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Abstract: Objective To evaluate the genetic diversity of Glycyrrhiza inflata, which is one of the source plants of Glycyrrhizae
Radix et Rhizoma, abundantly distributed in the Xinjiang. Method ISSR molecular marker method was used to analyze 167
individuals from six populations of G. inflata from different geographical locations of southern Xinjiang. Results In the six
populations, 46 primers were used to amplify 193 polymorphic bands, accounting for 69.68% of the percentage of polymorphic
loci (PPL). Moreover, Nei's genetic diversity index (/) was 0.272 2, and Shannon's diversity index (/) was 0.401 0. Nei's genetic
diversity index at the level of total populations (H;) was 0.513 0; The genetic differentiation coefficient (Gst) was 0.530 7,
showing 0.4388 of the gene flow (Nm). In contrast, among these populations, PPLs ranged from 52.11% to 81.87%; the observed
allele numbers (Na) and the effective allele numbers (Ne) varied from 1.521 1 to 1.818 7 and from 1.307 9 to 1.498 9, respectively;
Likewise, the averaged Nei's genetic diversity index (H) was 0.240 8, while the averaged Shannon's diversity index (/) was
0.3571. Finally, Mantel test showed that there was no correlation among genetic differentiations and geographical distances.
Besides, the level of genetic diversity among populations showed a decreasing tendency of BC> KEL> PS> QM> AQS> KC. In
cluster calculation, the six populations were gathered into three groups (clades) at the genetic correlation coefficient of 0.69. The
PPL range of six populations was 52.11%—=81.87%; The range of N. and Ne was 1.521 1—1.818 7 and 1.307 9—1.498 9, the

average H value was 0.240 8, the average [/ value was 0.357 1. Conclusion It is well known that G. inflata possesses
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comparatively rich genetic diversity. The genetic diversity of inter-populations was higher than that of intra-populations in this

species. Habitat fragmentation was considered as the principle factor giving rise to the spatial distribution pattern of the genetic

diversity, and the water content of habitat soils might be the crucial factor impacting the differentiation of the genetic diversity of

the species G. inflata. In sum, this study would provide a serviceable reference for a comprehensive and better understanding of

the natural resource and their evolutionary potential, contributing to the conservation and sustainable utilization of such

unadequately-studied medicinal plants.
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Table 1 Sampling information of G. inflata

LR KAEHN HiEE/IN) ZJ%/(E) ki /m A5E KFE /A
PS SHTEEFN b X R L B 37°28'5" 78°29'8" 1381 5% 30
BC SHTHRLISHT o I X A B 41°48725" 81°4026" 1400 AT 31
AQS SHTEER T 75 M X B 5 95 T 40°44'57" 80°31'38" 1059 W 5% 30
KC BT ER AT o 5 H X R T 41°29'59" 82°55'40" 997 W 5% 24
KEL B EL A SR 5t M R T 41°45723" 86°5'13" 920 5% 22
QM B L S 5 M BoR B 38°7'54" 86°3028" 1524 5% 30
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Fig. 1 Comparison of amplification profiles of various

primers at different annealing temperatures
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Table 2 Annealing temperatures of various primers

