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R, fR AT SLRF A I8 AL 450 5 8 FIODRL SRR 00 DS IDEAL A, S IF 7 R FH 3 SR 40 B0 T R
SSR bRic, X 172 i@ i FH TG 1 R BEAT 8 4% 2 FE I VP Al AREAR S5 4 20 B . SR F MISA %K
1 IR HOFA L 5 2H Unigene J7 51 H 4248 SSR A7 55, FIH Primer 3.0 B Wit 5 14, &
TR IS R e e Fie PR DK T e 22 S BB W5, 3R B 12 W i fase . 28MEE 1 SSR 514, Xt
172 iR FA JIE A o PE R BEAT HEAT PCR 71, JFREIBME Z RS HUG 5. BRI 4510 7
BT R B o3 M. G5 RRE: (1) M\ 68 211 2% unigenes /3751|328 5E H 2 077 4~ SSR A7 A7,
D= BB R ER R Y, EERTEE IR R EETE 5~6 Ik, EE KA
DIAIEECRNERE, HLL AGATGG/ATCTCC 52 H 0 B R e, o5/ Bl 542 3
TCARELI 22.39%; ik 12 52 AR R SSR 514, HZEMERSE (PIC) FiiE
0291, J@FHEZEMEKY, ol H PRI . (2) BEAEAL 251 7 i g e
R AW THE (K=2, AK=346) , HAHE A B 25 MR, FEIEEBITHRA
KA~ IR E AR Wi B &4 147 MEMR, [ 2040 T A H Al X ;
TS T RS Structure RIFREVIA, B AR BRS04 R 25.06%
A1 12.68%; 8% ZFEME LR R, TR B AL 2 FEE KT (Na=3.617, 1=0.549, h=0.320)
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FEVERCE & BARAE I R B I8 AL 450, PV AR OR R 37 & PO RRL I8 45 Bl AR X B 4%,
T oAt bt X R IR TE M FRB AL 2 BRI TN T o A TR S A R R SRR AL A% DX 3
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Abstract: Pinus elliottii is an important resin-producing tree species. This study focused on
resin-use clones from different origins. It aimed to explore their genetic diversity differences and
population differentiation patterns. It also sought to clarify how population genetic structure
relates to the geographic sources of breeding materials. To achieve this, researchers developed
SSR markers using transcriptome data. They then evaluated the genetic diversity and analyzed the
population structure of 172 slash pine resin-use clones. The goal is to support selection, protection,
and utilization of high-resin germplasm.SSR loci were mined from unigene sequences using
MISA software. Specific primers were designed with Primer3.0. Polymorphic primers were
screened by polyacrylamide gel electrophoresis. Twelve SSR primers with stable amplification
and high polymorphism were selected. These primers were used to amplify 172 resin-used clones
of P. elliottii. Genetic diversity parameters, population structure, and principal component analysis
(PCA) were calculated. The results were as follows: (1) A total of 2,077 SSR loci were identified
from 68,211 unigene sequences. Trinucleotide and dinucleotide repeats were the main types.
Repeat numbers were mostly 5-6 times. Hexanucleotide motifs were the most abundant type. The
AGATGG/ATCTCC motif had the highest frequency, accounting for 22.39% of all hexanucleotide
repeats. Twelve SSR primers with good polymorphism were selected. Their average
polymorphism information content (PIC) was 0.291, indicating moderate polymorphism. These 12
primers are suitable for genetic evaluation of P. elliottii.(2) Population structure analysis divided
the tested population into two subpopulations (K=2, AK=346). Subpopulation A contained 25
clones, mainly from high-resin breeding materials of Xiajiang Forest Tree Improvement Station.
Subpopulation B contained the remaining 147 clones, widely distributed in other regions of
Jiangxi Province. PCA results were highly consistent with Structure analysis. The first two
principal components explained 25.06% and 12.68% of total genetic variation, respectively.
Genetic diversity comparison showed subpopulation B had significantly higher diversity
(Na=3.617, I=0.549, h=0.320) than subpopulation A (Na=1.917, [=0.258, #=0.143).In conclusion,
resin-used clones of P. elliottii in Jiangxi Province have rich genetic diversity and obvious
population structure. Breeding materials from Xiajiang Forest Tree Improvement Station have a
relatively narrow genetic basis. Clones from other regions show richer genetic diversity. This
study provides an important theoretical basis for the selective breeding of improved slash pine
varieties and the construction of core germplasm collections in Jiangxi Province and adjacent

regions with similar climatic conditions.
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genetic structure



