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Abstract: Objective This study aimed to develop SSR molecular markers for Platostoma palustre and analyze the genetic diversity
of'its germplasm resources, so as to provide theoretical support for the conservation of P. palustre germplasm resources and the breeding
of elite varieties. Methods Based on the whole-genome sequence of P. palustre, the distribution characteristics of simple sequence
repeats (SSRs) were mined and analyzed, and polymorphic SSR primers were developed to provide a theoretical basis for the evaluation
of genetic diversity and analysis of population structure in P. palustre. Results A total of 122,699 SSR loci were identified in the P,
palustre genome, with a genomic SSR density 0f96.91 loci/Mb and a locus occurrence frequency of 10.32 kb/SSR. Dinucleotide repeat
motifs were the dominant type, accounting for 68.3% of all repeat motifs. After polymorphism screening, 15 pairs of SSR primers with

good polymorphism were obtained. Their polymorphism information content (PIC) ranged from 0.197 to 0.736, with an average value
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0f 0.425. Genetic diversity analysis of 40 P. palustre germplasms showed that the number of alleles at the 15 SSR loci was higher than
the number of effective alleles, and the alleles were unevenly distributed. There were differences in heterozygosity among different
loci; the average observed heterozygosity was higher than the average expected heterozygosity with a certain gap between them,
indicating that the tested population deviated from the Hardy-Weinberg equilibrium (HWE), with genetic variation and favorable
overall genetic diversity, and the genotype frequencies of some loci in the population changed. Fixation index (F) analysis showed that
F >0 at 3 loci and F <0 at 12 loci, indicating that the number of heterozygous individuals was higher than that of homozygous
individuals in the population. The Shannon’s information index (I) ranged from 0.449 (TDF191) to 1.628 (TDF166), with an average
of 0.887. A phylogenetic tree of the 40 P. palustre germplasms was constructed using Phylip software based on the UPGMA method,
which divided the germplasms into two subgroups. A “0/1” DNA fingerprint was successfully constructed by digital assignment coding.
Conclusion The abundant SSR loci information obtained in this study can provide important theoretical and technical support for

the development of whole-genome SSR markers, molecular marker-assisted breeding, and genetic diversity research of P. palustre.
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K B Platostoma palustre (Blume) A. J.
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DA IS EA BEEANE . EAESLFRAE 7 FiE
PRHIR I et B 7 30, B — i () HE4k
AR, PR AL 2 FEIE IR AR BT
REL WIS ZAF, PEEHZ) T O RV
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. CRAEANR FH SR AL EIR AR, H AT, STk
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FF5E 4 (expressed sequence tag-simple sequence
repeat, EST-SSR) PR/ FI4EM, 4 b, WIR&EE:
FHEN AW EE K ISSR. RAPD. SCoT. ITS2,
SNP. EST-SSR 4573 TARCHAR, JTEE H it L £
FEYEREFC. BT, ZET oo E e R RS BT R 51
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1 #MRENEE
1.1 #Rl

AL 40 itk BAPS BT, FhUBTRYE
B VIR XA AR, g T HKICN PP1~PP40;
T 2024 4 6~10 HREE, Sl 5
T A2 HEYE, S@RE%%E, e NsEER
BB EN L P, palustre (Blume) A. J. Paton, i
A EVENR 1o BOFERS, AR A st BRI 3 4>
AR, SRR SR T ) ghe Bl S SE RIS
AT, ETUKEIRREAE, A E S = 5 A
—80 CHBMCIRIKAER RIRAE, #5H .

*1 REARARMEMERES KRR

Table 1 Genetic resource codes and sources of P. palustre used in the experiment

G K i Fei
PP1 I AL E PP21 MNiIES

PP2 HE &S PP22 I HRAEEANEET
PP3 THAA T M T X PP23 IR BRI

PP4 JFRL R H VA XA T AL R PP24 JUHRAB KA T RN
PP5 F PR AR X BT A B PP25 R

PP6 TV VA X AR HiE AL B PP26 I HRAEATEET
PP7 FIUEHEH A X SR A E PP27 JTRAE E AT T
PPS FIUEHEH A X SR A E PP28 JTREEATEET
PP9 FURHE VA X BT A A PP29 I HRAEATEET
PP10 LR E A X AT AR PP30 JUURH R B R X R s T A B
PP11 JFERL R E A XA T R LB PP31 MNLESNa]
PP12 TV VA X AR HiE AL B PP32 I HRE=EN
PP13 JUVPRAL R E A X B T B L B PP33 YLV &M T
PP14 I HRAB MM PP34 MNLES P
PP15 PR E A X AT AR PP35 R M T
PP16 FPAL R B VA X AR T AR T PP36 LV H %

