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Hayman Diallel Cross Analysis of Net
Photosynthetic Rate in Pepper (Capsicum annuum L.)

Z0U Xue-xiao'?, ZHANG Zhu-qing!'?, CHEN Wen-chao'?’,
LIU Rong-yun'?, DAI Xiong-ze'**, MA Yan-qing'?, LI Xue-feng'??
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Abstract: Genetic parameters in net photosynthesis were determined by Hayman method during flowering and
fruit set stages of 6 peper (Capsicam annuum L.) parent cultivars and their 15 cross combinations established by
the (1/2) n (n-1) diallel cross. The results of regression analysis of array covariance (Wr) and array variance (Vr)
indicated that the net photosynthetic rate didn’t genetically coincide with the additive-dominant model. The results
of correlation analysis of Wr+Vr and parent Yr indicated that Wr+Vr values were larger in the parents with more
dominant genes governing high net photosynthetic rate. The genetic parameters showed that the dominant effect
variance was more importance than the additive one in the inheritance of net photosynthesis during the flowering
and fruit set stages, and epistatic effect was found significant as well. The parents had low narrow heritability and
the heterosis was less obvious at the early stages of the flowering and fruit set than the middle and late stages.

Key words: Capsicam annuum L.; Diallel cross; Net photosynthetic rate; Genetic parameter

5 H #7:2006-07-17 #Z HIH-2006-11-28
E&TH : ERPHE ST RIURE(2006BAD01A07); # M5 4 T K ¥R (2006NK2013) % B)
* J# W AE#H Corresponding author



B3

ARZER % BS54 % Hayman X ZeA8 50 H 245

Fer R R RAEY = BTG B RL, BFTUEY)
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WENZASELE] 15 AN ZFh 148 R AEK I T
BRI FITRR RO AT . 2003 4 12 A 27
H#&#h,2004 453 A 10 HfR# 1 &.4 A 15 HE
T KH. BEHLX AR, 3 KER. §ANDXHEHR
3.75 m?, jEHE 20 Hk. B A0 2R W) 24 0 5 R %

12 WEHB RBESEE S %
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fE H ] 43 7 £ H CID 2 7 FFIME C1310 FH#H

HEMERGWET 6 NRA 15 NERFP 1A H
HI7E LB (umol m?s™). Gt HrigxkiEge
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PG G R AR AL T (A B AR S IA B T B Bl 2
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MRIEXUINR 3 E LS R P 5
WV GG R I BE R 5 22 (V) RIRE 3 5 R 38 [ S A
HIH T Z5(Wr), 8 R LE 1. RFHRHE Hayman K4l
HONE, it B E R 3 M I AR K
9375 2 Wr Xt 77 22 Vr B [B1H R $(b) [ 385 (a)
AENEREIFRHER(SD), SR IFE 2. 3 N
HEHER Wr 5 Ve B TRES R §ilA
W1r=0.0561-0.0267Vr; 1 #24 Wr=0.2404-0.5003Vr;
JG ¥ Wr=0.0781+0.0848Vr. 22 ¢ MIH , FF4¥.45 A
WL RO EEENEE R b 51 201
122 FeIA i) 5 2 K, BRI Hayman [REAN AL, TF
&5 RAT e WL & B AT A <
Pk - SR A, A A B BTN . ARIE ]
JiRR, TR AT L S OL &R Wr X
Vr FIEHZEAE Wr Shgk ER#EES KT 0, AT LA
W, 3 ARG A IR A R A R B

22Wr+Vr 5 Yr BB XS

FIFZR 1 F I BAEX Wetvr 5 Yr 18] 3547 4
KON, &R WL 2. IR 2 50, FFAE4s REri.
LR IR AR Wr+Vr 5 Yr [ A 5 &R
#4574 0.7758.0.6277 F1 0.2096, 2 1EAH 3, {HHR
REF|BEKFE, UHESAELS SRR GEEEN
FERBHER BA R KK Wr+Vr {8, BT & 3 FF i
SRATH P AL AR R R AT E i
e AR L DR HH 22 3] 2D I I 20 1) 2« i
o W MR BER > WG 4 AR > RN > B AT
B> R > /NER TR R EIE > ANERE >
RIS > FEATH > WAV R BEAR > T 7 40 A ARG SR
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Table 1 Genetic variance (Vr) and genetic covariance (Wr) of net photosynthetic

