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[ F# ] w3k A M Capsicum annuum “Salsa XP Red” P B =tk 83X & (P15) 53E A M C. annuum  “Salsa Deep Orange’
WA K AR A (P6) AEA, BEERMA P6xPI5, B RMA PI5xP6, HHEF, BK, SIANTHRMREEEEF
Ko P AR EAENE, [#R]PoAPISert A Kb, #&. MEKSTHAFHAFERE 27 (P<0.05), E
B EWE R A MG, it A RTFRR ERANEZ O LS, EERWNF,BAERTY, FERRWY
SARLHEIRAK B IMROR A rE K BRRERK, rHAn k. B i, BERIERGRA S oH B &Mk A £ 2
FAEM (P<0.01), FHABEN: ERRXF, RERRERRKS BIWER T, REEAMRITE AR, ARAE K
AR HEARBEEE;, TRAARAEMNAZARAE, WA T IPRAE A REH, LLARE L5E
B, [#® ] WFHMELFAL F RASGEERERYK, PHEABESABRKREGEREZ LR, APHRETFAHR
b, RRRESRRL EMRMTFAREKR, v RS RIOERE LA £ R BE, SIF ST TR E AL
WA RELEAFTXGEANEA ARAKRSLIRA KT E AR EEEARIK, B2 48422
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Genetic analysis on heterosis and important traits of ornamental
pepper hybrids

LIN Zixiang, MA Xiaowei, WU Jianguo, ZHU Zhujun, ZHU Biao

( Key Laboratory of Quality Improvement of Agricultural Products of Zhejiang Province, College of Horticulture
Science, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China)

Abstract: [Objective] This research aims to explore the heterosis of ornamental pepper and the genetic law of
ornamental traits, to promote the cultivation of new varieties of ornamental pepper and the retention of excellent
traits. [Method] The oval leaf inbred line (P15) of cluster pepper (Capsicum annuum *Salsa XP Red’ ) and
the lanceolate leaf inbred line (P6) of single pepper (C. annuum *Salsa Deep Orange’ ) were used as parents,
an orthogonal combination P6xP15 and an inverse combination P15xP6 were configured, and F, population
was constructed to explore the inheritance of fruit bearing pattern, leaf shape and plant type of ornamental
pepper. [Result] There were significant differences between P6 and P15 in leaf size, plant height and number
of lateral branches (P<<0.05). All F; combinations of cross ornamental pepper showed high heterosis in plant
height, plant width and leaf shape. In F, population of reciprocal cross, the descending order of agronomic
characters with the largest variance was leaf length, fruit number per plant, petiole length, plant width and plant

height, and there was a significant correlation between plant type and leaf type traits (P<<0.01). The Chi-square
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test showed that in the results of the segregation ratio of quality traits in the F, generations of reciprocal crosses,
the fruit cluster traits were inherited in a single gene recessively for solitary traits and limited growth versus
infinite growth. The developmental plant type versus the erect plant type and the lanceolate leaf versus the oval
leaf were both controlled by two genes, and had recessive epistasis. [Conclusion] There are significant
differences between ornamental pepper hybrid parents and F; generation in 5 traits, such as the number of fruit
per plant and the number of branching grades. Among them, the coefficient of variation of plant type is the
smallest, the coefficient of variation of fruit weight and fruit number per plant is larger, and the difference of
leaf length and fruit number per plant is the most significant. The analysis of the inheritance law of the
important traits of ornamental pepper reveals that the fruiting bearing pattern of clusters versus solitary and
limited branch versus infinite branch are recessive genetic traits controlled by single gene.[Ch, 2 fig. § tab. 22 ref.]

