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Abstract: Objective To explore genetic diversity of and genetic relationships among 18 Picria felterrae populations to provide
references for the resource assessment and utilization. Methods The genetic diversity of 18 P. felterrae populations were analyzed
using the EST-SSR primer development technology and SSR molecular markers, and cluster analysis was performed based on genetic
distances to determine the relationships among those populations. Results A total of 48 pairs of polymorphic primers were selected
from 100 pairs of EST-SSR markers, of which 20 pairs were randomly selected and used for amplification of 18 populations. A total of

71 alleles were amplified, 3.55 alleles per primer. Among the primers, the percentage of polymorphic loci (P) varied from 0 to 40.7%,
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with an average of 19.9%; The polymorphism information content (PIC) varied from 0 to 0.794 1, 0.397 7 on average; The Shannon
diversity information index (1) varied from O to 1.814 3, with an average of 0.808 4; Obs_Het varied from 0 to 0.442 3, with an average
0f 0.212 7; And the Exp_Het varied from 0 to 0.826 9, with an average of 0.455 8. For the 18 populations, the Inbreeding Coefficient
(F;s) varied from —0.095 3 to 0.663 9, with an average of 0.159 2; The inbreeding coefficient of subgroups (F;) varied from 0.062 6 to
0.858 7, with an average of 0.537 2; The genetic differentiation coefficient (Fy) varied from 0 to 0.686, with an average of 0.449 6; The
gene flow (N,,) varied from 0.114 4 to 0.759 4, with an average of 0.306 1. For the 18 samples tested, the gene diversity index (Nei)
varied from 0 to 0.401 6, the | varied from 0 to 0.620 9, Wuzhou Guangxi having the maximum value and Longtan Yunnan the
minimum value. Menglong and Jingha, two towns in Yunnan, had the shortest genetic distance (0.031 9), whereas Longzhou Guangxi
and Menghai Yunnan had the maximum genetic distance (0.963 8). The 18 populations could be divided into four groups at the location
where genetic distance was 0.321 3. The three populations in Guangxi belonged to the same group, populations from Menglong,
Menglun and Mengzhe of Yunnan belonged in the same group, populations from Mengsong Yunnan became an independent group, and
the rest belonged in the fourth group. Conclusion The genetic differentiation levels of 18 populations were not consistent, and the
heterogeneity difference was significant. The gene flow among populations was small, which indicated that the population gene

exchange was low. A certain inbreeding rate exists among the populations. The relationship among populations was influenced by

geographical isolation and environmental factors.
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Table 1 Information of P. felterrae population

s F=Hh ZE (B S4FE N FHEC FHENEmMm FHHRA BEERE E/m
1 AR 111.49 23.94 21.2 1507 1725 KFEL 280
2 TR 106.64 22.39 22.4 1260 1547 KRG+ 196
3 TR 106.76 22.09 21.4 1392 1614 UINAR: 332
4 mHEBIEEBICEHE 101.37 21.87 22.1 1487 1984 VAR 882
5 mHTHER 101.04 23.07 18.2 1415 1921 FRYLIE 1328
6 mHEBIEEBHE 100.17 22.15 21.3 1750 1950 Tk 41 43 1389
7 mEAERE 99.59 22.64 15.2 2758 2205 GIAR: 1165
8 BN B 100.27 21.99 18.4 1202 2155 DiAR: 1178
9 ZmEEEE 99.93 22.56 18.9 1643 2098 UIAR: 1024
10 =FEbhEEITIEE 100.06 21.70 21.9 1220 2750 UintAR: 632
11 =g R 100.39 21.84 18.5 1 400 1950 i AR 1197
12 mE#HGE LaE 99.84 23.05 19.3 1020 2098 DintAR: 994
13 mEstRY 101.29 2251 20.3 1 450 2050 LIFARE 796
14 mEstTEE 100.68 21.58 21.6 1 400 1732 Tl 41 43 629
15 mFERETEPX 100.75 22.03 22.0 1200 1950 ZigAR: 575
16 mEBEESHRS 100.56 22.06 16.5 1400 1903 GiNAR: 1220
17 mFRETRBR S 100.90 21.76 22.7 1311 1693 ZiNARE 713
18 mREHEEZS 101.59 23.08 16.4 1370 1938 GiNAR: 1699

