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Abstract: Due to global climate change ( especially the repeated fluctuation of the Quaternary climate ) and
environmental isolation have a profound impact on the genetic diversity, genetic structure, geographical distribution
pattern and population historical dynamics of modern plants. We used the research method of molecular pedigree
geography to analyze the three non-coding chloroplast fragments psbK-psbl, atpF-atpH and trnL-F of 212 individuals from
19 populations in China of Pinellia ternata, a Araceae Pinellia perennial herb with high value of medicin, to explore the
genetic diversity, genetic structure, geographical distribution pattern and its causes, and also explore the historical
dynamics of its population. The results were as follows: (1) The total haplotype diversity (H,) of P. ternata was 0.882
and the total nucleotide diversity (77) was 1.23 X 10, which means high genetic diversity at the species level. (2) The
results of molecular analysis of variance (AMOVA) showed that genetic variation of P. ternata occurred mainly in
89.27% of populations, with significant genetic differentiation ( Fg, =0.909, P<0.001) and lower within population
genetic diversity ( H; = 0.134). The coefficient of genetic differentiation among populations was 0.855 and 0.913
respectively, Ng> G (0.01<P<0.05) indicated that the chloroplast haplotypes had obvious molecular lineage and
geographical structure. (3) The central test results showed that Tajima’s D value, Fu and Li’s D value and Fu and Li’s
F" value were insignificantly positive value. Fu’s Fs value was insignificantly negative value. And the mismatch analysis
curve showed double peaks, indicating that the P. ternata populations had not experienced expansion events. (4) The
geographical distribution of haplotype showed that the southwest and central eastern regions were characterized by higher
haplotype diversity, and there were unique haplotype. For this reason, it is speculated that there were ice age shelters in
these two regions during the Quaternary ice age. In a word, through the analysis of three chloroplast genes of P. ternata
in different regions, we have clarified its genetic diversity, genetic structure and geographical distribution pattern. In
addition, we have put forward scientific suggestions and protection strategies for molecular screening and protection of
excellent provenances of P. ternata.

Key words:; Pinellia ternata, geographical distribution pattern, genetic diversity, genetic structure, glacial refugia

SRR AR AR, U AR U 42 LR Y A D B
FIRGE AR, B 220 52 w1 BARAR Wy 1) 35t % 22 4
PE 35t 15 45 ¥4 FN M B 53 A A% JR) ( Harrison et al.,
2001; Hewitt, 1996, 2004; Bennett & Provan,
2008) . TERKCHNFNIL S, AF 435 2 b B~ 1) BF 5
BT Z W TIT R da s 1 A6 W) 30 AE Tl 1Y g5t 1%
gE R A AL T SRR (Hickerson et al., 2010; Qiu
et al., 2011; Liu et al., 2012; Ye et al., 2017),
DRI N I, 702 B R Rl kT A5 5 26 2
DX 1Y) i L 0 3R 4 B e 5, T I K S e X
(Hewitt, 2004 ) ;A S , [H] vk 393 sl vk 0 <M 72 102
PRV 3R 3 XE I 09 A8 9 1T #% 1] B 4 R b X
(Hewitt, 1996, 2004 ; Soltis et al., 2006; Shafer et
al., 2010) , SR, 4 ER RS A0 A1 R 55 % 3l %F 3%
[l R 1) 38 4% 22 MR B4 254 1 AR b B O A A
ORI 20 25 Py s B9 52 e 2 S5 DU 1AL 56 b X
(Qiu et al., 2011; Liu et al., 2012; Meng et al.,
2015; Wang et al., 2017) , & IAELL T LA 5 i .
(1) RS BT RS2 R MR ok N B i, ok 210k
I, AR B AR, AE W 7 o0 A XK A= 3 R 1 W 4, A

TEZ A DK e XE T 5 (2) 18] DK Bk s 9, | TS
G AR B8 735 T UK 3k X T 09 A AR AR TR v
5K 5 (3) T e S B 7 RS — R 40 L ok Tl i B
NG TR T 5 58 Y20 vk - 18] vk 4
LRI RIS SR R R R,
X BB ST T A R R T s I PG R R K O
Hi DX, I HL 32D ASAE ) Ay iE 50 G2 i ) H A
X8, DL BEAAE ) T R A B W 5 AR 3

