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Transcriptome analysis and development of EST-SSR molecular markers

in Anemone shikokiana under heterogeneous habitats
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Abstract: In this study, the ecological adaptation mechanisms of Anemone shikokiana in two distinct habitats,
namely full-light hilltop scrub and shady mixed broadleaved-coniferous forest, were researched by Illumina

high-throughput sequencing technology for leaves collected during the flowering stage. Moreover, EST-SSR
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molecular markers were developed based on SSR locus distribution characteristics. The results were as follows:
(1) A total of 53 536 Unigenes sequences were obtained, of which 27 448 were successfully annotated. (2) 5
635 DEGs were obtained after filtering the low abundance genes, 1 600 up-regulated and 4 035 down-regulated
genes comparing A. shikokiana in full-light hilltop scrub and in shady mixed coniferous forest. GO
classification results showed that 2 460 DEGs were annotated to 2 533 tertiary entries. In addition, 1 051 DEGs
were involved in 113 KEGG pathways. (3) The comprehensive analysis of the photosynthesis-antennal
proteins pathway related genes revealed that the expression of /hcaS was significantly higher, while the
expression of [hcal, [hca2 and lhca3 was significantly lower. Meanwhile, the comprehensive analysis of the
flavonoid biosynthesis pathway related genes revealed that the expression of chs, cdh, f3°h, f3h, fls, ans, chi,
ccoaomt and hct was significantly higher. (4) A total of 6 006 unigenes containing 7 146 SSRs were identified
among 53 536 unigenes by using MISA software from the transcriptome data of A.shikokiana. In the identified
SSRs, the dominant repeat motifs were single nucleotide repeats in 106 repetitive motif types. Among the 100
pairs of EST-SSR primers, a total of 68 pairs were effective and 11 pairs with polymorphism, and 24
polymorphic fragments were amplified. Overall, in this paper, the adaptation mechanisms of A.shikokiana in
heterogeneous habitats were analyzed at the molecular level, and for the first time EST-SSR molecular markers
were developed to fill the gap in this area, which would provide important molecular marker resource for the
conservation and utilization of this species.

Key words: heterogeneous habitat, Anemone shikokiana, transcriptome, EST-SSR, ecological adaptation
mechanisms
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Table 1 The Sampling information of Anemone shikokiana for transcriptome sequencing
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Table 2 The Sampling information of Anemone shikokiana for EST-SSR molecular markers
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A5 5N eggNOG JE (23 934, 44.71%) . Swissprot JiE (19 637, 36.68%) . Pfam JE& (17 859,

33.36%) « GO J&E (17540, 32.76%) KOG & (5481, 29.19%) #l KEGG % (5481, 10.24%) .
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(Aquilegia coerulea, 56.72%), HRFZILHLSE H = BURAR SO V& Bl (Macleaya cordata, 6.08%)~ #5 )7 %
SE(Papaver somniferum, 4.06%). 3% (Nelumbo nucifera, 3.29%). 7i%]j(Vitis vinifera, 1.92%). RKilliz
¥i(Quercus suber, 0.94%). HZE{E(Rosa chinensis, 0.9%)- Sphaerulina musiva SO2202 (0.73%) . H4¢
¥ Bk (Actinidia chinensis var. chinensis , 0.58%)~ [7l H %% (Helianthus annuus , 0.55%) 1 3 fth 4 Ff
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The numbers in the top bar represent the results of the intersection of the databases corresponding to the black dots in the matrix

below, and the bars on the left represent the number of genes annotated to each database.