1.2 {UEEAN

DYY-6B HLJk A (ALt N — A28 ),
GELI-DOC2000 #E % B4R 4 #r A (3% B A 'R
BIO-RAD A 7)), Bio-Rad PCR ¥ 1% (EE{H K
BIO-RAD /A &), 3730XL il #4X (3E[E ABI AF]).
DNA #2BGAF & (Sunbiotech A ] ). PCR iXF&
(i #f Foregene).
2 HE
2.1 5|40k

XIAFESRIER 63 AN X SHE N s AT
M, I N A 77248 SSR AR 12 886 4.
MEA Z BN 2~6 Bt H 90% LA LK S A7 1)
FrRicAL s, ikt 100 4~ SSR Axid, AR#E SSR
FRTCAL p 9 i (1) O <3 3 S0 BE T 51 4 BEHLAMECR
T AFBAR 4 ANk, X 100 X514 (P1~
P100) I HRBOR L 2 A AT 704, ik B
MRS Y. SIHRETAY TR (B B’
BIRAF A B
22 BHKBEEZHMESHR

MEZEMESI P, BEPLERE 20 X514, X 18

NEZLBFRERE S DNA BHTY 18, ARIEY 1H4:
INTREAR AL ZREPE . DNA 203 [ g1 FH e 1)
WIIERAT, AR SBENLESRE 60 ANHkk, 4
B2 41, FEAH S HIHREL DNA J5, &8R4 T PCR
P, BABHARE 3, 1P 3AMEEESR, S0
BRGNS 3 ARSI EAERE. KK
CTAB 7A£#2HL DNA, $RE=¥H 2~3 pL H 2.0%
DR RE B r vk, HARE T-20 CILRAESH

SSR K H B4 ML Ik R e A AT Al . PCR
PR SSR WHEHIMAR R (3520 pL): ddH,O 14.8
pL, dNTP 0.4 uL, Buffer 2 uL, 1E[A514 0.3 uL (20
pumol/L), JIA514 0.3 uL (20 yumol/L), DNA it
2L, Taq0.2 pL. ¥ 3EFEF UK 2. ¥ )5 SSR K
FH B4 Bk 7 ik A, 44 Rk fie 5 A 0 41 o
WFRIZ 100 @ 1 FARFRLLIR SIS, B9 uL A LFE
b, N 1 pl FikE 10 £5%) PCR 77%. ARJE1E
F 3730XL U AT B 405 #k , F) B Genemarker
H1¥] Fragment (Plant) Fy B AT ARG A A5 21
1SR BAR AT AT, B & IKE N AR AL E S %
FE A 1A B LR T, R BN,
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%2 PCRIHEREF
Table 2 PCR amplification procedure

fa  WEE/C BB P ] T E
Cl 94 FrAs 4 5 min 35
2 94 AP 30s
C3 54 ik 35s
C4 72 FEA 40's
C5 72 HEAH 3 min

2.3 HIRESI

— B R — AL FE R A, RN RE
TE S A B AL AT BER /S, BIR B, 4%
8 Convert 1.31 0 E SR % 2 A\ 3] Excel H,
SR )5 H Convert 1.31 ¥4 ¥ 1k ik POPGENE #X {4
FrEskig . ] POPGENE 32 {4 %} SSR fir
R R S PR E AR 2 R PE AR OC S B 8 A5 AL
FERE (N AREMERE (N ZEN A
B 4r#% (P). Shannon {52485 (1. M4
J& (Obs_Het). Ti#Z8 &% (Exp_Het). R %

3 HER5%H
3.1 S|¥0Fik

M % 2 s 41 7 51 R A2 AR SSR AR L3 12 886
A, K DESIRESHAERFRC 830 4, HpkEH
BiR%, 7 414 WK 2 488 4, PEERRIE
G, SSR bric¥umb (% 3). NEFZ M.
2~6 THEEE H 90%LL LAES A /A0 bR 0 AL A
H, Rkt 100 4 SSR Fric, AR#E SSR FRichr sl
Wi R ORSFF 41, WiE 5190 FFRIH 4 ASFE S 100
X5 AT 1Y B I, 853 25 RS R L 4.
S SE BT S EoR, 100 X5 3E i,
HPBBEZEEM5IE 48 X, ZEFN 48%.
M 48 XTSI PR BERLIERE 20 %, I FREA L 2R
PE BTSSR, NIESI WP F] NCBI & %5 N
SRR5942165, 5IYEM(EE WK 5.

