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Cytoplasmic Effect Analysis of Different CMS Sources of Cauliflower
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Abstract: For investigating the cytoplasmic effects of cytoplasmic male sterility (CMS) on major
agronomic and quality characters of cauliflower hybrids, six cauliflower sterile lines( A lines )with different
cytoplasm from rape and cabbage, etc, and their maintainer lines (B lines) were used to make hybrids of A
lines x test lines (AF;) and B lines x test lines (BF;) . The effects were indicated by AF; - BFyor (AF; -
BF)/BF (relative effect). The results showed that significant positive effects were observed on days of curd

appearing, days of curd harvesting, and vitamin C content. Comparison of cytoplasmic effects of different
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CMS sources, the rape cytoplasm had significant positive effects on growth period and number of rosette
leaves. The cabbage cytoplasm showed significant positive effects on curd weight, lengthways diameter of
curd, vitamin C content and days of curd harvesting, but a significant negative effect on chlorophyll
content and number of rosette leaves. The cauliflower cytoplasm presented significant positive effects on
growth period and vitamin C content. Comparison of cytoplasmic effects of the six cauliflower CMS lines
which showed that NB65A had the highest positive effect on curd weight, lengthways diameter of curd,
transverse diameter of curd and soluble sugar content, XG108A had the highest positive effect on cotent of
vitamin C and soluble protein. Both of them could be used as the female parent for breeding high yield or
high quality combinations. These results indicated that the cytoplasmic of different CMS sources of
cauliflower showed complex effects on major agronomic and quality characters, and the adverse effects on
some characters could be alleviated or overcome by nucleus of a appropriate male parent.
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AERVEAN & 2 AT L3I FH Fp iR R A e 1R DG B 1) R0 o [ P A3 6 KRS (RO 45, 20115 R 45,
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KHME (Brassica napus L.). W (Brassica oleracea L.) 5[] 6 1~ CMS {EMZ2AE RN
GM65A. NB65A. SHI20A. YDSL60A. XG108A Al TDXG100A, AHx M [H R {R-EF 2N GM65B.
NB65B. SHI20B. YDSL60B. XG108B 1 TDXG100B, H:41 GM65A 1 YDSL60A )i A & Y5k
HAEMSE, NB6SA MHRA T RAAT H¥, SHI20A. XG108A Fl TDXG100A AR5 A & IH
SRIREAANBMEE B 65 K (BFD. ‘HiE 707 (HA) f “HE 15" (fr2), CMS ki
REFRMIEFBHORAE 1.

®1 EBARTERRARERER

Table 1 Information of CMS lines and their maintainers of cauliflower

AERCMS  CMS KHALERFRIMNiE T 41 Breeding process of CMS and their maintainer

GM65A DIRE MR CRIEARTE A, MR EAZT R GM65-1 (‘3K 65 K HARZEBEE ) WA, EilmgiL.
I E e 7 REHG GM65-1 BB H A H MURFE R GM65B
The sterile line GM65A was bred by distant crossing and backcrossing by 7 generations with sterile rape material Cunknown)and
cauliflower inbred line GM65-1(selfbred from ‘Gaomei 65 d’ ). The maintainer GM65B was bred by self pollination of GM65-1
with continuous bagging

NB65A DIARE HIEME GINLAE RV RREG B R A, TEMRSEEZE AR NB65-1 (“RE 65 K7 AGEFEHR) AK
K, BEIAE FIZZES: 6 RE R NB6S-1 ELELR [ 3 EH HIRE & NB65B
The sterile line NB65A was bred by distant crossing and backcrossing by 6 generations with sterile cabbage material (provided
by Zhong Xinmin of Zhejiang Academy of Agricultural Sciences)and cauliflower inbred line NB65-1 (selfbred from ‘Nongbao
65d’) . The maintainer NB65B was bred by self pollination of NB65-1 with continuous bagging