B 1 AR PR R

Fig. 1 Venn diagram for each database annotation
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Fig. 2 Volcano map of differentially expressed genes

2.2.2 #5315 Unigene & 47017 ¥ 1L AR HLEAE 1) 22 7 321X Unigene #47 GO (B 3) 1 KEGG & &7 #r
(4>, SRERILH 2460 75 REFLE BT RER] GO Bl FE 2 533 M=% Hdr, 4710514
72 IS L R RE 2) KEGG $U 21 113 2 Uhd g 4 .
RIE GO B FE — 2046 H A=W 1 F2 (biological process, BP). 4 fif & 2> (cell component, CC)Fl143 1
Ty RE (molecular function, MF) FJAN [, 7106 = 73 vhox W 72 S B I BOH KT 2 19 GO sk H, #11
TS HXSRE P A /N B RHEFF FTAR T 10 N E AR, IR BGETR I 22 57 RIA LR 1 2 B35 4R 7E
Jiit 9% W2 AX W ik B Cabscisic acid metabolic process GO:0009687 )  # fif B¥ 4= ) & Bk #£  ( menthol
biosynthetic process GO:0031525) IR A& HOL 2 (sulfolipid biosynthetic process GO:0046506) %5

WL R, B KA R I (cytosolic large ribosomal subunit GO:0022625) « ffi 57 /N2 b 4 W A&



(cytosolic small ribosomal subunit GO:0022627) . #ZHE{A (Ribosome GO:0005840) &4l 70, 7%
i i S B (NADP+) ¥ 1 [aryl-alcohol dehydrogenase (NADP+) activity GO:0047681] 7 /3 4 I fid & 1
7% Cisopiperitenol dehydrogenase activity GO:0018458) . 4k I i Sl 7% 14 (carveol dehydrogenase
activity GO:0018459) %4> T Ififig

K 1L AR ARG 1) 22 e R AR HE TR BN B KEGG il e i 2 % AGHE R, ATRlar 8] 6 N80, I
5 AR A O 8 2% 1) Unigenes 2R & 2, A 480 4, 4k 45.67%; H A& 15 20 T AH ¢ I8 B 1
Unigenes f 425 1>, 7Ll 40.44%; S5I8E(5 B ACFEAH G % 1) Unigenes 5 58 1>, itk 5.52%; 544
Z G0 AH S IH B 1) Unigenes H 50 N, (5 E 4.76%; 5 40 il i F2 AH OC 18 % 1Y Unigenes & 37 4, At
3.52%. 347 10 % KEGG i@ BiE B 525K F (P<0.01) , 43 5K i 4 (ribosome ko03010). &1
FH-R 28 25 H (photosynthesis - antenna proteins ko00196). 235 i 4= 4 & ik (flavonoid biosynthesis ko00941)+
i 2= W% A = 2E W) & )l (sesquiterpenoid and triterpenoid biosynthesis ko00909) . i {4 11 & 1% 5 B i
(synthesis and degradation of ketone bodies ko00072). %+ bt H I 4X 1 (glutathione metabolism ko00480). #&
-9 IR H.AF (plant-pathogen interaction ko04626). MAPK {5 5 il #%-1H ) (MAPK signaling pathway - plant
ko04016). % i A1 5%l % 1) 4= ) & il (flavone and flavonol biosynthesis ko00944), — 2K Z &2k, — 5 5kpe

KRN 2B R AW & Hi(stilbenoid, diarylheptanoid and gingerol biosynthesis ko00945).



1/GO:0009687
2|/GO:0018459-
3|GO:0004103 ]
4/G0:0018458-
5/GO:0047681
6/GO:0046506-
7|GO:0031525
8|GO:0003735
9/GO:0022625-
10/GO:0022627-
11/GO:0006412-
12/GO:0010200-
13|GO:0005840-
14/GO:0009765
15/GO:0042254
16/GO:0000027
17/GO:0002182-
18/GO:00021811
19/GO:0009522
20/GO:00037001
21|GO:00161681
22|GO:0009523
23|GO:003 13861
24/GO:00435651
25|GO:00055761
26/GO:0050474
27|GO:00093461
28|GO:00453351
29/GO:00102871
30/GO:00349671

N2

. ® F F F F B

# it Number

* 3

@ 332

P i Pvalue

. 0.0015

0.0010
0.00035
0

2 41| Category
o ST
Molecular function
a fl S
Cell component

o LI
Biological process

0 2 4 6 8 10
& 541 %7 Enrichment score

B 3 ZRREEHE GO B Top30 SHE
Fig. 3 GO enrichment of differentially expressed genes in the Top30

