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Characterization of New Capsicum spp. Varieties Based on
Morphological Markers

REN Li'*,ZHANG Yu'?,DENG Shan'?,ZHANG Yiying'*,ZHAO Hong'?,
CHU Yunxia'?, HUANG Jingyan®, LI Shouguo®, CHEN Hairong"*
('Institute for Agri-Food Standards and Testing Technology , Shanghai Academy of Agricultural Sciences, Shanghai 201403 ;

*Shanghai Sub-center for New Plant Variety Tests, Ministry of Agriculture and Rural Affairs, Shanghai 201415)

Abstract: According to the national guidelines of the “Conduct of tests for the distinctness, uniformity and
stability of new varieties—Capsicum” , forty-seven morphological markers were included in characterizing of
457 new pepper varieties, including traits quantification, traits correlation analysis, cluster analysis and
cultivation stability analysis across years, in order to reveal the characteristics and genetic diversity of current
pepper varieties in China. The evaluation of 11 quantitative traits revealed considerable polymorphisms amongst
the tested varieties. The coefficient of variation between varieties ranged from 23% to 93%. However, the
average coefficient of variation within a variety was below 20%. It indicated that the tested varieties have
relatively consistent performance within variety while abundant variations across varieties. The traits correlation
analysis showed a significant correlation among 4 groups of quantitative traits. Cluster analysis separated the 457
varieties into 10 major groups at the genetic similarity coefficient of 0.52, and most of the varieties were
assigned into three major clusters. Stability of their phenotypic performance was analyzed based on two-year

cultivation experiments. The results showed that the performance of the varieties was relatively stable across two
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years, and the average correlation coefficient was 88.0%. The stability of single measurement traits was higher

than that of group visual traits, and the group measurement traits has the lowest stability across years. This study

provides the basis for the objective and rigorous evaluation of pepper varieties and valuable references for the

pepper breeding in the future.

Key words: Capsicum spp.; germplasm resources; morphological marker; clustering analysis; genetic

diversity
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FEAE B SE 06 % 0B T B, WIS A A E
AT S FRHIE , 0SB I T v VR R it i 2R i T
BOXE SR T AT o SR AR T A 3 A
N a7 B, A LR PR, T LR 2 ST B
Bk, BB bR IC Y R 2K . B,
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Table 1 The variety names

AW FES: AN AT Al b v CRE P i Pl S P —
BRI E PENN TR B R B DUS
A5 g B PEDR K AR L ) SRR S AE B 2
0, b G AR HT 3, ZRAT BB [h]
DAL 28 N LI 5 A R OBl , 2R T 2RI G
ST, LA AF 5 3 ) BROBUR B 0t b ) 382 4% 22
P, [R) I A R P A, 10— 20 i E R R
ABURR 5% W b AR, DA SR i Ao SRR 2 L L
PEAN, BB b 12 T 4R AR

1 HRETE

RS

AR AE 11 T RO B2 B AR ML AR B A )
SRR (IR ) A3 H DA T, 36 457 AN BRARLEL Rl
FERIE TR E A E BRI —L262013
A R 200 B RS S R A ERE o JE R AR R I
14 AR A AR Ry ot B R R R R B i 5T, AR
SRR A PRI 1,

1.1

P iR A4 R i R4 R P iR A4 R P iR A4 FR
No. Variety name No. Variety name No. Variety name No. Variety name
1 BT 621 26 zy2141 51 15 1081 76 HBAR

2 B2 622 27 Eendy/ A= 52 #£3 1083 77* A N A
3 By 617 28 LILEUN 53 R 645 78 BEARM117
4 DLF93 29 ZHS2 54 YHEIR2 5 79 ypl28

5 HB4054 30 ZHSI 55 2k 2017 80* T301

6* KL 31 B4 56 H2EHE 90 81 2235
7* e 32 IR iR 57 Bl 18 82 SVO108HA
8 £I351562 33% HE3 S 58 ples| 83 A 2R 2k
9% £ #P-F AL 34 731 59% 2132404 84 7] R824
10 HB289 35 i 722 60 =E—5 85 2313

11 BiEEs8 5 36 GIES 61 RITHEl 86 1R 2 K2k
12 ik 85 37* =8 s 62 BN2135 87 LIR3 S
13 XK00161B 38 Rie—% 63 KF35 88* 457 1.0
14% i — 39 SBrERAR BH 64 K15 89 RIHELL 65
15 XK 15247 40 W19 65 754N 90 KA—%5
16% EES 41 SCEM S 66 i35 1099 91 AL 16
17 BE 42 SO 25 67 T 92 21813