rate at flowering and fruit set stages of pepper parents

i34 FA

Phase Parent Wr Vr Wr-Vr  Wr+Vr Yr
W3 Early {KHL R Fudijian 0.0044 05693 -0.5737 0.5649  2.4033
TR Aiganzao 0.0700 05399 04699 0.6099 22667
PG Hexijiao 0.0097 0.7605 -0.7508 0.7702 2.9100
I Xiangtanwan 0.0077 12315 -1.2392 12238 27133
/INEBR Xiaoaiyang 00346 01858 -0.2204 0.1512 1.9767
_EHEIH Shanghaitianjiao 02015 05279 03264 0.7294 2.3433
SAAI Total 0.2345 38149 -3.5804 4.0493 14.6133
“F3HH Average 0.0391  0.6358 -0.5967 0.6749 2.4356
13 Middle KR Fudijian 0.1266 0.6206 -0.7472 0.4940  1.9667
JEHT 5. Aiganzao 0.0629 04296 03667 04925 1.3333
FTVGHY Hexijiao 0.1454 01550 -0.0096 03004 1.0133
HHE M Xiangtanwan 0.1125 03502 -0.2378 04627 2.1777
/NER Xiaoaiyang 0.1878 03448 -0.1570 05326 1.1567
_FH#gE I Shanghaitianjiao 00244 1.1532 -1.1776 1.1288  2.0000
LA Total 0.3575  3.0534 -2.6959 34109 9.6477
“FIAH Average 0.0596 05089 -0.4493 05685 1.6079
Jal Late R ZR Fudijian 0.0857 00728 00129 0.158  0.1900
JEAT 5L Aiganzao 0.1459 04596 -0.3137 0.6055 0.7633
[P Hexijiao 0.1063 01209 -0.0146 02271 09467
HHFL Xiangtanwan 0.0898 05454 04556 0.6352  0.9900
/NP Xiaoaiyang 0.0397 00189 00208 0.0586 1.0567
_L#5%## Shanghaitianjiao 0.1177 01547 -0.0370 02723  0.1467
HH Total 0.5850 13723 -0.7872 19573  4.0933
VI Average 0.0975 02287 -0.1312 03262 0.6822

£2 HMFEAFAESFREHPEALSEEWr 5 Vr HSH
Table 2 Regression analysis of Wr and Vr of net photosynthetic rate at flowering and fruit set stages of pepper parents

2% wevifilal AR EHEE [B1H R BRI bRAE R Wr+Vr5 Y 26 R
i eter Regression coefficient of Regression  Standard error of regression by toor  Correlation coefficient of
‘Wr and Vr (b) intercept (a) coefficient (SD) Wr+Vr and Yr
Hi#H Early -0.0267** 0.0561 0.1248 8.2247  4.6040 0.7758
i Middle -0.2208** 0.1720 0.1255 9.7865 4.6040 0.4619

J5 1 Late 0.0848%* 0.0781

0.0697 13.1256  4.6040 0.2096
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Table 3 Genetic parameters of net photosynthetic rate at flowering and fruit set stages of pepper parents

BEZH GOE:] el =2 4]
Genetic parameter Early Middle Late
IR Ty 22 - - "
Additive effect variance (D) 0.3239 0.2940 0.1570
IR 5 SN by 2
. . .14
Covariance of additive and dominant effect (F) 08156 0.5856 0.1498
BN 2= - . -
Dominant effect variance (H,) 1.9002 1.5014 0.5004
FAPESAFEN ARG RN BT % - . 6"
Dominant variance due to asymmetry of genes (H,) 1.1415 1.0572 030
. 1% 24223 2.2598 1.7853
Average dominance (H,/D)
A G AR IE L B 3.1654 2.5759 2.8211
Ratio of dominant genes: recessive genes in parents ( R ) ) ’ )
PUSTLR BAERSIOA 0.4846" 0.7066" 07627
Sum of dominant effect of all loci of F1 progeny (h) ) - ’
EHER R SRR
Aut ﬁ ) 2 0.4245 0.6684 2.4953
The number of genomes governing dominant traits (h“/Hy)
36yl
s 2 14.42 16.78 22.38
Narrow heritability h™y (%)
IS iy
.. 2 56.71 59.61 58.04
Broad heritability h'g (%)

1+ S HIREK 5% 1% 255 BE KT, * and ** represent significant differences at 5% and 1% levels, respectively.
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BE NI HAEYIAEA (Scyphiphora hydrophyllacea Gaertn. F.) [ ZREREUIH 4 B85 6 MLAY, 2385 br
B 5 SCHRBOE X FAfl e FL 454453 50 < betulone (1)-3,4,5- = 4 LKR) -B-D- MM A AT B 17 (2) o HHEEE3). B-
ERNERI(4).B- BISREG)RI T K ME6). & MTT S5 HEHE, 5 RE WAL Y 1 XA SMMC-7721 (I35 B 7

AR, 2 1C, /24 12.5 pg ml'.

