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He R kA E BRI SSR Frid A

Az AR, F OO mPBE e A5, RENL, Hen!
(ATl REEE YR SE AR B /MR BT BRI AR TR MO RN iR E 5 S0 5, JE AT 100083 5
P PR AR E AR AW BT, 8211 750002 )

HE: MATR M B EZZ2FY, ) 2o h TREBILKR , REE SRE, KRS T MARA R AP SSR
WA AE, A T TH | 54K FHAIF L SSR 45F AR, 27 28 AMAe AP R EEAT AL SR I Fo F 5 £ 254, A
MISA 2 b3 % Ak 2k SSR 45 &, 3% i+ H Jf i % A P45 SSR 71 4, % 206 5+ 3] My 21t £.4m % b ok Jf s s &k ik
23 3F 5| #r3d 28 AR R oA R GG M ATAR R BEAT AR S AR E AT, AR ABL R R JE AR 2839 35 (UPGMA ) £ 23 2F3)
WA IE TR 240 NEALL A FEAME A S AL B 28 A 4~17, Shannon 12 &35 HGE B A 1.177~2.487, 302 75 & Ao WL
M Je A A9 SE B 5% A 0.635~0.909 F= 0.250~0.964, PIC #9356 B 2 0.580~0.902, iEAFIE & R E 5 27 28 W AATH R £ ik
AL R ECH 0.71 B Ak A 4 £, FAMACA TR, PEMCA T £, 2R Mt A Ik, VEF 2 A FBMAfF et 5 H R .
AR &K FAFF TR R E FIAMAL SSR ARILITA, # TR0 23 2131 4 J8 47T A TR Ar it % ¥R 547 o 5 F 47
ITHIBN R A AR

KR A ; KL SSR ARIT; AR KT 5 i 4E S AR

SSR Marker Development of Lycium Germplasm
Based on Full-length Transcriptome Information
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Abstract: Lycium is an important economic genus belonging to solanaceae. It is widely distributed in
Northwest China and highly adaptable to the environment. In this study, SSR markers were developed based on
the full-length transcriptome of Lycium variety Ningqi 1, followed by genotyping of 28 Lycium germplasm using
a subset of polymorphic SSR markers. SSR loci were in silico identified using MISA software and subjected
for primer pickup. Twenty-three SSR markers selected from 206 pairs of primers were used for genotyping and
analyzing the genetic diversity of Lycium barbarum germplasm from 28 different distribution regions. Genetic
coefficients were clustered by unweighted group average ( UPGMA ) method. A total of 240 alleles were amplified
using 23 SSR markers with 4 to 17 alleles at each locus. Shannon information ranges from 1.177 to 2.487.The
expected and observed heterozygosity ranged from 0.635 to 0.909 and 0.250 to 0.964, respectively, PIC ranged

from 0.58 to 0.902. The genetic distance clustering analysis suggested four groups in 28 Lycium germplasm
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(' similarity coefficient=0.71 ). The Lycium barbarum L. belonged to group 1, the Lycium chinense Mill. belonged

to group Il , the Lycium ruthenicum Murr. belonged to group I, in group IV there were only Chinese wolfberry

island germplasm which belonged to. Lycium chinense Mill..The total length transcriptomic sequence of Ningqi 1

could be used to develop SSR markers. Collectively, the full-length transcriptome sequences of Lycium are of

interest to develop SSR markers, and these newly-developed SSR markers can be used for genetic diversity

analysis of Lycium germplasm and molecular marker assisted breeding.

Key words: Lycium ; full-length transcriptome; SSR markers; germplasm identification; evaluation of

genetic diversity

#) AT 52 i B ( Solanaceae ) i Ji% ( Solaneae ) 1
A2 % ( Lyciinae ) # 42 J& ( Lycium ) 35 /N AR 5%
PRI G RR AR B AR
J& " MRS E M IZ PR BEE R
AR R AR A T R LA
GRIE T e e R LY Py |0 BNk L (VA EY R NI
AT A A 4 [ A A AR TET AR E 35 133333.333 h', I
e 32 DL, YRR —, (b EAE
i Tk s RNESE i TR 2 s 7 T SR L R U e
T EMFE ( Lycium barbarum L. ) B HAFFh 8 AL
( Lycium barbarum var. auranticarpum K. F. Ching ),
[l #) 4T ( Lycium chinense Mill. ) Jz H 78 i A6 J5 ¥ 42
( Lycium chinense var. potaninii ( Pojark. ) A. M. Lu ) .
2 A AL ( Lycium truncatum Y. C. Wang ), 7 i H1)
#2 ( Lycium dasystemum Pojark. ) Jz 78 Fi 21 57 #) AL
( Lycium dasystemum var. rubricaulium A. M. Lu ), 221
¥ 42 ( Lycium ruthenicum Murr. ) ¥ 18 #4 #¢ ( Lycium
evlindricum Kuang et A. M. Lu ). = B§ ¥ A2 ( Lycium
yunnanense Kuang et A. M. Lu ) %5, #R¥EHR L EI L
AL AR R LR AD R AL AR R A AL . R E A AL
N Tk SR i SRS S B e As Bk i
i TR Y R EEE . AR YA R e T
B L2 RIS % ZREVER I B TR, i
i A BRI AL =X, (A OB T
N = S| VY (ST 2 =8 7 o N = B T (T vai
M i R 2R EGEL R F 5 % E N R
RVRFAESEAT DX 43, MERA M AR PEASRB PRAE , & 1R
ARG B R R M Gy, 5| A S RO 1Y) 53+
FRic %8 ki fe J il . 4 SSR bric 7E ML &
Hh G B 285540 TR TT, TR L) 16 KA
a A A AR, F T SSR AR IC A M AL 43 B 3 iE 5
T 10 XEB R R E T B AT
(1) 7 AR ol 5 AT TR A P A 2T
R 20 XF51HI7E 30 ByFAc AR by AR 2 121 4%
7, WAL B st AR Z R T AT 5T . AR

K SSR 51k FEAE PR R R, & R RMLL
S AL SSR 5| 47 16 B T AN 4, N REWE 2 LA
SR, BEE P HAR 2 e , R A K2 S 4 mT DA =i 4L
K)FF % SSR 514,

faj B FE & P 41 Anic ( SSR, simple sequence repeat )
JE— I R B AR B AN ) R S A 1
Wy, 43 By e K 2 S FhRic Y %
FRACE B PR 2w E T, AR
Kz N T ALY RN IR RE AL 2R
TG 30 PR i Mg sl S 4 1™, S PR 2 v i R B 114
SSR 7 AE T 4 X 3F 4 % X A 4 X 0, g2
o S 2 B TT 2 1 SSR, BE i 8 T 5 PR 4 A [X 3,
H: SSR £ 255 Motk A3 0K T AT A0, T
PacBio V- 5 Y 4 K 4% 55 4 0 7 7 T A I 9 3T 4F R
i A e PR L 2 4T P i R RS e 2 — L A
At S AL 2 ARAEAE I O 52 EAS 232 A 1
2 54558 RNA-seq HLL, 4 K36 S 4LF 35 K
Al iR %] 2500~3000 bp, AT F4 A = TR S5 1751 5C
JE  RAS LA O i AT A B Y 25 S R A T A e &
JEEEI S, SRBOE ERAY SSR 7 A5 1,