FELH - 2 A& DNA ( chloroplast DNA, cpDNA )
AP FRAUEE DNA, 5 1% JE K 20 DNA A 1L, M4t {k
DNA B A 31 H/IN | 2 95 DU 4548 fif B8 00 R i HL
ANIF Y cpDNA R Be AR ME & A= 204728, SC7e AR
Yy FE FEAIT 5T o 38 4% 2 A AT Ay, i DR AT
RE A% T B 2 ) 3 00 e ) 354 728 S R % o A
Jal (Avise et al., 1987 ; Avise, 1998, 2000 ; Sudhir et
al., 2016) . AL, B8ORS Z BB 5T 3 T 24
- (A DR T R AL ) 1) 3t A 22 A P D 33 A% 45 4
Tk 28 b B 53 A A% Ry IR D S S A WESE (B KSR,
2022) .

5 ( Pinellia ternata) -5 K7 2 Fl ( Araceae)
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& (Pinellia) Z4FHEFAAEY) , 5l 4557 B HSC
SN S DYV & SO S -3 WIRE- o Y )7 N
A2y A K AEHER 2 500 m DLF I 6 e L 1
W BN D T R SRR R, AR TR R
IS T I B8 AP A A1 45 48 X 3 A B ARk '
43 A (25 E 45 45, 2004 KL BY, 20065 7K H %,
2007 ; BREZHISE,2020)  FR bR B A R AL b
BRI 1 o b Bl 25 B JE) A 4 A 1T & R, S B0
L SRR L 5 Z B, [ d Tz
MRV & LA R i it i Bk =, 80k B R
PEUR AR SR R R DRI o e HL A Uk
W RS AL T S o W A5 R AR Rt E A
REEAKTY R, A XM AW £ 5, R,
WY B A P AE b 2% By BRI DA S 2 PR AE A
DY AE,2021) , DEEFELERENRE L
B RGHEAAKLR G m AT TR, B, A
MEFNZEAGFS (2016) FFH matK+rbel B-A 7 5143
P HIBHYN R R E LG KR, R matK+rbel.
BA P50 0] LIVE B DNA S5 T8 1t 5 1) 2 5 & W
SRR (2007) I ITS J7 51 53 B1 3 AN [] b X ) 2
91 22 53 T He 5 H R0 A A0 AR R I 25 1 A
et R E (DNA AR 5 5 H B4 A A G,
IR 3 KA (2021) I ITS 751 45 7 2 B 10 1 14 it
TR L5 S AL 22 1 1 5 K 5 55 (2021) I i %
() SSR 514 3 T AS [6] Ja B ) 2 52 1) 3ok 1 22 R4
HFEA5 % (2013 ) FH iR AR R 2 A5 X ( psbK-psbl
N atpF-atpH) b2 5 K G Rt T R 9 43, 45 3
BEENA A AR F 2 A g iR 3
ST R 2 B it A% 22 B 1 R A5 45 40 3 AR M P
Gy AR S SRR AR DD s h ST, P EAE R —
ANFEAR T A Bh, A2 S IE N5 B AT [R]S A
T2 W) 22 A P 0F 58 A0 DXk, 2 8 9 R AR A
IR A T st A 5 4 135 2R b L 43 A A R RE
I3 52 s A5 i BRAE A B, AR R AR5 R
HBE A A B 55 07 4k, 2T 3 SR AR 3 R psbK-
psbl atpF-atpH F trnL-F X475 A POt ViR
LX) 15 8,19 A HARJEREL 212 AN EFA b
BHIEAT oM, TR 58 25 FH A W 2K B0 8t 14 22 R 1 A
WL LM, T R Moy A A SRR R D s B B
e 7 2 B [6) s B [R) 0 8 30 PN 1 38 £ A8 S