519 S5 1B KGR/ C T/ C
UBC807  (AG)T 46.1 48.0
UBC808  (AG)C 52.0 50.0
UBC809  (GA)T 52.0 49.0
UBC810  (GA)T 49.0 47.0.
UBC811  (GA)C 46.0 49.1
UBC812  (GABA 50.0 49.8
UBC823  (TC)sC 50.0 48.0
UBC825  (AC)sT 52.0 48.0
UBC826  (AC)C 52.0 53.6
UBC827  (AC)G 54.0 52.9
UBC842  (GAxYG 52.0 48.8
UBC847  (CA)RC 52.0 54.1
UBC848  (CA):RG 50.0 527
UBC855  (AC)YT 51.0 53.0
UBC856  (AC)sYA 54.0 523
UBC862  (AGQ)s 61.0 632
UBC890  VHV(GT)s 53.0 51.0
UBC816  (CT)sT 55.8 54.0
UBC844  (CT)sRC 47.1 49.0
UBC846  (CA)sRC 542 52.1
UBC859  (TG):RC 50.4 524
UBC866  (CTC)s 536 55.6
UBC879  (CTTCA)s 46.6 44.0
UBC885  BHB(GA), 54.0 52.0
UBC876  (GATA):(GACA): 449 46.0
UBC888  BDB(CA)s 54.0 52.0
UBC891  HVH(TG) 57.8 552
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Fig. 2 Comparison of ISSR-PCR products, amplified with
primer UBC811
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Fig. 3 ISSR patterns in KC population generated by primer UBC844
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Table 3 Analysis of genetic diversity among individuals in different populations

Tl SIEE % & fLx/op PPL/% Na Ne H I

PS 12 56 76.71 1.767 1 1.4272 0.254 4 0.3839
BC 30 87 81.87 1.8187 1.498 9 0.288 6 0.429 1
AQS 30 99 52.73 1.5273 1.3382 0.196 3 0.290 4
KC 30 149 52.11 1.5211 1.3079 0.183 1 0.274 1
KEL 30 102 75.19 1.7519 1.498 3 0.283 4 04168
QM 21 97 60.36 1.603 6 1.424 4 0.2387 0.348 2
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Foft 5 1) 1) 308 A% AR S K o AL TR AR R SR OKCE )
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WAE—SE (R 4) FIH NTSYSpe 2.10e #fF
UPGMA 75t KSR H B 6 MFEERIRE 4 (K
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Table 4 Genetic distance and genetic consistency of Glycyrrhiza inflata from different geographical locations

4) R, 6 MREEB L AAUERECH 0.69 4k A%
3K, B, P IX AR (BC) #
MECA—2, RISk A HARL 5 A B 510 X 1)
I SR BB 2 R/ ) s AR AR, U B iR
5 AR 2 I REAL AR R R HR, Bl o
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TONEE 2 25 58 3, B ERAR S 0 PR R T A
 (KEL) 5HAKRBMEE (QM) HIst & I 55 5l
P S RAE—#E, SN FE— D 5 AH X &
FhEE (PS) A NS 3 2. Mantel 65645 B 5o~
A Ta) A 1A R B S PR R B 2 (RIS R (r=
0.158 7, P=02547).

s PS BC AQS KC KEL QM
PS * 0.606 5 0.642 6 0.6859 0.689 5 0.718 4
BC 0.500 1 * 0.624 5 0.6318 0.707 6 0.657 0
AQS 0.4422 0.470 7 * 0.718 4 0.6715 0.642 6
KC 0.3770 0.459 2 0.330 7 * 0.678 7 0.685 9
KEL 0.3717 0.3459 0.398 3 0.387 6 * 0.740 1
QM 0.3307 0.420 0 0.4422 0.3770 0.3010 *

R AR Nei's LR, A B fdoRiifl 5%

Figures in the lower left half part of the table indicates Nei ’s genetic distance, whereas those in the upper right half part indicates genetic consistency
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Fig. 4 UPGMA dendrogram of the six populations based

on Nei’s genetic distance

4 g
4.1 HHEEERBRENFERE LT EERIER

MREEEEZSHFEEZESHIPRNEZRE

AL SRR SR T R A R PRI AL A B
ERPRAEN2, A SR E A R E 2
SENTIEDAL, PR AR A EAT S L (R 3 AT B 5K
IR RE /71221 SEMAPD bR AL 22 R VR AR R I A% 73
WACH R A T RS L A BUE AR SN EETA
., SEBARG. BEEAR. BN RAREE R
SESE

R SR A A B3 A T TR R R A



* 6980 »

FES 2021FE11 8 B52% B 228 Chinese Traditional and Herbal Drugs 2021 November Vol. 52 No. 22