Shy ST 4 T A B RO AT SSR 15 L, AR BIF 9
TTH N SRS P a5 5, A
SSR i fi bRl , 7] B 3 B A7 X R AR B8 22 oK, SR
SEE €A A 2T R B Y 28 S HAC RS
PEAT SR 2R AT 5 i FH 7 B A A 3 R A 5 i 5 |
YIRS 7 T YL iR b X LT A 2R 90 10 SR 21 21
MR AR T B ML RS RYVFN R R0
FHET S AAC A AR v E A A R SR SR A A 45 24
FORI T B8 IR A T8 A% T, 0T T AR 58 25 SR AE )
FoIE AR h B A, AL B A 1 R 2 OE R
R TR TR A SR e RIS %

1 MBETZE

1.1 RIEH
PEH 3 MR T HE T 1 5otk R
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A = 23 %

A ZE M TR R R S A e B A ],
PacBio RS % 4t ( Pacific Biosciences, 3¢ [# ) #F 174>
I SR AL 7 A AT, AL e i S AR5 2. T3
Py Fist % ZREPE AT 28 By FoAc A oT, ¥k A
T HACHEL 22 Bt B AL TR R AR BT ol
PTG (3 1), i 23 3SR er s 3 SRk

®1 28 Mtikaie AR

Table 1 Information of 28 Lycium germplasm materials

e 2 Oy SRS AL, 17 Oy A R T
an AR, 143 R B A WS IR, 2020 4F 7 H A4 Fl s B
PLIEEFE 6 MR IO BFE AR 53 501 B 4)) i 5 s 1
R R TR A G AR R PR
FE S PRAE T -80 CHBARIR VKA Y, J5 2L 1T DNA
PR,

7 MELZFR I mﬁigﬁ% Fris MELZFR RSB, u\ﬁzzﬁ%

No. Material name  Fruit color Identification and No. Material name  Fruit color Identification and
approval number approval number

1 T 15 gifn BHEEERTRIIE S 2002022 || 15 PNl EANEN —

2 TR1S EANEN B R TR 5 1987 16 PRERE EANEEN —

3 T2 ARG BHE A T RHUE T 1987 17 K8 5 EAN N —

4 T35 gifn, RFhETE T S-SC-LB-001-2010 || 18 R 1S ARG [ S-SV-LB-022-2011

5 T4 5 i, RApHTET S-SC-LB-001-2005 || 19 B B —

6 TS5 Zifn RFPHET S-SC-LB-001-2009 || 20 WL s 5 B —

7 T 65 i, RURRETETT S-SC-LB-008-2010 || 21 w75 B —

8 T T 5 a1 KR H 2 T S-SC-LB-009-2010 || 22 T Hefhi —

9 T8 5 i, RFHTET S-SC-LB-001-2015 || 23 5 e, —

10 T 95 i, RAPATEE S-SV-LB-017-2015 || 24 I RE AR —

11 THL 10 5 Zifn, ELFREEE T R-SC-LB-001-2017 || 25 IRt EANC) —

12 TARAL 9 5 a1t KR HT 2 T S-SC-LB-001-2014 || 26 JARIHER a1 —

13 TG 35 EAN G — 27 MIRCEREFAETER a6 —

14 Kt 4 5 ZI(n, R E R -S-SC-LB-018-2014|| 28 q3-6 EAN ) —

— - JINHE S 5 A B TR

— : Germplasm resources without approval number

1.2 DNA &2E

i P BRSO ) N 41 DNA 28G5 £ ( DP350 )
( RARAARH: (dbnt) ARAF L EE ) Z 2
1 AE ) 55 R 4 DNA $2HUA ] & ( DP360 ) ( RARA:
R (Jb 50 ) AR w3 ) 455 28 £l 5z 5
[RZH 2 DNA., F Nanodrop 2000 ( FE2R K, & [H )
I DNA FE 5 2l RE R BE , T 1% SR B 8 g i bk
0 DNA Fife .
1.3 SSR 3|#i%it

THL 1 S REE SR M P25 R IR S 41739 4
2K CDS J¥ 41, Fl H 2 T perl i 7 A MISA 1
4 ( MIcroSAtellite identification tool ) “2°* ¥ 5 5 A%
JEH 5041, 15 5] 12737 4~ SSR{E B, FIH Primer
PREMIERS.0 ( Premier 24 H], IS K ) &3t 206 Xf
SIYHEAT ARG, LUEE 1Y 5" s i M3 423k 38
519 7 5 ( TGTAAAACGACGGCCAGT ), ¢ ¢ 5l

Yy AL st B SR E R AR PR EA
1.4 PCR ¥ iEREMERIKIW

PCR JZ W A4 % 24 2 x TSINGKE Master Mix ( Blue )
(R YR A BR A F] L, JEaT ) 7.5 ul, DNALS pL
(25 ng/uL), E3#514 0.06 uL ( 10 pmol/L ), il 5]
¥ 0.24 uL (10 umol/L ) , ddH,O 5.4 uL, M13F I
WEn 1 e 90 256 W2 EhRIc 4 0.3 uL (10 pmol/L ),
PECARIC YR TN B BRI, 7 B BN T
134 bp JH FAM G HkHRiC, i BOK BEA T 134 ~
154 bp Z [ F HEX % 0%t 3 B s id, Fr B K A
T 155~240 bp 2 [a] F TAMRA %¢ 6 42k bric,
B B R T 240 bp F ROX %06 B B A i, PCR
PR TR ARYE 95 °C 5 ming ZEME: 94 °C 30 s,
53 ~60 °C (IR JGREE fr Tl R )30 s, ZE
fif1: 72 °C 30's, 30 YAEER; 221 94 °C 305,18k : 53 C
30 s, ZEfHi: 72 °C 30's, 10 KAEH; 72 CHFLESH 10 min,
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FIFHAC S B BV E R A FRA R B A0S
HiL 9k 1 ABI3730XL DNA Analyzer ( €8k &, 2 [H )
X PCR 4 3 7 Wy A5 K60, 75 31 FASTA SCFA% 5
) B 20 F UK R G
1.5 BEGITS S

H] GeneMakerV2.2.0 3x 4% B 4048 FL UK ARAS 1Y
SSR F B FE AT 313 A1, X BT 5 | 0 FE A AL R
JE R N7 A A B BT T4, 8] TBtools "
Ko s i TY AR L. (8] GeneAlex 6.5 Fiff
SIS FE %L ( Na, number of average allele ).
A 355 A7 K H %L ( Ne, number of effective allele ).
Shannon {5 & 48§ %4 (1, shannon's diversity index ).
XL % & B ( Ho, observed heterozygosity ) 1 ] 22
%% 45 J¥ ( He, expected heterozygosity ). % 2 1 15
B & (PIC, polymorphism information content ) fifi
FH Cervus3.0 84 #4711 5. i F NTsys pc2.10e
AL AL R AL, JF AR AU AR 4 (E 2R
2% ¥ (UPGMA, unweighted pair-group method with
arithmetic means ) %8 {% Z AT R 734, 23l
28 A FAC RN BT R4 AR A