35 70 b B4 A % Sy A T G 57 D 20 vk Y obE g
I, 91 R 2 A B D IR A 43 O 328 AR B AR R )
SR A UORAR 3 SR W ARHIE ST R 2 R IR AR B

AR 73 5% B & 4 (1 T 22 2 2% 0 dls . [
I, o o 2k — A0 3R b A IR e S ) il 2
FEVEIE R I — 5 i BIE JE A,

1 MEE T &®

1.1 LB #tH)

L BRT 2015 4F 2 2020 4E R MRS
6T SO W CHOR AT A 15 A A X, B R
ey JF R AR b PEdL VIR Ay
PLFNIX I SR o M B AR X, MR AEF] 19 4~ H AR TR
FEIL 212 AR A7 B AR ECR FH 2 3Kk A & 42
(R 1), BPANRAEE BBt 75 7 B RE
JE T RARAE 0T 6 DNA $2H0, Fr R4 B9 R IE bR
ARAERLT BN R4 AR B2 2 B AR AR %

1.2 DNA REUE 3 18 7

K FH T LR ) 5L I 4 DNA 42 BGR ) & (350
FER ) R ST i i B R B BB DNAL, 5
WS %0 & kR L E T 5 KM KR E RS
%5,2013) ikt 3 Xk I BE psbK-psbl
atpF-atpH 1 rnL-F, F- A T AW TR ( L) Ik
WHRAR GG, 51975 &% PCR & ¥
W32, PCR Y 3 N A R K 25 pl,2 x Taq
PCR MasterMix 12.5 pL, {24 ddH,0 8.5 pL, IE[1]
5181 wL, 5149 1 WL, DNA il 2 pL, R
1% 3 JE W E 8 HL Pk % A 0 5L DNA T PCR 724,
P, YK 445 TR 50 M T+ G R I AR AN P i AT
WMELEER AT B AR UER P Wik A AR T A W) TR
(L) ey A BR S w7 2l Ak S )

1.3 #IBEDH

FIF MEGA 7.0 %1 ( Sudhir et al., 2016) %}
JPHHEAT 22 15 50 1 LR 43 BT, A 1 45 B 35 9 X
FE A HEA T X HE R, O 384T N AR TF HLBR 25 7
P50 51 4 X 38k, F] F PhyloSuite 3% {4 ( Zhang et
al., 2020) %P7 5 #47HF4% . iz 1] DnaSP 6.0
G 2% BB (Librado & Rozas, 2009) |3
B TEREAE R ZREVE (H,) B REEEE () |
Tajima’s D {H .Fu and Li’s F*{H .Fu and Li’s D {ELA
K Fu's Fs AH, I HE A7 S e 43 A7 ARSI 2 5 22 7 3
ik fF ( Tajima, 1989; Fu, 1997 ). #| H]
PERMUTCpSSR 2.0 155 St & Z A0 (H, ) & #F
W28 L 21 (Hg) Mo ist AL 53 AL R B (G AN
Ng), FEHIH Network #4 # HLA% X 45 [&] ( Bandelt
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Table 1  Geographical distribution information of populations of Pinellia ternata

