) FH R 036 P8 Ak Ji , XT3 3 22 51 b AC B i
WH K= &R A EEE X,

(&% k]

C1] Fdeud . KoioH i v BA . £h Ml 36 x A A T 19 o A 4 40 1 8 1
WA A3 BE A 20 [T, ROk 4%, 2011,20(4) :129-136.
Wang L. Q,Mi Y W, Lin H M, et al. Effect of salt on ion ab-
sorption and distribution of two Lycium seedlings [J]. Act

Prataculturae Sinica,2011,20(4) :129-136.



134 PG b A ARRE B R 27 2= 4 (A SR 2 WD 49 %
(2] VFmymy. MRS AR ORI IG vE S PR LN A e % & (D], in DH population of maize ( Zea mays 1..) using SSR markers

(3]

[4]

L6]

[7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

B PG 47 12 - PE AL AR ARBR R K2, 2018.
Xu P P. Screening of /ycium salt-resistant germplasm resources
and identification of salt-resistant genes [ D]. Yangling,
Shaanxi: Northwest A&F University,2018.
EUr k. A AR AR S U IX 2 AR A TR R A A 5 B
gk [ A EK £ R 2019(5) :57-60.
Wang F L.,Wang Q.,Li A D,et al. Review on the research sta-
tus of Lycium ruthenicum Murr,a medicinal plant in desert ar-
ea [ J]. Soil and Water Conservation in China,2019(5) :57-60.
Zheng J,Ding C,Wang L, et al. Anthocyanins composition and
antioxidant activity of wild Lycium ruthenicum Murr. from
Qinghai-Tibet Plateau [J]. Food Chemistry,2011,126(3) :859-
865.
Wu T,Li H,Wang F,et al. Characterization of polyphenols from
Lycium ruthenicum fruit by UPLC-Q-TOF/MS(E) and their
antioxidant activity in caco-2 cells [J]. ] Agric Food Chem,
2016,64(11):2280-2288.
Jin H,Liu Y, Yang F,et al. Characterization of anthocyanins in
wild Lycium ruthenicum Murray by HPLC-DAD/QTOF-MS/
MS [J]. Analytical Methods,2015,7(12) :4947-4956.
Xiao X,Ren W,Zhang N,et al. Comparative study of the chem-
ical constituents and bioactivities of the extracts from fruits,
leaves and root barks of Lycium barbarum []]. Molecules,
2019,24(8) . 1585.
Tang P,Giusti M M. Black goji as a potential source of natural
color in a wide pH range [J]. Food Chem,2018,269:419-426.
Li L,Fang Z,Zhou J,et al. An accurate and efficient method for
large-scale SSR genotyping and applications [ J]. Nucleic Acids
Res,2017,45(10) :e88.
MEWH M, RAETE, B FHLLL AL ST SSR FOUARIC Y A O
Pt g [, g ol B K224 4, 2019, 39(7) + 1-9.
Yan L P.,Wu D J.Mao X H.et al. Construction of core collec-
tion of Fraxinus based on SSR molecular markers [J]. Journal
of Central South University of Forestry & Technology,2019,
39(7):1-9.
K S AR R DUI L 88 F5 22, 45 LD A% JE T T R 2 O R ) SSR
Syi (I & #R5E,2018,36(4) :130-134.
Zhang M H,Zhang H Q,Cai X L,et al. SSR analysis of genet-
ic relationship between Camellia germplasm resources [ J].
Nonwood Forest Research,2018,36(4).130-134.
Ziya Motalebipour E,Kafkas S, Khodaeiaminjan M, et al. Ge-
nome survey of pistachio (Pistacia vera 1..) by next genera-
tion sequencing: development of novel SSR markers and ge-
netic diversity in Pistacia species [J]. BMC Genomics, 2016,
17(1):998.
Daware A,Das S, Srivastava R,et al. An efficient strategy com-
bining SSR markers-and advanced QTL-seq-driven QTL map-
ping unravels candidate genes regulating grain weight in rice
[J]. Front Plant Sci,2016,7:1535.
Choi J K,Sa K J,Park D H,et al. Construction of genetic link-

age map and identification of QTLs related to agronomic traits

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[J]. Genes & Genomics,2019,41(6) :667-678.