I BRI R 2. AFREBAME I 3. MHABmeIE e, 4. FURNEREM AN 5. J7 EEE B S B (NADP+)
Wk 6. TR G B AE: 7. MR A G RO R 8 MR MRSr 9y AHARTTRITE: 100 AR BT RE AR
W 11, AUMESUMEBERIESE: 12, B 130 RJUT BRI 14 BBEIR(: 15, e B/, Stllsk: 16, bk
EVIRAE 17 BRI R 2 18, AU ABITRIEH; 19, photosystem; 20. DNA Z5&H%H Fibtk; 21, MEtER
Zhtrs 220 HRYE: 23 EAFE; 24, AR DNA 46 25, AIIANX I 264 (S)-25 F b F ik & B RS 14 5
27, MERRAREEE A; 28, T, 29, plastoglobule; 30. Set3 &4,

1. Abscisic acid metabolic process; 2. Carveol dehydrogenase activity; 3. Choline kinase activity; 4. Isopiperitenol dehydrogenase
activity; 5. Aryl-alcohol dehydrogenase(NADP+) activity; 6. Sulfolipid biosynthetic process; 7. Menthol biosynthetic process; 8.
Structural constituent of ribosome; 9. Cytoplasmic translation; 10. Cytosolic large ribosomal subunit; 11. Cytosolic small
ribosomal subunit; 12. Translation; 13. Response to chitin; 14. Ribosome; 15. Photosynthesis, light harvesting; 16. Ribosome
biogenesis; 17. Ribosomal large subunit assembly; 18. Cytoplasmic translational elongation; 19. Photosystem; 20. DNA-binding
transcription factor activity; 21. Chlorophyll binding; 22. Photosystem; 23. Protein tag; 24. Sequence-specific DNA binding; 25.

Extracellular region; 26. (S)-norcoclaurine synthase activity; 27. Citrate lyase complex; 28. Phagocytic vesicle; 29. Plastoglobule;

30. Set3 complex.
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Fig. 4 KEGG enrichment of differentially expressed genes in the Top30

1. B 2. SUEER-MAEA: 3. WL EMNEY GG 40 R = S S G 5. BER
ERRABERE: 6o BIDEH IS 7. Y SRR EIER: 8. MAPK (5 5@ M-H1: 9 SR SEIREE 1 A= 40 & A
100 ZORZHGR. IO LI I AEYI S 11, 4EA4E 3 BO AR 12 2B Al SR-IZ BRI AE D A R 13
R AR IR A 14, RNER. BARM ORI EM S 15 EANRIRAN: 16, g AM: 17, &
PR 18, MYIBERESHS: 19, WEREaYERNAED GG 200 BRCTE-EY; 210 KE MROEDE
22, HURMERFEERR A 23, TRREACHT: 24, HbBEARICH: 25, WA, RARMN AR ERIEM: 26, MIHIRIC
W 27, Wik WREEFNMERE VIR A S G 28, KSR IR AN R ACH: 29, RINERRIAS: 300 AR R )
DG B

1. Ribosome; 2. Photosynthesis-antenna proteins; 3. Flavonoid biosynthesis; 4. Sesquiterpenoid and triterpenoid biosynthesis; 5.
Synthesis and degradation of ketonebodies; 6. Glutathionemetabolism; 7. Plant-pathogen interaction; 8. MAPK signaling pathway-
plant; 9. Flavone and flavonol biosynthesis; 10. Stilbenoid, diarylheptanoid and gingerol biosynthesis; 11. Vitamin B6 metabolism;
12. Ubiquinone and other terpenoid-quinone biosynthesis; 13. Taurine and hypotaurine metabolism; 14. Phenylalanine, tyrosine
and tryptophan biosynthesis; 15. Arachidonic acid metabolism; 16. Riboflavin metabolism; 17. Biotin metabolism; 18. Plant
hormone signal transduction; 19. Terpenoid backbone biosynthesis; 20. Circadian rhythm-plant; 21. Carotenoid biosynthesis; 22.
Ascorbate and aldarate metabolism; 23. Butanoate metabolism; 24. Glycerophospholipid metabolism; 25. Valine,leucine and
isoleucine degradation; 26. Linoleic acid metabolism; 27. Tropane, piperidine and pyridine alkaloid biosynthesis; 28. Arginine and

proline metabolism; 29. Phenylalanine metabolism; 30. Biosynthesis of unsaturated fatty acids.