WA (Pinus elliottiin) JE7= T RE R, FHAKRE, R~ &E5. &R
B, H 20 T2 80 SEACK M K B SINFRE, B C KA RS 7 L A AN R R, it 4
THEME P R, E O 2 @ A R AR R A R 7 [, &R TAEZ IR . 2R,
[ 1 5] Fh AN T 38 G M A7 TR AR SR 22 IR S Kk, ELBEE & A AR B, 1X — [l
H i, P2 RS & e OB S0 R AR RR S R, 5 oo B8 U 1 S8
FeE M R E B (BSR4, 2025) o itk 2RI R W Rh A A7 38 N AE 1 1 B BRI,
IR TR TR VPN 5 A% o R SRS 8 A O K EE (Wei et al., 2022) o L, RGP
AR A BB BT TR I8 AL ZAEVE, B R AR A5 K, X T RS BRI R AP AR OB
3 T e 58 v KR o S (1 1) AT B e R

Iy FHRICHEAR R IE AR F AR ot B2 IR S HE DA 5 DR 9P R R B 0 1 s A R R 52
. EEESThdd, MBEEE)TFH (simple sequence repeat, SSR) iy H ALK 2 70 A )
2 FLRAERME, SLREREREE . 2ANEESEREEEME, CRCMEDELFIAN
HET A, HAT, SSRAFMCTH) 2 M T B ES R AR, 2025) o Fhi B
WL Z RS (BeRAE, 20265 AR, 2026) LUK SRR E SRR AR (54
A, 2025; 52525, 2026) FEZ AN FLE. B AT BRI POE K 5 A 1 RF
SEFE%, RNA-Seq HAR TS RKFIBIT K Dhfieth: SSR Aric s BU@fE . AR TAE Gtk T4
RIZH S PETT & B SSR bRic, F T4 sk H 3 T &K 1) EST-SSR (expressed sequence tag-SSR)
FRIc R UE TR D5 1 g i X B AR RH R IX, H P SIAE RN A B S i o itk HEE 5 T 5 H s
PEIR 0 M e B DR S ELBR G IE, MNTT 9 40 T AR i Sl B & MR AL T B AR X LA
(Parchman et al., 2010)

TERAJE (Pinus) HAFH, SSR PRICHIIT R 5N H CEAG 7K ERE. EAhyE R
KIEF (P taeda) (Bérubé et al., 2007) MBEKPFRHA (P sylvestris) (Soranzo et al., 1998;
Sebastiani et al., 2012) FFF & T KA EST-SSR Fric, FMFH T84 2 FEPE R BEAR 45 4 43
Mo BN 7 T FIRE 5 TR s A BRI R T S R AA (P massoniana) « =¥iFA (P yunnanensis)
ZLKN (P koraiensis) ~ KWKS (P taiwanensis) J AR (P bungeana) % SSR #ric, N
5584 2 FEPE R AR B AL S5 40 /AT S5 07 TR L (B B0, 2014 SR4EIESE, 2015: 7RIRSE,
2015; HERIIRSE, 2017; #kfESE, 2021 DHEREE, 2022) o AR, WRHFA SSR ARicIT
KBS T EER .. S (2020) 3 T7E b FE 4L 5 i, M 79 574 2% unigenes
%8 3 818 AN SSR fiz s, JFA T 120 %F EST-SSR 514, M 24 X} 51907E 113 Iy K 2P
P R 2 &M, TFHEZEEERESE (PIC) N 0349, ESE 1 3T 4 5 51T
K SSR BRI FTATE . Ak, FIFFAJE A BST $0df A TF & 1) EST-SSR 5| #th L 7R Hh Az
ST, BIGESE (2014) A JE EST P20 ikt 39 XHZEIR AR vh BA 314 i 51
Y, e oXtR2IEZ A, RIRFEAR AT KM SSR ARic E ZAN R A FK R AR B T
FHECHE BT, BT L= o B s 1] Rk i i i AR FH TG 1t R AR, FLst % 2 REVEDEA
SIEAREE KRBT AT AR W R G ikiE