PP17 FURHEHE X SR AR PP37 PN i)
PP18 FPRE R B VA X BT AR T PP38 IR

PP19 VR E A XA AR T BH £ PP39 R E GG

PP20 ILFAE SN E PP40 it

1.2 A FIRILEE

IH A5 DNA ) FH 37 A Fi e i e vk kG I DNA i &,

FFZH DNA FEHGAA G B R AR
(dbm0) HBRAT]; 2XTaq PCR Master Mix I [ 3
BIRHE GRBO AR AH ;s 3B AFE CR4i &3
ALy Nano Drop ONE & 58 4y AL BRI 2
%~ ABI 3730x1 DNA | *{X « Veriti 384well PCR X
DYY-6C HLJK{X. GelDocTMXR “#Y4E 413 A o
2 FHE
2.1 EF4H DNA BY$REX

SZI6 R LR 4] DNA $RBGAA & [ RIRAEM
B (bR FRR AR ] FEE 40 3 50k B 5T 555

KX H NanoDrop ONE j& & 58 4173 S AZ BRI 5 A3l
5E DNA JREFIKREE, DL Aeo/daso [N 1.8~2.0 1E
Z, ARFETAERREARE IR, JHRZ&IRE
fRIFE F DNA #BEE 50 ng/ul, T—20 CukFad £
1725
2.2 SSR3|¥fFiES &Rk

AR s A1 DA HI ST A by B PRI 200 P 45 2R, 3
MISA 7E 28 ¥4 (http://pgre.ipk-gatersleben.de/misa/)
TR EAE R AHAE R, 135 SSR s RIEFIH
P A3 E M 15 % 2451k RAFH SSR 514, T 40 4>
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VIR BERE AT RS 40 L
2.3 PCR ¥ & EMEEK

2.3.1 PCR ¥# 5%t PCR ¥ kR AWt
oKk M3 odE A ¥ Ok T 4l
(TGTAAAACGACGGCCAGT) InZE&Ext 54 1E )
1% (F 519 17 5%, i&H FAM. HEX. TAMRA
=R EhRIC, T8 A [F LA M13 Hk
51906 . KA PCR TR K4 DNA §3%, ¥~
B g seim it ABI 3730xI DNA WU AEAT 5
T2 L kA, AR GeneMarkerv2.2.0 4wt sz
B9 R AR BARIEAT SR AL, RIS RN i ) A
DRI, 0 R L R Y

38 PCR [ 3 454%: 95 C A 5min; 95 C
A 30s, 62~52 CHEEEIRK 30s, 72 ‘CHEfH 30
s, 1847 10 MEH; 95 CAPE 30s, 52 ‘CiB-k 30
s, 72 ‘CZEff 30s, 1817 25 MEHF; 72 ‘CHEfd 20
min, )54 CLRAf.

% PCR Je M 45#F: 95 ‘CHiAEME 5 min; 95 C
A 30s, 62~52 CHEEEIR K 30s, 72 ‘CZEfH 30
s, 11T 10 MEH, HAMEH FFE 1 C; 95 CTA
£ 30s, 52 ‘CiB-k30s, 72 ‘C#iEf# 30s, iz1T 25
ANMEFR; 72 “CIEAH 20 min, AR FIH PCR =4
MEALE 4 CURFEIRTT

SSR-PCR #" 14K 10 uL MK FKR: 5 pL 2X
Taq PCR Master Mix (Genetech), 1 uL Mix primer,
1 uL DNA Template (50~200 ng), 3 uL ddH0 #h
& 10 uL PCR JX MK %

232 AN E Ik B AR B I H ko6t 9%
ot PCR F=¥)%55E, I HLIk S5 Al PCR 277 .
FH T B IR W v o VR 7 FE 38 81K, SSR 97734
BOSEUN, PRI IR . AT —. .
e Ho BER/AN S BUAARSF =), 218 DNA
Marker BT BEOR/INIE 58 BOR B HE, K BB =)
MREZMFMIREER S, EYEHT R EME B
PRI 6

