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ETRASF MR FSSRERIC RUEREITH BT FiRIE R S T4

HERT, kAT, wi s, R, ARE mEas #A
" A ORI B SR T SR, IR 010031; 2oh 455 MU 9,
WU TR 9555, R 100093

\\I

WE  /H 71460 B (Capsicum spp.)Fli BRI TEA S MR, IR I F 18] 52 26 82 5 51 (SSR)ARE 4 i 17 it 4% Z R4
R ARG M. SRR Z A SRR, FEMRAEE MR 7 R 505 5188.22%—267.58% 5 14.35%—
72.51%, ShannonZ 48404 7°80.04-1.9151.58-2.02, ULHBMA R SHIRZ AT . FIFHSSRARIC 225 514 h
R 1024 S50 JE K, T390 50 5 A Hi 4.6 36 S5 S5 IR, A RS 47 2L (K48 53 5 0 1.191-5.311, ShannonZ #E{:$5
$°80.345-2.056, % 251H(5 B & & (PIC)N0.153-0.795, 1464 BAUR 5 ¥ 5~ 248t 4% 1 888 0.429., FE TR A Fhrid
(TR A3 AT 43 K SRR IR B 5 3 O 2T 2, (H 2P B2 25 SRAH DML B35 (r=0.396 7)o I % 45 44 2 A7 14 SARUR 5 38 %
gy N2, AR SRR . T B T 14640 BANUR T TR 0438 15 22 RETE BRI AR 454, DR IS SR 4 e R

A FfE T B T BB AR .

XEIF M, AR, 2 rhRid, Bk 2Rk

BER, RINEE, BiES, BILE, AR, MES, BRI (2025). T IS FIORAMSSRERIT H BARRN BT 25 R 45 £ ke

oM. HEP2R 60, 218-234.

U 7l B (Solanaceae) # #fUE (Capsicum) —
SRR AR, HAP BRI SAS, RN —4E
A Bk (Capsicum annuum). T [E Bi#L(C. chinense).
VEACIRBRHL(C. frutescens). ZZEHHI(C. pubesens)
AR BH(C. baccatum var. pendulum) (45221
H M, 2022) 0 18T HE BB — 4 AR B4 BE DR 20
DA ]34T %558, KI5 AR B 1 3 AR 4 S A b 2
FROIACBABCR SE I R K 5, H R BE &K1
R Z PN, U EA T REfAE & YL, Yt 7%
H RSB /NE R, RS EINZ 4 (Liu et al,,
2023). A (C. annuum)4= 2L K 2H I 7 56 s (Kim et
al., 2014; Qin et al., 2014), HEZR ZHRAFEH
SE R 5L R R SR R T, Ay T B R A E L 2
FEMERE U885 7 SERE (K IEHESE, 2024). BkUE & E
HEMHEFIEY), R EF KRR WA RS
T, TR E AR T A5 2.1x10° hm?, 4F 77 & i
6.4x10" t (E L%, 2021). B L AL B Fl

e H #A: 2024-06-28; #:5%2 H #i1: 2025-01-20

KIEARHET, SR8 AL 2 FEVEAS BT FRAK, & MRt
(1% Ti] o A Tl A s 77, o B R AR A L R
(LR, 325 BRI BRI AR 2 R Tk AR
A EEER(ESRE, 2024), @B EAEMRF
THRICRT AR BT SR REAT 2 FEE 0 A, 0T RS
JEFRORAE « VAR A3 R A B
BRI 2 BEMER ST TR i, A&
L LA K DNAG FAric &6, Ho it R T 25 2 1t PR F i
¥ H 7 5(simple sequence repeat, SSR)% ¥ #»
WRRE WIS BAFHERRICAAZERFE .
W HPOESR . SSRATARMCEFREN., 28
PG BB M EZ M SRS, O 2 N TR 5%
TRIE AL Z R BEARBAL 5 . BEDR 7 5 S FE A 5
(S5 5%, 2022). T HRMLEE(2023)1E H147 % SSRIR
1L FI164 R B MR X 5843 /K A8 (Oryza sativa) i Ffidk
1T ZREMEMER B, 4 REYISSRIFILEZ S
PEECEE, MAMEHR X 4 a8 0B, T FAnic