TLPE AR 3R E R bs EEME X, M AR 2w AL, BIH AR 71
NEFTCVE R B BT BT YR, T R AR Z REERE SO it 1 RAFRAP R Rl . BT ik, A ST DAL
VOB A 172 AR IR N IO RONBF TR, ARFEH: 20 Fe #9501 & EST-SSR 73 F-#51c,



K H MISA A 3288 5 R G e G BE IR vk e AR 45 & 10 vk, il sttt Z S &
(1) HETHFF4 SSR Fric, VLV

FEVR DA% S5 40 70 BT AN 2 J 23 0 A JRLER I DA B 2 )
A 172 iR g Y JE T 2 138 A% 2 AR VAT T

(2) PElHER R IEAL AR BRI

AHITFECAYIONLL PG 45 75 %2 8 T AR AR i DX P 3 P2 I A 52 B2 U5 RS HE VAR L AR (382 4%
05 B A% U T 5T 6 PR B A S BR300 TR

LA RS T7 7%
1.1 #%

MILVEE SR 172 kA IR EIE R (R 1), SREEFTEE R BT H B W R e
-80 CORFE, MrbBkik 4 DASFEIKIE I AE I IE R/ SSR SR (R i o

£ 1 g AR
Table 1 Materials of Pinus elliottii
s LPERAIK KA %5 Totk R A4 FK KA
Number  Clone name Sampling site Number  Clone name Sampling site
Al 6-44 RYT B B B43 TH-4 BRI
Xiajiang County Forest Seed Taihe County, Ji'an City
Farm
A2 6-42 IRIT B A B B44 TH-17 EEALE SIS
Xiajiang County Forest Seed Taihe County, Ji'an City
Farm
A3 5-21 T EARA AT B45 TH-11 W R ARME
Xiajiang County Forest Seed Taihe County, Ji'an City
Farm
A4 4-15 IRIT B A B B46 TH-10 EEALE SIS
Xiajiang County Forest Seed Taihe County, Ji'an City
Farm
A5 4-11-5 IRIT B A B B47 TH-1 EEALE SIS
Xiajiang County Forest Seed Taihe County, Ji'an City
Farm
A6 3-64 eI T B A R 37 B48~B9 BYSO01~BYS WM AR LAY
Xiajiang County Forest Seed 7 84 Jian'an City Baiyun
Farm Mountain Forest Farm
A7 3-55 VT B AR R i B98 QY-72 HRMHRX
Xiajiang County Forest Seed Qingyuan District, Ji'an
Farm City
A8 3-468 eI T ELARAR R A7 B99 QY-70 HRMHH X
Xiajiang County Forest Seed Qingyuan District, Ji'an
Farm City
A9 3-3-1 eI T ELARAR R A7 B100 QY-68 HRMHH X
Xiajiang County Forest Seed Qingyuan District, Ji'an
Farm City
Al0 3-142 eI T ELARAR R A7 B101 QY-67 HRMHH X
Xiajiang County Forest Seed Qingyuan District, Ji'an
Farm City
All 29 eI T ELARAR R A7 B102 QY-64 HRMHH X
Xiajiang County Forest Seed Qingyuan District, Ji'an
Farm City
Al2 2-31 Wi T EL AR R A7 B103 QY-59 HRMHH X
Xiajiang County Forest Seed Qingyuan District, Ji'an
Farm City
Al3 2-28 Wi T EL AR R A7 B104 QY-56 HRMHH X
Xiajiang County Forest Seed Qingyuan District, Ji'an
Farm City
Al4 2-24 Wi T EL AR R A7 B105 QY-55 HRMHH X
Xiajiang County Forest Seed Qingyuan District, Ji'an
Farm City
AlS 2-198 Wi T EL AR R A7 B106 QY-51 HRMHH X
Xiajiang County Forest Seed Qingyuan District, Ji'an
Farm City
Al6 2-191 eI T B A R 37 B107 JS-46 w R EKE:

Xiajiang County Forest Seed

Jishui County, Ji'an City



W5 THRER KA I Ttk R A4 FK KA
Number  Clone name Sampling site Number  Clone name Sampling site
Farm
Al7 2-173 eI T ELARAR R A7 B108 JS-45 R AKE
Xiajiang County Forest Seed Jishui County, Ji'an City
Farm
Al8 2-164 Wi T B R A7 B109 JS-42 R AKE
Xiajiang County Forest Seed Jishui County, Ji'an City
Farm
A19 2-150 BT B R A7 B110 Js-41 w RS
Xiajiang County Forest Seed Jishui County, Ji'an City
Farm
A20 2-142 Wi T B R A7 Bl11 JS-38 w RS
Xiajiang County Forest Seed Jishui County, Ji'an City
Farm
A21 2-0420 Wi T B R A7 B112 Js-31 R AKE
Xiajiang County Forest Seed Jishui County, Ji'an City
Farm
A22 1-38 Wi T B R A7 B113 Js-28 R AKE
Xiajiang County Forest Seed Jishui County, Ji'an City
Farm
A23 1-31 BT B R A7 Bl14 JS-24 R KR
Xiajiang County Forest Seed Jishui County, Ji'an City
Farm
A24 0-867 Wi T B R A7 BI115 Js-22 R AKE
Xiajiang County Forest Seed Jishui County, Ji'an City
Farm
A25 AF-81 EREAES R B116 Js-21 R AKE
Anfu County, Ji'an City Jishui County, Ji'an City
BI~B7  PY04~PY10 g AR B B117 JS-30 HEM KR
Poyang County, Shangrao Jishui County, Ji'an City
City
B8~Bll PY17~PY20 g AR B B118 JA-122 EEA RS2
Poyang County, Shangrao Ji'an County, Ji'an City
City
BI2~Bl  FLOI~FL03 SRR E B119 JA-116 EEA RS2
4 Furai County, Jingdezhen City Ji'an County, Ji'an City
BI5~B2 AY0I1~AY0 FETH % SR B120 JA-111 BRI RS
0 6 Anyi County, Nanchang City Ji'an County, Ji'an City
B21~B2 AY09~AYI FETH % SR BI21 JA-106 EE R
3 1 Anyi County, Nanchang City Ji'an County, Ji'an City
B24~B2  ZSO0l. F ) T R 2 B122 AF-191 WU LEARE
6 ZS02. ZS04 Wucheng Town, Zhangshu Anfu County, Ji'an City
City
B27 XG-183 EEE = B123 AF-97 WU EARE
Xingan County, Ji'an City Anfu County, Ji'an City
B28 XG-185 HEmH TR B124 AF-94 WU AR
Xingan County, Ji'an City Anfu County, Ji'an City
B29 XJ-174 LTI E B125 AF-90 WU AR
Xiajiang County, Ji'an City Anfu County, Ji'an City
B30 XJ-170 EEALSIR=S B126 AF-76 WU EARE
Xiajiang County, Ji'an City Anfu County, Ji'an City
B3l XJ-169 LTI E B127 AF-75 WU AR
Xiajiang County, Ji'an City Anfu County, Ji'an City
B32 XJ-165 LTI E B128~B  XF01~XF06 T B
Xiajiang County, Ji'an City 133 Xinfeng County,
Ganzhou City
B33 XJ-155 LTI E B134~B  HCO02~HC04 w5
Xiajiang County, Ji'an City 136 Huichang County,
Ganzhou City
B34 XJ-150 LTI E B137~B  DX02~DX05 MR 2 X
Xiajiang County, Ji'an City 140 Dongxiang District,
Fuzhou City
B35 XJ-149 LTI E Bl141 CRO1 WA IEN =1
Xiajiang County, Ji'an City Chongren County,
Fuzhou City
B36 WA-142 EESIES B142 CRO2 MR
Wan'an County, Ji'an City Chongren County,

Fuzhou City



G5 MRS KA %5 Tk AR AR KA

Number  Clone name Sampling site Number Clone name Sampling site
B37 WA-141 B abake= B143 CRO4 MR R
Wan'an County, Ji'an City Chongren County,
Fuzhou City
B38 WA-138 ERAlVik s B144 CRO5 MR R
Wan'an County, Ji'an City Chongren County,
Fuzhou City
B39 WA-132 i aipakees B145 CRO6 MR R
Wan'an County, Ji'an City Chongren County,
Fuzhou City
B40 WA-129 ERAlVik s B146 CRO7 MR E
Wan'an County, Ji'an City Chongren County,
Fuzhou City
B41 WA-126 ERAlVik s B147 CROS8 MR R
Wan'an County, Ji'an City Chongren County,
Fuzhou City
B42 TH-8 7 RN