18 T RIR 43 2285 3 68 FILIR 93 HI#EE L
19 KTkl 44 DUOI 69 ey 94* S F R E
20 JIIRHBR 45 S16 70 FEUH 95 i 75

21 £15%:404 46 H883 71* KEE 96 TEKTE
20% iiE404 47* ERL 45 72 DLF870 97 JeBLIH
23 B35 48 FHif 168 73 yp126 98 #HF219
24 PR B 49% Jemter 74% p08 99 P i
25 zy0432 50% M3 75 BB 100 a4
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F1(48)

Jrs mn A4 TR e R P4 R e mn A4 TR e P AA TR
No. Variety name No. Variety name No. Variety name No. Variety name
101 B 147 JH:FE 742 193 IEES ) 239 H11200
102 FUk 148 FE47 908 194 Hesi N 240 4809
103 6T 149 BN5028 195 BIR—5 241 H1971
104 T i 150 SR 196 fegr—5 242 N iae=s
105 16 151% thE—5 197 1£58916 243 aih—5
106 JEA 19 152 [iiFiL ) 198 T3S 244 Ean ) VANE
107 e 153 K% 199 4l 6382 245 H1893
108 He474049 154 W15 200 BN3092 246 BHLS
109 Jc47 3805 155 HE165 201 50 247 H1421
110 JeA73648 156 [ 900 202 (ERESS 248 H1858
111 JeAT 1009 157 LWNG4 203 Fi105 249 H161
112% 819 158 T A% 4 204% JeHAS 250 B 175AB
113 #3107 159 T 608 205 HP0001 251 AR
114 #5105 160 SEFAN 206 BT 628 252 Ew—5
115 =ty 161 AT 2000 207 130 253 BHE—5
116 Hi#E2018 162 Vi =) 208 127 254 LA
117 S —%5 163 W 209 HLFRAH 52 255 LN
118* fEARLT 164 i 603 210 BABR T 256 KAL~5
119 B 165 &H 50 211 KHigr 257 RALH S
120 bl 618 166 0] 212 BrE218 258 H11223
121 1614 167 kS 213 [#4% 901 259 HI2119A
122 TR TR 168 HHL13 214 STLL 75 260 SCEMB S
123 sk 18 5 169 Mer11s 215 Shiher 55 261 ik s5 5
124 Tk 1 5 170 71001 216 HEAE2 S 262 SVHD1088
125 4R 208 171% AR 7 217 4175 668 263 SVHD7220
126 ikl 28 = 172% 155 218 PN 264 SVHD3979
127 BiEF38 173 74 135 219 SQO01 265 2N
128 BiAT 515 174 DLF361 220 1E4 206 266 el
129 Hit 435 175 DLF429 221 SZ008 267 AL 158
130 SV8360HM 176 DLF1041 222 B 2A 268 KL
131 A 718 177 PJAA151 223 W 1A 269% KIEHL
132% W35 178% BN 224 ££12020 270 I
133 214% 664 179% AWVE=S 225 G5 24 271% FELT
134 DU02 180%* 15 226 FIBENE 272 HT40
135 FARHYY 181 [E35%5 227 EET s 273 H& it 600
136 G55 182 Mo 228 g5 274 H3Hi 400
137 54 183 FES 229 WA — 275 =R
138% 52 184 HH520 230 FHERT 276 &3 300
139 Bk =5 185 A 521 231 R 1473 277 K& Eii 100
140% SRR 186 HP021S172 232 W 278 RS
141 2205 187% BLE T 233 WLBLEEAB  ||279 LR 15
142 65 188 k& 740 234 k) 280% HE16%5
143 22 ek 189% K301 235 LAk 281 (594
144% 12422313 190* TS 236 ey s 282 FEA 301
145 A96 191 T8404 237 Nun60079PPH  ||283 WL 776
146 45 909 192 BPJ64 238 H1213 284 itk E (255F 1)
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F1(4)