%3 AREIZEE SSR WEEHLH
Table 3 Density distribution of different types of SSR

PR A /A
FEVESREL (Neid. P8 & E (Ave_Het) ik S N 830
T4t . LNTE S 7414
i POPGENE 32 T4 H 4 I E R BY AT 26 XU 2 488
BN ZAEEAR (PIC) NI PIC; H SWAEES 1941
Nei (i f— (/¥ (genetic identity, 1) FLBALHEES PiwEEE S 1ol
(genetic distance, D) K& PP 2 8] (1E4E 43 EE}@Z%EE >0
Wb, SETFRIEHE, RN UPGMA FERFBEL e e
FREMT, MERGREW. —
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Table 4 PCR reading results of partial primer
- 31 K1 bp
Pl P2 P3 P4 P5 P6 P7
1 264 273 98 98 116 122 116 122 252 256 171 179 189 195
2 273 273 94 96 116 122 116 122 252 256 171 179 189 195
3 264 264 94 96 116 122 116 116 252 256 171 179 189 195
4 262 262 96 96 116 116 124 124 256 256 171 171 195 195

3.2 SSRZmIELZ M

20 4~ SSR i mi iR Z AR G S
LR 6. BREIR, 204 SSR 7 A, B
ALY G A B0, Forp s ) S SR A B
1A, XSy 1~8 MEAIEE, T
YRRy I 2 457 L (K] 3.55 A, P N N 2.14
A Na I Z A P69, 1 8 4N IAKHIA P7, X
1/~ % 5190E P ARG Bl LL K, N 0~40.7%,

TP N 19.9%, ZERFRETIA PTT (40.7%);
P7 i s A 1 NEAEER . PIC N 0~0.794 1,

F#) 0.397 67; Nei & 0~0.8190, “F1J0.4515;
| 5 0~1.8143, 7 0.808 4. UL EiEhrfmiN
P69, HAKHIA P7T. NI 6 v LLEH, 20 Mi
A1 Obs Het i 0~0.442 3, V-1 0.212 7; Exp_Het
N 0~0.826 9, ) 0.455 8. JITf5 i Obs_Het
BKT Exp_Het, FifENAAAE— € FE B IIE %
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Table 5 Information of 20 pairs of SSR primers