Polaton Nomtror A i iz SEIEHA
code individuals ocation Longitude Latitude Voucher specimen No.
Cl 14 iL TS} Dandong, Liaoning 124°21'15" E 40°00'47" N Wubx1
c2 15 WIL'E B Yichang, Hubei 111°56'29" £ 30°55'14" N Wubx2
c3 16 FM A Qiandongnan, Guizhou 108°44'51" E 26°23'50" N Wubx3
C4 11 H i FIK Tianshui, Gansu 103°52'15" £ 36°04'40" N Wubx4
c5 6 Z WA Zhaotong, Yunnan 104°19'12" £ 27°49'56" N Wubx5
C6 15 ZHIFIE Zhaotong, Yunnan 103°22'28" £ 26°34'25" N Wubx6
c7 15 A Chizhou, Anhui 116°49'45" £ 29°41'22" N Wubx7
C8 15 VL7 R538 Nantong, Jiangsu 120°36'20" £ 32°10"24" N Wubx8
C9 4 FMIFFH Kaiyang, Guizhou 107°25'32" E 27°17'58" N Wubx9
C10 15 INZ 7 & Qingdao, Shandong 119°58'57" E 36°05'12" N Wubx10
Cl11 14 WIF AR FH Shaoyang, Hunan 110°56'46" E 27°21'58" N Wubx11
C12 7 WIRE H % Changde, Hunan 111°26'09" E 29°19'22" N Wubx12
C13 15 Wi X Yiwu, Zhejiang 120°07'24" £ 29°13'18" N Wubx13
Cl4 4 StM 5P Guiyang, Guizhou 106°25'04" E 26°22'57" N Wubx14
C15 4 B2 P4 9% Shangluo, Shaanxi 109°54'36" E 33°53'59" N Wubx15
Cl16 3 VA ZK I Shijiazhuang, Hebei 114°34'19" E 38°00'44" N Wubx16
c17 15 PUJI 48 BH Mianyang, Sichuan 104°51'13" E 31°22'53" N Wubx17
C18 13 TEE R Guyuan, Ningxia 111°47'11" E 32°55'48" N Wubx18
C19 11 7LV4 | /5¢ Shangrao, Jiangxi 119°58'57" E 36°05'12" N Wubx19
*x2 PCRIIMEERRNERF
Table 2 Primer and protocols of PCR
ElL/E4 IR (5'-3") PCR SR P27
Sequence name Primer sequence (5'-3") PCR protocol
psbKF; TTAGCCTTTGTTTGGCAAG 94 °C, 5 min; 40x (94 °C, 30's; 57.2°C, 30 s; 72°C, 40 s) ;
psbK-psbl psbIR: AGAGTTTGAGAGTAAGCAT 72 °C, 5 min
atpFF ; ACTCGCACACACTCCCTTTCC 94 °C, 5 min; 35% (94 °C, 30 s; 50 C,30 s; 72°C, 40 s) ;
aip¥-aipH atpHR: GCTTTTATGGAAGCTTTAACAAT 72C, 5 min
I trnL; CGAAATCGGTAGACGCTACG 94 C, 5 min 35x (94 °C, 30 53 54 C, 3053 72C, 1 min);
¥ ; ATTTGAACTGGTGACACGAG 72 °C, 10 min

etal., 1999) . FlH Arlequin ¥ 4 13 ( Exoffier &

Lischer,2010; 55 46, 2018) sh 9 4 F o7 2 047 2 & R 5 947

(AMOVA) 73 Hr FE AR 388 £ 45 48 LA e A6 I J B 19 R0

JERER AL AR S IR R B (Fo) AL 2.1 FAIERARER SN

B (N, , it — 2R miE B, i psbK-psbl+atpF-atpH +trnL-F B A ¢ 51 1 2
ArcGIS 10.2 Bk 4 A5 B B o)A [ ¥ 212 DA, WX IE R B9 S A 1 947
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Table 3 Haplotype distribution and polymorphism of

haplotypes in population of Pinellia ternata

cpDNA
JE RS AR
Population (CREARED
code n y 177(-)4 H, H Haplotypes
( ) ( number of
samples )
1 14 0 0 1 H7 (14)
c2 15 0 0 1 H10 (15)
C3 16 0 0 1 H10 (16)
c4 1 0 0 1 HI10(11)
G5 6 0 0 1 H11 (6)
Co6 15 0.55 0.533 3 2 H10 (7),
HI1 (8)
c7 15 0.38 0.514 0 3 H10 (4),
HIT (1),
HI2 (10)
C8 15 0 0 1 HI13 (15)
Cc9 4 0 0 1 H14 (4)
C10 15 0 0 1 H8 (15)
ci1 14 0 0 1 H1 (14)
C12 7 0 0 1 H1 (7)
C13 15 0.49 0.476 0 2 H2 (5),
H3 (10)
Cl4 4 0.51  0.5000 2 H4 (3),
H5 (1)
C15 4 0 0 1 H2 (4)
C16 3 0 0 1 H2 (3)
C17 15 0.27 0.5333 2 H2 (7),
H6 (8)
18 13 0 0 1 HO(13)
C19 1 0 0 | H2 (11)

e on WFNMEEG 7 SHRZHENE; H,. PREBIZRRIER
B, H PAETIRAREA

Note; m. Number of sequence individuals; 7. Nucleotide
diversity; H,. Diversity of haplotypes; H. Number of haplotype

species.