I IR B — A AR R AE B i 5 X I 2R D B U
e PR e VSR T, 1 LR b HL 32 00 A1 X 3
RIS, B aE e SR IX 0 T 2 IR
HRIFR R, RARKNM T =284 8%kP 4
WA, DR, A B S A0 IR B A
A S YA P R (SRR I L STNER K i
KE 220, I T UaRE T, B EOR
AHBETTE S, A S e AN LB ORI
FMEAEA KR, SEEHRERT58, LED
TEAGTR RIS B AN WISk, 1] AR ik 3]
5 1R] UK T AH TLAZ B AE ARV B SR VG T R A e
Yi» ARSI FATI IR VDAL AN W R 27281, H AT,
T B SR YA 0 ) 5 1 B R W oA, B X
SR IR ZRIN AT VR TATIAUAH FLIDR &5 52 8 BROIR ), it %2
FEPE BT G R R W B R e B R T S BB = 1
WL AN, Bt 2 A B 2 AR ILAE A 2 [A],
[FIES, AR )8 AL 2 A0 M PR S TOAH ORI . 45
G . SRR ARE AR FU TR, HE
DNAE B8 v B VD BT AN AN W R R e, AR
155 v BT SR R0 A o 2 P K SR R A ) it
& 73 AR IE AL 22 REVE B AVRHAE T B T2 2R A

YRR R B Y K ) Nitraria roborowskii
Kom fEHIFR /3 A A AR BE B SR H & 2r el %t
K BT 22 R (A 70 285 AR GF SRR 13X — 4
W KA EZ A0 T30 BRG] a2 AT A
SmblhiE . Pl AECOR SR FE R 4] DNA fr
B R AR 5 0 B 1 K 3 PR AR 8 A 5 R R 2R
PR, Frfgt s R EoR, HEPEILTRXE
i DUORFFEE VDB 5K T BOK RIS A S
WAk, AREAR R, AR ) 5 R O 52 3 PR A, 3
AR (R SR B AR AR . TEXS ) —
HOR 5t 1 v A Y A B Tamarix
taklamakanensis M. T. Liu BTt 47 ) 84% 2 #6405 7
BB, SERWRE, AT T I S — L AR
BRPRE AL T IR RS A, HOBRRR AT R R i
LRI E 2R & .

TAEFPAE A, EH T R O 5 Sk PR P ) i A
ACWSE R, I AR AT R g 2 AR B RN AR ),
TAE S — 771, IR BB s B A R B34 15
IR R AN ] 5 PRI A R A 2 35 PRI — 28
TS BAL S BRI AR N R R IE 2 B35
i 25 I TR A RSP HIR S, BE— 2 I s AL AR 5
AECTRRE I A% 22 FE I PR A RN BS3¢), FEHE Z R

GEIERT, BARHEMEBENE L 2T R
ML ZA, fEAIK SR R AL 28 e B 2 A e T
izl F18

42 TEKDEEVHREF KR EHTHIE
IFFEHEE S RHIAE R

TERTRC I AR SR H 5 6 ANEF AR e, [l o
TR FEI B A (BO) 8% 2 FEVE K B =
FHEHE 5 MFER S LR IR, ERE
Iy M BRSO — 2, T ) DA AT e 7 X )
WA (KC) IR AR 8L 2 FE PR
B 3 B AR R B iR X — &5 5, I £y
i — B T .