Hu J,Li J,Wu P,et al. Development of SNP,KASP,and SSR
markers by BSR-Seq technology for saturation of genetic link-
age map and efficient detection of wheat powdery mildew re-
sistance gene pm61 [ J]. International Journal of Molecular
Sciencess2019,20:750.

Edwards D, Batley J. Plant genome sequencing: applications
for crop improvement [ J]. Plant Biotechnology Journal,2010,
8(1):31-37.

Avvaru A K,Sharma D, Verma A,et al. MSDB:a comprehen-
sive,annotated database of microsatellites []J]. Nucleic Acids
Res,2020,48(D1) :D155-D159.

Kalyana Babu B,Mary Rani K L, Sarika S,et al. Development
and validation of whole genome-wide and genic microsatellite
markers in oil palm (Elaeis guineensis Jacq. ) : first microsat-
ellite database (OpSatdb) [J]. Sci Rep,2019,9:1899.

Yu J,Dossa K,Wang L, et al. PMDBase: a database for stud-
ying microsatellite DNA and marker development in plants
[J]. Nucleic Acids Res,2017,45(D1) ;D1046-D1053.
FrOBRGBERAE L 1L 4F. BT SSR BRI K E A AL o Al 4
FHBUE [T AW H AR 2018,34(9) 1 195-201.

Yin Y,Zhao ] H, An W,et al. Establishment of molecular i-
dentity for wolfberry cultivars based on SSR markers [J]. Bi-
otechnology Bulletin,2018,34(9):195-201.

Chen C,Xu M,Wang C,et al. Characterization of the Lycium
barbarum {ruit transcriptome and development of EST-SSR
markers [J]. PLoS One,2017,12(11) :e0187738.

GEATE IR L BR A M. 2D R A AL EST-SSR 43 FHRic T R &
BEH L], 4 F R & Fh . 2018,16(4) :1208-1213.

Rao S P,Zhang D Z,Chen J H,et al. Development and appli-
cation of EST-SSR molecular marker for Lycium bararum L.
[J]. Molecular Plant Breeding,2018,16(4):1208-1213.
TrOBRE B, R, SEL M AT SRl SSR UE O 4R 80 G
R A R Z AT L)), VE AL AR B 2 4, 2017, 32(1) : 137~
141.

Yin Y,An W, Zhao J H,et al. Fingerprinting and genetic di-
versity analysis of wolfberry cultivars using fluorescence-la-
beled SSR markers [ J]. Journal of Northwest Forestry Uni-
versity,2017,32(1):137-141.

T 6, T AR SR AR 35 L SFL M AT 3k AL B T B R AE o BT
[J]. PEAE AR BE 242, 2016, 31 (1) : 97-102.

Dang S F,Wang Z L.,Zhang D F,et al. Characteristic analysis
of microsatellites of Lycium bararum []J]. Journal of North-
west Forestry University,2016,31(1):97-102.

2 LWL A R, S T T AR AT S R S e 1 £ E EST-
SSR bric i 2 5z [J]. 4 FAEH & Fh. 2017, 15(10) : 4066-
4070.

LiZ,Hu W M, Yang T S, et al. Establishment of multiple
EST-SSR markers for identification of Goji cultivars [J]. Mo-
lecular Plant Breeding,2017,15(10) :4066-4070.

BRI BR.E B, %, TP-M13-SSR i A 78 M AC i 15 2



%13

BN LA AL AL LR 4] SSR BRI T & Bt AL £ BE 4 # 135

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[36]

FEPERF S i R LT Wa Aol 24 . 2017, 26 (6) : 890-896.
Fan Y F,Yin Y, An W,et al. TP-M13-SSR technique and its
application in analysis of genetic diversity of wolfberry germ-
plasm resources [J]. Acta Agricultureae Boreali-occidentalis
Scinica,2017,26(6) :890-896.

Li R,Zhu H, Ruan J, et al. De novo assembly of human ge-
nomes with massively parallel short read sequencing []]. Ge-
nome Res,2010,20(2) :265-272.