bp, 5 11 MAEREALH, G+C N 31.80%, K
% 3 AP A BLREAE & GeneBank, J7 515 43 5 4
01310546 - 0OL310559 . OL310532 — OL310545 Fl
0L310560-0L310573, W% 3 i, HA PH R
XH = rE M (C6) St M BtBH (C14) P 4 BH
(C17) FAE AR ) 2 B0 M (C7) DL ST X 5
(C13) HAZA AR AR R A 1| A

A, iz DnaSP #4452 2 DA B Z M 1,
H0.882 0, B FIR L HEVE « R 1.23 x 107 H:
W, = A (Co) RN DU I ZR FH (C17) iy o ff Al 2
FEME R (0.533 3) , HROR oM (C7) DL S
LY B (C13), EARF, V4 Rg b DRI 2R |l X Y
JE R AL ZREVE KRB R
2.2 BERISTR

H DnaSP 34X} psbK-psbl+atpF-atpH +1rnl.-F
A P 8 kA7 1 B A RLAG I (R % R A AR B
&), A 14 ARG (HI-HI14) (B 1), Hof,
B H10 B NMAREC R 53 A4S, B A0 R B
H2 Fl H10 3 A Bl &), JA% 4 H10 #E LB &
(C2) StMNBARBE(C3) HRAK(C4) . =MW
i (C6) S ZBUM (CT) B4 434 ; B H2 43
AMTEHVL XL (C13) BEPURI% (C15) Wb Aax
FE(C16) PUJIZEBH (C17) BVLVE Fi4(C19) .
AR HT H2 H10 F1 H11 fEAE 24 TR e LI,
HA PRI R A s AL, P AL H3 H 40
FEWIVT X (C13) 5 A5 5 He F1 HS R4 AR 7E 5=
M5B (C14) 5 B A % H6 H 43 A5 76 1 )1l 45 B
(C17) ;1L THHR (CU) AUAFTE R A BA5 AL 17510
RS (C10) AU AT Fo A B A%/ HY ; B A% A HO U
FAAET B (C18) 5 BLAR B H12 X3 A 75 42 B
WIN (C7) 5 V175 B i ( C8) X 77 16 45 A B 45 1Y
HI3; 50 FFBH(C9) KA FeA B fh B H14, 1%
Bt (C7) A 2 1 BAE RIAP2E (H10 \H11 1
H12) , HREE B SRR 3L PR i) S5 780 I 44 o #r 25
FEIR, DL H10 N4 BIAT AR H Al s A 4
W H10 MBI 2)
2.3 KBS E PR

fdi ] DnaSP 3R] L7 51 347 v P A 38 F 2k
BCATAT , PR R 30 A8 T 2, TP R A I A R O AR
SFIY Tajima’s D Giit {5~ 0.678 83 (P>0.10) ;Fu
and Lis D {4 1.380 07 (0.05<P<0.10) ; Fu and
Lis F*fH} 1.344 21 (P>0.10); Fu's Fs {6 K
-1.304, Tajima’s D A 1E A, 3= B> B HF K0T fE &
DIMRSAL I, 2R T 43 A7 P 2 B L0 I R S
NI AR , B0 FpRE D SRR | v P A 50 45 SR
WA R B R REY Sk 55, X U0 B B T S AR
AR LY KR (E 3)
24 B SHEMESHEBEEN