2.2.3 K47 73R 1K Unigene (5 8 AR 2 86 ik th 5 1L AR AR SEARIE BT o AR SR ) E @ g (R
3) , HAr 154 2% 5% 1A Unigene J& THAEA-RZE T (photosynthesis - antenna proteins) @&, 47
AR 1A B FEE Ihca5 (light-harvesting complex I chlorophyll a/b binding protein 5) 7 ™ i %
Iheb1  ( light-harvesting complex II chlorophyll a/b binding protein 1) « 6 4~ i 3£ & lheb2 (light-
harvesting complex II chlorophyll a/b binding protein 2) « 1 4~ RN 3% A lhcb3 (light-harvesting complex 11

chlorophyll a/b binding protein 3) ; 11 MZ 531X Unigene J& T 2K 5l 2E Y5 A% (flavonoid biosynthesis)



B, 479N 14 chs (chalcone synthase) . 1™ c4h (trans-cinnamate 4-monooxygenase) ~ 2 > f3'h

(flavonoid 3'-monooxygenase) - 1> f3h (naringenin 3-dioxygenase) + 1 fIs (flavonol synthase) - 1

A~ ans (Canthocyanidin synthase ) 1 /) chi (chalcone isomerase ) « 1 > ccoaomt ( caffeoyl-CoA O-

methyltransferase) + 2 4™ hct (shikimate O-hydroxycinnamoyltransferase) , PA_FJERR BN FiHRIZE,
R3IWKRBELEN T R FEERENZERREEE ST

Table 3 Analysis of differentially expressed genes in Anemone shikokiana adapted to heterogeneous habitats

B T TE g

. logzFoldCh
Metabolic pathway Pathway Gene Gene ID OE2t0 ange
K08911 lhca5 TRINITY_DN9194 ¢0 gl il 1 1.032205465
TRINITY DN24746 ¢3 g3 i3 2 -1.12845721
TRINITY DN21766 ¢c2 g7 il 1 -1.721035581
TRINITY_DN24746 ¢3 g2 i3 2 -1.952942905
K08912 lhebl TRINITY _DN37231 ¢0 gl il 2 -3.843048838
TRINITY_DN21766 ¢2 g2 i2 1 -4.048259712
SeEEH-R&EEH TRINITY _DN25762 ¢3 gl i5 2 -5.656930902
Photosynthesis-antenna TRINITY DN24746 ¢3 gl2 il 2 -5.51632584
proteins - -
k000196 TRINITY DN24815 c0 g2 il 2 -1.900257362
TRINITY_DN22809 c2 gl il3 1 -1.941378951
TRINITY _DN23990 c2 gl i4 2 -2.243240333
K08193 lheb2
TRINITY_DN24319 c0 gl i4 2 -2.732165837
TRINITY _DN24815 c0 gl il 2 -1.242203266
TRINITY_DN21916_c4 g3 il 1 -1.545454537
K08194 lheb3 TRINITY_DN24021 c0 gl il 2 -1.237597641
K00660 chs TRINITY_DN16756 ¢0 gl il 1 5.944109472
K004387 c4h TRINITY_DN17787 c0_gl il 2 2.458589689
TRINITY _DN23510 ¢2 g3 il 1 8.323553071
K05280 f3h
TRINITY_DN23510 c2 g4 il10_1 1.523967569
s N K00475 h TRINITY _DN9341 c0 gl il 2 2.813458873
eSS (LR INEN 5 - _c0 gl il
Flavonoid biosynthesis K05278 fls TRINITY_DN5340_c0_gl_il 2 2.669799151
ko00941 K05277 ans TRINITY DN30744 c0 gl il 1 2.54154359
K01859 chi TRINITY_DN25718 ¢0_gl il 1 4311335927
K00588 ccoaomt TRINITY_DN20298 ¢0 gl il 1 2.677118483
TRINITY_DN23267 c0 g2 i2 1 2.292870935
K13065 het
TRINITY DN21518 ¢0 gl il 1 1.070509174
2.3 SSR AL AT H 3 MIT R