K BRI AN S A R
TR MY A KLU ) I AR SR, LK
B s T 2T R HL X DB AR S R A A
K&, SAESKRGENVEER . feEiRs). &84
T I PR AT B R ) G R, WD R 3 A R A
AR AR = e e VERIPE R, AR bR
WX BAE AR ES RGiTE . ERREAS RS
SERIATIRE M OSBRI AFAE, XA R RGN
IKBPEPIRAS I 4E i e YEAE BT SR AEBSIEH
BB I R AU A R R LI R e 2
FEEEAAEAE — B, KRR H B0 AT X 58 5 K
BHC, BE 2RI, T REMEERE R I
I SR R S e X AT R R AR s A SR T G, R
ok, LIEEKEE, AR I T RE R
BERAFNEE MR A, FEUEME Z NI . R
Mg BV I B SR A 5 S IR ALY Reaumuria
soongorica (Pall.) Maxim. P [B] 153 1£ 45 S5 1) T2 Al A2
A BT H G ILRIE IS R, ZORbFh a5t 4%
ZE SRR KRR B B AR KIS h ) L P 3 &
TKEHRE I 9K T RO 3 b TR XORSA
LM )RR SR FUR I, R 2 RE R R
FEbEE I AR E RGN, 35K 72 R
] 2 5l DX V& A 0 R 22 R ) B LA
T MEARAFVIERHWE a7~ aT DL ik 338 1)
IKIFARIL, EoKEBE, AR 2. BRI,
EEERAESER, KRR EREAR TEY
IR, G IR R KA, FhEE N gL 24
PR 2o AH R R e FREIREL B SR B R AR KA
MY, AN 5 M A KRR S, fEL
oKy &8 mAENEAR . HEKSSERE
R FEM K R AL AR DR &R .



FES 2021FE11 8 B52% B 228 Chinese Traditional and Herbal Drugs 2021 November Vol. 52 No. 22

* 6981 »

RBAR PR FERARELEAZFR

SE

(1]
(2]

(3]

(4]

(5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

HEZG 8 [S]. —#F. 2020: 86.

i, TR, TR, % BREARSCHESMSE W F
BB AESA SRR AN I EYFEE R,
2016, 34(3): 352-360.

ZRE, TR, RETC, 2. HiEHh X 25 A Y b o A
B A MRAFAERE 7T [J]. TS XHEE, 2015, 38(1):
36-42.

TRARER, TRUIEE, 2= AME. S SR R R
B [1]. HEZIN, 2013, 16(1): 49-51.

A, KRBT, VKR, & SAAE SR HEZ RN
TENE [J]. REFEZ, 2013, 30(1): 47-49.

Fifi 5 2. =R 24 R Sh M 2 i R LS AT (D).
BT ARF R, 2014

Ellegren H, Galtier N. Determinants of genetic diversity
[J]. Nat Rev Genet, 2016, 17(7): 422-433.

2B, WRE, KYL, & ML EEEARRE RRE
PR EIRE KA [7]. EEEW, 2015, 35Q):
577-583.

RE 8. UL OB E 2 RE M B3 T AR 2R B 4 AT
[D]. M WL K, 2016.

Ge X J, Liu M H, Wang W K, et al. Population structure
of wild bananas, Musa balbisiana, in China determined
by SSR fingerprinting and cpDNA PCR-RFLP [J]. Mol
Ecol, 2005, 14(4): 933-944.

TR, EIR, FHEE, % 5 TR0 BREZ HEY R
BEHEB RN A (1] S EERHZ, 2019, 21(11):
1435-1444.

HH— M, IKEW, AR, % BRI DNA
SIS 38 (7], 52, 2019, 50(24): 6091-6097.
IO, DHE, B, &3 MEAHERRE 2
WAL [1]. HE5HE, 2019, 42(2): 463-469.

FH, AR, B CTAB 4R EX 32 Frrh 24 pi BRIk
F DNA Eyifiwe 7. TEPEZAIRTELE,
2018, 16(22): 89-91,130.

PRIEVE. 2T ISSR AR H AR H R b ™ 2544 41 B st
FEZ VST [D]. =M HIRHREEZ KA, 2016.
RS, 2RI, SRR, 5. AR S 8% 2
PR ISSR 28 [J]. A B SREe T 5 4% 3K, 2015, 21(6):
86-90.

R, B, ZEER. AR b X B B S JE VY A FiE
WK RM ISSR 4041 [J]. fEWZ4c &, 2011(3):
93-96.