51 ErH5H (5~3) R 519 (5=+3) WL H B by

P4 TTCCAGATTCCATTTCTCTGC TTGGAGCAACTTTCGATTGG (TC), 264

P7 CGGGCCACCTTTAGACAATA TCGAATTCAAATCTCCCCTG (CAG)s 221

P11 TTTAGGCTAATGCCGCTGTT CAGATCCCCAAACCTCTTCA (GCT); 272

P21 AACTCTTCCACGGAGCGTTA GGACGAGGAAAGACATGGAA (CTG), 100

P34 CCAATTTGGTTGTCCCAATC TAACTTCATGGGGGATCAGG (TATT)s 185

P36 TTGTCTGCAAACGAAGGTTG TTCCTCCTTCACTTTCCTCG (TG)1y 229

P39 TGTTTCGGGCTTTTTATTGC TGAAAGGGCTGATTACCGAG (TTC)s 154

P43 AGGGAGAGATGGCTCATTCA GAACAGCACCACTGCGATTA (AG), 120

P45 TGAATCACTCGCTCTTCACG GGTGGGACTTTGGTTTGAGA (AG)y 120

P52 GAGGTCCCTGACCTTGTTGA TCAACAGCAGCAGCAGATTT (TGC)o 224

P59 ACCCGATTCAGACCCATTTT TGAGACTTTTTGGTGGGGAG (ACG)s 246

P60 GCAGTGAATGGAACAGCAGA CCAGAGCTTCTTCCCAACTG (ATG),o 144

P61 GCAAGCAAAGAGTCACTCCC ACATGTGGGTACTTGTGGCA (ACA)¢ 170

P65 TTCTAATAGCAAGGAGGACGAA GCTGCCTGCAAAAATCTACC (TACCO)s 169

P69 TCTCGCTTTTCTGTTTGGGT GCAGGAACTGACCTTTGAGC (AT)s 189

P72 CGAGGTTGGTCGAAACAAAT GATCACTACCAGTGCGGGAT (TA)g 118

P74 CTTCCACAGCTCAACAACCA TCTCGGTATCTCCGGTCAAC (CGC), 154

P77 CCGTCATGTTAAAACGGGTC GAGGTTGCGAATGATTGGAT (ATC)s 166

P84 ACGCCACACATCCTACACAG GGGAGATAAGCCAACACGAA (CAT)s 189

P93 TGCGTTTTTGGTTTCATGTG TCTCATTGCTGTCAAATCTTGC (AC), 185

#6 20/ SSRALMBETFMREH
Table 6 Genetic variation and heterozygous of 20 SSR sites

EREAM S FEAE N, N, P/% PIC I Obs Het  Exp Het Nei Ave Het
P4 108 5 2.460 8 27.8 0.5161 1.0800 0.283 0 0.599 3 0.5936 0.3483
P7 108 1 1.000 0 0 0 0 0 0 0 0
P11 108 2 1.6830 31.5 03235 0.5958 0.3019 0.409 7 04058 0.1886
P21 108 4 3.0716 31.5 0.6173 12229 0.377 4 0.680 9 0.6744 03443
P34 108 3 2.002 1 7.4 03928 0.7554 0.075 5 0.5053 0.5005 0.1289
P36 108 5 2.8104 7.4 0.5751 1.1737 0.0755 0.650 3 0.6442 0.2755
P39 108 3 1.256 8 14.8 0.1898 0.4042 0.1509 0.206 3 0.2043 0.1214
P43 108 3 1.598 3 259 0.3414 0.6847 0.264 2 0.3779 0.3743 0.2135
P45 108 3 1.460 4 20.4 02803 0.5641 0.226 4 03182 03152 0.1872
P52 108 4 2.574 7 14.8 0.5350 1.0788 0.188 7 0.617 4 0.6116 03415
P59 108 7 3.068 3 13.0 0.6258 13934 0.132 1 0.680 5 0.6741 03281
P60 108 3 24980 18.5 0.5141 09798 0.188 7 0.605 4 0.5997 0.2785
P61 108 4 2.109 7 20.4 04731 09486 0.2453 0.5310 0.5260 0.2459
P65 108 2 1.563 6 9.3 02955 0.5462 0.094 3 0.363 9 0.3604 0.0816
P69 106 8 5.5240 39.6 0.7941 1.8143 0.4423 0.826 9 0.8190 0.5247
P72 108 4 1.4350 25.9 02718 0.566 4 0.264 2 0.306 0 03031 0.1289
P74 108 4 2.2699 24.1 0.5025 1.0198 0.2453 0.564 8 0.5595 0.2023
P77 108 2 1.902 5 40.7 0.3619  0.6673 0.4340 0.478 9 04744 03631
P84 108 2 1.392 7 16.7 02422 04556 0.188 7 0.284 6 02820 0.1525
P93 108 2 1.1196 7.4 0.1011 0.2175 0.075 5 0.107 8 0.106 8 0.0345
JS8-ss 71 42.801 4
SFIE 108 3.55 2.140 1 19.9 0.3977 0.808 4 0.2127 0.455 8 04515 0.2245
RSD/% 1.731 1.016 1 2.6 0.0457 0.4268 0.120 8 0.2109 0.2088 0.1285
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iE I {# Ff POPGENE 32 % SSR i ;5347 F 4tit
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0.663 9, “F¥J0.159 2, MFEAR PNV FE A (3L 28
28 (Fi) 1N 0.062 6~0.858 7, 71 0.537 2;

WAL ZE (Fy) N 0~0.686, 15 0.449 6,
R 18 NN —ERREMIEAL .
(Np) 7£ 0.114 4~0.759 4, -1 0.306 1, BEEik[A]
e — BB R, (ERERREAN, FEsfE o
K .

