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Abstract: Objective The genetic diversity of 52 Lycium chinense samples from six cultivation areas in China was analyzed at the genomic
DNA level by using the fluorescence assisted amplified fragment length polymorphism (AFLP) technique. Methods After the successive
steps of enzyme digestion, ligation, pre-amplification and selective amplification of the extracted DNA samples, the PCR products were
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separated by capillary electrophoresis system. The collected data were then analyzed by Popgene software to calculate the genetic diversity
parameters, GenAlex software was used to calculate genetic distances and perform principal coordinate analysis, cluster analysis based on
genetic distance was performed using MEGA-X software and population genetic structure analysis was performed using Structure software.
Results A total of ten pairs of selective amplification primers were screened, and 328 amplified fragments were amplified, including 121
polymorphic fragments, which were unevenly distributed among Lycium populations from different habitats. The genetic diversity of L.
chinense in different habitats was relatively low. The allele number Na, effective allele number Ne, observed heterozygosity H, and Shannon
information index | were 1.438 0, 1.231 6, 0.140 7 and 0.215 2, respectively. Nei’s genetic consistency ranged from 0.835 4 to 0.890 2. There
were frequent gene exchanges among populations of L. chinense in different cultivation and production areas. Conclusion There were
relatively frequent gene exchanges between Lycium populations in different cultivation and production areas, and the degree of genetic
differentiation was moderate, and the genetic variation within populations was the main source of genetic variation of L. chinense.
Furthermore, no significant correlation between genetic distance and geographical distance was observed. This study will provide scientific
basis for the accumulation of genetic background information, introduction and cultivation, protection of germplasm resources, construction

of core germplasm bank and formulation and management of sustainable development strategy of L. chinense.
Key words: Lycium L.; amplified fragment length polymorphism; germplasm resources; genetic diversity; cultivation areas
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AHELZ) OGN B MR BHEYZIA 80 RF,
WEAH 7 AP 2 ANFR2, B84 TR E AL
T 52 1 X SRS X SR I i X MR R
BINEEERIRE S0, B BRI PR S £h iy
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B B AR R RN 178 MMAREAR S, KILERE O
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1.1 4z

ABI3730xI B4 MUk R4 (E£EH Applied
Biosystems /A& ); PowerPac HC & HEL HEFKAX &
Mini-Sub Cell DT HiJk £4t (3£[E BIO-RAD A #]);
C1000 Touch PCR {¢ ([ BIO-RAD A #]);
ChemiDoc XRS+1b 22 KBt 245 (FEH
BIO-RAD A #)); Nano Drop 2000c 73 &A% B 6
{% (ZEE Thermo Scientific A ), MicroCL 21R 4
& & 0HL (£E Thermo Scientific A ] ).
1.2 #8