FEWH: N5 B TH (No.2022JBGS0028). M5t A #AEL 2942 (No.2019BS03031) A1 A 52 it BH% 141/ (N0.2021GG0382)

t JLEE—EH
* WIfEE . E-mail: yzg5995@163.com
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BT RBUHRMBRERKEHEY A 5k— 5%
(2023)%}263 43 = 2 (Sorghum  bicolor)f i (174 %
BUVEIR HEAT 4 8 A AL 2 REIE A0 AT, R Rl o st
feZREtEFE, HEImiE 33U TR B . AT AT &5
(2019) i iod =8 =20 7 25 R TFEST-SSRE 4, Xt
R X 1444 B T (Panicum miliaceum)f it
VRIS A 22 S MU S5 40 AT J0 M AEBMOT THT, 5K
3 5 25 (2020) 3 T K AU SSR 4> T hRiC X 57 173 B AR
FpBT B HEAT ZREVE S0 AT, K BIOURN 5T 23 942K, (H2
Tl SRR 45 BMIAH AN L35 o MR 45 (2023) 2 20
AN AR Ke 810 BBSUR 3 K1) 43 5N, A X
o T AR RGO R BARFN R . 3 N 25 & TR/ 0
TR X BORCR R B 5 2 REE ST R AT, (R ER AR
T AISSR A F b 1c i i T SR bR 3R % I8 T JE 2 K
VERI T b o AN T2 2R T T A S MR FISSR 7y F 41
XoF PN 5 i 14647 0 T 28 SBfRUR 5 B U HEAT 22 R 1 oy
BT, FETBRUR SR 2 BEPE AT VAN, IR ELRI: oK
ST BAUR BT R IR TR G R RS, BTENE AL
P i 7 2950 BB LAl

1 #MR5EEE

1.1 SEEdR

SEG AR N A 52T B R DXCR B EL 7 B Bk S48 T 0
TR S0 W . BB 14647 i T BB & A
FA AT EE BRSBTS AR A 2861, A58
WL FAL ST ZIEMEE R . ik 14640 Fh 5
IR A A 247 A E B (Capsicum chinense Jacq),
HoaR14403 8 —FEHH(Capsicum annuum L.).

12 Rt

B 25 S PRIt B 18] 156 18 P9 52k B IR IXOR AR
MR EEBE B AE ST TE T8 2 R h kAT
o ALK AN 70 7 FR L LI AE SR TR

1.3 HERERITSRSEHERBE

1.3.1 HERERMERNE S E

1EN S B X ARBO B B ik S48 T i 70 i il 38
EMEHRENEN, T 495 FRTEER N
AT M . HARER FH 5E AR ALIX 4% 0, ®3IKE
5. 8/MX217, 17K6m, 178 N0.65m, FREE A

0.35 mo K HIAH R TS B, AT MRS ALK AR
EEL.

1.3.2 HEFHRAE

By PP UGBS bk, T 24§ TR AR
WEMS . RS F R R R ETR251, &)
2 (plant style, PS). 73 #i4 (ramosity, RA). F25t
(main stem color, MSC). Z£4%E(stem villi, SV). #
4 (maturity, MA). -7 (phylliform, PH). {4 (colour
of leaves, CL). " (leaf margin, LM). M-[ii 4% (leaf
surface villi, LSV). M-[H%¢ik(foliar feature, FF). 1t
56 5 (corolla color, CC). 1£%j &l {4 (anther color,
AC). f£ ki fh (style color, SC). %4 4¢ ¥(number of
flowers, NF). fefEK (style length, SL). foff&#A
(pedicel posture, PP). HH!(fruit type, FT). A1)
[fi(fruit transverse section, FTS).  # i (green
ripe fruit color, GFC). m# R i (mature fruit color,
MF). SI5HRIE (fruit top characteristics, FTC). R ifi
$5 L (fruit surface characteristics, FS). 1 #% 4
(fruit surface ridge groove, FSR). H:F:4F1E (fruit
base characteristics, FBC)F1 4§ JE IR (fruit shoulder
characteristics, FSC); #{ &= R 94>, @M K
(length of blade, LB). ™5 (blade width, BW).
K (petiole length, PL). 1t i1 (first flower node,
FEN). S K- (fruit length, FRL). 5% (fruit width, FW).
L (fruit weight, FRW). SR P JE (fruit thickness,
FTH)F1F 55 = % (locule number, LN). A& 7L AbR
HEZ MR CHURURR o B8 U R ALY A E R AR ) (%4
FHI3K 5 4, 2006).

1.4 SSRHFHrid

1.4.1 DNAIER

A AR IE BUS AN BRLBR, AE DU I — 0 SR A R BT
Mo B2 gt v, FFT AU YIDNASZ B & (AL 5 R
MR A AL B A BR 2 7] ) 5 U146 4y BRARFR 57 5% R (1
DNA. T—20°CUkK#1#17% H .

1.4.2 SSRE|¥

RAENY/T 247547 b5 #E(2013) H A A7 [ 22 %] BRAR
SSRAZ 0 51 W F 55T HARDNAREAT Y 1 . 51 P K —
HESS SRR B BR A 7 A . RIS 5 A 9 3k ]
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(37 5190 5 TR 51 W) B B0 DNARL AR 3E AT 7 1,
2T FOERERMPCR& Y. 51915 B IL#E.