Taihe County, Ji'an City

1.2 ik
1.2.1 SSR A7 s R B e 6

BT URGHINAT ()5 7 TR AL e s B CRR D« DUL P WL B AR R FiiziE
H kA 5 — AP 7 I (115°24°E, 27°33'N)H i iy = IR ok & 2-142 Bt kl, 73 4 HCR
RERTHT) 8 HCRAREIEM). 10 HCRARS: A RAEETME R 1.3 m A 1A 5441
FEFE, 4. 8. 10 AFIARFFEAS S N SAPB. SAUB. SOCB, £ NIEFE, 4i'5 A SPN,
A ARE 3 NEE . FH CTAB L # BUFE A & RNA, 1@ cDNA X FE, RH
[luminaHiSep4000 FAT sk HllF7, FL3K1F 68 211 2% unigenes.

TEVR AR SR AT A 68 211 2% unigenes YU A, #id MISA #fF548 SSR {7 .
HARE N BAZH R EZXEORT 20, ZRHERMEZXRERT 6, =, I, 7. SEHER
HEREHKT 5.

1.2.2 DNA #£H5 SSR 5|#)i5cit

TR AR BRI JE R 41 DNA 8 ok B Jb 5t 42 B8 A =) AR ) 25 R 41 DNA $2 BRI & (B0
FERL) FRET, DNA 4l AT 5 59 FH B P e I E P R 023 Y 6 BE T AR 56

FIF Primer 3.0 XS 5 SSR A7 [ unigenes & ¥ 5190, SIWBiHARAEN: 1B
KIRE (TM) 55~65 °C, GC 5 i 40%~60%, 4 18741 K /) 100~300 bp, 511K E 18~22 bp.
B SIS R R A SSR AL et JF H B A NS GC S BEANA K KZESR, TM
ZNTEEET 5°C. 510 3 tif AE AR, Sumtsmil AR 4 4.

1.2.3 SSR-PCR " $ #1 5| ¥ fifi ik

LR AR ZE 1) 4 R TCPE R RS OEERR . H 170 X 51906 8RR 4T SSR-PCR 4
4, PCR ¥ i1k % 10 X Hieff® PCR Buffer (Mg?* Free) 1 pL, 25 mmol-! MgCl, 0.6 uL,
dNTP Mix (10 mmol™! each) 0.2 uL, 1EX5|#)% 0.4 uL, Hieff® Taq DNA Polymerase (100
U+ pL")0.08 uL, DNA #hi 0.4 uL, ddH20 #h2 10 pL. PCR RMNAKFRN: 94 CTHiAEME 4
min; 94 CAME 155, BKIREM 62 CIHIE, BANEAIE 0.8 'C, IBKIfH 158, 72 C
FEM 15s, 20 ANMEFR; 94 CAME 15, 46 ‘CiBk 15s, 72 CIEfd 15s, 10 MEH; 72 C
ZLEA 10 mino ) FH 58 VA AR TG fig ol e FL KNS 51 kAT i ik, R B4 FRUKAS I 51 ) 2 3
PE.

1.2.4 4



H Genemarker 2.2.0 B Sz BN HLIK N R AR50, FAHCHERE, AL fE R H,
SRIGFIH GenAlEx. PowerMarker V3.25 B RSEA JE R B . WIS 261 . A 24T
ER. ERZHE. WNREGE. MEAEE. 2AMEESE. BHRBAgwEd
Structure2.3.4 FAF 4T, A5 GenAlEx HEAT E /7041, UPGMA M 1 Mega 7.0.26 %X
PRz,

2.8 R 500
2.1 SSR AL S HIHHIE S 5 A

TR HRA B A P8 S5 3R A5 81.94 G i, M A5 H 68 211 2% unigenes, Al 3
KL 2077 A~ SSR AL, f7TF 1518 %k unigenes |, HAF 262 4 unigenes &5 H 1 NLPLEAL
1. SSR H A ZE (SSR /2 44/ /5. unigenes ) A 3.04%, & AE A (& SSR [ unigenes/ & unigenes )
4 2.23%, SSR LA [A] 1 P35 BE B 52 36.62 kb