BERFEA 52 4 (R 1), HARELT 2019 4E
7 H % 2019 4F 8 H R4 B R E MAC 1) E RS

*1 HiEmER

Table 1 Sample information

75 FEf AR R P Ff b 44 K R

1 TRIL2 5 TEAR) 27 BMHETIELS HRNET

2 TRILIS TERA) 28 EN I HIRE

3 TH25 TERA) 29 TH5 5 HIRE

4 S F A TER 30 TR FF HIRE

5 Al 15 TERA) 31 TH5 5 HIRE

6 B rkMic TEAR) 32 TR 15 Bl £

7 TS5 TEAR) 33 TR 15 Bl £

8 Fi 1 FEAR) 34 Fi1%s Hiliz

9 HrAEHIAT TEAR) 35 TR 7 5 Hluiz

10 TS TERA) 36 TH5 5 Hkrudia

11 HRER LS TEA) 37 Ti1% Hikrugic

12 B ikl TER) 38 TH55 HIGHEA S
13 EHufd TER) 39 T 15 54F HIGHEA S
14 TR1l% TEARN 40 FR7E T A0
15 TR1l% TEARN 41 TH1l% HIHEAS
16 Fie15 R 42 RHc 608 P95 B R
17 THR1S B ERAE I 43 FREE LS P S iR
18 FEm MR 4 5 T ERAE A 44 T E P 5 L IRUR
19 FEm MR 5 5 T ERAE A 45 Fi2 %5 P 5 B IR
20 TRIT4 S R 46 Fi9 5 P95 B R
21 T35 BRI 47 TIL 10 5 W5 B R
22 TR7% TR ] 48 15 W5 B UK
23 TS5 5 By | 49 23 PA 5 B IRUK
24 TARIC 5 T By | 50 Fi 55 P 5 i B IRUR
25 TRIE LS By | 51 Til 45 PA 5 B IRUR
26 TR 1% R ] 52 THR1S P 5 B2 TR
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36°36" N, 104°44" E). HIFAWGIHMEESIETT (4
¥k, ik 2996 m, 37°23'N, 97°22'E). WA A
BIXEER/RT (11 8%, ¥k 1034 m, 40°58'N,
107°00" B o K2 A 3 B AR K FE 5 1) Bl A B i SR 1A
FERE, REMNEETE 5 M@ o di I
. FHZERK P BE R T I F IR AR fa B N 7
AR AEES, TR Frares hr
I HH R 24 K 5 B BB 5 58 Nt R AC e AR A A
o L. chinense Mill.[#jm-.
1.3 Rk

BRI P ) EcoRI #1 Msel 11 1 New England
BioLabs A F]; DNA E#:[#§ DNA Ligation Kit<<
Mighty Mix > fl DNA % & i Taq™Hot Start
Version, DNA Marker DL5 000 F1 DL15 000 ) 5
TaKaRa A #]; #3514 i e 5 & Wi A= Rk A
IRAFI ARG BREROLER (5-FAM) 451 ¥ Hdt
AN BVEMRHE AR AR A HRRAERN
[ 7= 43 M 44
2 FE
2.1 #E&h DNA 2E

B M 0 2 100 mg, K FH 2t R 1) CTAB %3t
TR S DNA IREL, BAR S H A58 AH
AT ARIERS], HY 1 pL DNA I Nano Drop 2000c fi
B B AR Ok I DNA 5 & AR B,
AzsolAsgo ELAB N AE 1.7~1.9; 53 BUE AEHE FLIK 55 B 5
uL DNA FE G AT 19350 I e B vk, B8 AR AX
TAEL, Kl DNA F 58 8k s
22 AFLP AZREMN S5
221 BEUIAEBARR

(1) BiFY): DNAFE 7 FMse 15EcoR 134T
Yl Mg BAARZR25 uL, FFEDNA 300 ng, EcoRIF
Msel %15 IU, BV CutSmart 2.5 uL, #hddH.O

F25uL, 37 C/KBEEYI10h, 65 “CKi20 min.

(2) B WRIEHEELEIMER (R 2, ¥
EcoRI Fu 1Sk Al Msel FLEE 23k 70 il W B S5 AR 1 5
1B KT RO 23k o S HE R BiAA 2 25 pl, L3S 5 pl
BEVI=9), 7.5 pmol/L XU EHEk, 1U DNA iR,
16 CiEEfd .

(3) Ty G| BL: T 34 R Rk 525 L, fdE
2 LA RR J L4, 1 U Taq HS DNAE &, 1 uL
dNTP (2.5 mmol/L), 5 pmol/L EOOFIMOOTHH 1 5|
Y (£2). PCR M 26 AF: 94 ‘CTIAETES min; 94 C
A1430's, 65 ‘CiB/k30s, 72 ‘CIEMH1 min, 304
PEIR; 72 CIE{H15 min.

(4) EPFEEY R Y 1 & Nk R
25 puL, BIE1.S pLWB S TY =4, 1 U DNA
B4, 2 uL ANTP (2.5 mmol/L), 5 umol/L EcoRl
WY 54, 1.5 umol/L MselikHE kY 14 5]
Y. PCRIZM. 2515 N3NBYEL: B BN 13AS
R, 94 CHiAES min, 94 ‘CAE30s, 65 C
BR CRANMEHIR K EBL C), 72 CHEffl
min; 528 BN 23N EPCRTE I, 94 “CAR P30
s, 53 CiE-k30 s, 72 ‘CiE{h1 min; &H/EME
72 CHEH10 min. JEREMEY W RS, AR B G
R EEL K £ TR0 o R 1 AR T B L R & 5
Yt
222 GAIE RN AREERE Y1 5] ¥
R, 18 PR IC BORTE i % 1) 5] % o
X EcoRIG| W) JF 51 K i i 47 5°-FAMZ b, FF
MRAE SR &8 LPCRY 1Y I Bk & 56
BT B R AR R PEMEY 1, PCR™ 4 H ABI 3730xI
EBMERIKRGHAT AR, KHBOLE SRR
EEEHE . FRLUK S ALAE Gene marker 2.2.08 4 H kAT
AIAALALEE, 15 2 S TEDNA R B ik B K
g
2.3 ERSHEMEBES R
231 HIKGRFEFEAR  {#HGene marker 2.2.0
A r VK AR AT R R A A, RO /NES0~
500 bpf Fr B AT Geih, Fl—iTB A B AR B