KW AL 0224y M FEE P MTT; SMMC-7721
XEH S :1005-3395(2007)03-0249-04

B 5 ES Q946 SCHRIR A : A

Cytotoxic Components from Mangrove Plant
Scyphiphora hydrophyllacea

ZENG Yan-bo,MEI Wen-1i, ZHUANG Ling, HONG Kui, DAI Hao-fu*
(Institute of Tropical Bioscience and Biotechnology, Chinese Academy of Tropical Agriculture Sciences, Haikou 571101, China)

Abstract: Six compounds were isolated from the ethanol extract of mangrove plant Scyphiphora hydrophyllacea
Gaertn. F.. Their structures were identified as betulone (1), 3,4,5-trimethoxyphenol-B-D-glucopyranoside (2),
a-amyrin (3), B-amyrin (4), B-sitosterol (5), and stigmasterol (6) by spectroscopic evidence (IR, NMR, MS, etc.)
and comparision of their spectral data with those of the literatures. The cytotoxicty of all the compounds were
tested by MTT assay, and compound 1 showed inhibitory activity towards human hepatoma cell line SMMC-7721

with the IC, value of 12.5 pg ml™.

Key words: Scyphiphora hydrophyllacea; Chemical constituents; Cytotoxic activity; MTT; SMMC-7721
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AEART 2004 /F 11 AR QA XEWA
PEARLR APk, 128 o [ Sty MV RL 7 e iy AR )4
AR50 BT A IE 48 %8 4 36 55 B 16 K B AL K
(Scyphiphora hydrophyllacea Gaertn. F.), EUFFRA
(SG2041 1) 471 T B #A s AR b B2 e s AE ) B
AHFFT o

1.2 {2550

R AR R AR A R A T AP/ X-5 1Y
ZE SN (RIZIE); IR A Bio-Rad FTS Xl
& ,KBr [E F ;MS ] VG Autospec-3000 %Yl 52 ;
NMR F Brucker AM-500 3% B E , LA TMS
J3 I kx s CO, 553546 (Sheldon Manufacturing Inc.); #
BIAES(EEEREVAERAIAET RS )
MK3 Egbr (LT E R A F).

V2 R TR AL BT EERR ¥ 0 T B4
T.J 7= &, Sephadex LH-20 5 Merck A& /= /. &
AN E N P LR LHEH 95% L1273 #r 4l
IE T B VY H A8 M 3R (MTT). MEM H1 -
W PBSAERREFRIA A 2R E R C (Kyowa
Hakko Kogyo Co. Ltd.).

1.3 HHAER R IE I &4

95 SMMC-7721 40 flt 5 sG K 2 35 72 ) Ok
AL, FRIEFRASTH 10% /N EIME K MEM B
FIEAF, T 5% CONIBE 90% L | 37°C 58 ks
7%, WEEEA B 0.25%BREETH 1L -

14 RIS E

AEAR TR 45 (17.6 k)5, FH 95% I &
g Z iR EE 3 K, WUE R B R R . ¥ LR
TIN5 BT /K F s iR, &0 B RS B A
B 5 AR Ze 0t U8 5 AT K AL B IR (D-101)
FEZE AT, 58 J5 B 7K B R I, W B R R eV, &
WAEE B RSy (421.0 ). HEEER D ARERH E
M, RS - B IERE SRR, & JFHH R A 15 2 26
ANER Sy (Fr.1- Fr.26). Fr.l ZEERFEEMT LAA B -
LR (6 : 4) R BERLH 53 B 4 884> (Fr.1-1- Fr.
1-4), Fr.1-2 & TLC fx i A 4 &4, Bib&d1
(167 mg); Fr.1-3 & Sephadex LH-20 £ 24, LA 95%
LIV, MO BEEREZENT UG MmE - 28

LBR(L:1) AR B 15 26 &Y 3 (252 mg) Ffk
41 4 (217 mg). Fr.10 &3 EERH: T, LLEAR -H
BE(13:1) R Pe i, A 46 dn b, B4 5h 5 4k 15 21
& 2 (1.6 g)o A1 HIERH 7> £ pk A A E A, LA
FE - LFR OBRBRFEBERAS 2 10 AN ER 4 (Fr.p-1-
Fr.P-10), Fr.P-4 £8E A2, LoAHMbE - 2R &
Be @2 M ¥EM W 5 2L &9 5 (39 mg) M 6
(58 mg)-