F7 201 SSR LA F FitEFERR
Table 7 F statistics and gene flow of 20 SSR sites

FERA A [E¥N Fis Fit Fa Nin
P4 108 0.162 6 0.4770 0.375 4 0.4159
P7 108 0 0 0 0
P11 108 -0.1013 0.3319 0.393 3 0.3856
P21 108 0.026 0 0.492 1 0.478 5 02725
P34 108 03533 0.796 9 0.686 0 0.114 4
P36 108 0.663 9 0.858 7 0.579 5 0.181 4
P39 108 -0.095 3 0.2339 0.300 6 0.5818
P43 108 -0.0190 0.423 6 0.434 3 03256
P45 108 0.067 1 0.340 8 0.293 4 0.602 1
P52 108 0.349 3 0.633 7 0.4370 03220
P59 108 0.647 3 0.809 8 0.460 7 0.292 7
P60 108 0.169 0 0.606 1 0.526 0 0.2253
P61 108 0.284 7 0.643 1 0.501 1 0.248 9
P65 108 0.262 4 0.7373 0.643 8 0.138 3
P69 106 02533 0.501 8 03328 0.501 1
P72 108 -0.324 1 0.112'5 0.329 7 0.508 3
P74 108 0.074 6 0.561 0 0.5256 0.2256
P77 108 -0.246 0 0.062 6 0.2477 0.759 4
P84 108 0.106 6 0.390 9 03183 0.5355
P93 108 -0.474 9 0.326 4 0.543 3 02101
“EME 108 0.159 2 0.537 2 0.449 6 0.306 1

34 BABREZSESMERFESXR

MBI L Z S E B R (GR 8) A,
KRR S5 I S B R HTE 1~2.2, P REE
PLEERIBLAE 1~1.870 5, A REFERZ N1
FEIHANIEIN , 3R S5, AR N = g e TR
2. BRI Z B0 E R RTE R K (0~
85%), ZAFEMMINT TUREM (85%); AR
NEMEEHEES, Z2EMSEEN 0.

WEFLH 18 AR AR B 22 HORT 388 4% FE 55
VO, MEIRECN 0.381 4~0.968 6, il
FEES 9 0.031 9~0.963 8. H, =wdsutsh oil
Mz st s 2 MR BUR S, N 0.968 6, it
FEFEBS /N, 12.0.031 95 7 PU e MRl == me i B
ISR B/, N 0.381 4; AL FE B 5K,
790.963 8. KA B AL FE R AT RE M (E D,

EBAREEE 0.177 7 4k, "B 18 NFEES N S K
HER, FoBeR | AR PEREMN . R, 2
BIRNRRFE Rl B 2 ) PR R RE R AR A 3
Rz BB B E A B B K = B R
BB AT BER 4 NamEihig SR 2
FpA A HARFEEIANGE S ANEEA. fEBHMERE
20321 3 4k, WK 18 NP RR 4 AR, H
TV 3 AN NE R, 5 3 AR R R
435 1 — 2
4 it
4.1 EST-SSR 5|#HF %

S1WHF K& SSR 4 Fhric W AL RT3, X T2
R H E s A IR, slisft 5 =G BB Z 1Y)
B, BUAH IR 7 FastAE 5 70 1A i ST WIS 22 ) 4
B, ATGAH ORI B BT EA S SR T
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x8 MHEREEZTRER
Table 8 Genetic diversity of population

JERE FEAE N, N ZHMLAH B P%

1 6 21518705 17 20 85
2 4 215 1.8018 16 20 80
3 6 1.75 1.2890 11 20 55
4 6 210 1.8370 16 20 80
5 6 1.55 1.458 6 10 20 50
6 6 220 19134 16 20 80
7 6 1.35 1.2470 6 20 30
8 6 1.85 1.700 0 14 20 70
9 6 1.50 1.4233 9 20 45
10 6 1.25 1.2100 5 20 25
11 6 1.30 1.2233 5 20 25
12 6 1.40 1.3033 7 20 35
13 6 1.30 1.2192 6 20 30
14 6 1.35 1.2333 6 20 30
15 6 21516416 16 20 80
16 6 1.65 1.5900 13 20 65
17 6 1.50 1.3269 8 20 40
18 6 1.00 1.000 0 0 20 0

0.620 0 04725 0.325 1 0.1777 0.0302
Coefficient

1 BAERESER

Fig. 1 Clustering analysis result of population
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