FIAH PERMUT #F 17 35t 1% 22 4 M 43 B, L 8 st
LR 1ol 0.882, BN F- 435t f% ZRE 1 H

=l
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The pie chart shows the frequency of haplotypes in each population.
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Haplotype geographical distribution of haplotypes of 19 populations of Pinellia ternata
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Fig. 2 Haplotype network of Pinellia ternata populations
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Fig. 3 Mismatch analysis of Pinellia ternata populations
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Table 4  Analysis of molecular variance (AMOVA) in Pinellia ternata populations
‘ T BRI W R I
75 S SR A Rr#% o Percentage of Coefficient of genetic
- - Variance . . .o
Source of variation df Sum of squares ) s variation differentiation
components (%) (Fy)
SR IR . 18 226.772 1.122 14 89.27 = 0.909
Among populations
. Eﬁfw . 194 26.167 0.134 88 10.73 =
Within populations
B Total 212 252.939 1.257 02

o= Fm BEMEZE SR (P<0.05)
Note: * indicate significant differences (P<0.05).

W0 ) 515 R Hb B Z5 4

D05 Z 00T (AMOVA) 45 5 g 7R it {4 75 S
TR AR R, 7E 19 A2 B R, TR B
WAL S RS S 89.27% , TANAT 10.73% (175
FRAEN(ERS) . BIE LRI Fy R 0.909
(P<0.001),1 000 W E & 19 b & K%, Fq >
0.25, Ut B AE IR Z o) a8t 4% 0 (L R B L &2 5k
P K A R, A B R
b FEAR - RS VA, MIBET Fo (AR 5 ) Fhok
- b SRR Y B A (N,) S 0.02, BB RE
B R SR RN

3 ik &b

3.1 B SN

JERf B 2N S AR B EME X, &
HES A A AF A BT 1R 22 TR 3R 1 4 ol ) 4 52 i
WAL ZREVE (RIS, 2017 B4 2021) . — i
M, 7 A Bl b A 3 Al 5 A7 8 & 9 a5t 1% 2 0 1
(Hamrick,1992) . 5 70 J [l ), AS 6] o # 30
BN AAEARF R R ML SA 5 IRAT7E AR
FERT, 0058 B AS [] A 25 80 9 2 3, 7 A AR KN |
IR R A 0 A N TR) 26 3, 3 5 R AT 1% 52 38 4K
s B4 1y 25 SR W) A 19 S R AR
7 212 AR 3 4~ cpDNA 7 Beifb 47 43 7, 45
s B SRR Z M H, = 0.882 0, X 1 R
LR m=1.23 x 107, & T Petit 5F (2005) $i
TE 1) 170 A9 Fh i 40388 1% 742 S5 0 F- 24{8H0.67
KR4 (2021) R A SSR 43 FAnicF o 17 A2k R
JERERINIL Nei LR ZHEMEFE S (h) P30 1.03,
XA (2021) SR A ITS 781 40 0 20 42 5 B

RN g ZREYE H N 0.859 6, AW 45 RS
FaRBRIE A R — 2, BRI B AR A OK - A
Wt Z R0k, AR 458, — e A
SRIAEE ) PEAE T, W9 & A i 1) 4 A Y L
WAL Z A BB AH DG, AN R 43 A1 IX B A= 5 b b
W SRR RS 20 B —
() b B B B, (R BEAE R AR AR B sl ARSI
A7 AR R Ak (£ B AR AT 2011 5% AR,
2021) . 93— J7Ifi o] RB & BE P 284 98 R I B
HEATER TR ST RS, oA L
Ho g R e 3 AN E (FALF5 % ,2000) .
T E A A B 558 Ay TR X 1) o i PR 2 72 R 5 3
Yidhis AL 28 e i) FEH R (F 245 ,2011) X —
R R e B 1A B A e ny st A Z AR, TR
BF o 2 HA 5 R i 5 N 7R 18K g s ik Ak
FEFHA SR Rl BB AR B T =5 19 i R Ak 3ot % AR
S, 3K Ry TR S AR SR T o A W o A
3.2 MBS/ EL R A

L) Tl R 1 e, L 0 A s o A e 33 A% 45 4 =2
) b 5 Iy s S AR AR A B S 1k D R B 2 A
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