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

Shah A, Li D Z, Gao L M, et al. Genetic diversity within
and among populations of the endangered species Taxus
fuana (Taxaceae) from Pakistan and implications for its
conservation [J]. Biochem Syst Ecol, 2008, 36(3):
183-193.

I, PE AR 2R LTS [D].
VERR: YRR K2, 2014,

Szczecinska M, Sramko G, Wotosz K, et al. Genetic
diversity and population structure of the rare and
endangered plant species Pulsatilla patens (L.) mill in
cast central Europe [J]. PLoS One, 2016, 11(3):
e0151730.

LiEX, YiS, QiuY X, et al. Phylogeography of two East
Asian species in Croomia (Stemonaceae) inferred from
chloroplast DNA and ISSR fingerprinting variation [J].
Mol Phylogenet Evol, 2008, 49(3): 702-714.

Li B J, Wang J Y, Liu Z J, et al. Genetic diversity and ex
situ conservation of Loropetalum subcordatum, an
endangered species endemic to China [J]. BMC Genet,
2018, 19(1): 12.

A&, FIH ISSR 43 A vb [ R A SRR A AL 22 R
[D]. JEIT: TR, 2009.

Rk, Brbmm, TG, & RILMNIRGUZ MR BER
SSR L ZREPESM T [J]. AR KT BARR
28R, 2019, 48(2): 252-258.

WA, T7 R o [ T e SRR SR A R S T AL
[J]. HUFE Rl 2010, 45(1): 92-101.

WS, Wil sE, XI5 Z, % BEARELARER
Hb I T b B AN O B RS R S M 2 B A R B A A
[J]. At 5 RARSHT, 2008, 29(2): 189-197.
BEUL, xRk, M, & B REE T E
- HSE R AR AT 0k NSRS [T].
rhE LR, 2014, 41(3): 698-714.

B, VR, Z6T, & MR R B
DT S AR R R IE 3 (0], 2R B
SRBMERR, 2017, 53(2): 152-162.

AR B SR 2R R o AR AN o AR AR G AR R K
HyEAs [J]. HUFRTE, 2004, 50(3): 304-322.

. 2T cpDNA XJ K #ill(Nitraria roborowskii) i
FRIFHFT [D). A1 AR, 2015.

TGS, KL, FIE, OB EARF LR
(Tamarix taklamakanensis)i8 1% 2 FE4E 1], o EVDIHE,
2018, 38(5): 1041-1048.

GG, TRERUE, B0, % AREEHEEX T HHZH
B & R REEZ T (1] SEYE iR,



* 6982 «

FES 2021FE11 8 B52% B 228 Chinese Traditional and Herbal Drugs 2021 November Vol. 52 No. 22

(33]

[34]

(35]

(36]

2015, 15(10): 1816-1819.
WRHE, MEH, SR, %
FAT RN R M TIET (0]
%, 2014, 36(3): 342-348.
HE, Mg, WRE, % R HRESSh /R
FEAE S50 77 O AR JE K Pl a) ¢ R s [J]. PhdbiE
YIEER, 2012, 32(10): 2004-2008.

ks, DY )RR BE A4 38 4% 2 FE 18 20 7 S8 P
kg [D]. dbnt: deathRol K2, 2019.

BISCH, SRR, XIEW. AR LT SR 2
FEMERI S St e (1], A SIS AEY SR, 2019,

=R H R A ) ]
RS BIRE

[37]

(38]

[39]

[40]

25(3): 743-749.

055, BRI E RS 2 R S IR SR Sk
5T [D]. MRAERE: PERE KA, 2015.

A, T HSEYL SSR 7 TARC I H @M 4222 X

MRS ZEHF BB A D] AT AT R,
2019.

REME. PSS B M 3 A SR R BB AL 22 R 1
WEFE [D]. MEATEER: P5ET K, 2012,

ki, ek, £4, % BEtaEr TREXRARE
MR S K R R [0]. Fk AR, 2014,
23(6): 313-319.

[Fitsmid 9]