2 ZERESWH

2.1 MRREKERAMERESA SSR LS HER LR
XF 22 TUAR G W TAD 15 % s A 7 31 R perd
5 T MISA i {4 45 & F1 43 Bt SSR, #ifi 3% 500 bp

DL b i B SR, 25681 2% 7 91 G & I & IR 8810 4%
J¥ 0 AL 5 12737 4> SSR AV . T AL 15 & K ik
AP B SSR 2 A JLAG T HY 6 Fh ISR )
SSR: ¥4 1 2 ( Mono nucleotide ). X # 1F 2 ( Di
nucleotide ). = #% H B ( Tri nucleotide ). PU #% g
( Tetra nucleotide ). 11 #% H % ( Penta nucleotide ) I
SR ( Hexa nucleotide ). 6 FPZSHI B 44 HBE
(AR R AU R N = R R i g R 2%
AU 99.03% . HAX IR B B i 2 A 7946 1,
i A ER A 2B 62.39% 5 XUAZ AT R TN =A% 1 R
A 2116 SF1 2551 4, (G4 2 2 A
16.61% F120.03%; PUAL TR . HAZ AT R TS A% AT IR
HRBERD, AR 1% (% 2),

THL 1SS T E MR, T MR LR 2
F 2021 FIEX KA, T EAFLTERE 12 KAk H
TAL 15 B AR B A A e 1 kA . XF
GCA #% U 7 B M AC I R 2 FH MISA i 74 X 3 (5
4 SSR HEATRE R FA T, HAG I Hh 6 FP2EALAY SSR
I 715647 A, H i SR IR PO H R RN — A% R
T A 2R 98.97% , DUAL IR A% IR A
AN TR EZ R D, AT 1% (£ 2),
AR S A RN B DR 20 v B 1 R B 42 SSR 11 LL A5
FHIE , 4 R At S A rp S URZ 1 i T 52 19 L 9] b 3 PRI 4
o OSUR R T A 10.90% , 4 K 5% 5k 4 p SSR =
AR VAL 8 2 0 Fe i L P 41 SSR &7 11.07%

K2 AFEEEFH SSR IRETIE 1 SEREXEAMTEMRERATHSH

Table 2 Distribution of SSR sites with different repeat motifs in Ningqi 1 transcriptome and Lycium barbarum genome

THC 1 S A KR

TR LR A

HA KA Ningqi 1 transcriptome Lycium barbarum genome
Repeat type SSR % it i SSRHLA (% ) SSR #it 7 S SSR LA (% )
Number of SSR Proportion in total SSR Number of SSR Proportion in total SSR

HLIZ 2 SSR Mono nucleotide 7946 62.39 447315 62.50
X% H 2 SSR Di nucleotide 2116 16.61 196847 27.51
A2 SSR Tri nucleotide 2551 20.03 64095 8.96

VY% R SSR Tetra nucleotide 77 0.60 4414 0.62
TiA%H TR SSR Penta nucleotide 17 0.13 1939 0.27
FNAZHER SSR Hexa nucleotide 30 0.24 1037 0.14

St Total 12737 100 715647 100

22 WMIEEKERAMBEFRASSREFESER
FOSM R HHE

T 1 SR KA SSR TR 5112 R L

BiAF iR AT H B R, T 7604 4, 15 SSR {7

BB 59.70%; TE XU T IR T2, AG/ICT E 4

1251 %5 SSR AL s BB 9.82%; T =A% H IR &

1 AAG/CTT J& fix £ B W &2 3ot Hf 692 Ik
52, i SSR VB 5.43%; LI 3 Rl A BEock
BIRTH 1 S K #4] SSR R TR F 5K
Y, 54K SSR A5 74.95%., DUR%TH R AAAG/
CTTT EE A 28 4>, 5 & SSR v A5 1Y 0.22%; .. 75
AT TRITOM ST b7 F il /N (36 3 ).
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g it 23 %

R3 TRISEKERAMTEMRREEHSSREEETXEREE

Table 3 Type and number of SSR repeat units in full-length transcriptome of Ningqi 1 and Lycium barbarum genome

THE 1 52K 54 Ningqi 1 transcriptome

TRMFLIEFA Lycium barbarum genome

RS et e et e
iifie %fj:fj’f L WH HBI(%) %ﬁffff L HH (%)
motif type Pepeat motif Number  Percentage motif type Pepeat motif Number  Percentage
TRH TR 2 A/T 7604 59.70 2 A/T 391082 54.65
Mono nucleotide C/G 342 2.69 C/G 56233 7.86
WAL IR 3 AC/GT 402 3.16 4 AT/AT 144105 20.14
Di nucleotide AG/CT 1251 9.82 AC/GT 29996 4.19
AT/AT 463 3.64 AG/CT 22237 3.11
CG/CG 509 0.07
AR 10 AAC/GTT 473 371 10 AAC/GTT 22139 3.09
Tri nucleotide AAG/CTT 692 5.43 AAT/ATT 20731 2.90
AAT/ATT 289 227 ATC/ATG 8250 1.15
HoAb 2 1097 8.61 HoAb 2 12975 1.81
PURZ AT IR 11 AAAC/GTTT 13 0.10 26 ACAT/ATGT 1509 021
Tetra nucleotide AAAG/CTTT 28 0.22 AAAT/ATTT 1406 0.20
AAAT/ATTT 17 0.13 AAAG/CTTT 690 0.10
Fifth ey 19 0.15 HoAb 2 809 0.11
HALTTR 10 AAAAC/GTTTT 2 0.02 61 ATATC/ATATG 855 0.12
Penta nucleotide AAAAG/CTTTT 3 0.02 AATTC/AATTG 293 0.04
AAATC/ATTTG 1 0.01 AAAAT/ATTTT 153 0.02
Fiftn ey 11 0.09 HoAb 2 638 0.09
ANZATIR 20 AAAAAG/CTTTTT 1 0.01 117 ACATAT/ATATGT 303 0.04
Hexa nucleotide AAACAC/GTGTTT 1 0.01 AATATG/ATATTC 59 0.01
AAAGAG/CTCTTT 1 0.01 AAGCCG/CGGCTT 37 0.01
FiAth ey 27 0.21 HoAb 2 638 0.09

ERUPS=X R Vv (B HDON B SIWsY ap RS S

The proportion is calculated by the ratio of the number of each repeat motif to the total number of repeat motif

TEAACIE R L SSR AT IR T 51 S A v A%
iR A/T HE 5 SSR N 5 BB 54.65% , 344 391082
W 75 WA R & T, AT/AT 5 & 144105 1%,
5 SSR v A BRI 20.14%; 78 = B H R # &2
AAC/GTT 47 22139 ¥R # &, 5 SSR A s & £k i)
3.09%; LA I 3 FhvE &2 LT AR T B A AL R A 4
SSR i & KL 70 (1) fie B, 7 43 SSR A 4 A
77.88%., VU R ACAT/ATGT HE A 1509 1,
i USSR AV A AY 0.21%, T ASAZ T BR FE TR 2L i
o7 E A /N (2 3 ),
2.3 #J12 SSR 3| iFiE B Fh R X 45>

i 4K e Sk 41 43 #r, F) ) PREMIERS.0 A
% 206 XA RIEEZFITCI G 1Y, RIRIEAS2ES
RS0 25 5 FPRE 8 RN o0 A U L, R T A SR
15 FRI10S . K35 PRSI 5 K/
455 TR R R AR 15 8 A i