SH120A DIANHEFEMSE B 65 K7 GZHEFD ABEA, FEMSAZR A SHI20-1 CFATE 120 K7 BHALBEHHD NRA, 7%
AT EIETAZE e 7 ARE G SH120-1 BESEELE 38 H MIRER & SH120B
The sterile line SH120A was bred by crossing and backcrossing by 7 generations with sterile cauliflower material ‘Kuishou 65
d’ (Chile) and cauliflower inbred line SH120-1 (selfbred from ‘Songhua 120 d’) . The maintainer SH120B was bred by self
pollination of SH120-1 with continuous bagging

YDSL60A DAF MR CRIBATE) AREA, TEHEE A28 R YDSL60-1 C‘—RMR 60 K™ ERCEFER ARXAE, TEHHKK.
[BIZE A E e 9 RF B YDSL60-1 LB [ A8 H MR FF R YDSL60B
The sterile line YDSL60A was bred by distant crossing and backcrossing by 9 generations with sterile rape material (unknown)
and cauliflower inbred line YDSL60-1 (selfbred from ‘Yidai Shenliang 60 d’) . The maintainer YDSL60B was bred by self
pollination of YDSL60-1 with continuous bagging

XG108A IARNHEAEMSE B 707 GPHUEAD REAR, JERRSE SR XG108-1 C“Hid 108 K HIATERIFT M) ARA, K.
I B 7 B HG XG108-1 SR 20 H iR FF R XG108B
The sterile line XG108A was bred by crossing and backcrossing by 7 generations with sterile cauliflower material ‘Ruibao 70’

(Japan) and cauliflower inbred line XG108-1 (selfbred from ‘Xueguan 108 d’) . The maintainer XG108B was bred by self

pollination of XG108-1 with continuous bagging

TDXGI00A  UIAHEIEMESE “H3E 157 P NEER, JEMSEEZE R TDXG100-1 CRRREIE 100 K7 BREFHHD AR
A, B BB 8 RE M TDXG100-1 ELELE HATH RIREF R TDXG100B
The sterile line TDXG100A was bred by crossing and backcrossing by 8 generations with sterile cauliflower material ‘Xuelian
17 (Netherlands) and cauliflower inbred line TDXG100-1 (selfbred from ‘Teda Xueguanl 00 d’) . The maintainer TDXG100B
was bred by self pollination of TDXG100-1 with continuous bagging

Y

5 MBS A2 A SM80. ZH80. R4. SLTD60 Fl R111 (58 2) ARIEVEH Z AT 5T (Zhu et al.,
2018a, 2018b) HHIEARLE RE BN ELG R At MRERFR KM BHEMEAL R, 561
B RHPFHMLREAE 0.594 ~ 0.705, FHALEE /N



Zhu Shiyang, Zhang Xiaoling, Liu Qing, Zhong Weijie, Luo Tiankuan, Tang Zheng, Xu Qian, Zhou Yuanchang.
Cytoplasmic effect analysis of different CMS sources of cauliflower.

1110 Acta Horticulturae Sinica, 2021, 48 (6): 1107 - 1122.

x2 BRI S TNEEXRER

Table 2 Information of five test inbred lines of cauliflower

HILS =R JELUE ot A SRty

Test line Original variety Origin

SMS80 FA% 80 K Songmei 80 d W Fujian

ZH80 %1% 80 K Zhanghua 80 d W Fujian

R4 Rui 4 WL Zhejiang

SLTD60 #hje# K 60 K Shenlong Teda 60 d *[E## Hongkong, China
RI111 Ruill-1 Wil Zhejiang

RIS LE N T AV R 2 7 B B IE L HE 4T . 2016 ERKZE, K 6 DATE R M HARFR 240 5 AN
BHAZRMETEMAM. 2017 HEFHE NCIIAZR K, BAERLILAFERS N SNEEA R
FAHCHIFFE] 30 MAE RAH CRIFR A R4, AF)D 130 MR RAF (FFR B &24F, BF).
2017 A0 2018 FFEAKZ=53 00 A RZFPA B RGP dEAT H A PPAE, #RATEE 50 cm x 60 cm. BELIX 41
wit, WIRESE, B/NXFIE 10 f.