1.4.3 PCR¥/ &

FIH 225 5140555 1464 BE AR AXDNARE1TPCRY ™ 1,
PCR/X M {E Veriti384 PCRIX I ii17. PCRY T
95°C AL 54 #h; 95°CAEME30F), 62-52°CHfiEiR
K30F, 72°CIEMH30FS, 10N, 95°CAEE30F),
52°CiE k30F}, 72°CIE(H30FD, 254N EHR; 72°CHE(H
2057 %1 . 4°CIRAF. PCRY M =W4 7 6 BANE HL bk
iRl

144 EFREFRESH

MABI 3730xLis % 73 #1X b5 Hi fsats =X 46 £ 4,
kAT AT 2 RARS S, 4 35 A\ GeneMarker
305K A a4 5 R R MR SR B, IR AL s A FR A

#1 SSRIIMELR
Table 1 SSR primer information

HH 32 DR 78 U B35 (Excel ) A 43 84 1 P S 1 (PDF )

1.5 BB

1.5.1 REHEHH
FH Excel BT A48 S R B Gt ih B 5
AR 288 43 A 47 % L K Shannon 22 k1 45 %5 f & 4
BYEROBME . BOE. FHMME. Rz R R R
o XECEMRIAT10% 535, M1 Xi<(M-2S)
F 10K Xi2(M+2S), £50.55K915%, MK FIMH, SH
PR 22, RGOS AR H T F 5 Shannon £ £ 4 4
o HEARW T

H' =—ZPixIn(Pi) (PiZk/~ 3 MR EBIZLAE Sl 4915
X104 i SR AT 2 BARE, S5 28 & fik
T 4B (2008) 1) 7 i 3 Ig E R % . FIIFISAS 9.0 AF
(P K7, 2015) 34T RIS M0 35 Bear 4 M AR 2
AT

Primer Primer name FIuoresgence Forward primer (5-3") Reverse primer (5'-3')
number labeling
SPE13293 SPE13293_Es330 5-ROX GTAGCCATGGCAGAATTGGAAG  TTCAGCAGGTTCTGGTTCTGGT
SPE13295 SPE13295_Esl05 5-HEX CGCATCTACATCAAGAATCAACCA GATGTAGAACAAGGAAGCAGGGG

SPE13297 SPE13297_Es363

5-TAMRA GAGGAATTTTGGAGCCACACAC

AGGTGAAATGGGCAGTGGTAGA

SPE13299 SPE13299_Epms-923 5-FAM CAAAACCAAATAGGTCCCCC CGCGCAATAATTCAATATCG
SPE13301 SPE13301_Hpmsl-214 5-TAMRA TGCGAGTACCGAGTTCTTTCTAG GGCAGTCCTGGGACAACTCG
SPE13303 SPE13303_Epms697  5-ROX ATGTCGCTCGCAATTTCACT CGTAGGGAGGAGCGATAGAG

SPE13305 SPE13305_Es201
SPE13307 SPE13307_Es110
SPE13309 SPE13309_Es212
SPE13311 SPE13311_Es120
SPE13313 SPE13313_Es285
SPE13315 SPE13315_Es292

5'-HEX

5-ROX
5'-HEX

5-TAMRA CGGCCAAATTATTTTTCCCAGT
TACGGTTCCTCATCCCAGAAGA
5-TAMRA CCCTTCCCTTTTCTCCCTTCTT
GCGGCCTTTTGATTCATACAAT
GCACGAGGCAACAAAAGAGAAT
5-TAMRA TCCCATTTCGCAAGAAAGAAAA

TTCCCATAGTTGAAGAGCCTGC
AGGATGACCAATGTTTTGCCTC
CCAGAAACAGCCATTGATGATG
CGTTTTACTGCCCTATCTGCTTG
CGCTGAGCGAGACAGAGAGAG
TCCGATACAGCTGCAGTAGAAAAA

SPE13317 SPE13317_Es297 5-FAM TCAGCGATTAAGAATGCGATTG CCAAATTGCCCTCTCTCTTCCT
SPE13319 SPE13319_Es395 5-ROX TGTAATTAATTGAGGTGCGCGA TCTCTGGTTGACAATTAGGCCC
SPE13321 SPE13321_Hpmsl-106 5-FAM TCCAAACTACAAGCCTGCCTAACC TTTTGCATTATTGAGTCCCACAGC
SPE13323 SPE13323_Epms712  5-FAM CCACAAAGGGTTTAAGCAGC AAGGCAGGAGCAGAGTTCAA

SPE13325 SPE13325_Es417

SPE13327 SPE13327_Es321 5-HEX
SPE13329 SPE13329_EslI67 5-HEX
SPE13331 SPE13331_Es64 5-HEX
SPE13333 SPE13333_EsI33 5-ROX
SPE13335 SPE13335_Hpmsl-5 5-FAM