206 Xt 5| P47 PCR 418, P48 7= B 404 i ik
R, 326 6 U (1 22 S KA 27 X 51 4. O o A
27 X5 Hr%F 28 A HAC BT DNA i#17 PCR 973, i
ke 2 BYEIF Y 23 XF 51 Wk A T in SER 58 2 M
(F4), 23 %5946 1 X FH RS 9.1 %
PURZH RS 19 . 1 X SAZTTER 51 YA 20 X =4 IR
519,

AAIFFE i F TBtools 1 {411 BLAST g, AR 45
Score il E-value ZUH , #8056 1+ & 1Y 23 X 5|90k
WE N TY @k b 550 EIR, 23 X517 35 TR
Lbchr01 . Lbchr09 1 Lbehrl1 #1849 45 e i i4, |5 4
Y AR 1) 75% (£ 4), H o1 Lbehr03 1 Lbchr04
WISt e T 5 % SSR 514, Lbchr06 %t
AR L E 7 T 4 %F SSR 5| 4, Lbchr02 , Lbchr08 £l
Lbchr12 2 64K | € £37 T 2 %F SSR 5| #, Lbchr05
Lbchr07 1 Lbehr10 43l 7 1 %F SSR 514
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x4 ET 28 MHIEMRFALZL 23 NS5 SSRIFIEHER
Table 4 Information of 23 polymorphic SSR markers based on 28 Lycium germplasms
SEP\SI! N ; e g
SR S (5-37) W gp(c) OOV OREIEL e e
Primer name Primer sequence ( 5'-3") SSR motif ~ Annealing (op) . Chron'nosc.)me Reference No.of variety
Expected size  localization
temperature
LBSSR1474 F:CACTCTCAGCAGTCACAGCA (CAG)S8 55 212 Lbchr04 7.11.19.20,21.24.25
R: TGGTGCAGCAGTCCAACAAT
LBSSR21443 F: ACGTCACCATGGAAGCTGAA (CAC)S8 55 141 Lbchr03 22.28
R: AGGCAGGAGAAATGGTGGTT
LBSSR1690 F: AATGATGGCCGTGATGTGGT (GAA)S 57 264 Lbchr06  2.9.18.20.22.24.26.28
R: TTCTTCACCAGCCAGACGTC
LBSSR1156 F: ACACGGTATGACTTGCTGCA (AAG)6 57 177 Lbchr03 13.17.28
R: AGCACCTGAAGAAGAAGCCC
LBSSR1866 F: GCCATGCTCCTCACTTTCCT (TTC) 15 57 250 Lbchr03 9.10.11.25.26.27
R: CCCAGGTGCAGCAATCAGTA
LBSSR29 F: TTCAACCCCATCGTCGATCC (ATA)6 57 268 Lbchr06 1.7.9.11.12,13.18
R: ATCATCATCCTCACCACCGC
LBSSR7914 F: GGGAAGAAATGGTGGCTCGA (TCT )13 57 264 Lbchr06 9.10.18.19.20.21
R: TTGTTGATCGGGAGGAACGG
LBSSR7735 F:CGGAAGTGAAAAGGCCATGC (TAC)7 57 280 Lbchr10 13.22.25
R: GCTTACCGCGGACATGAACT
LBSSR40 F: CCCGAACCCGCCGTAATAAT (GAT) 11 57 241 Lbchr08 13,25
R: GACGACGACACCATAGCTGA
LBSSR20799 F: CACCACCATGACTTCTCCTCC (AAC)9 57 262 Lbchr04 7.9.18
R: TTGACCATAAAGCCCTCCCC
LBSSR1895 F: AGGAAGGCATAGAACAAGCAGA (AAG) 14 59 208 Lbchr05 1.3.7.9.10.12.,14.22,
R: GGAGCTGACCCGAATATCCG 24.25.27
LBSSR501  F: AGTAGCCCTCAAACCCTCTCT (CAA)S 59 186 Lbchr07 9.26.27
R: GATCGATCTTGGTCCGGGTC
LBSSR0076 F: ACAATCAAAGCTTGGAATAGCTC  (AAG)22 53 152 Lbchr08 1.2.3.7.10. 11,12, 14,
R: CGTCGCTAAATTGCTCATAACT 15.18.19.22.24.25.28
LBSSR0297 F: TGCTGCAGAGAACAACATTAGG (AG)11 54 131 Lbchr12 6.13.19.20,21,22.23,
R: TTCTTATCTCCCATTCAATCCAGT 26.28
LBSSR0338 F: AAGATTTGGGGAAGACGACG (GAA) 13 56 129 Lbchr03 2.3.6.7.8.10.11.,14,
R: CATGGCAGCATATTAGCGAAG 15.18.20.21,22.23
LBSSR0277 F: AGGAAATTCGTCCAAACAAGAC (ATT) 14 56 141 Lbchr06 1.2.4.7.10.14.18.22.26
R: TGGTATCAGAAGCCGATCATAG
LBSSR0543 F: GTCAGGTCTGCGTACACTCTACC (GTT) 12 56 146 Lbchr02 1.7.10,12,13.18.19.
R: GGCCTCAGAAATCTCTTTATCAG 20.22.25.27
LBSSR0010 F: CGAGAGGCTACCAGACACTAGG (TTTC) 11 56 141 Lbchr12 7.12,13.14,18,19.21,
R: TCTCCAATATGTTGTACTCCGCT 22.24.25.27
LBSSR0421 F: ATCCACCCCCATACATACTCATC (TTC) 13 56 146 Lbchr04 9.10,.11.12.14.18.22.25
R: GTTGCAACTAAAGGAGTTGTCCA
LBSSR0426 F: TAGGGAACCTGATATATGCGG (TTG) 11 57 144 Lbchr04 3.11.12
R: CGCCACACCATTCTATCTCTG
LBSSR0270 F: AGGAGTCAGGTCTGCGTACACT (GTT) 14 57 143 Lbchr02 1.3.4.5.10.17.,18.19,
R: CGAGGTATTTACTCCAGTTGGTG 21.24.26
LBSSR0512 F: CCCATACATACTCATCACCTCTGC (TTC)13 57 124 Lbchr04 1.2.9.11,12.14.18.22,
R: GTTGTCCAAACAACACACAGTGC 25.26
LBSSR0363 F: GTAGTAACCACGCCGATTGC (GCCTGT) 12 60 157 Lbchr03 7.10.12.14.22
R

: CTGAGGTGGATACACTACGCG

Fo L5195 Re NWES 1905 355 N TR B HOCHA1, 35 -5 AT R B B o S S0y s S 0CORG S 173 15 TR

F: Forward primer; R: Reverse primer; The letters in the brackets are the sequence of SSR motif, and the numbers outside the brackets indicate the

repetition times of SSR motif predicted by the software; The serial number of the variety is the same as that in Table 1; The same as below
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O