TR AR B 2 P 3 I 6 RO RI) SSR 7 s B AL, DL =% R (11451, 55.13%)
MR (8244, 39.67%) AE, —HAGHEE 94.80%. AR DU L.
HEEBRM AR EE XM 05 5 1.30%. 0.53%. 0.14%F13.23% (£2) . EEXRHEZE
T 5~6 K, HAEE S KITHEFFIA LN 50%LL . sl 57 fhEE & ook
MR 2, B D AREREZ I TR ENFE B0 M, 5 52.63%), H:F AGATGG/ATCTCC
KA E N BRS N 22.39%, ATATCC/ATATGG 5 11.94%. =#H R EE o,
AGG/CCT (22.18%) + AAG/CTT (20.79%) 1 AGC/CTG (19.48%) NEERM, I
Bid AG/CT KB ERE (656 1) , EIEFHMMLE .

2 2 SSR EH BT HRHE
Table 2 Distribution of the SSR motifs
HE R HE RITHRIAL = Et 1)
Repetitive unit Number of types for repeating units Number Percentage
PRER 2 27 1.30%
Mononucleotide
R 4 824 39.67%
Dinucleotide
=HHER 10 1145 55.13%
Trinucleotide
MU A% R 9 11 0.53%
Tetranucleotide
hEER 2 3 0.14%
Pentanucleotide
IR 30 67 3.23%
Hexanucleotide
a1t 57 2077 100.00%

Summation




= AAAC/GTTT
= AAGG/CCTT
= AAAT/ATTT

AATT/AATT
= ACAG/CTGT
= AGAT/ATCT
= AGCC/CTGG
= AGGC/CCTG
= AGGG/CCCT

= C/G m AT

= AGG/CCT
= AAG/CTT
= AGC/CTG
= ATC/ATG
® ACC/GGT
= AAT/ATT
= AAC/GTT
= CCG/CGG
= ACG/CGT
= ACT/AGT

= AG/CT m AT/AT = AC/GT = CG/CG

o, = AGATGG/ATCTCC
1.49687% 490, 1.49% = ATATCC/ATATGG
) g = ACCTCC/AGGTGG

= AGCCTC/AGGCTG
= AACCCC/GGGGTT
= AGCCGG/CCGGCT
= AGGGGC/CCCCTG
= AAGGGC/CCCTTG
= AATCTC/AGATTG
= AGAGAT/ATCTCT
= ATCGCC/ATGGCG

Pra

= ACCAGG/CCTGGT
= ACCGCC/CGGTGG
= ACCTCG/AGGTCG
= AGAGGC/CCTCTG

1 4o p—— R = AAGCAC/CTTGTG
1.499 % = AAGCAG/CTGCTT

= AAGGTG/ACCTTC
2.99% = ACAGCC/CTGTGG

® AGAGC/CTCTG » AACCG/CGGTT

= ATCCCC/ATGGGG
ATGCCC/ATGGGC

%
448% 448%

1 W@HFASE R SSR A F E R KB ZETHI B
Fig.1 Motif proportions of each types of repeat in Pinus elliottii transcriptome

2.2 SSR 5| ¥k 2 A PP

BTSSR AL RURHIE, W HE 170 XI5 MREAT S S ik . 4 4 AR RIS s F ot
Z0F SSR GIMIHEATY 1, 154 %P 51 MIReY G5, IR 90.6%, A7 36 X510 2t
BLrl, ZAMELIN SN 23.4% (RSB E51MED . HEZRE T &M
ERERESRIUREM. Kbl 2052 SERE (R3) , §igieE. KWiEm, w
T 5 SRR AR AE ZREE 23 AT

12 X510 FERI 3 40 ANSEALIEER, RS RIN B i) S5O B R & 2-7 A, PR
X SIS S R 3.33 4, o, 514 THIS Ml B N ERE (71, 5
Y THT IR2Z (6 1) o ARSI ERE (Ne) “FHIN 1363, LL5I4) THI8. TH7 fl TH22
(AT A S TR RO X e e R4 & T8 (Ho) RIS (He) [IIIME 2 %N 0.241
#110.231. Shannon’s {5 2 48% (1D WAL Dy 0.152~0.854, ~FI1H 0.403; Nei’s %
HZ e (h) /T 0.241~0.497 208, ~FIMEN 0.331. ZEMEEEE (PIC) KFIHE
90291, BT 0.152~0.454, H 54 TW43 1) PIC fH &= (0.454) , HXH THI8
(0.375) « TH7 (0.361) F1TW31 (0.346) , R LR 4 XF 5198 2 &M KF AR =
RN G SRR AL Z R T IR 051 (R4 .