1.2 PERNE

KZVERSHBEZGF R EIT (2008) HOE K7 ENE MERIE . RSGH. PR, BRIE. &S
Mg, R EL. FEERUE .. (EERBERAEERNR . o, BUERIONHERR B A S0% Ak H BIAE BRI
KA R E R E 0% EMRIEERIA B S I RE . M PRIE. G M58, 4, fE
BRI {EERBEAR AR BRI R TEER R USOHBE LB 5 FRI 2

TEERR SO R BEATLIE RS 3 FRAH RO FIAEEREE S o A FE S BRI S), Hrp RS &N
NAEERIETA 1 ~2 em FERERERE, JLARIEFARIE N 1 ~2 cm FEERREAE, HI T R P RRER S FESEN
MWHARE S, EE 3R, MEREGE. KA M REE. TENEASENESESEEE (20000
ERTVE. ATETERE S R E S % T (2013) WIEM VL. 485K C SR RHLIM 6t
FEvE OFE0F, 20065 PMIS %%, 2011; AR %5, 2016) WIsE.

1.3 HIESHR

SEHETFAMMGELE (19900 WIE M INEFATEAR 2T, NF KRBT TR EF R0 & 200
TR AL N A R E B RAFMERI ST Z 8RR, B GBS RAR: D = 4F, -
BF, 0 BR8N 55 2 D% =(AF, - BF)/BF) x 100, 25 IR A BRI 278 55 295 (2000)
TRIE [ T VEEAT B J5 22 530 B ¢ IS AG 0 A4 L o 25 7 22 S ) R M, 2 L LR IS RIS B R 4
IR T3 A% 355 (1) 22 ¢

2 HHR50H

2.1 TEHISE 6 N CMS K 5 PMNLS R ER o

MRIE SR E LS R (R 3) THE 6 NMEMZE CMS AR T R (R 4), BRI A fEEkiE
BREERPRS, R 12 MERKT 10%, HAPoiekll. RUOH. EkmsE. Haxg&=. XK
A NRSE. WETEASE. WEESEMgE LR C BB KR, AIE 20.85% ~ 64.50%, H.
BAEIRTT Z TR BIEEZERKT (P<0.01). 5 MK EAZRIER RS (F4), BHKME
BRIAEHL, HR 13 MERIIRT 10%, HAPeskpE M4k, KA bR, iigtEa. g
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Table 3 Performance of six CMS and five test lines of cauliflower
. AEZ& CMS
MEAR Character GM65A  NB65A  SHI20A YDSL60A  XGI08A  TDXGI00A
LBk H1/d Days to curd appearing 44.50 54.00 71.75 43.00 68.50 69.25
KU H/d Days to curd harvesting 67.25 78.00 110.25 67.50 99.50 95.75
¥k i/cm Plant height 77.58 63.55 70.80 4425 54.48 64.93
¥R E/cm Plant breadth 99.50 92.03 111.40 72.55 82.18 94.93
HK:/cm Length of leaf 74.30 63.40 75.79 47.68 56.93 66.44
%% /cm Width of leaf 29.58 25.85 31.53 25.23 31.90 32.40
I A %0 Number of rosette leaves 22.65 24.10 23.05 20.75 23.25 24.20
1EER i #/g Curd weight 570.70 583.20 817.55 541.15 919.70 571.75
Tt ERKE 4% /cm Transverse diameter of curd 17.95 17.51 20.24 15.64 18.93 17.42
TEERM 12 /cm Lengthways diameter of curd 11.19 12.94 12.48 9.97 11.88 11.74
M44%/ (mg - kg™) Chlorophyll 426 12.33 6.46 470 438 16.97
R MF/ (mg - kg Carotenoid 1.05 2.44 0.72 1.17 0.65 2.81
A PEE A/ (g kgD Soluble protein 19.70 15.40 7.70 13.40 8.90 25.50
ATVAPERE/ (umol - g1 Soluble sugar 21.08 23.41 29.23 19.53 13.98 30.19
#iE % ¢/ (ug - g') Vitamin C 161.71 378.73 292.27 250.77 475.20 344.25
. M HAEFR Test line
HEAR Character SM80 ZH80 R4 SLTD60 RI11
IERH/d Days to curd appearing 70.75 63.50 65.50 47.75 60.75
KUY H/d Days to curd harvesting 90.75 91.50 96.50 72.75 79.50
¥k i/cm Plant height 60.85 57.80 42.63 4585 56.55
¥R ME/cm Plant breadth 93.00 101.63 64.98 67.58 77.68
iHK:/em Length of leaf 59.78 64.45 53.75 51.75 55.18
%% /cm Width of leaf 24.90 25.83 28.73 31.35 23.68
I A % Number of rosette leaves 28.95 30.15 24.25 21.10 30.55
AEER R /g Curd weight 376.75 556.45 767.05 533.75 186.45
1EERHE 12 /cm Transverse diameter of curd 16.44 18.74 16.88 14.22 14.36
1E R 1%/cm Lengthways diameter of curd 10.04 10.69 9.96 8.67 8.65
442/ (mg - kg') Chlorophyll 33.99 23.74 5.42 2.50 24.48
R M F/ mg - kg') Carotenoid 4.72 2.73 0.67 0.70 3.85
AVAMEE A/ (g kg!) Soluble protein 12.10 17.80 14.00 20.50 17.20
ATVAPERE/ (umol - g!) Soluble sugar 32.96 31.59 19.15 23.61 27.36
#: % C/ (ug - g") Vitamin C 223.54 331.76 274.87 490.73 459.08