23 %

15 F GeneMakerV2.2.0 % 4 Xt & 40 45 1 Yk 2K 75:
(1) SSR Bt L (&1 1) A 74 RS ARAS R | P g
B DX A3 AR I 2 BT, LA 7 X5 [ el LA 43
10 LA ASFR I, Hod LBSSR0076 FILAIX 43 15 /Ff
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Table 5 Genetic diversity of 23 pairs of SSR markers in 28 Lycium germplasm

5194k ST REINEL AREAIENEL Shannon {5 BFE%L BUNIPAEE S WA ZAMEE R
Primer name Na Ne 1 Ho He PIC
LBSSR1474 9 4.052 1.700 0.464 0.753 0.721
LBSSR21443 8 3.701 1.518 0.333 0.730 0.685
LBSSR1690 9 3.748 1.683 0.407 0.733 0.709
LBSSR1156 8 4.153 1.718 0.280 0.759 0.734
LBSSR1866 9 4.709 1.742 0.750 0.788 0.757
LBSSR29 11 3.654 1.754 0.259 0.726 0.706
LBSSR7914 9 4.600 1.745 0.609 0.783 0.751
LBSSR7735 7 4,181 1.594 0.393 0.761 0.725
LBSSR40 4 2.736 1.177 0.250 0.635 0.586
LBSSR20799 10 5.807 1.939 0.714 0.828 0.806
LBSSR1895 14 7.193 2.242 0.571 0.861 0.847
LBSSR501 7 5.302 1.801 0.462 0.811 0.787
LBSSR0076 9 7.024 2.041 0.708 0.858 0.841
LBSSR0297 8 5.829 1.887 0.607 0.828 0.806
LBSSR0338 14 10.965 2.487 0.679 0.909 0.902
LBSSR0277 17 7.439 2.414 0.667 0.866 0.856
LBSSR0543 12 4.429 1.868 0.607 0.774 0.749
LBSSR0010 11 4.960 1.894 0.520 0.798 0.773
LBSSR0421 14 6.938 2.221 0.893 0.856 0.841
LBSSR0426 8 3.488 1.492 0.741 0.713 0.670
LBSSR0270 12 5.586 2.072 0.630 0.821 0.805
LBSSR0512 12 8.615 2.276 0.964 0.884 0.873
LBSSR0363 8 5.600 1.883 0.714 0.821 0.800
SEHI{H Average 10 5.422 1.876 0.575 0.795 0.771
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Fig.2 Genetic coefficients of 28 Lycium germplasm
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Fig.3 UPGMA cluster analysis of genetic distance of 28 Lycium germplasm

1202 7 E A AP S H A=A, Ib 2 b 22 L H
LML, HZ MM AR Z 0y el AP, 11
S ERADR, ALEE KAE RSV AR A A g
FHEL ML, M R 2 S g ki . T2
A R AN, 3 A BRI AC R BT 7B A
R 225, IV 2 FUA b E AR RR R A AL 5
J5T , 35 A AEARLJEE AR BT M A 8 o 5 5 A R 5 g AH
IR BE 3G, 28 A M AT Fof 5 1] 1) 5t 1 A BL R 4K
FRAL IR 25 RIS AT, PR R R A AT 24 58 B A ik
PR AT OB HE AR
3 Wit

SR SEIT (1so-Seq, isoform sequencing )
FOR MPREF LB PR , S5 T PacBio V-5
AT = KA F >, A KSR X
TR0 S 50 5 1248 RNA-seq A H,
SR S AN P A 8 v o e 1 2 5% T 40 ST
FHARAG T {5 Y 25 S R0 . ARBIRSE A
HZEART-GXTH 15 3 BRICHE R 25 kT
IRAEG AT T K ANy, T )5 345 Circular
consensus ( CCS ) 640797 7%, K 1E 5 X IUR G
135 22849 Z& B RATI . ILLBA 12737
A~ SSR T4, i B SSR I #I 7r i fl B KL 4 v )iz
OV X GRS R AT A AR L 5
TR MBSO R #4211 SSR Fric L, — 2 H R %)

AT R I SSR bR 1 B 25 ) A I 21 45 47 ik R K 3
f 225, AR5 23 X SSR 514 Fh BUAZ HF R LA LAY
SSR #mic A 22 4>, =% 11 iRk 8 & ) SSR i i 3
£ 20 XF 1 86.96%, HZA M & TEA Mt S SSR
S1¥, AR R4 SSR AV A B 5 I LIAH L, B
R AT R U R I = A% AT 2 7 LL 331 90% LA I,
1T DUAZFE R A% TR M N A% T R o R B /b,
R 1%, = EiTTRER T, 2K %3
2 SSR Dk AAG/CTT b FEmY H & H T, 5 SSR
7 8L EVEL Y 5.43%; T T XA A 5L R 4H SSR I LA
22139 R EE 1) AAC/GTT N L HEEFIC; =K
fiz SSR bric il XA AL BT TAR LT A 45 531

ABEFE A 23 XF 5| Py 3415 2] 240 A4S
P AAE B TRAAT LN 2 9 UL (oA -, BN 41 7
1 IR T5% , B A7 R R L Ry 4~17,
PO 10 5 T H B 02 4 %0 51 4 349 A
5.6 S HHERIBE 2 55 45 ORI B Y 78 AN AF N
K, PIC A {3 SSR v 5 (A8 S AR, &4l SSR
FRIC Y B AE 7 A B HE AR, Botsein 451 1 i
PIC > 0.5 I, IZ A0 s 3 IRy e BE LR R AR S, AR
WF 5% PIC (38 Fl & 0.580~0.902, #41{H K 0.771, %
T Z R 5 E A1 AR A 4D SSR Frid PIC F-¥MH
(43512 0.450., 0. 487 F1 0. 391 ) 2233,