Key words: ornamental pepper; reciprocal combination; heterosis; analysis of variance; genetic analysis

WLE BN AR Capsicum 1 —3& FEZAE MBI ARFIRE R, 3l 7 15 IR RIE ardr . SR OB
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A REFRIF RN RN 240k, BEANEFE IO 0 P 6 UL BB 0 2 MR BEA T iR A B R
FaH TIRZBEAFARIRAE R . ASMA S5 2R 0r G & 18 SR B H AR 129 HoE
B WG AR A WL A s METTUPALAY AM 255 YA FE BRUBUR S 38 B X PRI 167777 3%
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BT T8 TIWT5E, AnsRukAfE 5D L3 A S UL BB AL Al SR S0k, AT AT R AR
AL LA L pH 7R 22150058 R PRI E , IR EE— D UESCULFOBMUR SEAE T 35 5 (U2 (A AR B 38 AR ¢
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Table 1 Main characteristics of ornamental pepper parents and their reciprocal cross combinations
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[ FE, 10-12 H WLk . SEARCHE A 20 8k, IEJRAC F #5820 ¥k, 1E 38 F, #ER 5 500 o Al
150 #k. FRATHE 45 cmx50 om, SREUH KL B, AR AR S Rt 5 R H R AR
1.3 HRAE

A HE BB T 5% Y 4 A RIS R B A o ) TV i 13 SR SRR IEAT G o b, H A SRR
44, SRR EA T SRR B KR BeE MR 94N, B RRE . BRIE . DU, S
K. FRARGE IR MG BEE L AR SR R AR AR B R A SE TR AR AR R RO
R ERIE 10 KE R . 11 Canon EOS30D H i AHBLAASEIC sk MIR o {4 SPSS 1 Excel 44Xl
FASEARIEAT G 00T . ARG . T HEIRAE SRR R T, R R (Vo) W
S HBERES Tk Ve=Dg/Nyx100%, Dg HFrifEZE, Ny 23 TR =F—Mp)/Mpx100%,
MR =(F\—Hp) Hpx100% , F) HASEHA F R, M, 5 H, FWXCERAWRIRIGHE S S iA1= AL,

2 ERG5HH

2.1 MEHBWEZHEMRFTELH

FH% 2 AIAl: P6 I P15 FERAARGE AL, . mhoe . AR . MR, DR EC. ARl By
T BEAR bR AEAE B 5 22 5 (P<<0.05), P6xP15 5 P15xP6 7EMH . BRI . AR . B % 4 41
R EFAERE2ZES (P<0.05), 1ERAEH Fy [UBHATE S R 3R 25 25 7 (P<<0.05).

K2 UEBRMFERF.F, SEEHEMHRTESN

Table 2 Comparative analysis of variance of different quantitative traits in parents, F| and F, generations of ornamental pepper

. . _ " " " HATI R

AR R /em FRIE/cm MEEUA BEEUR a4 MK /mm M9e/mm AR /mm R
P6 21.64+1.61 ¢ 41.2742.35¢cd 8.50+£1.72b 7.40+1.17a 26.10+4.84d 63.94+1.66c 23.57+0.95b 34.11£1.08 ¢ 4.00+1.49 d
P15 2490+1.79b 38.93+3.12d  3.30+0.82d 2.40+0.52e 37.30+4.00c 87.94+1.13 a 34.53+1.24a 48.45+0.88 a 9.20+1.32 a

P6xP15F, 2533+291b 53.27+5.02a  8.10£1.60b 5.50+1.08b 71.10£5.63a 54.72+5.04d 21.05+3.45b 22.69+3.89 d 7.00+1.63 be
PISXP6F, 25.65+3.15b 44.04+2.95bc 11.90+2.73 a 4.70£1.06 cd 68.60+16.02a 61.01+3.48 ¢ 21.92+1.60 b 23.25+1.31d 5.70+1.89 ¢
P6xP15F, 28.45:2.55a 45.48+3.18b  6.47+0.72 ¢ 5.02£0.41 bc 55.77+8.10b  69.61£7.39 b 35.30£3.28a 37.14+3.77b 6.91:0.99 be
PISXP6F, 29.04+3.30a 44.72+2.37b  5.29+1.08c 4.23£0.48d 56.31+11.93b 71.86+5.89b 36.91+4.97a 38.99+4.47b 7.36+0.93 b