2.3.1 SSR A7 s B AR s 0okl 45 AR SE A6 3% 41K 53 536 4% Unigenes J7 41 #4748 %, LA H 6 006 4%
Unigenes /751 H & 45 7 146 4~ SSR A p, P40 Al 250 8.1 kb, SSR KJEAE 10~225 bp Z ], SSR i
PUAIZ (=SSR M4/ &L Unigene %0 A 13.35%, SSR KEHIZHE (=& SSR ] Unigene %1/t Unigene %)

N 11.22%. IWHRRELSH 2 KL ER SSR AL S HIHE 907 46, S HIR 1.68%, &H 8K



AR R SSR AL KT HIA 420 25, AT I 0.78%. AR ELE SSR XM B NFE, Hit
106 MEEIRF (£4) , MAEERF AR TIRESE (3248, 4559%) , HRDHIA=ETREE
(2041, 28.56%) « —HZHEHWRESE (1645, 23.02%) . NEZHRESE (101, 1.41%) . NUEKERES

(81, 1.13%) . AZEHRELR (20, 0.28%) (K5 .
F 4 KRB EWTAE SSR EFEF K HIFIR

Table 4 Frequency of different SSR repeat motifs in Anemone shikokiana

SSR 7Y NI LS AR PRAY e KA

SSR type Number of repeat motif types Repeat motif type Number Frequency of occurrence (%)

AT 5 A/T 3208 44.89

Mono-nucleotide C/G 50 0.70

AG/CT 927 12.97

— A AC/GT 385 5.39

Di-nucleotide AT/AT 328 4.59

CG/CG 5 0.07

AAG/CTT 648 9.07

ATC/ATG 338 4.73

ACC/GGT 307 4.30

AAC/GTT 205 2.87

X A1) 10 AGC/CTG 188 2.63

Tri-nucleotide AAT/ATT 168 235

AGG/CCT 91 1.27

ACT/AGT 39 0.55

CCG/CGG 33 0.46

ACG/CGT 24 0.34

AAAT/ATTT 37 0.52

PR . AAAC/GTTT 10 0.14

Tetra-nucleotide ACAT/ATGT 7 0.10

Hofh Others 27 0.38

AGAGG/CCTCT 4 0.06

A% " AAAAC/GTTTT 3 0.04

Penta-nucleotide AAAAT/ATTTT 3 0.04

HAth Others 10 0.14

ACCAGC/CTGGTG 5 0.07

MG 0 AGATGG/ATCTCC 4 0.06

Hexa-nucleotide AAAATC/ATTTTG 3 0.04

HAh Others 89 1.25
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The horizontal coordinate is the length of the SSR repeat unit and the vertical coordinate is the number of SSRs under the number

of repetitions of that repeat unit.
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Fig. 5 SSR type distribution of Anemone shikokiana
2.3.2 EST-SSR I MBI A 5 iade A 1% 350 W B 12 Fi vkoxek DA L 2R R 528 1 7 s 2H B8t v Bk 19 100 3
EST-SSR 51 W47 H: 58, 7153 68 XA I 5. AR 68 X EST-SSR 51 M2 A1, KA 8%
P IR PR BRIt r G 36 R R T 5 B L&/ (YD) « MG Banih#8kil (YLD . #HF 58
B TH e X PHPIERE (QDD) « Ui E (QL1) KL R % DNA ¥ 45 8, 68 %} EST-SSR
SR RETE LR R P A BG4, HP A 1L X EST-SSR 51 A A &M (£ 5) , Ly 24
NEBMER B DLEZEREY, BT REETE e H BRI K EST-SSR 51 M2 — M. nATI 5
P, AL K PCR 47 1 AR AR R /S ) EST-SSR St fasE . T E & MM L Ak
£ 5 IRHELE 11 X EST-SSR 51 40M5 B K ¥ 4 2

Table 5 Information and amplification results of EST-SSR primers of 11 pairs of Anemone shikokiana