5-TAMRA AATGCGGAGGAAGAAGAGGAAG
ACGAGGTCCACTTCCCCATTAT
CGCGATTCGATTGCTAAATCTC
TTCGGCTATTTGAACAGAAGCA
TTTTGGGGTTCAATAAAGCTGTG
CCAAACGAACCGATGAACACTC

TAGTCCTTATCACCGACACGGC
TTAGAGAAGGAATAACCGGCAGC
CTAATTTCCCAGTTGCGTCTGC
TGATCCCTTCTTGTTTGATTTTTG
TTCAACAAGATCATCAATTCACCA
GACAATGTTGAAAAAGGTGGAAGAC
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1.5.2 SSR&FHRZEES #7

1.5.2.1 BESHEESH

F]Fl GenAlEx version 6.51% i1 5 SSRAL &5 Fll
A B 45 T AR 22 FEVEFE AR, B30 I S5 47 25 R (N )
A RN LR (N) ShannonZ FEMEFE (1) 241
FEEEPIC). MR G FE (Ho) R EE 2% & (He) o
1.5.2.2 BEMBEBEEHIH

F| I Powermarkerf £f(Liu and Muse, 2005)it 5%
EA [F] R4 B B, AR 18 4% R B 48 F 28 P 380kt AT
%2, FH Structure 2.3.4%%(Evanno et al., 2005)

RIS 0

X146 FEAREAT BRI BLAE 45 M i, e ELK=1-20,

|2 14647 BRI 5 B PR AR ALY

Burn-inj& #1510 000, MCMC (Markov Chain Monte
Carlo)% 4100 000, &/NKIEIZ47209%, 5 H ik
AKAE, AR f A KR 25 B0 e A o A% S5 i AT AR 1

2 RSN

21 ESFEMRESHENH
211 FREMRZHM
R 1464 BAURN BT U T, 2505 MR A I 3
AN B AR I 33.25M 28 57, H
AR R %, AR RIS AL R, HIR AL

Table 2 Variation pattern of qualitative traits of 146 pepper germplasms

Distribution frequency (%) Coefficient ~ Shannon-
Order Traits of variation Wiener diver-
2 3 4 5 6 7 8 9 10 11 12 (%) sity index
1 PS 48 144 80.8 19.17 0.60
2 RA 51.4 41.8 6.9 30.26 0.89
3 MSC 6.9 212 459 6.9 192 37.03 1.37
4 SV 603 26.0 11.0 27 141.78 1.00
5 MA 219 39.7 384 24.06 1.07
6 PH 247 56.9 18.5 33.86 0.98
7 CL 14 96 473 4138 21.14 1.00
8 LM 938 6.2 22.73 0.23
9 LSv 856 130 0.7 0.7 267.58 0.47
10 FF 89.7 10.3 27.63 0.33
11 CC 993 07 8.22 0.04
12 AC 07 27 55 151 404 356 20.93 1.31
13 SC 836 16.4 55.98 0.45
14 NF 96.6 3.4 17.64 0.15
15 SL 14 164 822 15.26 0.52
16 PP 30.1 48.0 21.9 37.50 1.05
17 FT 69 27 07 219 48 192 240 19.9 23.52 1.91
18 FTS 822 123 34 21 49.41 0.61
19 GFC 6.2 788 15.1 8.91 0.64
20 MF 07 726 26.7 13.98 0.62
21 FTC 425 569 0.7 32.15 0.72
22 FS 89.0 6.9 4.1 39.98 0.42
23 FSR 69.9 281 2.1 158.75 0.69
24 FBC 7.5 43.2 493 26.05 0.91
25 FSC 452 473 55 21 105.96 0.95

PS: #%Y; RA: i, MSC: F25{h; SV: ZE4E; MA: Bk, PH: IHJE; CL: I(f; LM: Mgk, LSV: MTHSZLE; FF: HTH4FIE;
CC: feitta; AC: TEZigifa; SC: TeAEBif; NF: EHAEMRE SL: fEHHK; PP: ERIRA; FT: A, FTS: HMYIm; GFC: H# A
o MF: ARG FTC: JTIRHIE; FS: SRIHHIE; FSR: JREH:A; FBC: JERHE; FSC: R TEAR