F2 BEMSFIUER
Table 2 Sequence information of adaptors and primers

L5519 EcoR | (5°-3%) Mse | (5°-3%)
3k CTCGTAGACTGCGTACC GACGATGAGTCCTGAG
B4 AATTGGTACGCAGTCTAC TACTCAGGACTCAT

WY 519 GACTGCGTACCAATTC (E00)

GATGAGTCCTGAGTAAC (M00)
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frsiidy “17, RAE B siid e “07, T4
A0 A A 2 A YEAL A €017 FHRE.
232 WHEZREIEEGEIHE FIH Popgene 32 it
HHE LM S % (number of polymorphic loic,
Ap). Z AN T H 43 (percentage of polymorphic
loic, P>, MLISEAIEEK %L (observed number of
alleles, Na). %A1 %L (effective number of
alleles, Ne). Nei’s H:[FZFEPE4EE (Nei’s gene
diversity, H). & £ #1E{5 B 8% (Shannon
information index, 1. BIERZ M (HO. BHAN
FEZEME (Ho B e (G FEFIR
(estimate of gene flow from Gsi, Nm), PAA 7% J=#E(H]
ALFEE (genetic distance) FIigtAEAHAME, 047 E
T VAR A 8] 1 2545 AR 57 20 A . A Arlequin
V35.2.2 ¥ #EAT 7> ¥ 77 Z 73 #r Canalysis of
molecular variance, AMOVA) i L8 F A/ %77
i e B IA) A B REA i B A b

2.3.3  FAFR4HT (principal co-ordinates analysis,
PCoA). ftfLFH By S5HbFEE s A et o A
GenAlex 6.502 % {1 v 5 A~ 44 [a] 38t % B0 &9 JF AT
PCoA, R4 B4t b B (1) 45 B VAl a8 4L 22 FE 4 1Y) 40
o RAMEGA-XE A AR 8% PR B AT A ] 1)
e AL AL X% Cunweighted pair group method
analysis, UPGMA) R Hrift i RAEE . Rk
GenAlex 6502 {1 2 5 2% B 1 7 X ) 4 4 FE i 5
FrEX A R S, AT B A A AT R A 3
PR B8 b a8 B B AR O AT

M 123 M 1
a

15000 bp

10 000 bp
7500 bp
5000 bp ~
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500 bp

P
-
- o
-
-
-
L)

250 bp

2.34 REikmAEL > A Structure V2.3.43
ATRT DU S O REA SRR W, DA S B A £
WAL L. BERAE (K) N2~10, HAKEE
10K B IZ 5, MCMCHE iR 910 000, 43-Hr4k
K3 AALEL T HAStructure Harvester  Chttp://taylorO.
biology. ucla.edu/structureHarvester/) 15 AKTHl
RIEREEL SRJEF A Distruct 1IFUEEAE e fc it 4%
GER 2% T HERA
3 FERES
3.1 2 AFLP R REL

FHEcoR +Msel 44 J& 5 Hi At 3 [ 4 DNAHE AT g
U1, El1-afl & 1-bsy )2 B V) 5 Fl Ty 3 5 AR
PERL UK B, AT L2 XD i 5 R 4 DNAE 2%
W, FEJE I N T I S IRECE, AR
HATPY M5, PCR™#I4E500 bp LA X HE i
BRI SR BT A AR 4T E X TG,
K UIDNATHAMIR, P 4 REH, 5 AFLP
P R .