P B4R i B4R i AR TR i h AR
No. Variety name No. Variety name No. Variety name No. Variety name
285%* i3 = 329 KK PL1877 373 GH25 417 HR08085024
286 B ek 330 KK PL18T9 374 SH35 418 HRGI
287 MHETHE(515F1) |[331 JK % PL1880 375% ELATAR 419 HRG6
288 WTHZTPH(337F1)  ||332% W6 376 LH6% 420 HRLOSS
289 ML E(340F1) {333 FHETE 377* BHE Y 421 HERELL
290 18 334 LI 378 FHL Y 422 SR
291 K 17-82 335% T2 379 225 423 ik
292 KGFB1213F 336 BElE18 380 I35 424 LIk
293 HEEHAWAR=S 337 iz 89 381 3PH6 5 425 KR =5
294 TSR 265 338% ST IR 382 FH45 426 KAk
295 L1 285 339% S 383* HH 15 427 AL RN IR=)
296 KA 340 BT 384 I35 428 THRIT K115
297 18 341% D75 385% WpE 2 5 429 NERIT K135
298 L1 295 342 4:HF SP377 386 2 5 430 VwAWIR=)
299% AR 343 e 387 T35 431 i 425
300 JeFRl802 344 Hi 425 388 45 432 Hib 115
301 K 345 4325 389 5 433 SCTHUL S
302 105 346 IR 355 390 B335 434 SCEHL6 5
303 JIHUER T 347 =TS 391 WS ETT 435 SCKB3S
304 G125 348 ity il 503 392 Feiih 436 KIS
305 HR080830 349 FAI S 393 2097 437 FANANES
306 Hh— 350 FEi—5 394 bwi) 438 FHAHEAR 285
307 K81 351 PR T 215 395 B 439 k2916
308 FIh % 352 JAFH 15 396 30 440 Tl 2920
309 #4590 353 JabE2 % 397 W28 5 441 T8l 5903
310 FI=5 354 JAfH3 %5 398 29 5 442 Tl 5904
311 B gz % 355 JabHa5 399 P 50 443 FIH607
312 K% 356 255 5325 400 HF17 % 444 T 628
313 HHE 357 B 401 HF 195 445 245
314% [t 25 358 1% 136 402 THRLL 35 446 R =5
315 i 359 G 137 403 TELL 65 447 R4S
316 TRTLL 360 w1214 404 TSR 155 448 55
317 KRira—% 361 220 5 405 THELT 165 449 RS
318 KIrer =% 362 485 406 LT 315 450 Kk
319% fawin)) 363 R 88 5 407 JH B 708 451 =S
320 2 364 L4095 408 HIE 115 452 Fiilg 003
321 M 15 365 PR B2 S [|409 HH 306 453 BT 6F04
322 A P1871 366 HAH 410 THF 307 454 FeLNT
323 K& P1872 367 #is) 411 HR0808404 455% 105
324 K% P1873 368 w2 412 HR080851 456* L 106
325 T P1876 369 FIRIT IR 413 HR08085020 457* 107
326 K255 370 Bk 414 HR08085021
327 7K/ PL1875 371 UV S7 415 HR08085022
328 K% PL1874 372 1S 416 HR08085023

*: 2013 4F J Z i L ARAS it R it i A R RERAE Y EC SF A TR A

*: Varieties that have obtained variety rights or passed non-major crop registrations in 2013 or before
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1.2 R FHE

SR A AP435 F 2019 451 2020 45 7E TR
PR g A T 25 A vl A W A% S AR 4 i el
D (i) oy B0 S b (B Vg T 2 W0 X T 2
% 888 5 ) HEA TRE RN AR IS o /INX feg e ERLA TR, BEE T
WP IE FE 1.3m, AR EE 0.42m, B fh AP A > F 40 ¥k, 1% 2
YES, TR FS: IR R A 7

WA B DUS W48 g 2, X AR 47 A

FEA R IR AT WL , B A7 B4 A 50 531 3R AT — A
FEUR B I C SR (VG X 20 A Rl AR HE 1 7 38 08
HAF VA HEAIE 58 B — AR 3 s (MS, X
20 tRAEARVEA T B A DI A, AR A5 20 DAL R )
ARAFRILZ 2 B BEA b FE A PER LAY 0
WL B8 N e 2 488 DA R ) AR st O 0 L %
e o AR 1 73 G b 2 25 CHRUML L % 0l BT e b
DUS )",

F2 HEMLLIEEER IR
Table 2 The table of characteristics

s o S 7575 s A S 7575
Tj;oj.? Charftij:istics Method _Of Tj;oj.? Charftij:istics Method _Of
observation observation