VM. B R, i, PORIPISHEARS HHE 20, FUREARSHHE 120, FAEALHRE 1505 FIIARFHERRAR

AR ] 22 5 2 (P<<0.05)

SSRGS T X By AREHAR B CE MR AT AR S50 BT . BRER 3 ATHL: PoxP15 1Y Fy AURE
7R 9 MECERIR T, T 22 RORIHT 5 DB MR MR B IMRYCH I | BAREE R, . 58 &
W, T DL PR R 5 SRS R R Y R (R 2 S e W S MR S RO 209%0~45%, V- HIME N
33%. 9 MECER MR AR S AR B R I 2 BT RS A AR (Ve=45%), K R 3 R R (V=40%) FIHR
WRETIREL (Ve=37%), P ATIA Ry S I G A AR . 0 BBl . Rk 45 SR i R s A e PRI
RGP AR, 8 S R AR R IR (Ve=20%) Fbk R (Ve=25%), AT LAACKHIX 2 PRI BE R RS T 4K
U, R85, R ATTHL: 45 P15xP6 1Y Fy AR O DB MR, T 28R RYHT 5 MR K E]

&®3 HE POxPISF, BN ERHEMEREE I
Table 3  Genetic analysis of important quantitative traits in the combined P6xP15 F, population

EfEL Meriiom  BRiE/em  MIAEUAS  SEEREUS BERESHEUA HH/mm M S/mm K /mm SRS AR

FHE 2845 4548 6.47 5.02 55.77 69.61 35.30 37.14 6.91
SEONIEL 4356 8491 11.00 9.00 110.00 132.17 53.67 65.51 13.00
e/ ME 1445  27.59 2.00 2.00 19.00 26.83 14.70 19.96 1.67
Gl 29.11 57.32 9.00 7.00 91.00 105.34 38.98 45.55 11.33
Ji 2% 4985  81.34 448 4.06 437.05 607.46 12822 129.33 9.57
brifE2E 7.06 9.02 2.12 2.01 20.91 24.65 11.32 11.37 3.09
TRER% 25 20 33 40 37 35 32 31 45

VLA . G P REARRUE 150
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MR R ARG IR, ARG . PETE L BRIE, SRR A AR SRRk E R R B R
FECH 2390~42%, FHIE R 35% . Bk AR 5 R 80 R 102 0T IR AR AR (Ve=42%), FLROZ
PARREE I (Ve=41%), TRRIEI R (V=38%) . MR FITE (Ve=36%). Zi bArik, 1F /R34l &1 %
) Fy ACHE AR, BARREE A, SR, MR A AR B R PRIR A W AR S, RS kA
AR TR R AR IR PR AR S b, AT ARSI IR B
22 MEHBEEHEMHREXED

XFIEJ3E Fy ARHEARIY) O MR HRA G AT a3 (6 5. % 6) KB tRim SHRIE . MIAEEL. gk
S5 BEE B E IEA G (P<<0.01); BRI S5 OIALEL . /B GUBOR Bk 45 S8 2 A 8 3 1EAH G (P<<0.01);
MR S /AL 8. PRRRZE SRBCE I BB TFAE (P<<0.01); WSS K . B i il A A B

F 4 HE PI5xP6 F, BEWEZHE M RIEESW
Table 4 Genetic analysis of important quantitative traits in the combined P15xP6 F, population