K 48 4% .
N N X
aH - B R %
. e el Length  Number
Primer . . Number of
Motif Primer sequence of | hi
name product amphﬁe po };)mo(rip 1
(bp)  dbands ¢ bands
AN3500 (A)S7  CCAGTTTGGCTATGGGCTGA/GAAGGTGACGGAGCAATGGA 233 4 3
AN3504 (TGA)Y7  CCGGTTTCAGAAGCAAGCAC/CCCCTCCGGCAATTCTTTCT 239 4 2
AN6504 (T20  TTCCCTCCTTGAACGTCTGC/AGGCAGTGGAAAAGCTCTCC 245 7 3
ANSSO“ (GA)15  GTGATCCGTTCGTACCAGCA/CTTTGGGAAGAACGTTGGCG 122 3 1
ANSOS (TT()10  TCTAGCCTGAGACGGAAGCT/ACAGACTCCAAAGTAGGCGC 125 4 2

9



AN(;Q'% (A)21 CAGTTGTCTGTGCGTGCAAA/GCTTCACGCGTCGGTTTATC 172 4 2

Ah?06 (GAR21  GAAACCCGAAGAAGGCCAGA/ATGGATGGCTTGACGGACTG 181 4 2
ANSO7 CAGCAGCAGGAGGAAGACAA/GACGGCGACCATCAAACAA
(GGA)T 193 4 2
0 G
Ah§08 (GA)I0  CAGCCATGAAGCATGCCATC/ATTGAAACGCCCGACTTCCT 211 3 1
ANSO8 GCAGAGGAGGAGGAGGAAGA/CCACGACCCCCAAACTGAT
(TGG)7 226 2 1
8 T
Ah§09 (CT)14  CGCCTAATGCTAAGCCGGTA/AGGCAGACTACAACAACGGG 163 5 5

3k 4R
3.1 F AR L REEILRE R 5547

e I B Bl 4 T AR M SRS M B AR T BUAE R, DA Ak DR R AN IR A AR A 4 4
BT AL T ERER] (Luetal., 2010) o AHF 7T FH v i 5 I 5 BEAR X S5 50 A6 355 o (9 1L AR AR AL HEAT 5%
SR, 22 R R B R AT & S A, RO Ll AR AR I N R S 0T A R L 32 AR I
FEI6 G TR B A0 & P 5 T o

JeEAE AR Y AEK A — PRSI A FEEERT, 2R Ko IR SR AN [F PR R () 5 )
(Fang et al., 2022) , {EH ISR R EW N M35 a/b 4555 A (light-harvesting complex 11
chlorophyll a/b binding protein, LHC) KAFEZE/EH . LHC HAZEER (he) b5, BRI CREL R
PS [ #1 PSII e 2 oA RE S Ak Ak s Be R L, AT DA BESE & /E - #E4T (Helena et al., 2023) . [he
H DR G AL Thea B Theb WAL, A& RmIGREYDC RS TP LHC [ IEEH, #ObEmeR
K H AT R O 1 AR [F 9% K 1998 (Mozzo et al., 2010) , & gmiBiEy ot &40 11+ LHC I B 1,
WSS R BEARME b 50% 10 (4 B BT SRR R IRt B R E E DO REE A (£, 20200 . 7E
RWFFEHR R, A LA FRA AR FAE K ML ARAELE, (T P L REEE T Theas 235 B, 5
Ganeteg % (2004) BRI Iheas 1E5RIE AT T RIEKF BE R IV R —8. RN AR
W T L AR ERSEAE T Thebl Theb2 A Theb3 238 T, 465 (2019) W FE K IAET A T K FHT theb
FEDA A N AT B g iR iR o 2O RE, OGS EES, Rahele 55 (20220 HIBEFE R Theb J
IR 22 125 85t 1) /D 5 S50 00 4 3 2 B AT LA I S - S s, DRIE P B Tk 1-3 1R 8 mT s D ok R 2%
HEMER, RISCEIER, WD IKHEFE, AT AR5 00 L ZRAREAE 5 5 77 AR R . LTI
NS FETR A AR N B, G, R RN R s R AR T I AR AR AR A I R R, @A
LR, Thea M Theb WEFE ) ERFIR AR TG DA MR 11X —HERE, &R 1 1L TH0EE AR R 85
SR A0 S R o