R4 EEK 6 CMS & 5 MURBRZRNER I

Table 4 Difference analysis of six CMS and five test lines of cauliflower

AEHR CMS

M AR Test line

WE EHZRXIAE £

[N Test line vs CMS
Character FE  ERFRHU% FIE Tl BRABU% FIE F1E
Mean cv F value Mean cv F value F value
HLERY Days to curd appearing 59.50  24.20 1164.55™ 61.65  13.93 81.84" 70.28"
KUY Days to curd harvesting 8638  20.85 1687.88" 8620  11.32 211.49™ 0.41
¥k Plant height 62.60 1891 4456 5274 1516 32.23" 307.02"
Pk Plant breadth 92.10  14.70 45.41™ 80.97  19.70 4444 159.717
MK Length of leaf 64.09  16.63 63.47" 56.98 8.98 53.97" 254.62"
% Width of leaf 2041  10.73 49.30™ 2690  11.56 30.70" 126.28"
I - # Number of rosette leaves 23.00 547 26.60" 27.00 1535 147217 363.64"
TERRF . Curd weight 667.34 2395 139.54"  484.09  44.77 1117.85" 783.64"
TEERRETE Transverse diameter of curd ~ 17.95 8.64 23.98" 1613 11.71 28.60"" 315.08"
TEER 17 11.70 8.92 21.17" 9.60 9.44 3.39 282.32"
Lengthways diameter of curd
44 % Chlorophyll 8.18  64.50 8925.12" 18.02  74.91 8152.06" 9388.64"
KM% ME Carotenoid 147 6234 1285.86" 253 7212 567.33" 326.55"
A EEEE Soluble protein 1510 4443 34.14" 1630  20.06 7.49"™ 16.20"
A ERE Soluble sugar 2291 26.75 53.017 2693 21.16 87.16" 180.94"
4/ % C Vitamin C 317.15  34.16 390.54" 35599  32.48 258.06"  273.93"

E: AR RIRIR 0.05 /1001 KPEREZ. TR,

Note: * and ** indicate significate at 0.05 and 0.01 level respectively. The same below.
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PERE. 44K C HEBK, AIE 20.06% ~ 74.91%, HERWERNZING 14 DMEIRTT 201 2 il 2
# (P<0.01). 5 MUKHAKLRYE 6 > CMS B—HHEIE R, BT RECNESFAREZ I, H
& 14 MEIRBIE IR 2 7K (P<0.01). WAL HZ R CMS KL H A /% CMS 78
BURZ MR S R _E AR L