EfEL PRmiiom  BREF/em  MIERUAS REEUS BRREEREUAS HK/mm i S/mm K /mm AT A R R

SEHMH 29.04 4472 5.29 423 56.31 71.86 36.91 38.99 7.36
HRAE 45.53 69.37 11.00 10.00 115.00 119.29 69.93 68.46 13.00
B/ME 13.42 23.34 3.00 2.00 17.00 28.03 16.80 14.52 233
I 32.11 46.03 8.00 8.00 98.00 91.26 53.12 53.94 10.67
Ji% 63.75  105.71 3.33 2.59 541.05 65222 174.25 181.43 9.37
bRz 7.98 10.28 1.83 1.61 23.26 25.54 13.20 13.47 3.06
TREB% 27 23 35 38 41 36 36 35 42

Uil G F AR 150

x5 HE P6xP1SF, BEHEMHIREXEST

Table 5 Correlation analysis of quantitative traits in the combined P6xP15 F, population

T H 731 ki MR oRRE ERkESREL K MR R PRTIROCE AR AR
M 1
PR 0.63%* 1
Mk 0.42%*  (.68** 1
IR —0.24%%  0.27%*%  0.26%* 1
BARRAE AL 0.58%*  0.72%%  0.73%* 0.11 1
LN 0.35%*  —0.00 -0.16 —0.47** 0.02 1
L 0.38%*  —0.02 —0.17* —0.51%* 0.00 0.91%* 1
AR 0.21%%  —021%%  —0.30%%  —0.55%* -0.12 0.80%*  0.88** |
RHRCE AR 0310 —0.09 —0.25%%  —(.55%* -0.04 0.88%*  0.93*%*  .93%* 1

AT **RIRTE0.01 ZKF-(OUM) L A . *3RIRTE0.05 7KF-(OU) L i 2 AH G

R 6 HE P15xP6 F, BHFHE KB X1

Table 6 Correlation analysis of quantitative traits in the combined P15xP6 F, population

=] 7= PRiE  OUREL B HRRESAREC MK S MR SR RCE A AR
PRiss 1
e 0.69%* 1
(5% 0.43%%  (.32%* 1
SR -0.01 0.32%* 0.32%* 1
PARRAE AL 0.75%%  (.54%* 0.62%* 0.16 1
RN 0.10  0.04 0.06 0.08 0.11 1
5 0.06  0.07 -0.05 0.07 0.05 0.89%* 1
RIS 0.07  0.06 -0.04 0.05 0.06 0.93%%  0.96** 1
LA R A AEEL 0.05 0.09 -0.01 0.03 0.02 0.89%*  0.88%*  (0.90%* 1

FR: HFIRAE0.01 KRB B FAASC . *FRIRTE0.05 KR L B2 AH5C
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e .35 IE A5 (P<<0.01).
23 MEHBMEEZHEMRBMABZ W

H1E 7 AT F) AR P6xP15 5 P15xP6 FEHLRREE SRA . MR . BRIE (B 1), DALk b 35 b o
PEFa; PoxP15 FRIL 2 PLH A HORAR U A BARR S8 S 4R (124.29%) . DAL (37.29%) .tk (32.84%) . 43
G (12.24%) . FEE (8.85%) . HL15 I AEAEEX (6.06%), i A MR 1Y 66.67%; P15xP6 FI ¥
DUHBIVEIRAT FARREE R AL (116.4%) . MIBEL (101.69%) . Bk (10.23%) . BR IR (9.83%), &5 BT A TR
44.44%, P6xP15 1 Fy AAFE 7 AN R LRI P B 85 BARREE R4 (75.93%) . R (22.26%) . MH5E
(21.51%). FEIE (13.42%). MIAEEL (9.66%) . HL45 G A AL 5K (4.70%) . 5 B9 8L (2.45%); P15%P6 1Y
Fo (UTE 5 B MR BRI R A3 . bR 45 AL (77.63%) . B8 (27.06%) . Bk (24.80%). HEE
(11.52%) . B0 MR A AEEL (11.52%). FIOL, IERSCAA Fy F By ARTERR ST . FRRRES S AR B 1tk
¥R A A P R