®3 2HMEMFI

Table 3 Polymorphic primer sequences

EIR/ELR FF 3 B KGR E
Primer name Sequence Temperature of
annealing (°C)
012 R TAAACAAGGATGCGGGCCAT 56.9
F TGACCCGGAGAAGGATAGCA
S20 R CACCTGCTCCCAGAAAGAGG 571
F AACGAAAACAGCACGACAGC
TH7 R AGTCATGGGCTCTTCCTCCT 57.0
F ACCCAAAACGAATGCCAAGC
TH18 R GGTGGTGGCTGTGATGATGA 57.4
F CCAAGTCCAGCACCATCAGT
TH22 R TGCAGTGCATGTTGTTGACG 58.0
F TGGATCATTTGGTGGGGGTG
TH28 R AGAAGGGAGAGAGAGGCCTG 57.0
F TGGAGAAGAAAGCCGTCGTC
TW38 R CCGGCCGTATGGGTTTTAGT 57.5
F CATCGGTTTTGCGGCATAGG
TW52 R CATAGCCGGAAAGTTCCCCA 57.5
F AAGGTGGAGGGTTGCTTAGC
TW67 R CTGGTAGAAGCGTTCACCGT 57.4
F CAGCAGCTCCCCTCATCAAA
TW71 R GCACTTCACCACTCGGTACA 57.6
F GGCTGGGTTGCAATTTCGTT
Tw43 R GCGGGTCTGAGAGTTGTGAA 57.0
F GCGGCCTGGAACTACATCAA
TW31 R GAAAGAGGGCCAGCTCAAGT 58.6
F GGTGCTTCTGACAGGTACCC
R 412 X5 WRIBE SRS H
Table 4 Genetic characteristic of 12 SSR primers
EIE/EZ S MM HREEA3E Shamnon’s [5E ERNZH  ZEHUREES
Primer name Na Ne ik B h i PIC
012 2.00 1.247 0.256 0.297 0.253
S20 3.00 1.222 0.342 0.241 0.220
TH7 6.00 1.677 0.745 0.404 0.361
TH18 7.00 1.662 0.854 0.393 0.375
TH22 2.00 1.317 0.288 0.349 0.288
TH28 2.00 1.073 0.152 0.276 0.238
TW38 3.00 1.192 0.246 0.243 0.219
TW52 3.00 1.299 0.324 0.331 0.293
TW67 2.00 1.205 0.233 0.258 0.225
TW71 2.00 1.197 0.228 0.248 0.218
TwW43 4.00 1.482 0.523 0.497 0.454
TW31 4.00 1.789 0.650 0.436 0.346
TIAE 333 1.363 0.403 0.331 0.291

Mean
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Fig. 2 Model choice criterion Delta K of Fig. 3 Population structure of 172 Pinus elliottii
the Structure analysis of the most suitable clones
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2.5.2 BRI E E B i

UPGMA £t (B 4) ¥ 172 MRS AP RE: F—HREEH 23 4 A BHE M
Ry BRET 149 NEMHER (A B BHA MK 2 > A BHATHER) 5 Structure 7747
gEREEAR—3

FEHA AR (BS Box, H—ERsr (PCL M Ty (PC2) 7ilfdke T
SR R 25.06% M1 12.68%. 1 4k F BB B, TEME R A 136 4% E B f e 7 Hok
GRAM@EE (B 5 o Y PCLHTT M, TG RAIEM X 08 A B AR, X5
Structure 7> T IFEAA R /> 45 Bm BEWI & . % PC2 #i77 1H), B FEAAR A 38 S B0 H 3k — 01k i)
s, ALORER AN TE RS
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2.5.3 IR BEAA IS AL Z REPE T