1.5 EHEE

Betulone (1) J& 4t di (& 1), mp 175-176°C;
[a]®5= +16.4° (CHCL, ¢ 0.2); EI-MS (m/z): 440 [M];
'H-NMR (CDCl;, 500 MHz): 84.69 (1H, s, H-29a),
4.58 (1H, d, H-29b), 3.80 (1H, d, J=10.9 Hz, H-28a),
3.34 (1H, d, J = 10.9 Hz, H-28b), 2.48 (2H, m, H-2),
2.40 (1H, m, H-19), 1.96 (1H, m, H-16a), 1 96 (1H,
m, H-21a), 1.90 (1H, m, H-1a), 1.90 (1H, m, H-22a),
1.68 (3H, s, H-30), 1.42 (1H, m, H-21b), 1.38 (1H, m,
H-1b), 1.22 (1H, m, H-16b), 1.07 (3H, s, H-23), 1.06
(3H, s, H-26), 1.04 (1H, m, H-22b), 1.02 (3H, s,
H-24), 0.99 3H, s, H-27), 0.93 (3H, s, H-25);
BC-NMR (CDCl,, 125 MHz): 3 218.1 (s, C-3), 150.4
(s, C-20), 109.7 (t, C-29), 60.4 (t, C-28), 54.8 (d, C-5),
49.7 (d, C-9), 48.6 (d, C-18), 47.7 (s, C-17), 47.7 (d,
C-19), 47.3 (s, C-4), 42.7 (s, C-14), 40.8 (s, C-8), 39.5
(t, C-1), 37.4 (d, C-13), 36.8 (s, C-10), 34.1 (t, C-2),
33.9 (t, C-22), 33.5 (t, C-7), 29.7 (t, C-21), 29.1 (t,
C-16), 27.0 (t, C-15), 26.6 (q, C-23), 25.2 (t, C-12),
21.3 (t, C-11), 21.0 (g, C-24), 19.6 (t, C-6), 19.0 (q,
C-30), 15.9 (q, C-25), 15.8 (g, C-26), 14.9 (q, C-27).
R HE S BR[O R IE Y — 2K

345- —HEEFH S-D-UWEHEEE (2
T o 4 & (FF B2 ), mp 201 -203°C ; [a]® =-22.3°
(MeOH, ¢ 0.38); FAB-MS (m/z): 345 [M-H], 183
[M-Glc]; IRv™gem™ 3 410, 2 910, 1 650, 1 075;
ELI-MS (m/z): 346, 184, 169, 84; 'H-NMR (CD;OD,
500 MHz): 8 6.44 (1H, s, H-6), 6.44 (1H, s, H-2), 4.76
(1H, d, J = 7.32 Hz, H-1"), 3.87 (1H, dd, J=2.1,
12.0 Hz, H-6'a), 3.76 (3H, s, 3-OCH;), 3.76 (3H, s,
5-OCH.), 3.65 (3H, s, 4-OCH,), 3.61 (1H, dd, J = 6.6,
12.0 Hz, H-6'b), 3.38-3.42 (3H, overlap, 2'-H, 3'-H,
5-H), 3.26 (I1H, m, 4-H); BC-NMR (CD,OD,
125 MHz): 8156.0 (s, C-1), 154.8 (s, C-3), 154.8 (s,
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Fig. 1 Structures of Compounds 1 and 2

C-5), 134.5 (s, C-4), 103.2 (d, C-1"), 96.2 (d, C-2),
96.2 (d, C-6), 78.4 (d, C-3"), 78.1 (d, C-5"), 75.0 (d,
C-2", 71.7 (d, C-4"), 62.7 (t, C-6"), 61.2 (q, 4-OCH),
56.6 (q, 3-OCHs), 56.6 (g, 5-OCH,). iR ¥d 5 sk
[7IHRE R —3L

o- EWIEE 3) Ltasr & (&), mp 180-
181°C; EL-MS (m/z): 426 [M]*, 411 (M-CH,), 218,
207, 203, 190, 189; 'H-NMR (CDCl,, 500 MHz):
85.30 (1H, brs, H-12), 3.22 (1H, dd, J=4.2, 11.2 Hz,
H-3), 1.14, 1.05, 0.98, 0.97, 0.93, 0.92, 0.77, 0.76 (%
3H, 8xCH;); B.C-NMR (CDCl,, 125 MHz): & 139.2 (s,
C-13), 124.4 (d, C-12), 79.0 (d, C-3), 59.0 (d, C-18),
55.3 (d, C-5), 47.6 (d, C-9), 42.0 (s, C-14), 41.7 (t,
C-22), 40.1 (s, C-8), 39.8 (d, C-19), 39.8 (d, C-20),
38.8 (t, C-1), 38.8 (s, C-4), 36.9 (s, C-10), 33.8 (s,
C-17), 32.7 (t, C-7), 31.4 (t, C-21), 28.8 (t, C-15), 28.1
(g, C-23), 28.1 (q, C-28), 27.2 (t, C-2), 26.8 (t, C-16),
23.4 (q, C-27), 23.3 (t, C-11), 21.6 (g, C-30), 18.3 (¢,
C-6), 17.5 (q, C-29),17.0 (g, C-26), 15.5 (q, C-24),
15.5 (g, C-25). il ¥¥E 5 SCBR[SHRE Il — 2K