PS: Plant style; RA: Ramosity; MSC: Main stem color; SV: Stem villi; MA: Maturity; PH: Phylliform; CL: Colour of leaves; LM:
Leaf margin; LSV: Leaf surface villi; FF: Foliar feature; CC: Corolla color; AC: Anther color; SC: Style color; NF: Number of
flowers; SL: Style length; PP: Pedicel posture; FT: Fruit type; FTS: Fruit transverse section; GFC: Green ripe fruit color; MF:
Mature fruit color; FTC: Fruit top characteristics; FS: Fruit surface characteristics; FSR: Fruit surface ridge groove; FBC: Fruit

base characteristics; FSC: Fruit shoulder characteristics
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o, R F6N 28 (#2). ShannonZ FEMETEEL )48
103 Bl 29 0.04-1.91, o rp f e € 2 B P 8 B0 i D
(0.04), RAEEK(1.91), ULHILERTA & TEIR H B
AR Z R RFENRY, HARRAAHE I, ~
I EARSHARCR Y 15 4% 2t RS2 it 1 FEmliAA ) . 250 T i
PR AR 7 R B VG N 8.22%—267.58%, M THI 4%
B ERE . R0WE R TR AL 5 R EECK
MR AL, TEa e AN i R 8 7 RV,
MREL 5 REEKN, 1666 S R,

212 HEMHRSHY

HE I 14603 BRABCR 5T 94 44 & 14 IR ) Shannon £ #f
PEFE BUAS A YU 4 1.58-2.06, A8 5 REA AT E A
14.35%—72.51%. K. M 9% FE {757 f2Shannon
ZREMETE B, 49 092.06. 2.02412.00, L L
MR Z MR NFE; T5Z8E RO

"3 14647 BIUR BT A B PR AR AT 5

/IN(1.58) . S 58 1A S R B /N(14.35%), LR E AR
FRBER(T2.51%), WA RERUNE R NEE
(#3).

213 HEMRREOBXMEDH

Xt 146473 BRABUR 5T (19> A& P IR BEAT A SR 1k 20 A,
IR PR A5 3R A 2 1) 2 25 el 5 A R (R
4). MKEHTE. AR, EEA. R ENEE
MR, SRREEEZIEMR, 5REEEE U
Ky MRS AR R R E AR IEAE, 5
RS & IR, 5RKEWDZ MK, i
K5 EEN A 2R ZIEMR, 5RKENE M
xR, BT ERE . PRE. RAEEREE
X, RESHRE. RRE. 75 EHENEEIEM
K, RWEE T B EMNEZIEM R, BREREN
R 5 B .

Table 3 Variation pattern of quantitative traits of 146 pepper germplasms

Order Traits Means + SD Range Coefficient of variation (%) Shannon-Wiener diversity index
1 LB (cm) 13.00+2.76 7.94-22.88 21.25 2.02
2 BW (cm) 6.40+1.63 3.42-11.70 25.48 2.06
3 PL (cm) 6.87+1.92 3.22-12.70 27.95 1.98
4 FFN 10.45+2.78 5.00-18.00 26.62 2.00
5 FRL (cm) 7.92+1.16 5.08-11.87 14.70 1.91
6 FW (cm) 6.96+1.00 4.61-10.39 14.35 1.94
7 FRW (g) 19.82+14.37 1.86-80.00 72.51 1.84
8 FTH (cm) 0.25+0.08 0.09-0.23 34.04 1.93
9 LN 2.28+0.36 2.00-3.60 15.97 1.58

LB: mH; BW: iF38; PL: MR, FEN: EAE3107; FRL: A FW: B985, FRW: BLE; FTH: RNJE; LN: FHEEH
LB: Length of blade; BW: Blade width; PL: Petiole length; FFN: First flower node; FRL: Fruit length; FW: Fruit width; FRW: Fruit

weight; FTH: Fruit thickness; LN: Locule number

R/A 14640 BB BT BCR MR S5 BT

Table 4 Correlation coefficient of quantitative traits of 146 pepper germplasms

Traits LB BW PL FFN FRL FW FRW FTH LN
LB 1.00
BW 0.88** 1.00
PL 0.72** 0.72* 1.00
FFN 0.23** 0.10 0.28** 1.00
FRL —0.28** -0.29** -0.23** -0.07 1.00
FW 0.23** 0.31** 0.04 -0.26** -0.10 1.00
FRW 0.18* 0.22** 0.05 —0.25** 0.24** 0.81** 1.00
FTH 0.14 0.21* 0.04 -0.32** 0.05 0.71* 0.80** 1.00
LN 0.13 0.15 0.06 0.02 0.06 0.47* 0.42** 0.31** 1.00

*FKIRAEO.057KF 22 5 . 3 **RRFE0. 0K P Z R B3 . HIR% 5 R #K3.
* indicate significant differences at 0.05 level; ** indicate extremely significant differences at 0.01 level. The abbreviations of

traits are the same as shown in Table 3.
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21.4 BESW

FIFISAS 9.0% (5 K °F, 2015)%F 14643 M T2
SEMRREATRE . SRR, HSEE 2 6
FK(EN). BIRAFEI MR, ZFMEHERZ N E
SEECE BT, RSONTRTEM. B A, R,
FHRGOE RS A, ARG, LT TH o %
HBABU SR R . S22 E32 M R, 1R
T BRSO EOLECE B, Rk, EE
TERIER LM R, 3R EFE18M K], 1%
MORME VR B s Bor, BB %, E AR EUE T,
fief 5L 5 A JEL P A 1°0.20—0.65 cmiz [, 5 R4k,