2.4 HIEEESAE

M ABI 3730xI 4 7 |5t fsa #g =05 dh £ s
TR MAL B 5E B RAR 5, 5 A\ F| GeneMarker
SINTIRAE,  SERCE TR B B SR, IR A s SRR
535 Excel A% X2 PR B4 i 46 404 A PDF 4% 5K
53 B P S

WAL Z RS HITE GenAlex6.5 B Afrh
SE R, ¥R bR B FE S5 AL 2L B2 Cnumber of

alleles, Na). 1 % Z A7 F K # Ceffective number of
alleles, Ne) . #F & {5 E 8 %L (shannon-wiener
diversity index, 7). Ml 2% A B ( observed
heterozygosity , Ho )+ Hi ¥ % & & ( expected
heterozygosity, He). I 42 & % (average
expected heterozygosity, uHe). [ 5€ $5 %1 (fixation
index, F), [EMit#E F 4iit& (F-Statistics),
TG SRR AL S HT

R MR A Phylip 844, 2T UPGMA %
PR BRI RA K B W 18 Structure 2.3.4
BRA: 56 BURE A4 18 4% S5 44 43 #T o
3 “ERESWH
3.1 “EMFEH SSR s &1k

AW FEAE N F R (R 20— SR B 78 %07
Hl, 5 15 FGL KT FIF 63 5% scaffold /751
FEIX 78 25741 — LA 2 122 699 4~ SSR £ 5o
FEKIZH SSR #FE N 96.91 N/Mb, SSR A7 55 Kk A2 45
#410.32 kb/SSR (% 2).

M SSR KRR E, TEHURy HEE R 4 St Y e
6 BRI SSR, BIFEHZITR (PL. & H
iR (P2). =R (P3). IUKHRR (P4). Hi%
TR (P5) AR (P6). eI E D N
10005. 83472, 25762. 1837. 1132 £ 491, H:
o, DLZEHERR SSR A, A SSR HEM
68.03%, LU AR SSR, (i k 21.00%, 7514
R SSR i tbie/N, 4 0.40% (& 1), M SSR 43
B ARE, ATIAT KA RZ MES R, 3t 23267
A, HE AGICT A TA, 43514 21 300 i1 9 796
A, HpEE I TRAATE 9 000 AR (E 2).
M SSR TERLEAE KR, 1EH 1~15 K
& Eor 5534 6 174, 6921, 5492, 7875, 7939,
7062, 9627. 7400. 10546. 6154, 7610. 5091,
5764, 8265. 6550 > SSR (/& 3), 6 f SSR %!
(P1~P6) 7EFTA YLt b o A B & T oy P2>
P3>P1>P4>P5>P6, #{k I P2 AU SSR $ii
&%, HUGEP3HIPL, P6 AR (K4,
3.2 EHE SSR 3|¥IHiHiE

R A [ AT HA I 5 3845 B oo B R 4
FIME S, FIH MISA 5 285K A X it by B 35 PR 28 ik
17538, 193] SSR A7 s, JFfidid Primer Premier
5.0 B A5 1T 96 X SSR 514 . %I PIC K/ K B
JUE W 4 J LIRS WU 2%t % 51 W o B AT VEAY
e 6 X5 TR B, [FE 45 4 1 BA AT 3
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TR 9 % EST-SSR #0171, —3t 15 X} 5% H T BT WA B RS m AR m TG m S R

e (3R 3).
*2 RMEERAT SSR IL4FiE

Table 2 SSR site characteristics in the P. palustre genome

1132 (0.92%)

1837 (1.50%) 491 (0.40%)

10005 (8.15%)

25762 (21.00%)

SSRI % e PSR
I ) 37 5 5 78
R PSS (B ) 1266 130 770
4 € PSSR 122 699
& SSRIFFFI ¥ & 78
A5 20 1ANSSRIV T F1 5= 78 83472 (68.03%)
SETESSRIGHE 12962 1 RN EREEATEESRL SR YR
SSRI¥# FE 96.91 Fig. 1 Statistical analysis of SSRs across different repeat
SSRI{IHTZR 10.32 types in the P. palustre genome
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Fig.2 SSR repeat element types and proportions in the P. palustre genome
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Fig.3 Statistical distribution of SSRs across different genomic chromosomes
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33 CRMEEFELH SSR SN LSRN SH