22 FEMMFEIZF Fi 8 15 MERE—BLR

IRIELERBSE 6 > CMS RHARFFRE 5 AN B R FARRR (K5, 1HE 30 X F 7%
1S MERMZEFHS RS HI TR 6. TLUEH, AEAIMFSIERIE ., REGAF4EAE R C &
PR IR, T AR 12 MR Z S AR, (HadE —EnigNEas. RUHAE
S S5 ) 22 B IR A B 3 . FRER 6 IE TN, AN T 4T R R IR R R B AE AR A A TR 22
WIAEER R BT 6N A - 26.48, A5 - 489.95 ~296.40, H P IERMNA A 14 4, 8 MNikF R,
TN HE 16 4>, 10 MEAREZE; 4R C F2TFIHIEMA 42.06, 220F - 140.53 ~ 211.84, H
AN E 104, 5 MERIEE, ERMNAE 204, 16 MAFIEE., REDELHEE, A
BN Fy AEBRF= 5 R T AN R 5 2 AT DA S i1 o

RS AWK NMNTEARARBRKRS 5 MR B ZRAFRZFERNRR

Table 5 Performance of hybrids crossed by six CMS lines and their maintainers with five test lines in cauliflower

He DR/ PRI . - HK/em  H5E/em AR 1ERRFT R /g
Pk E/em TRl /cm ;
Cross Days to curd  Days to curd Plant height  Plant breadth Length of ~ Width of Number of Curd
BEA Q RXAJZ  appearing harvesting leaf leaf rosette leaves weight
GM65A SMS80 68.00 84.00 77.95 94.20 72.48 26.88 29.65 637.75
ZH80 60.00 89.25 82.13 115.28 82.73 33.08 28.80 590.30
R4 65.25 88.50 72.13 102.68 72.08 29.70 23.75 821.90
SLTD60 52.50 72.25 70.63 99.18 71.60 31.18 24.15 644.40
RI11 59.25 79.75 75.68 113.35 73.75 29.35 29.80 399.95
NB65A SM80 59.00 83.00 68.68 104.18 69.60 28.25 25.45 515.80
ZH80 59.25 80.50 72.10 108.38 72.65 29.93 23.60 670.25
R4 60.00 83.50 67.65 92.70 67.13 28.35 23.25 631.10
SLTD60 47.00 68.25 63.68 80.90 63.38 30.40 22.55 634.60
R111 56.75 74.50 64.65 87.35 62.88 26.18 26.15 555.30
SHI120A SM80 72.25 101.00 78.33 120.10 80.73 31.60 30.25 819.55
ZH80 69.75 96.50 82.35 117.08 80.20 29.83 28.50 985.85
R4 70.75 101.75 77.30 105.05 77.08 32.00 26.90 893.40
SLTD60 58.25 91.00 61.93 96.33 67.55 32.68 21.65 732.60
RI11 73.25 97.50 76.10 104.03 74.05 26.98 31.15 639.45
YDSL60A SMS80 54.25 70.50 68.08 95.60 70.18 31.30 26.95 724.30
ZH80 54.00 71.25 68.25 109.10 73.10 31.43 23.60 669.55
R4 50.75 75.25 57.90 86.08 61.23 30.05 24.80 670.60
SLTD60 48.75 66.75 50.08 72.95 54.20 30.13 19.65 702.80
RI11 53.25 69.25 61.33 87.65 61.95 27.68 24.70 763.00
XG108A SM80 61.75 88.75 67.20 98.40 68.65 30.18 23.40 619.35
ZH80 60.00 88.25 70.10 101.30 72.88 28.95 21.60 805.25
R4 63.25 91.00 64.10 93.78 65.25 31.38 21.70 957.60
SLTD60 54.25 73.50 59.70 100.58 62.05 35.13 23.45 690.95
R111 61.00 85.50 61.38 99.43 65.03 27.30 25.70 708.70
TDXGI100A SMS80 69.00 93.25 73.78 93.28 73.38 29.33 23.33 366.50
ZH80 63.75 85.50 76.05 115.10 75.60 29.95 28.95 363.25
R4 68.50 94.00 71.08 101.53 73.73 36.63 22.65 816.80
SLTD60 54.50 76.50 64.85 88.18 65.25 34.88 25.00 755.45
RI11 61.75 93.25 68.93 103.85 65.85 26.95 28.25 682.55
GM65B SM80 50.75 70.00 75.63 102.55 72.23 25.75 22.50 563.10
ZH80 51.00 66.75 80.38 104.63 76.68 30.75 23.00 864.10