F) f{ P6xP15 5 P15xP6 FE HLRELE A, MRIR . AR SR LRI SR, PoxP1S e AR S5 AL
(90.62%) . FKIlF (29.08%). Phim (1.73%) FRILIE LT P15xP6 TEEAMELE AL (83.91%) . MIKEK (40.00%) .
PRI (6.71%). #him (3.01% ) FIIFE LR, P6xP15 Fl P15xP6 (1 F, FCTEA S 7E Bk 45 %0 (49.52% .
50.97%). BhEr (1426%. 16.63%). ¥RIE (10.20% . 8.36%). M5 (2.23%. 6.89%) AR bR PLIE M43,
AL, P6xP15 5 P15xP6 #£ F) 5 F, ARI7ERK 1 . AR IR FIEAARES R A - e R
2.4 MEHMEKE HEFER REEEFK HREEREST

K2 SAEA . F fLF, RIHETY . S ROE R SEEA TR &Rkl G&8), HAESHAeE . AR

x7 ARTRBFHEEBLE ST

Table 7 Comparative analysis of heterosis in different generations

ZA R %
HAR AL
MR bRIE UREC R RS mhK e AR BRI ICE AR AR
P6xP15F,  HUEMLH 8.85 32.84 37.29 12.24 124.29 2794 2754 —45.03 6.06
PI5xP6 F,  HUEME#H 1023 983  101.69 -4.08 116.40 -19.66 —24.54  —43.68 -13.64
P6xPISF, HEMHE 2226 1342 9.66 2.45 75.93 -834  21.51  —10.03 4.70
PISxP6F, HWoRMLH 2480 1152 -1034 -13.67 77.63 -5.37 27.06 -5.55 11.52
P6xPI5F,  HEIEMLH 173 29.08 471 -25.68 90.62 -37.78  -39.04 —53.17 -23.91
PI5xP6 F, ML 3.01 6.71 40.00 -36.49 83.91 -30.62 —36.52 5201 -38.04
P6xPISF, HEILH 1426 1020 -23.88 -32.16 49.52 -20.84 223 —23.34 -24.89
PI15xP6 F, #ZEMH  16.63 836 —37.76 —42.84 50.97 -18.29 6.89  —19.53 -20.00

YL BARFR A RSB R R AR BT E b, HhF AR S5 20, FyUFEA G- 4150

& LN
B s BN -31'

P6 P6xP15 P15xP6 P15
A1 #ALF ERZAAS KRGS LE

Figure I Comparison of positive and negative cross plant types and plant amplitudes between parents and F,
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Figure 2 Comparison of plant type, leaf and fruit traits between parents, F, and F, reciprocal crosses
&8 P6MPISHMIERR F, REGEEREMKSBIL R ARG
Table 8 Segregation ratio and Chi-square test of important quality traits in F, population of reciprocal cross of P6 and P15
S22 AL EZ/NIES /Eﬁ% £ Xoosa Xoosz|| TEHR AR R R e £ Xoos1 XLoos2
e ’ ’ B ’ "
RIFEFN PexPISF, A 39 133 003 3.84 A 37 0
g 111 0.01 P15xP6 F, BRI 32 3:9:4 041 5.99
P15xP6 F, ##4: 40  1:3 011 3.84 KR g7 0.05
e 110 0.04 wEIE 31 0.96
IR P6xP15F, ABRAEK 31 1:3 096 3.84 AL P6xPI5SF, HA 31 3:9:4 020 5.99
TRRAER 119 0.32 FEHY 82 0.04
PI5SxP6 F, AMAK 32 1:3 067 3.84 PR 37 0
TRA K 118 0.22 PISxP6F, HAr&! 32 3:9:4 041 5.99
e P6xP15F, BPIA 22 3:9:4 113 5.99 BHN 87 0.05
K BB 91 0.44 TR 31 0.96