1 A P IRGE S R 4 QL VG 25 RS E A QN MS

2 bk : EZERKE QN MS 26 HILEAPQ VG

3 Hbk - 55— MEAE 151 QN MS 27 RS2 (U ) < B8, PQ VG

4 bk s A 1Y R G QL VG 28 IS (U )« TR QN VG

5 ASGE FH T 30 461 T ) o MS 29 2 HYFE QN MS

AR : 55— AL BN AR S 1 R 25T PQ

6 FaRE : = QN MS 30 RS AR QN MS

7 FER : PRI QN MS 31 BRI YRR R PQ MS

8 FERE A 2 1 QN VG 32 EhHIJEAQL VG

9 £ WAL E R A PQ VG 33 R RN PAFEEE QN VG
10 22 e U fA5R QN VG 34 JEE RIA ML QN VG

11 K THEEEQN VG 35 JES IR QN VG
12 A K QN MS 36 P SIS RES O] VG

13 A BEE QN MS 37 JEE: Jeuii AR PQ \¢

14 A B PQ VG 38 JURE K QN MS
15 R JBAR PQ VG 39 LS AT VT QL VG
16 R AR FEEE QN VG 40 SRS A YR FEEE QN VG

17 iR BT AR QN VG 41 A2 HPUIHETEAR PQ VG

18 TERE 5 QN VG 42 LA DTEIE IR PQ VG

19 16 AEFEF (S PQ VG 43 R RAJEE QN VG
20 16 L2 PQ VG 44 I E R QN VG

21 16 AEFEFIE PQ VG 45 S R IBEBIA QL VG

22 A6 A SRAXS FAEZS 161 QN VG 46 THAEINT QN VG

23 T2 (T ) < B8, PQ VG 47 B QN VG
24 TS OB ) « B TR QN VG

MS AL VG R B I QL : BTtk ; QN B Motk ; PQ . BTt bk

MS: Measurement of single; VG: Visual of group; QL: Qualitative characteristic; QN: Quantitative characteristic; PQ: Pseudo-qualitative

characteristic

1.3 #ESW

131 NMEUEHEMHROSW LI &
1 11 (MR 952367 12,13 .25 .29,
30.31.38) , i 12 Excel AHW 22T H3 H 4 Bl etk
M RAE e/ IME CEIE SEIIFR 2 T4 SR Y
PRiE2E , FHAS SRR IR B AR o 22 R LA A S Rl bk 7
PIE T AR S R A U S R A A (E R AR

1.3.2 MREHEXMESH 1217 DUSCEL2.0 #4F,
HL A BN DUS 4 B 15 B DUSCEL2.0 3 {4 iy
“YE RS FAE KR R (LS TR B I A
PRI 1 47 A PRR, FE A RER B AAR A A A
VANECE , A A S bR R A R 20 558 ) et
R NG R O o U S T
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Correlch #2/ETHA 47 MARBIAAHC R BN B ETE 134 SEFRBHOBEUESHT OGS IMEHA
KR, H WA A 5 ) 47 YRR 8 , P R 5
133 BEASH  (DIITDUSCEL2.0 bR MR REA SRl AN , AR PR N B4
1 COYtoCK #VER 54 (46 2 HH AR B A4S Fh 2008 , $44 7 DUSCEL2.0 J A5 4E R COY'S
PRI 1 47 ASPEAR, R BER B bR N A PRVETTAA 2019 4F 5 2020 4F 38055 4510 R R AR
UANEE AR RO A SRR 20 B ) e AR E A M RAE B TRl RS e

AR
EEEs
(2)iz i Datatrans (2007 Ji ) {2 88 57 B R 2 BRSTM
0/1 5% . 2.1 MENEMER ST
(3) R RIE & WA AT B2 007« AT 30 35X 457 AN SRR 11 SR R PR

decostand #4E , X R 05508 O/1 JERE A TAL I AT IEAT A (36 3) , &k BRIt b 52 B4 U i 2 25 1k
vegdist A, T AL B S 205 19 Bray-Curtis fH 5% 5 04, A HRAE S R 8148 5 R BUFE 239%~93% 2 [,
ORI 5 A4l UPGMA WL CIE AL 3995 ) RS I dh Al N2 bR o 22 R 3578 52 R B0 /s o
Bray-Curtis 5 4 ; $447 plot (otu.bc. UPGMA, hang = Y78 S5 R B /INT 20% , BB N ST 478 S R BR AR
-1) AR ERLR R ISE D HERARREE K ARTERY 10%~18% , B X BEIRAE A Rl P 1)
4 ; P44 T as.dendrogram #EAEHE heluste A AU RT G2 FRRAE 22N Ko L4 SR 1R] AL A 19 48 55
Ry 5 25 ) R 22 #1047 plot (as. phylo (otu. be. B, Fi B8 DUS M FS ma A 7B A DB, 150 B AL 38 o
UPGMA), type = "fan" ) /X KR4 iURDE . NI B — B H R RS &