You F M,Huo N,Gu Y Q,et al. BatchPrimer3:a high through-
put web application for PCR and sequencing primer design
[J]. BMC Bioinformatics,2008,9:253.

BESCIR L AR L0M . P 4, 45 SSR Bl A% L e AR DataFor-
mater [J]. 73 FH¥H Fir,2016,14(1) : 265-270.

Fan W Q,Gai H M, Sun X, et al. DataFormater,a software for
SSR data formatting to development population genetics anal-
ysis [J]. Molecular Plant Breeding,2016,14(1) ;265-270.

Liu K,Muse S V. Power marker:an integrated analysis envi-
ronment for genetic marker analysis [ J]. Bioinformatics,
2005,21(9):2128-2129.

Rohlf F. NTSYSpc numerical taxonomy system ver. 2. 2 [ M].
NY : Exeter Publishing Setauket,2005.

Pritchard ] K, Stephens M, Donnelly P. Inference of popula-
tion structure using multilocus genotype data [ ]J]. Genetics,
2000,155(2) :945-959.

Earl D A. STRUCTURE HARVESTER:a website and pro-
gram for visualizing STRUCTURE output and implementing
the Evanno method [J]. Conservation Genetics Resources,
2012,4(2):359-361.

Evanno G,Regnaut S,Goudet J. Detecting the number of clus-
ters of individuals using the software STRUCTURE:a simu-
lation study [J]. Mol Ecol,2005,14(8):2611-2620.

Portis E, Lanteri S, Barchi L, et al. Comprehensive character-
ization of simple sequence repeats in eggplant (Solanum mel-
ongena L.) genome and construction of a web resource [ J].
Front Plant Sci.2018,9:401.

Cheng J.Zhao Z.Li B,et al. A comprehensive characterization

of simple sequence repeats in pepper genomes provides valua-

[37]

[38]

[39]

[40]

[41]

[42]

[43]

ble resources for marker development in Capsicum []]. Sci
Rep»2016.6:018-919.

B R R AT W L04E AR SR T A SR LT A Y B4 5 SSR
PG R SR N [J]. F 244, 2018, 45(8) 1 1551~
1562.

Xiao G L,Xu Z Q.Cao H J,et al. Development of SSR mark-
ers based on potato genome sequence and construction of
higher-density linkage map [J]. Acta Horticulturae Sinica.
2018,45(8):1551-1562.

Wang X, Yang S,Chen Y, et al. Comparative genome-wide char-
acterization leading to simple sequence repeat marker develop-
ment for Nicotiana [J]. BMC Genomics,2018,19(1):500.
FuP C,Zhang Y Z,Ya H Y,et al. Characterization of SSR ge-
nomic abundance and identification of SSR markers for popu-
lation genetics in Chinese jujube (Ziziphus jujuba Mill.)
[J]. Peer J,2016,4:e1735.

MWL AR R N L ST &AL SR 4l SSR (W 4 A
K P FVRAE [T, rbpg blolk B £ R % 42 4, 2019, 39.(9) : 86-
91.

Ye P,Li X H,Tang J R,et al. Distribution and characteristics
of SSR in transcriptome of Camellia fascicularis [J]. Journal
of Central South University of Forestry & Technology,2019,
39(9):86-91.

Botstein D. White R, Skolnick M H. et al. Construction of a
genetic linkage map in man using restriction fragment length
polymorphisms [ J]. American Journal of Human Genetics.,
1980,32(3) :314-331.

DRIy, O BRLRCERAR AR LT A MRS S AR Y SCoT 54 Z 4
P L] WAl 2442 . 2018.30(10) : 1665-1670.

Ma L F,Yin Y,Zhao J H,et al. Analysis on genetic diversity
of 17 Goji(wolfberry) cultivars by SCoT markers [ ]J]. Acta
Agriculturae Zhejiangensis.2018.30(10) :1665-1670.

% OB EWE. T OBRAF. MRS R B BT IR I SRAP 43 4T
(I, # Al 54] . 2013, 25(6) . 1234-1237.

An W,Wang Y J, Yin Y, et al. SRAP analysis of wolfberry
germplasm [ J]. Acta Agriculturae Zhejiangensis, 2013, 25
(6):1234-1237.