HPEAL ZRE RIS AR B e IR AR S T
KR FEAE, SSR ARiC AT LAAG &4 Mo 48 7= AR Y



6 R A BT K S E B M SSR ARic T & 1825

WAL R S B ST RIS I AR B 5
LB T-BE, AT LI RSB R AT 43258, 3l
WA SE AR ] (135345 22 S 23 S AR A A A A 3
XA B A B (A8 4% Z2 REPETEAN T DI SEAS BRI J5
PR B AR S ZE AP ST B $ it 0
28 Pt AL b B a5t AL BE B RS o prep 1 R R4
A5 T R TACR IR, 55 Chen 25" fst =35
SR gt R A — 5, X — 28 4 N T R AT K
FHRZE A, xXh 7RIS T2 T3
STR4AS TRSS TR TR 105
KB TETKBREFEHTF, TR 65 . T
8 MTRILISERH THE N AR ML
FAAEAF T R )RR A A TR SR 15
( Lycium barbarum x L. chinense ) F1 74 32 i & q3-6
( Lycium chinense var. potaninii x L. barbarum ) 7t-3¢
Kotrh 5T EMRRE iR, 1R R
GV AR R SR, M8 5 H AN AR Lt T AR B
G, R JER R A R R R R A R A, X SR A
OB I MIAC Y, B P E AT ( Lycium
chinense ), KA 3 5 KM 5 T HKNG 8 5 X i
JERHE IR B B 0 s MG R AL
eI VR R B RER TIPS S BopE
o B 1S5 BR 7 SRR 5 SO s, X2y
J BHMIAT ( Lycium ruthenicum ), 5T 5 i
DRV I e B S LA SR O R
AR A 3 AT, IV 2R A M A 5
5P RN 8 5 J AREM J-ARIMHH) AR T
PERBEGE M, 5 1R P TR R RS LR
B, Hagfh B b EAAS . ASHE S T B A B
AL, 5 S aeg o [ 28, Mok mtraaw b 128,
ML SR RIS S8 5 TR YR A IR,
R85 R RIS A5 5 A, A v] RE
SEIX PRSI AR, TR AL R AL SR S (8 2
SRR, 150 I SR S 0 () AR SR AE T AR A A
Hh MR RS AR L MRS R A OR 22 i e A s
) A TR R W 2250 5 A% i Fh 35 B Bk
B JOPE B S A I B A L R A A,
SR EASP BB G 508 SRS ORI, 23 AL
FARZ H] By ist (e FEm T A s ARG . R AR B
GEX T AR AR BT 11 35 4 Bl e SR AR A T T
LA i A E HA B R R

AW FE I X TAC 15 2 K S A B 1t
206 X SSR 14y, e 2 i 1 Y 23 X B e 22 A R Y
SSR I e o TYL R I gy TR T B4EH

PR AR Y 28 ML FH TR SSR 43 FARIC K ER R .
AP TFRE AR T 10 F BURRAE | 55 A AH N 0 35 (R 7
B XA AC R TG UR A CRAE AR R L F 24 5
it 28 MIHIFCRP BB AL ZREE ST, 45 R R T
R SRR IS AL AL BE 5 5 L 5 ROR R A Rl oRT
IRERFFh T N RABBE R 2= R . AR
S IR S R T 5 AT 2R G R v R A A R 5
TR R ECIAR, AR R 3+ 6 T AL R AR st A%
EZ =il FSun LT el

Bt BT B RAMA F IR AT F AT A
B P RAR AR AZ B AH B

SE 3k

(1] bt 2onme, S0, BEEy . b EM AR R SR 00 R AR s
SRR . 257508, 2017, 42 (17 ): 3282-3285
Qian D, Ji R F, Guo W, Huang L Q. Advances in research on
relationships among Lycium species and origin of cultivated
Lycium in China. China Journal of Chinese Materia Medica,
2017, 42(17 ): 3282-3285

[2] CaoY,LiY,FanY,LiZ, Yoshida K, Wang J, Ma X, Wang N,
Mitsuda N, Kotake T, Ishimizu T, Tsai K, Niu S, Zhang D, Sun
W, Luo Q, Zhao J, Yin Y, Zhang B, Wang J, Qin K, An W, He
J, Dai G, Wang Y, Shi Z, Jiao E, Wu P, Liu X, Liu B, Liao X,
Jiang Y, Yu X, Hao Y, Xu X, Zou S, Li M, Hsiao Y, Lin Y,
Liang C, Chen Y, Wu W, Lu H, Lan S, Wang Z, Zhao X, Zhong
W, Yeh C, Tsai W, van de Peer Y, Liu Z. Wolfberry genomes
and the evolution of Lycium ( Solanaceae ). Communications
Biology, 2021, 4 (1): 671

[3]  RFw, R%0] UL, £48, BREE . 78R EUR LA
AAE T RSB IR BT R A TS, . R AE AR BT, 2008
(2):37-39
Zhu X M, Wu X M, Zhu J J, Wang Y, Lian H X. Wild Lycium
barbarum resources and its development and utilization prospect
in the northeast of Qinghai Tibet Plateau. Chinese Wild Plant
Resources, 2008 ( 2 ): 37-39

[4] Chiang Y, Chao J C J. Olive oil combined with Lycium
barbarum polysaccharides attenuates liver apoptosis and
inflammation induced by carbon tetrachloride in rats. Journal of
Functional Foods, 2018, 48: 329-336

[5] Tang Z, Sun D, Qian C, Chen Q, Duan S, Sun S. Lycium
barbarum polysaccharide alleviates nonylphenol exposure induced
testicular injury in juvenile zebrafish. International Journal of
Biological Macromolecules, 2017, 104 ( A ): 618-623

[6] FuY,PengY,Huang X, Yang Y, Huang L, Xi Y, Hu Z,
Lin S, So K, Ren C. Lycium barbarum polysaccharide-
glycoprotein preventative treatment ameliorates aversive. Neural
Regeneration Research, 2021, 16 ( 3 ): 543-549

[7] Cai H, Yang X, Cai Q, Ren B, Qiu H, Yao Z. Lycium
barbarum L. Polysaccharide ( LBP ) reduces glucose uptake via
down-regulation of SGLT-1 in Caco2 Cell. Molecules, 2017,
22(2):341

[8] FaiB, iRk . Fe AT P T B IR J2 R g o . LS pk
AeAFSE, 2021, 34(3): 107-111
Wang Y M, Zhang B L. Species resources of Lycium L.



1826 L N7/ I S A S S 4 23 %
in China and their development strategies. World Forestry (18] %5, AL, 4 785, LB RN . SSR FRic 7EHL PRl 5t W IR 4 7
Research, 2021, 34(3): 107-111 B HEERE . AR 22, 2021, 44 (15): 9-11