RO, REAME, 2T T8 7% A BT
B FRL AR EFE1 AELCO38, ZBRRUELE A
S a7 MR BB, REMRTEK, WK, RALE
FHETE, RITAM, A, 52, 8T T B
Bl HEIHIE2 A BICO96FIC179, 1%HPRHE Ik
FHAL, RECHLTY, REAERKE, 28R, &
Fkartn, BPAM, RIGIR . FHeIEFE20 K,
5 AC115F1C116, %KM RN TR 8, £
Ba, FRREERGE, WEIE, RiiE 5.
WV, BB AR, BRI, Jo A5 s
W, SR
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Figure 1 Cluster dendrogram of 146 pepper germplasms based on morphological traits
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215 ERSHH

X B SA N A 2 MR BEAT o 40 M, S5 R,
BT T 1 RARTTIR % 1869.52% (£5). AT,
F R a3 BT R B  SEAT FE HR AE TE E ERIREE

RS BRI B B 7T

RIS AR 351 TR I DTk 3 916.66%, HL 58
RIERFAIE . R TR B E SR R AL 17 B 0]
HHRERT, VISR R RS IR G
S H2FE I I TTHR R N 12.46%, #bE.

Table 5 Principal component analysis of pepper germplasm resources

Principal component

Traits

PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9 PC10 PC11
FW 0.876 -0.315 -0.119 0.048 -0.052 0.039 0.106 0.105 0.008 0.053  0.055
FBC -0.744 0.184 0.023 -0.455 0.041 0.037 -0.149 -0.038 0.095 0.009 -0.031
FSC 0.712 -0.234 0.005 0.487 -0.033 -0.161 0.145 0.095 -0.128 0.001 -0.019
FRW 0.688 -0.430 0.008 -0.287 -0.122 0.050 0.225 0.268 0.090 0.092  0.057
FTH 0.658 -0.262 -0.151 -0.266 -0.306 0.072 0.190 0.237 0.188 0.099 -0.007
FT -0.626 -0.042 0.133 -0.397 -0.034 -0.031 0.018 0.034 0.059 0.056  0.045
LN 0.512 -0.295 0.320 -0.039 0.060 -0.021 0.043 -0.291 0.237 -0.019 0.277
FTC 0.506 0.319 -0.391 0.167  0.042 -0.243 0.039 -0.129 0.143 0.160 -0.043
SL -0.502 0.065 -0.115 0.176 -0.024 -0.173  0.287 0.095 0.111 0.463  0.043
MA -0.065 0.714  0.220 0.007 -0.256 -0.009 0.192 0.141 -0.026 -0.143 -0.023
LB 0.478 0.628 0.354 -0.152 0.092 -0.010 0.182 0.158 -0.096 0.062 -0.021
PL 0.344 0.623 0.357 -0.179 0.128 0.258 0.015 0.085 -0.166 0.056 -0.028
BW 0.585 0.606 0.192 -0.256 0.126 0.030 0.125 0.021 -0.100 0.081 -0.012
PS 0.212 0.528 0.056 -0.100 -0.114 -0.027 0.066 0.064 0.476 -0.333 0.308
FRL -0.298 -0.525 0.113 -0.455 0.222 0.074 0.230 0.189 -0.028 -0.010 0.119
PH -0.343 -0.518 0.260 0.141 -0.141 -0.036 0.043 0.171 0.203 0.001 0.031
FSR 0.269 -0.449 0.212 0.313 0.319 0.173 -0.100 -0.183 -0.203 0.022  0.120
CL -0.339 0404 -0.194 0.330 0.101 0.239 0.063 0.234 0.029 -0.003 0.157
AC -0.326  0.362 -0.145 0.308 0.216 0.046 0.296 0.026 0.075 -0.150 0.318
FFN —-0.141 0.267 0.655 0.278 0.008 -0.047 0.155 -0.146 -0.078 -0.143 -0.043
MF 0.115 0411 -0.555 0.025 0.322 -0.039 0.190 -0.157 -0.018 -0.104 0.035
FF 0.318 0.117 0.554 -0.115 -0.025 -0.083 -0.080 -0.262 0.204 0.191 -0.238
SV -0.182 -0.341 0.417 0.303 -0.075 0.089 0.337 -0.190 0.067 -0.112 0.182
FTS 0.216 -0.162 -0.153 -0.030 0.672 0.001 -0.169 0.078 0.065 -0.167  0.046
NF 0.009 0.070 0.207 0.169 0.545 0.222 -0.135 0.294 0.116 0.172 -0.298
GFC -0.106 0.115 -0.033 0.272 -0.517 0.366 -0.002 0.184 -0.084 -0.070 -0.123
RA 0.186 -0.107 -0.100 -0.051 0.201 0.694 0.001 0.157 0.112 -0.086 -0.014
LSV -0.328 -0.271 0.167 0.002 -0.010 0.477 0.310 -0.104 -0.100 0.068  0.036
FS -0.188 -0.119  0.410 0.130 0.330 -0.432 0.129 0.358 -0.094 0.070 -0.002
PP 0.270  0.071 0.104 0.144 -0.276 0.169 -0.519 -0.007 -0.210 -0.077 0.069
SC -0.125 0.003 -0.296 -0.032 -0.062 0.053 0.512 -0.109 -0.318 0.089 -0.260
MSC -0.197 0.119  0.047 0.391 -0.117 -0.013 -0.224 0.407 0.287 0.236 -0.004
LM 0.008 -0.235 0.042 -0.125 -0.061 -0.317 -0.019 0418 -0.336 -0.492 0.001
CcC 0.011 0.184 0.022 -0.136 -0.065 0.001 -0.205 0.075 -0.380 0.433 0.631
Characteristic value  5.67 4.24 2.44 1.99 1.85 1.52 1.44 1.27 1.12 1.09 1.01
Variance contribu-  16.66 12.46 7.18 5.86 5.43 4.47 4.23 3.74 3.29 3.21 2.98
tion rate (%)
Cumulative contri- 16.66  29.13  36.31 4217 4760 52.07 56.30 60.04 63.33 66.54  69.52