REH YR T ZAFE AT, AR 280~315nm K564, AR IRAS



TCH A A G 2 B/ ARG (AR RGES, 2004) , TERIMAE Kk B M b 8 25 35 A P e i
o3 FE v R 4% 2 B A B IHAE (Chen et al., 2023; Guo et al., 2023; Zhuang et al., 2023) . KEEI/EY &
BT RTARYI IR TR AR, 62— RVDCHERE I, /R B & R (CHS) 28 KB 5 A4 il
(CHD . HEEEE 4 pE (FLS) . #EA 3-F25LM0EG (F3HD . B 3" -2 40EF (F3'HD . TERAMK
filt (ANS) %% (Shenetal,2022; FHHVE, 2022; Xiongetal., 2016) o AHFFT A& Bl THHE 11 AR #R
SEAE PR AD A DS SE R bk B R, MRS (20200 BRI chs 1 chi SR RIE KT 5K
TR 2 R R EAHOCOC R, R L TOHE A ) 1L AR R AR TE AR KO R ) BB i 2 (2 . 1l
THE P a6 I, B T R, AR AN, IR I A R, AR R A R A S
JEAEY DNA J e 25/ AR (Batschauer, 1993) , JN_E R RIS, KPR 3 bl 2 A A5 2 L 2840
Tl AT LTI AL AR SRS AL KB R TR 5 A, TR R IR A, > SR A R BRI BER
(e o SR AL B (0 v i, DO LA R A VS PR G
3.2 IWFRERELLK SSR ML ST 551K

W AREREAL Y SSR RAAAXN + 5, MR HREZFHFAZHFRELFIAS. AR =~
TR d AAG/CTT & T EREF (Xiang etal., 2023) , 5T IR ETE SSR A7 5 20145 5 —3,
Ve U] EST-SSR 7E H A A FIt A i 7 vh B A s L AR <7 k. EST-SSR 73 T hnic I T o H R E 541, A
AR RERE R ] e [ P PR AF S0 R (KI5, 2023) o AW FUHE T-Pf e B i m i e s 4L
Hdg, FIFH SSR LB IE AL 100 X519, Hrb A 68 X 51 W] LASEELA A1, A 11 X5 MTEAR
Rl 1) LD AR SRS AR AR R I 2351k, BT 238 1EI EST-SSR 43 F s i il H T84 Z R 7 5
S F AR B E A, BRIE A L AREEE A R B SRECH A DY [ 5 L AR R Z R, TEART AL
AR BEAT AR DGR W LA R R G DR, 5 S I I AR AL TR AR AT S AR 0 L ARAREAE
EST-SSR £ & £ 51 W (038 Fl PEREAT B0 AIE ,  [F) B R FH #2908 1 22 53¢ 3Rk B R e iF EST-SSR 51 A T IX 43 A
[ AR B 00 L AR AR S A Sy FEE AP S0 R o 5 VR DR B il o

L8 BRTIR, AHE TN L TR R B VR AE AR R L ARAR AL I 2L e AT o0 #, 22 B Fod i 1 5
A PR AN R B AR Y B BOR AR M e (B DR DIGE B S AR B, IR RO R 2 A8 MU (1) EST-SSR 4
Fhrid, HAMDAREERER T HE 2 A, SRS SR EA 2R L
S k-
A5G, WG, B, 4, 2023. KR EST-SSR A% 4544 73 B K 48 S0 IS A4 22 [J]. FE P8 4% BE U 74 -
1 - 16[2023-10-20].https://doi.org/10.13430/j.cnki jpgr.20230531001. [BIAN J, WANG XN, CAO K, et al.,
2023. Genetic structure analysis and fingerprint construction of hemp by EST-SSR analysis[J]. J Plant Genet

Resour: 1-16[2023-10-20]. https://doi.org/10.13430/j.cnki.jpgr.20230531001.]
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