(9] #hgkoc, B, BERIE, EW.08 . 7 EARd F 2 Z IR 5 Zhuo L, Xiang C L, Xiao J, Ye Y L. Application progress
WA . T EARME , 2008 (3): 35-36 of SSR markers in plant germplasm resources identification.
Zhong SY, Qin K, Hong F Y, Yan Y M. Correlation analysis Contemporary Horticulture, 2021, 44 (15 ): 9-11
between main agronomic characters and yield of Lycium [19] &MWL, TRAETT, BECHE, £ 5K . MAC 54 SSR 4 A FR1E
barbarum in Ningxia. Ningxia Journal of Agriculture and O3 BT B L5 LR AT SSR 3 A fRAIE 19 FL 3R . VL AR B2
Forestry Science and Technology, 2008 ( 3 ): 35-36 2018, 46 (14 ): 24-27
(10 ] A, B8 hu 20, Bhocih okl , 50 =29 R R4S SR T Yu H, Zhang D F, Fan G H, Wang Z L. Analysis of SSR
BRI G = IR B R85 ZREPE RS R 25 P . T distribution characteristics of transcriptome in Lycium barbarum
rhzhZ%iki, 2020, 45( 4 ). 838-845 and its comparison with genomic SSR distribution characteristics.
Yu Y, Wang L, Sun J H, Zhong W H, Zhang T, Guo L P, Jiangsu Agricultural Sciences, 2018, 46 ( 14 ): 24-27
Yuan Q J. Genetic diversity and genetic structure evaluation [20] FlUBLE,BXE, SRR, 225858, X, bl AR PR . L2
of cultivated Chinese wolfberry ( Lycium barbarum )based on DNA FRic I & 8 AR 3 e HoAe 5 s i o sh i 0 1 . A
microsatellite population genetics. China Journal of Chinese WRkEIFSY, 2016, 20 (3 ): 260-266
Materia Medica, 2020, 45 ( 4 ): 838-845 Wang J J, Zhao M, Han Y W, Wu M M, Liu R Z, Shen C, Qi
[11] PR, Bt 2o, 25 e A4S, WA T2 . I SSR ARic kg Z C. Advances in development of microsatellite DNA markers
s R T . A AR ER, 2018, 34 (9 ): 195201 and their applications in economic plant research. Life Science
YinY,ZhaoJH, An W,LiY L, HeJ, Cao Y L. Establishment Research, 2016, 20 ( 3 ): 260-266
of molecular identity for wolfberry cultivars based on SSR (21 ] FEZEMG, sRAEDS, F0hET, SARWE, Bk 77, B 42, X R, &
Markers. Biotechnology Bulletin, 2018, 34 (9 ); 195-201 1, N3CAR . 3T PacBio - & By 4 KL S ZH T . Bl=f
(121 Z=df, SHE 0T, 4 DO, W I Bk , S50 DG, BRST RS, e T 2, 2016, 61 (11): 1250-1254
Mk iRl RE Y 2 5 EST-SSR ARic WEESY. . 4 FHE B b, Ren Y P, Zhang J Q,Sun Y, Wu Z F,RuanJ S, He B J, Liu G
2017,15(10 ): 4066-4070 Q, Gao S, Bu W J. Full length transcriptome sequencing based
LiZ,HuWM,Yang TS,PanLZ,HuZ Q,ChenL S,Wang Y. on pacbio platform. Chinese Science Bulletin, 2016, 61 (11 ) :
Establishment of multiple EST-SSR markers for identification 1250-1254
of Goji cultivars. Molecular Plant Breeding, 2017, 15( 10 ) : [22] BXRHE, EHE, R AR, SRR, VAR . A St Ay 48
4066-4070 F PRI TIBE S BERS . ARPIEAL BEIR 4, 2019, 20(6)
(13 ] ALEE, VE SO, e, JHoR WS AW . LT SSR 737 1390-1398
ICHRIRS S ZREERFST . 2P MIFST, 2020, 38 (3 ): 95-103 Zhao L Y,Cao S Y, Long Y S, Zhang Y H, Xu J Q.
Ren Z, Wang G B, Yang X M, Guo Q R, Fan X J, Ren G. Applications and research progresses of Full-length
Genetic diversity of Chinese wolfberry ( Lycium ruthenicum L. ) Transcriptome Sequencing in plants. Journal of Plant Genetic
based on SSR molecular markers. Non-Wood Forest Research, Resources, 2019, 20 (6 ): 1390-1398
2020, 38(3): 95-103 (23] EHle, 2] AR SR AL P HEAR A AU 3 A2
[14] Wpshts, s, TP OE 30, JEJE R . SSR 73 TARIC b5 WEFCH IR . R T, 2019, 17(2): 502-508
HER UM R 2R 244 FIARBR2ERR, 2019, 18 (4 ): 429-436 Wang R X, Li C. Application of Full-length Transcriptome
Yang M T, Huang Z, Gan J P, Xu J C, Pang J L. Research Sequencing in non-model plant transcriptome research.
progress of SSR molecular markers. Journal of Hangzhou Normal Molecular Plant Breeding, 2019, 17 (2 ): 502-508
University : Natural Science Edition, 2019, 18 (4 ): 429-436 [24] ToF, AR, 5KE, Thlg , S0T0 A, Gkt , 25 . SE 50 =Rl
[15] BA B, B SR B3, U h A, s e T KL PR RS A K 2 A0 . ARl 2741, 2021,
SSR ARIC Y 26 M AERT R TELAL ZREPEMBT . AT, 2020, 36(10): 1177-1186
39(10): 67-72 Wang F, Mu R, Zhang W,Ma Y, Guo Z Y, Cui B L, Li J.
Zhai S W, Deng T T, Cao Y Q, Chen Q, Tang Y Y, Yuan B Full-length Transcriptomes of tea obtained by Oxford Nanopore
T, Wang B H. Genetic diversity analysis of 26 cotton cultivars technology. Fujian Journal of Agricultural Sciences, 2021, 36
based on SSR markers. Seed, 2020, 39 (10 ): 67-72 (10): 1177-1186
[16] ®lfe, #77, s)n e, SHIE, 2 E 5, BUA ] Bl . 1% [25] Z=%¢ . RIS RIG PR Hydrostatin-SN10 FYI S5 HTAL
FA EST-SSR 73 F b ic (- & B i Y . AL bl K554, il T = AR P 1 PN 2 A ST . R P ECR
2021,43(7): 1-11 SRR AR R, 2021
Yang X, Yang N, Yuan Q H,Zhao G J,Li G L,Jia L M, Chen Z. Li A. Study on the Target-antagonizing mechanism of the SeaSnake
Development and application of EST-SSR molecular markers in anti-inflammatory peptide Hydrostatin-SN10 and the multi-omics
Pinus bungeana. Journal of Beijing Forestry University, 2021, of hydrophis cyanocinctus based on Third-generation Sequencing.
43(7):1-11 Shanghai: Naval Medical University, 2021
(17 ] VR, TR, 4258, JRIFE AT, TR R0 AR 504, 8 . 2 [26] T, BRE, &R . FIH MISA THXAR[RZE BT 5] 17

A TP TR 2k SSR ARILAMIT . AW BRI,
2021,22(3): 625-637

Sun M H, Xing B, Cui H L, Zhou B W, Zhang Q P, Ren G X,
Qin P Y. Genetic diversity analysis of quinoa by SSR Markers.
Journal of Plant Genetic Resources, 2021, 22 ( 3 ): 625-637

SSR ARICALF A2 AT AT . A4 R, 2016,32(10)
150-156

Wang X, Chen L, Zhao C L. Mining SSR molecular marker
sites with MISA tool for different types of sequences. Chinese
Agricultural Science Bulletin, 2016, 32( 10 ): 150-156



6 Tl 22 B ST KL SR UUE B MR SSR FRiCTF & 1827
[27] Chen C, Chen H, Zhang Y, Thomas H R, Frank M H, He Y, AT TR ] L AR AR IFST, 2006 (1): 18-24

[30]