bution rate (%)

MRS S R #22812%3. The abbreviations of traits are the same as shown in Table 2 and Table 3.
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Figure 2 Two-dimensional map of principal component ana-
lysis of 146 pepper germplasms based on morphological traits

R6 22X SSRAFICTIMITE1 460y BREURN 5T i) 2 251

22 ETHFRIEHIEESHEMES T

221 SSROYFHRCHZBMSH

FH6 R 1, 220 51 ¥7E 1464 BRAUR 5 A LA I H
1024 A7 B R (NG), T35 40t 51 046 A B 4 H
4.6367, H/NEALERECH R3S, RS R R
H N34, BRI R (Ne) 2 BN 44.937, BE AR
G I H1.191 (Es212)-5.311 (Hpmsl-5), “Fi44
LA AL SE A E 82.0434, P39 s 3k
[KI %7 & b ~44.07%. ShannonZ k1 FE%7(1) 40.354
(Es212)-2.056 (Hpmsl-5), “F#){f ~0.825. Ml 44
A1 (Ho) 5 R ~0.007 (Es212)-0.139 (Es363),
SFIME90.067, 32 B AL BRI 44 A FEAN o JHEE
344 (He)40.160 (Es212)-0.812 (Hpmsl-5), ~F1
fE°50.452. Z&ME(E B &2 (PIC)40.153 (Es212)-
0.795 (Hpmsl-5), “F¥1{f750.396, HH1ErEs2125]
YIPICMEAR T0.2541, H 4215 5| #PICH KT
0.25, Ui A SLLG H195.45% 1 51 I A g £
A, RS R Hh A BT R BEIR AR 2 M. B3R
51 ) Epms6974 1 BARDNAN 7 45 5 .

Table 6 Polymorphism of 22 pair SSR markers in 146 pepper germplasms

Number of Number of effec- Proportion Shanpon-\{Viener Observed. Expected . Pglymorphism

SSR locus alleles tive alleles of N (%) Q|ver5|ty heterozygosity heterozygosity information

per locus (N;)  per locus (Ne) index (1) (Ho) (He) content
Epms697 3 1.847 61.57 0.701 0.082 0.459 0.365
Epms712 3 1.981 66.03 0.738 0.068 0.495 0.386
Epms923 6 2.282 38.03 0.965 0.082 0.562 0.469
Es110 4 1.528 38.20 0.589 0.103 0.346 0.297
Es120 8 3.816 47.70 1.509 0.137 0.738 0.696
Es201 4 1.383 34.58 0.525 0.048 0.277 0.250
Es212 4 1.191 29.78 0.354 0.007 0.160 0.153
Es285 3 1.404 46.80 0.507 0.014 0.288 0.253
Es292 3 2.067 68.90 0.863 0.041 0.516 0.446
Es297 4 1.974 49.35 0.786 0.082 0.493 0.397
Es321 7 1.949 27.84 0.884 0.116 0.487 0.417
Es330 3 2.061 68.70 0.889 0.062 0.515 0.461
Es363 6 2.443 40.72 1.010 0.139 0.591 0.505
Es395 3 1.730 57.67 0.749 0.057 0.422 0.379
Es417 5 1.380 27.60 0.557 0.041 0.275 0.253
Es64 5 1.600 32.00 0.723 0.062 0.375 0.338
Esl05 3 1.442 48.07 0.528 0.055 0.306 0.267
Esl33 3 1.408 46.93 0.546 0.062 0.290 0.265
Esl67 4 2.245 56.13 0.959 0.048 0.555 0.490
Hpmsl-106 2 1.914 95.70 0.671 0.048 0.478 0.364
Hpmsl-214 6 1.981 33.02 1.032 0.027 0.495 0.465
Hpmsl-5 13 5.311 40.85 2.056 0.097 0.812 0.795
Mean 4.636 2.043 44.07 0.825 0.067 0.452 0.396
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Figure 3 Sequencing of amplification products of samples at the SSR locus Epms697
(A) Heterozygous genotype AB (118 bp/121 bp); (B) Homozygous genotype AA (118 bp); (C) Homozygous genotype BB (121 bp)
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Figure 4 Trend of AK with K value
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Figure 5 Population genetic structure map of 146 pepper germplasms (K=2)
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Figure 6 Population genetic structure map of 146 pepper germplasms (K=6)
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Figure 7 Cluster map of 146 pepper germplasms based on SSR markers
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Genetic Diversity Analysis of Pepper Germplasms Based on
Morphological Traits and SSR Markers