1-c NAERMEEF Y G R, L& T 10
AN EcoRIIEH 51 0F1 9 A~ Msel &4 514, & 515
31| 90 Xy I WA A, WAL EE, ik
10 X&YW iEmT. BEEE . ZREEM AFEE T
10 XHES 51, 10 XMHEY 514 R HF 5 LR 3.
32 EY EZHEMESMSRIRE LSS

2 NARFEME DNA ¥ 3 Fr Bk B e 334
U], RPRFAE P S AT O/ WRAE FF e 40 B4
FERE T 10 4L Z R 2 B

M123456 78 91011121314

M-Marker 1~14-Ff
M-Marker 1—14-samples

El 1 MICEEE DNABEY] (a). T 18 (b) REFEMIIE (o) BEIRBEFERIKENE
Fig. 1 Agarose electrophoresis results of DNA enzyme digestion (a), pre-amplification (b) and selective amplification (c) of

genomic DNA of L. chinense
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Fx3 AFMYIESIYESE
Table 3 Selective amplification primers

i EcoRI (5>-3") Msel (5°-3")

pl GACTGCGTACCAATTCACC GATGAGTCCTGAGTAACAC
p2 GACTGCGTACCAATTCACC GATGAGTCCTGAGTAACAA
p3 GACTGCGTACCAATTCACC GATGAGTCCTGAGTAACTA
p4 GACTGCGTACCAATTCACG GATGAGTCCTGAGTAACCA
p5 GACTGCGTACCAATTCAGG GATGAGTCCTGAGTAACTT
pé GACTGCGTACCAATTCAGG GATGAGTCCTGAGTAACCA
p7 GACTGCGTACCAATTCAGC GATGAGTCCTGAGTAACTT
p8 GACTGCGTACCAATTCAGC GATGAGTCCTGAGTAACCA
p9 GACTGCGTACCAATTCAGA GATGAGTCCTGAGTAACTA
p10 GACTGCGTACCAATTCAAC GATGAGTCCTGAGTAACCA

wn w9 o1 1L 5 10 XTIEY 51 A G 6 NASE X

100 120 140 160 180 200 220 240
° |

| | f
L..,._.JL,_./:L"MM'&A‘-A \ﬂJU\sh._ AN ls\mkJ"im‘rb_n.f\___}wm.ﬂudmv‘w_

|

.,A..,.u‘-\./‘ﬁmhv\n‘\. Ao

NIRRT | VAT

100 C120 140 160 180 200 220 240
Fifir/op
E 2 #31C DNA B AFLP SRR IR R Ik EIE
(a) RiFHlEE (b)
Fig. 2 Representative electrophoretic map (a) and scanning

peaks (b) of L. chinense genome DNA after selective

52 MMifc DNA ZHAFEARATY 1Y, 4R NE 4.
LEHLR, {F 50~500 bp L4 44 H 328 Lk BEMEY
W B, HihdH B 121 4%, ARk
JEREZ LS AT S, S BB 2 S AL
BN 25.30%~71.65%, P14 60.32%, i
RH S TF 90 128 HH e d 5 AN A S 1) AFLP FRic s
FES MR AR B BN EE N2, &
oM HL I AL 2 R R B AL S5 AT

AN FEFEFURC Y Na AR 1.253 0~1.716 5,
SF¥IA 1.438 0, Ne AR{LIEHIA 1.276 2~1.481 8,
¥ 1.231 6. K JEEFNES Na B =T Ne, R
JERE PSR R ) AR B 5], iR RN,
{BAEAEA SO BB AR /NI 8505 6 3 R 25 2R () 1
o [, AN JEBEME] R Na AT Ne HI2S AL TE B #E/N,
Wi B R AN [F) A2 25 72 X R M A B B I AR AR — 8
(L 22 ik, HERBEEMK. H AR N

amplification
F 4 FERFEE - XEMCEFEMIEE SRR
Table 4 Genetic diversity of different populations of L. chinense
FEHb AP P/% Na Ne H I
TEMR) (n=15) 235 71.65 1.7165+04514  1.2488+0.2766 0.1666+0.1508 0.2738+0.2176
BEEREE (n=11) 145 4421 14421404974 12247403170 0.1383+0.1774 0.2131+0.2601
HiE (h=7) 126 3841 1.3841+0.4871 1.2208+0.3300 0.1327+0.1816  0.200 9+0.266 1
Hifviz (n=4) 83 2530 1.2530+0.4354 1.1872+03361 0.1059+0.1848  0.153 9+0.266 6
AT (n=4) 109 3323 1.3323%0.4718 1.2311+0.3425 0.1345+0.1934  0.1972+0.2819
WEHEER/K (n=11) 164 5000 15000+05008 12770403481 0.1661+0.1895  0.2524+0.2743
T A< 8] 121 36.89 1.3689+04832 1.24014+0.3502 0.1401%0.1924  0.2078%0.2795