Xia R. TBtools: An integrative toolkit developed for interactive
analyses of big biological data. Molecular Plant, 2020, 13(8 ) :
1194-1202
Peakall R, Smouse P E. GenAlEx 6.5: Genetic analysis in
excel. Population genetic software for teaching and research-an
update. Bioinformatics, 2012, 28 ( 19 ): 2537-2539
HROKAL , X /NEL L BT AR ST 1) K AZ SSR 51 43
Hr . A FAEHIE R, 2019, 17(23 ): 7817-7821
Zhang Y S, Liu X H. Analysis on SSR sequences based
on Full-length Transcriptome Sequencing in metasequoia
glyptostroboides. Molecular Plant Breeding, 2019, 17(23 ) :
7817-7821
Grabherr M G, Haas B J, Yassour M, Levin J Z, Thompson D A,
Amit I, Adiconis X, Fan L, Raychowdhury R, Zeng Q, Chen Z,
Mauceli E, Hacohen N, Gnirke A, Rhind N, di Palma F, Birren
B W, Nusbaum C, Lindblad-Toh K, Friedman N, Regev A. Full-
length transcriptome assembly from RNA-Seq data without a
reference genome. Nature Biotechnology, 2011, 29 ( 7 ): 130-644
Wall P K, Leebens-Mack J, Chanderbali A S, Barakat A,
Wolcott E, Liang H, Landherr L, Tomsho L P, Hu Y, Carlson
J E,Ma H, Schuster S C, Soltis D E, Soltis P S, Altman N,
DePamphilis C W. Comparison of next generation sequencing
technologies for transcriptome characterization. BMC
Genomics 2009, 10: 347

MG, F5 B YLRE , BRI B
)rﬁilfdﬁfr %t U SSR st L Z HEY
18(5): 1697-1701
Gan X Y, Guo Y Q, Gong L, Chen Y C, Nie F J, Zhang
L, Song Y X. Study on genetic diversity of 24 germplasm

RS TR, R EEE . 24 4y
LT . S TR E R, 2020,

resources of Lycium bararum L. by SSR markers. Molecular
Plant Breeding, 2020, 18 (5): 1697-1701

BERDF TVRR, A, e, F 2 e, EWAE, WA e . TP-
MI13-SSR FARTEMIAL 8% ZAEERF 5 T REAT . PaAEAR
4R, 2017,26 (6 ): 890-896

Fan Y F,YinY,An W,Zhao JH,Li Y L, Wang Y J,Cao Y
L. Application of tp-m13-ssr technology in the study of genetic
diversity of Lycium barbarum. Acta Agriculturae Boreali-
Occidentalis Sinica, 2017, 26 (6 ): 890-896

A, SEPHBH, SRR, B3I, ERED], Je e, Sl 1,
2L IMEHR RN TARAR Y SSR ARICHF A st % ZREIE 5 REIAR 2
FIIAT . ARl 2241, 2021, 43 (11): 50-61

Zhao P,LiD Y,MaJ L, Liang W H, Pang X M, Long C, Ma
J'Y, Guo H H. SSR marker development, genetic diversity and
population structure analysis in oil tree species Vernicia montana.
Journal of Beijing Forestry University, 2021, 43 (11 ): 50-61
Botstein D, White R L, Skolnick M, Davis R W. Construction
of a genetic linkage map in man using restriction fragment
length polymorphisms. American Journal of Human Genetics,
1980, 32(3): 314-331

TVBR, G280, I 202, B 505 WA JE L MAC Al SSR
FOLTE ﬁ@l&*@%&@fﬁf%%ﬁ PR AR, 2017,
32(1):137-141

YinY,AnW, ZhaoJH,LiY L, Fan Y F, Cao Y L. Fingerprinting
and genetic diversity analysis of wolfberry cultivars using

fluorescence-labeled SSR markers. Journal of Northwest
Forestry University, 2017,32( 1 ): 137-141
W ¥, R, KT . ISSR 20 FAmic S e W A 8 &

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

Yang Y L, Ma X Q, Zhang M Q. ISSR molecular marker and
its application to the research on genetic breeding of trees.
Subtropical Agriculture Research, 2006 ( 1 ): 18-24
B, R 57, ZETAE . SSR A FARICIEAEY 15 & Fh
TEIREHT . BRI S A, 2010, 29 (1): 137-143
Luo R, Wu W L, Zhang Y, Li Y H. SSR marker and its
application to crop genetics and breeding. Genomics and
Applied Biology, 2010,29( 1): 137-143
A, JELL S FE T T . O3 ARICHOR AL Y LA Z R SY
FEREHT . T R AL K2R, 2002 (4): 356-359
Gao X, Pang H X, Pei A W. Application of molecular marker
techniques in the plant genetic diversity study. Journal of Henan
Agricultural University, 2002 (4 ): 356-359
Chen C, Xu M, Wang C, Qiao G, Wang W, Tan Z, Wu
T, Zhang Z. Characterization of the Lycium barbarum fruit
transcriptome and development of EST-SSR markers. PLoS
ONE, 2017, 12( 11 ): e0187738
KR M0, e, N, B B NIRRT R
FRIROY KPR TR, 2021, 49 (13 ): 113-116
Li Y H, Yang L, Nan X X, Wang Y L, Huang Z M.
Comparison of nutritional components and yield of new Lycium
barbarum varieties for different leaves. Jiangsu Agricultural
Sciences, 2021,49 (13 ): 113-116
FREE AT, 0, AR . ARSI AL B AR
Wi 3 ST AR, 2013, 27 (6 ): 723-730
Wang F B, FuJ F,Dong L F, Wang W W. Breeding of a
new polyploid medlar variety Tianjing 3. Journal of Nuclear
Agricultural Sciences, 2013, 27 (6 ): 723-730
TRE . m AU POR S AACE A A RN 8 57 BT
K i L(2020-11-11) [ 2022-03-30 ] https : //kns.cnki.net/ KCMS/
detail/detail.aspx?dbname=SNAD&filename=SNAD000001848866
Wang F B. Breeding and application of a new medlar variety
“Tianjing 8” with high yield, high quality and disease resistance.
(2020-11-11)[ 2022-03-30 ] .https : //kns.cnki.net/KCMS/detail/
detail.aspx?dbname=SNAD&filename=SNAD000001848866
MR, SRR BRI, B, B B R, 4
fd . W FAIARCR AR AT 95 L 2R, 2015, 42(4)
811-812
Nan X X, Wang J X,Liu S Y, Wang Y L, Wang L Y,
Huang Z M, Zhao J, Li J. A new wolfberry cultivar for leaf
utilization ‘Ningqi 9’ . Acta Horticulturae Sinica, 2015, 42
(4):811-812
AEHE T SH, e, SRR JES 7 (B . FET SSR 3 Fhx
LIRS ZREHERITY . EBFMATSY, 2020, 38 (3 ): 95-103
Ren Z, Wang G B, Yang X M, Guo Q R, Fan X J, Ren G.
Genetic diversity of Chinese wolfberry ( Lycium ruthenicum L. )
based on SSR molecular markers. Non-Wood Forest Research,
2020, 38(3): 95-103
ﬁ%?yi TYER, XAl WR A, 22/ INAE VR IROY A D, B
FORAFCHEIN L SSR FRiC Tk M it Z RS . P L
&Mﬁﬂ&ﬁ““?& FISRBLANR, 2021, 49 (1): 126-135
Huang X F,Yin Y, Zhao J H, Yao J Y, Qin X Y, Wang S F,
Cao Y L, Zhan X Q. Development of genomic SSR markers and
genetic diversity analysis of Lycium ruthenicum Murr.. Journal
of Northwest A & F University: Natural Science Edition, 2021,
49(1):126-135