#=3 MEUNEWHEEER ST

Table 3 Analysis of individual measured quantitative characteristics

TERIT TN} IR/IME P FEIRIER st R A AR 5 R (%) ARl P28 5 R A (%)
No. of characteristics Max. Min. Mean Average SD CV between the varieties ~ Average CV within the varieties
2 76.4 2.2 22.3 2.7 31 12

3 29.0 4.0 11.9 1.23 24 10

6 201.8 3.5 87.9 11.9 29 14

7 183.7 34 81.5 13.2 25 17

12 29.6 1.4 14.9 1.6 23 11

13 19.1 0.8 6.8 0.7 26 11

25 150.5 0.23 48.4 8.8 93 18

29 45.2 1.1 15.6 1.5 52 10

30 12.3 0.4 33 0.4 59 11

31 31.1 0.6 6.3 0.9 69 15

38 10.6 1.0 4.6 0.7 24 14

TERIF SRR 2 PS5 TR

The serial number of the characteristic is the same as the serial number in table 2; The same as below

22 HREERES I, HHOC R ECH-86.72% , PEAR 12 5 IR 13 Z [E]AH
iz il DUSCEL2.0 B PEI3HT 47 M ARIAT ARG SC R BN 85.43%, VAR 25 FITEAR 30 2Z [AIH1SE R 4K

PECE 1) Gl AT 457 BB AP B T R BLLAHOG O 84.65%, 1R IR 30 15 PR AR 35 Z Tl 4 56 R &k

PERTF 70% BIALIEER 2Rt bk : F2ERKE" S5MR3 83.36%, U H Fir Tk FEHUMUR S 5 Pl ix 4 ik

CRERR S MERET AL PRR 1290 A R SRR A E R DI RSN, 5 R 4 A PRR AT

13“MFJ: SERE™ MR 25 RS i " VIR 305 TR— 2RSS, D B s ad R P O P80 A A

SCREART PR 43R A SRR MR 30 RSB PR

B GPER 35 S TR R 43 R R 2.3 BRESR

PR 44 RS2 D B MR 37 RS2 e AR R R FHAFAS 457 DR PE TR,

YRR39 A MG 7 41 RS YT AMURECY 0.52 I s 457 Ao K26 (181 2)

R7IIAFAE B EANSS, R PR 37 PR 41 & 0 BRI+ S8 A SRR S N ) 3 s
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The blue line is the dividing line between each category
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Fig. 2 Circular results plot for variety cluster analysis
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The numbers 1-10 in the figure represent typical fruits of the ten categories I~X of cluster analysis
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Fig. 3 Typical fruit legend for variety cluster analysis
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Table 4 Analysis of variety in the inter-annual stability
RUNIL ] wEVEPS
. WERCHE  AUADRIE e ) 112200 122200 RB3 (%) RT3 (%)
gt (%) (%)
. 0 Note 1 Note 2 Notes 3 Notes More than 3 notes
Statistics Raw value Note . . . . .
. . difference difference difference difference difference
correlations correlation
I KA Max. 99.9 97.9 76.6 42.6 27.7 8.5 8.5
#¢/IMiE Min. 86.4 55.4 38.3 10.6 2.1 2.1 2.1
SEHI{E Mean 98.0 88.0 59.3 27.0 82.8 30.8 2.9
x5 MHEREEEMBXMESH
Table 5 Analysis of characteristic in the inter-annual stability
WM EARDCHE  fRRAHSCE o2 i 122 A2 2% Refigh 3 22 .
i (%) (%) (%) (%) (%) () RT3
More than 3 notes
Item Raw value Note 0 Note 1 Note 2 Notes 3 Notes .
. . . . . . difference
correlations correlation difference difference difference difference
MS Ptk i KA 95.7 93.6 98.7 47.4 253 9.1 23.4
Max. for MS characteristic
MS Hotk i /IME 12.5 -0.7 26.6 1.3 2.6 0.6 0.6
Min. for MS characteristic
MS HARF I 61.7 58.4 53.0 36.0 10.7 3.5 4.8
Mean for MS characteristic
VG PRI KAl 96.8 96.8 99.4 72.7 29.2 20.8 7.8
Max. for VG characteristic
VG MR iR/ ME -19.4 -19.4 7.1 0.6 0.6 0.6 0.6
Min. for VG characteristic
VG HERFIE 54.6 54.6 63.7 25.6 8.7 52 2.6
Mean for VG characteristic
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