IR RS [FI AR (3L AU RERE, X A B BIANERIR IR 3845 2 BEE S 50T T HR
ST (RS) o G5RRM, B BHARIEAL ZHEMEACP RS T A BEA. BATS, B BEAD
LI S5A57 35 PR 0 (N R RS 67 BE R B (Ve 73 1 H 3.617 T 1.496, 3= T A BER (Na=1.917,
Ne=1.231) o fEARE T, A BRI A FE (Ho=0.172) & T WA E (He=0.143),
1M B BRI 4% 5 B (Ho=0.309) MM T B EE 44 & B (He=0.320) . It41, B 441 Shannon’

s [H IR (D Al Nei’s ZER Z HEMEFREL (h) IR ET A BER, BE—PUEsE B ARG
N E HBAE SR
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Table 5 Genetic diversity parameters of populations of P. elliottii

RS MEEALIER] A REEA AL Shannon’s {5 24680 WIMAREE  WEREE  HEEZHE

Population Na Ne 1 Ho He h
A 1.917 1.231 0.258 0.172 0.143 0.1428
B 3.167 1.496 0.549 0.309 0.320 0.3201
3R

3.1 ¥R A B 40 SSR HHE RARE T R R

FE TR A B 2 unigenes 751 3L % 8 HY 2 077 4 SSR AR A7 45, SSR K BLSHZR A 3.04%,
KT 585 (20200 FIBFFLEE R o 38 X — 22 57 1 32 B i DR AR 7 P B IR EE SR A R
SRR ENE IR =20, 102 HF R0 RS SRS, 20200 30K SAZH R E 5
B 1 =100 AW FEH A% IR (1 HH ILAAAL N 0.04%, KT 2 85 (20200 1 3.05%,
M AR A R IR A A X Ly, X B EIHIE T A 2 A 1) 2 57 /2 330 SSR A&t
Kot AR £ 2R R (AR, EHRR T RE R RIS, AF M R A
SAEHE RS AT A JE A AL AR K, U S0k B SSR 124G R A B
SO, AN [ERFE A 0 B LU IR TR AR B SRR R AR 2 R

HEERMAR L, =R GRS (55.13%) , “HEHRIKZ (39.67%) , &
A1 A7 SSR L) 94.80% . — X HRRIEGmAGIX SSR A o 3= FHUAL I R O A o (Wl
%, 2021)  mE BRERESE, 2015) SREWR R TTIZ SR FFER), k4 SSR
=R IR E R R 3 S AL (Varshney et al., 2007) , X & H T =2 H R EwWIS X
R4 N BIR R A 22 51 R A R R A, [T TG 52 ) B 5 R Al A 1% 38 45 DUR B (Metzgar
etal,, 2000) . AFFF =K ERRES B0 E S, FFE %A SSR M— R i, —
R BAE SR SSR HillH i N FE , (HIER A PR 5 51 iS00 9 1M 2 3 Sk 5635
bR, SXMAERE T AR R AR SR T SRR RN . BeAh, ENEIEE o,
AGATGG/ATCTCC HIUARER Sy, o 7N Bl B 2 B 0 B 22.39%, 31X —fh [l PR 7E A R
JEM PR IR RIE, R RS AL B PR R K R T A R LA G

TE 170 0P & B 51, A 154 X9 RD), 580N 90.6%, &1 H KA (54.17%,
WS, 2021) MIE RS (78.5%, HEFIRSE, 2017) o X —EGEm M AR e S5 519
THARWE A O AW TR IR B T gm A X PR S PR R K7 51 X5 51 4, 3 T s Wi el
[FYI R P T S . TERTH Y R 51k, 36 XA 2N, Hp Ry B T ot
RN =A% HERE R KA, 1X Y Dreisigacker 55 (2004) MR —H——mE /DM E S BT
HAEFEERBER, HeSMHElEm TR EE Yot. AR 12 5HZ.05]
) PIC ¥{H M 0291, JEFEZ MK, Hp TW43 (PIC=0.454) . TH18 (0.375) . TH7
(0.361) A1 TW31 (0.346) RIHE S IIARLE B, WEN G S8 B AL PN 1A O
FRicdlf .
3.2 ¥R HFA AR A TG M R A% 2 AR MEARRAE K A

AW, @A G R A9 Shannon’s 15 B 6% (D LG HEILE 0.152~0.854,
SFIIME N 0.403, Nei's 2R ZHEME () AT 0.241~0.497 2 18], “FIMEN 0331, HHANR
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G, TR NSRS BER A, FL MR B AR A AR RN R R . FRIEH 20
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A RE SRR A B ) Bk, BN T AR 2R OE . TERE A ISR 2 e
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