RS TR BARIRAT G 123 MR8/ (£=0.03<<x*(0.05, 1)=3.84), LWL L BRAUE A X5 A: |
A BRA A TE BR A MR S B s PR 4 . PO(BETTE) 5 PIS(KERIRITE) #1743, Fifs F, HIAREY
IR R K B B, DA B0 T X AT IR o k. 6 By B RO gs 2. KOmIE . BRI . 4t
T W T AR R B B 43 B LA 8 9:3:4 IYAX B 1L (15% RO BB BIE M, 61% MK OREIE I, 25% Bk 4t E
My, [HE, PIS(ESZA) 5 PoCIT M) HEAT4R2S, Fy AV Ear A, Fy fUh B S A0kk . 2 BT bk
FTT B RURE R A B 20 B LU AT 9:3:4 (X ES L (219% MY B RIRR, 55% (K2 BRIk, 25% (TT e
B, ULBHEHUT F AR SRk IR 7 2 XA e P, s )y ST A SR e A
3 3t

BT IR AW Mo g F, ARG HHL S a2, N RS
WA FERERS RN REEMEEHMAAR SRR T KRS R 28R ke
B HURES B Ze R, AR TS A T AL B R R AT AT

AL AS AL AR RN T B UL B A T 2 sc G, R ARER IR I R AR SR B S i AR IR 45 R 28
L, BRESLTUI e T 8 AN SEAHRM, AR 16 MAREENINA A, KB WP RBSCREAE, Bk
AR . X S AT ITAG Y (0 AR S A B A A E — 8 RSB RO B P 1)
FSE, XTI MR I E M . ZeRh AR R A bR . T . SR ML B R
WA FRBMR . JEONG %M YEMF T 4 St B A 28 B Rt AR kg 1 - UL BB A% e 32
FRIUA AR SR, AR RS AR B MR AR SN B S, AE R AR B A I vT LAOR 5675 Tt B A R 2
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MG 22 R AR BIAA A 2R 24 I R, BB G U 0B T 40 3 L5 BRAURP BT 9% I8 1) 382 1% 1
AR, BRI S SRR . MRS AR IEA DG . PR AET XF 19 BB AN Y 12 SR AI MR T35t
G, G5RFRM . ANFEBMG A Z MR ES B, B5 RN 8.49%~37.77%., MK 5MHTE. Whik
L XA B S AR IEAR DG . RS F AN H ARk K, A B R F R R, A
WFFE BUE [ AE Fy AABFAR B AR MR 5 0k R R A 38 B AR G, ST A4S SR A — 30,
WOER G Fro Fy ARHEART, BRARZS AL, B, B iR A et KA B R R, A
Syl it 2228 AR B S STFAEMIR, AR E AR IR AR D, SR R e R . MAMEDOR %11
FRAE WAG T AR S5

PRAGE G S BB PR S54SR AR R AR AT TOH5E . PE s e 40 (i
S BUBURN 2% (A BB AN I 2SS A0, e FLmt R AE 75 AR & i, BIFSR st A, R BB
W Rt G A 2 XnE- k- 17k 3 R - V- P 2 B AL, PRI, X BRI EE
IR 11 338 A5 R 6 17 78 20 B A AR A T o AR S8 BT XU T O 9 s . KB R it R X IE i
Aok, HPEEE M R X R B i R A Bk BRI Al R T ik T ELAT AT AR A SRR
AR RIS AR YR . 2R e DI C. annuum var. longunt ¥ GRS REA, BF A RILT 8 F 38
RIS IATARAE , RINBAR L LA XT # o B, LB BR O H @R A2 1 X Bk 3k 4%
il o AHIFTEET XA S A 7 s TR, R ORI A %o B A RN B 43 A X TG RIS 43 A 459 kg B 3 PR 45
TIPSR AL R . BREFINIE A2 2 XPAEAI LR sl , X5 LOSEPT (IR se 45 5 — 3, AL, B . R
B A 7 ORI MR ZE R R IR, W e B O B MR 0 XL B SRR o 0 R A AR AR
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