2234 GenAlEx version 6.501 58 E 15 04,
R FTA BER R FARAE 15 A SSR A s FHiH
) & gL Z AR bR, B3E Nav New 1. PIC,
Hov Heo

40 13k BN R AEIX 15 AMOT 5 3 1 45 B
Wk 4 Pron. H N LRI H 65 4, BTE N
3~T A, P A EE R H O 4.333
Ne B %N 31,601, % 2 4L Bl oA 1.261
(TDF191) ~4.347 (TDF166), “F-¥EAN7 5 Ne N
2.107. NeAHFRIZT Na ZEXHE, RO N, fEREAR
Sy AR A0, R HEE T UKL, Nami T Nes
o 3R i 2 % A0 R WAL 52 TDF048  Fi
TDF166, S50 %R R H M A4 SSR A7
AL 3L R A AN 50 . T WIBUEYEFE N 0.449
(TDF191) ~1.628 (TDF166), “F-#J{H 0.887.

*3 SIMER

Table 3 Primer information table

%5 EIK B FOEhRIL s (5°-37)
SA3909 SA3909 LFCGO11_F FAM GTCACAACAAACCCACACGG
SA3910 SA3910_LRCGO11_R AGCGACTCAGGGTCTGATCT
SA3911 SA3911_LFCGO030_F FAM CTCTCGCGCAAAATGACCAG
SA3912 SA3912_ LRCG030_R ATGCTCACCCCCAAACCAAA
SA3913 SA3913_LFCG049_F FAM TTCTGGCATCAAGGCTCTGG
SA3914 SA3914_LRCG049 R AGATCGTAGCCTGTCATGCC
SA3915 SA3915_LFCGO072_F FAM TTCGTTGGGTGAGATCTGCC
SA3916 SA3916_LRCG072_R TCAGAGACCAGCAACACCAC
SA3917 SA3917_LFCGO81_F FAM TCGATCTCAGATGGTCCCGA
SA3918 SA3918 LRCGO81_R AACAATTGCTGCTGCTGCTC
SA3919 SA3919_LFCGO089_F FAM GTGCCTTAGAGTCGTCCCTG
SA3920 SA3920_LRCG089 R ATCGATCGTGTGCACAATGG
SA3921 SA3921_TDFO016_F FAM GACCAACCAATCATGTTCCC
SA3922 SA3922 TDRO16 R AAGAAGGTGTGGTTGTTGGC
SA3923 SA3923 TDF032 F FAM TTAGATGTTCCTCGAACCCG
SA3924 SA3924 TDR032_R GCATCCCGACGTGATAGACT
SA3925 SA3925 TDF048 F FAM GGAGCAATTCGCTTCAGTTC
SA3926 SA3926_TDR048_R CATGTAGCCGATCCCAATTT
SA3927 SA3927 TDF050_F FAM AACTGAATCCCAATTGCAGC
SA3928 SA3928 TDRO50 R TGGGAAGCTGTCAACACTCA
SA3929 SA3929 TDF109 F FAM GGACTGAAACTGGGAGTGGA
SA3930 SA3930_TDR109 R GATCCAGCTTCATGGGAAGA
SA3931 SA3931_TDF139 F FAM TCCTCCGCTTTGTTCATTCT
SA3932 SA3932_TDR139_R AGGTTGCGTACATCTGACCC
SA3933 SA3933_TDF166_F FAM CCCTCAATTCATCCCTCTCA
SA3934 SA3934 TDR166_R ATTGATGAAGAGACTGCGGG
SA3935 SA3935_TDF172_F FAM AGCATCCTGCGACTCCTAAA
SA3936 SA3936_TDR172_R CCGGAAATACGAATGCCTAA
SA3937 SA3937_TDFI191_F FAM GTGGAAAGGGTGGAGGATTT
SA3938 SA3938 TDRI191_R TCCTCCTCCAGCACCACTAC
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Table 4 Genetic diversity parameters for 15 SSR loci of P. palustre
7 s Na Ne I H, H. F PIC PlE
LFCGO11 3 1.892 0.789 0.650 0.471 —0.379 0.404 0.026
LFCGO030 4 1.802 0.810 0.486 0.445 —0.092 0.398 0.302
LFCGO049 4 1.856 0.794 0.632 0.461 —0.369 0.395 0.231
LFCGO072 3 1.754 0.695 0.590 0.430 —0.372 0.357 0.078
LFCGO081 4 1.913 0.897 0.611 0.477 —0.280 0.437 0.324
LFCGO089 5 1.541 0.753 0.324 0.351 0.076 0.333 0.239
TDFO016 4 1.399 0.585 0.325 0.285 —0.140 0.267 0.959
TDF032 4 2.397 1.041 0.714 0.583 —0.225 0.515 0.039
TDF048 7 3.761 1.539 0.500 0.734 0.319 0.697 0.000
TDF050 4 2.025 0.880 0.625 0.506 —0.235 0.437 0.798
TDF109 3 1.682 0.732 0.500 0.405 —0.233 0.369 0.238
TDF139 3 1.558 0.643 0.282 0.358 0.212 0.321 0.000
TDF166 7 4.347 1.628 0.828 0.770 —0.075 0.736 0.055
TDF172 6 2.413 1.075 0.765 0.586 —0.306 0.506 0.847
TDF191 4 1.261 0.449 0.225 0.207 —0.088 0.197 0.996
TEIME 4.333 2.107 0.887 0.537 0.471 —0.146 0.425 0.342
STDEV 1.345 0.859 0.325 0.182 0.152 0.211 0.144 0.367