0.105 9~0.166 6, 154 0.140 7.1 J6[# )y 0.153 9~
0.2738, “F#4 0.215 2, SEILH— & WEE T m ik
HRACPFBAR. BAE R RS w2 R R S,

W3R MRS 5 (R B AL SRR O PR A, 384 2 FEPE
G AT AR R N A 2 R AR e
HEA AL AL TR R, 5T EBIXAR N
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T FZ R A 51 B IR O 1 SE B U — 2
33 EATRA AMOVA 73#h

HE 5 AR fE#E AMOVA g 1Rk
BH, AT JE A A A A () A7 — 8 R B [ I8 A% oy
o FERMIBAEAR S rf, SRS A2 X % 5
HEIE] A2 A 6.09%, J&HE N 172 7 %6 93.91%,
JEE T A0 PR 38 A AR S 23 378 DT A ) 7= i ) Ja 1) 1)
A, U JE R AL S AT SR A e 1
KR, XS HTIRIE AL ZAEVER T 45 R A — 2

* 5 AEHEBEECFREACERNSFAESM
(AMOVA)

Table 5 Molecular variance analysis (AMOVA) among

different populations of L. chinense

BRKE BHHE THA HFESE BRADSRY%
JEHE] 5 47.170 0.294 72 6.09
JEREN 98 445523 4.546 15 93.91

34 EESUSR

FER Z AR T B L AR E R . M
e B KE, 6 AN A = X EF R
Hi 4 0.123 1, JEHEANH Hs 4 0.106 2, 1 86.27%. /&
HEMA] G N 0.137 4, 2P EEREEREE 3. Nm N
3.140 3, VEHAAN[FIHRESE A 457 X 5% A (R 2 (R A A
BIERCNR Y, 1B LR T R AL b
BB IRA: o IBHE Z RS 13.74% K05 T R ]
BEAR R, DI UERE N B E SR M s A 24
PERI R ZER R .

Wik 6 fiow, #Ad 6 AN JEHER Nei's 18 4% AH UL
PELEVEE Y 0.835 4~0.890 2, 4L R VE HE N
0.116 3~0.183 5, & /EFEME L FLIER & . W
T EER )1 5 R SRS T S B BE R RS B, (A RE
2000 £ km, {H P i AC AR R A7) B A v B A0
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36 BHEAEMEEHSH

FRHEAE L 3T Structure Harvester [F1HEL45 5, 24
K=6 I}, AKHIIK (AK=0), ILiERERI45 AT
G AT AAC B BESL B o At L. AK {HIX F i
KIS, Sof R R AR AR K K=7, RIAAHH T h

F 6 MR EREE P XA E A B R AR FIE R R S
Table 6 Pairwise genetic identity values and genetic distance among different populations of L. chinense

P TEAR) B Rk ] Bl £ R HGMAE N HEEER
TEAR sk 0.887 2 0.8323 0.8537 0.850 6 0.8720
HEERE 0.1197 Sk 0.8415 0.8689 0.835 4 0.887 2
HREN 0.1835 0.1726 faiiaded 0.8811 0.8720 0.862 8
Hl T 0.158 2 0.1405 0.126 6 Fokekk 0.868 9 0.890 2
HIGHE A0S 0.1618 0.1799 0.1370 0.1405 Fokkok 0.8445
PN 5 L VRUR 0.1370 0.1197 0.1476 0.116 3 0.169 0 Fedokeke

Nei’s BAEARRME (E=A) FBEREER CR=4D

Nei’s genetic identity(above diagonal) and genetic distance (below diagonal)
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Fig. 3 Score scatter plot of PCoA model (a) and cluster analysis (b) among L. chinense samples from different cultivation and

production areas
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Fig. 4 Genetic structure analysis based on habitats (a) and structure similarity (b) of DNA samples from different populations

of L. chinense samples
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Fig. 5 Correlation between genetic distance and geographic
distance of Lycium populations in different cultivation and
production areas
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