Zhigang Yang”*, Pengcheng Zhang”, Haiwen Chang1, Liru Kang1, Yi Zuo®
Haoxin Xiangz, Fengying Han'
Vegetable and Flower Research Institute, Inner Mongolia Academy of Agricultural and Animal Husbandry Sciences, Hohhot
010031, China; ?Key Laboratory of Plant Molecular Physiology, Institute of Botany, Chinese Academy of Sciences,
Beijing 100093, China

INTRODUCTION: Genetic diversity is the natural attribute of organisms formed in the long-term evolution process, which
refers to the sum of all genetic variations of different individuals within a species or a group. Pepper (Capsicum spp.), a
popular vegetable crop in China, is cultivated extensively with a substantial annual yield. Nevertheless, the widespread
adoption of commercial pepper varieties has led to a gradual reduction in its genetic diversity, resulting in an increasing
homogenization of germplasm resources. Given that germplasm forms the foundation for crop genetic improvement,
maintaining rich genetic diversity is crucial for effective breeding.

RATIONALE: On the other hand, morphological markers serve as a fundamental approach for investigating plant phe-
notypic diversity, as they allow researchers to evaluate the variations in marked samples through the observation of plant
agronomic traits. On the other hand, molecular markers, particularly SSR (simple sequence repeat) markers, have gained
widespread application in the breeding of new crop varieties and related fields due to their accuracy and reliability. This
study focused on analyzing the diversity of 146 pepper germplasms in Inner Mongolia by employing both morphological
traits and SSR markers.

RESULTS: We assessed 34 morphological traits of 146 pepper germplasms and evaluated their genetic diversity using
22 pairs of SSR primers. Our analysis revealed a high degree of diversity in the traits of these pepper lines. The results of
phenotypic trait diversity analysis showed that the coefficient of variation of quality traits and quantitative traits ranged
from 8.22% to 267.58% and 14.35% to 72.51%, respectively, and the Shannon-Wiener diversity index ranged from 0.04 to
1.91 and 1.58 to 2.02, respectively. The genetic diversity of pepper germplasm resources was rich. A total of 102 alleles
were detected by 22 pairs of SSR fluorescent molecular markers, with an average of 4.636 alleles per pair of primers. The
effective allelic variation ranged from 1.191 to 5.311, the Shannon-Wiener diversity index ranged from 0.345 to 2.056, and
the polymorphic information content (PIC) ranged from 0.153 to 0.795. The average genetic distance of 146 pepper
germplasm resources was 0.429. Phenotypic value clustering and principal component analysis categorized the 146
accessions into six distinct groups, while the analysis of the SSR marker data divided them into seven groups. Population
genetic structure analysis further delineated the 146 pepper germplasms into two main groups. Most of these germplasms
were high-generation breeding lines with high homozygosity. However, gene introgression was observed within Group1
and Group2.

CONCLUSION: This study is the systematic analysis of the morphological characteristics, genetic diversity and popula-
tion structure of 146 pepper germplasms, particularly by utilizing SSR fluorescent molecular markers. The high diversity in
both morphological traits and genetic markers of these pepper germplasm resources indicated significant genetic diffe-
rences in them. Consequently, this study provides a better understanding of the germplasm diversity and population ge-
netic structure of these 146 pepper germplasms, establishing a theoretical foundation for future variety breeding efforts.
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Genetic diversity analysis of 146 pepper germplasms. 146 pepper germplasms were categorized into six groups
based on phenotypic markers and seven groups based on molecular markers, but the correlation between these clusters
was weak (r=0.3967). Population genetic structure analysis further divided the germplasms into two distinct groups.

Key words pepper, morphological traits, molecular markers, genetic diversity
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