B- EWAEEE (4) T F4E(E ), mp 196
198°C; EI-MS (m/z): 426 [M]', 411, 393, 297, 257,
218, 189, 135, 109; 'H-NMR (CDClL, 500 MHz):
3 5.30 (1H, brs, H-12), 8 3.22 (1H, dd, J=4.2, 11.2
Hz, H-3), 1.14 (3H, s, CH;), 1.03 (3H, s, CH,), 0.99
(3H, s, CH;), 0.95 (3H, s, CH,), 0.90 (3H, s, CH;), 0.88
(3H, s, CH,), 0.87 (3H, s, CH,), 0.80 (3H, s, CH,);
BC-NMR (CDCl,, 125 MHz): & 145.2 (s, C-13), 121.7
(d, C-12), 79.0 (d, C-3), 55.3 (d, C-5), 47.6 (d, C-9),
47.2 (d, C-18), 46.5 (t, C-19), 41.7 (s, C-14), 39.3 (s,
C-8), 38.8 (s, C-4), 38.5 (t, C-1), 37.1 (s, C-10), 37.1
(t, C-22), 34.7 (t, C-21), 33.1 (q, C-29), 32.7 (t, C-7),

32.5 (s, C-17), 31.0 (s, C-20), 28.1 (q, C-23), 28.1 (q,
C-28), 27.7 (t, C-16), 27.2 (t, C-2), 26.5 (t, C-15), 25.9
(g, C-27), 23.6 (q, C-30), 23.3 (t, C-11), 18.3 (t, C-6),
16.6 (q, C-26), 15.5 (q, C-24), 15.5 (q, C-25). A%k
5 55 SCHR[814 8 B — 5o

B- A8 EE (5) L4t M(LMRLTE), mp 135-
138°C; EI-MS (m/z): 414 [M]", 396, 381, 329, 303,
273, 255; S B- A S BEREAT TLC X R, 76 3
MSEFRAF REES BETAEE N, HHE
Yy 5 BN B- B B EE ( B-sitosterol).

2 88 (6) L4 4, mp 149-151C; EI-MS
(m/z): 412 [MY", 395, 379, 364, 351, 300, 283, 271,
255; Hx e GBI RESEAT TLC XL 72 3 MR AR
ZPFRIESEAITATE 3, BLAD 6 HE
R K 5 BE (stigmasterol) .

1.6 HARE S iE M T %

KF MTT 39,

S 152 BH M Xk B ZH.(7K) DMSO YA 7155 R 41 . BH
PEXT R (LR EE O 8 ANAS A B (200, 100,
50, 25, 12.5, 6.3, 3.1, 1.6 wg ml?) £ BIAE &, A
WEW 2 AFAT,

OB X B AE K A L, ot BR RO B, 1
FL 4 500 5 40 ML BB A T 96 LT R 40 55 35 AR
H, BF 5% COBE 90%LL .37 CIR AP 3%.
24 h JFECH AN — 2 ERRFES, SR8 FE 3 d
JFEUHE T RS TUREAAREE, iC X498
RGN, HEFAMA 5 mgml! [ MTT %
WOB T AT 47 PBS)50 ul, 37 CIRIY 4 h )5, %
0B R W, AL 100 wl DMSO #%
Formazane 78 7 %5 ¥4 A0 MU 55 7 B T MK3 Bl b
AL, 570 nm BT FLIROEBE(A), 5 T A4
FORAEAKAMBIZE . TS5 DARE SR BE B AR AR, LA
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I 25 ¥ 43 5 A :betulone (1)-3,4,5- = H 5 A X
) -B-D- MtBE I 2 B 17 () o- I IREE3)B- &M
JIEEE). B- 1§ BE(S) RIS (5585 (6) . L HAL SN
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Fig. 2 The inhibition of Compound 1 towards SMMC-7721 cells
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