B BE T VPR AP R B AL 22 A 1 I B R bR
— PR MRl AN S5 A7 35 DR 366 BRI AR 1 5
NGy AT T, M S BE7HE A e Bl A 1 1)
WAL 2R AT RY, 7E 15 M, He ARk
Y5 0.225 (TDF191) ~0.828 (TDF166), “F-%J
{H 0.537, He M2 L 24 0.207 (TDF191) ~0.77
(TDF166), “F¥{H 0.471. ABFFd, ASEAL A
RBEEAEZES, 18 15 M s, Fra O s m-F
B Ho i T He, WiE W FIMEGFTE — € ZE, i
HEAR R B 1 S IR A A% T (HWED, fRfEEHfE
5, L 2R, AR I R R AR A
o R A AR

WG F e S, S ai Gk gn, F>
0; 2, H{REHRTERN, F<OP, KEFFRTAH 3
AL FRT 0, 12 M8 F/NT 0, BB
PR GRS E & T Al G EH .

PIC<<0.25 I, MR Z &M 0.25<PIC<<0.5
N, APELZAME, PIC>05 M, NEELENE.
FEARWF T 15 AL, PIC Y5 N 0.197~0.736,
A 0.425. Horr, HEEZ AN A 10 4,
REZEERINSA 1A, SEZEERAAA 4
Ao XL LRI, AR AT TR 2SN
SSABONFEE, BRSOk L Z TR
LG

34 IEMEMRERFHELEH SN

5T UPGMA %, FIH Phylip 845 A 58
B M EM TR RGR BN, 45RWE 5 B
7Ny A0 A FRTRT 3 2 AR BkAk, LA 15 A4S
Iy FHRICAT 40 NMFEAR IR LS AT VRS, AR
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A-K-value variation plot generated by the AK method in Structure analysis; B-Structure results for 40 samples of P. palustre when K=2. Different colors

denote distinct gene pools. The horizontal axis labels indicate the germplasm accession numbers of P. palustre lobata, while the vertical axis represents

the proportion of a given germplasm within a specific population.
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Fig. 6 Structure analysis of P. palustre
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Table S Genetic marker genotyping and encoding of P. palustre

o -G N 3 R AR
Ll 3 1 2 3 4 5 6 7
1 LFCGOI11 147 151 154
2 LFCG030 239 242 245 248
3 LFCG049 213 218 21 232
4 LFCGO072 218 227 230
5 LFCGO81 199 201 208 214
6 LFCG089 275 278 280 283 286
7 TDF016 140 141 168 173
8 TDF032 238 239 242 245
9 TDF048 180 187 190 192 195 201 204
10 TDF050 120 127 129 132
1 TDF109 317 332 335
12 TDF139 185 191 198
13 TDF166 182 189 195 201 207 213 220
14 TDF172 246 248 251 254 257 262
15 TDF191 199 206 209 212

GE] IEEE] TOFiER

7 40 MR EFRZEIREY SSR 15U EE
Fig.7 SSR fingerprint profiles of 40 P. palustre
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