R4 50.25 71.00 72.63 100.18 73.08 32.38 21.35 668.65
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iy DBk KU/ . - H/em  M%E/em RaE TEER T /g
Cross Days to curd Days to curd ﬁ’“”/m? P i/om Length of ~ Width of Number of Curd
o N . . Plant height ~ Plant breadth .
BpEA Q ARG  appearing harvesting leaf leaf rosette leaves weight
SLTD60 44.75 62.00 61.23 87.80 67.63 33.20 21.65 777.55
R111 49.50 65.25 72.25 90.75 71.60 30.38 22.90 568.10
NB65B SM80 59.75 75.75 72.60 101.63 74.53 29.80 31.20 364.45
ZHS80 56.00 73.50 73.55 109.60 71.73 26.30 30.50 373.85
R4 56.25 79.50 65.63 102.90 68.00 30.28 29.00 534.55
SLTD60 46.75 65.25 68.23 85.23 66.45 31.73 24.50 600.75
R111 55.00 68.25 77.63 90.55 69.43 30.30 31.50 375.25
SH120B SM80  70.25 98.00 76.95 111.50 77.60 26.78 29.05 781.65
ZH80 66.75 94.25 78.73 111.93 81.40 27.33 29.90 834.15
R4 68.50 99.50 69.95 108.00 74.00 30.15 27.10 840.65
SLTD60 55.00 82.75 70.68 109.83 69.00 34.08 20.80 857.55
RI111 69.50 88.25 75.00 109.95 74.03 27.60 30.15 650.15
YDSL60B SM80 53.50 72.75 62.03 105.90 66.80 29.20 24.20 686.10
ZHS80 53.75 70.75 72.83 101.53 71.08 3245 24.65 732.75
R4 56.50 79.00 58.53 98.70 62.73 28.90 24.00 758.50
SLTD60 46.00 66.50 57.13 74.38 58.65 31.65 20.80 560.15
R111 51.00 68.75 67.90 88.70 66.68 31.33 25.70 626.65
XG108B SM80  61.25 88.50 66.90 100.83 67.30 31.75 29.30 819.90
ZHS80 59.50 83.50 68.45 112.83 72.25 32.28 28.30 1295.20
R4 62.50 91.75 66.55 100.03 68.30 35.13 20.85 1168.10
SLTD60  49.00 76.50 66.23 88.60 62.18 32.30 20.75 942.95
R111 59.25 85.25 67.70 92.88 63.60 29.43 24.30 866.15
TDXG100B SM80  63.50 87.25 7233 98.20 69.03 30.55 27.75 412.20
ZHS80 59.00 87.00 78.53 105.60 72.88 30.78 27.45 471.05
R4 65.50 92.75 69.43 101.30 70.43 30.83 22.00 924.10
SLTD60 54.00 79.25 65.08 93.45 65.83 32.20 23.65 921.25
R111 60.25 80.25 71.00 114.43 68.58 28.80 27.85 423.65
Ae feEkBIR/om  EIRHPIE/om W S 2 ﬂ‘l@ﬁ% =Y TR AR E O
Cross Transverse Lengthways 1 B (g-kg) 1 1
diameter of diameter of (mg - kg™ (mg kg ) Soluble (umol -g™) (ng - g”)
REA Q RARS Chloro-phyll  Carotenoid . Soluble sugar Vitamin C
curd curd protein
GM65A SM80 19.89 12.16 13.88 1.60 14.0 27.92 428.66
ZHS80 21.64 12.13 14.38 2.09 18.5 26.65 259.90
R4 19.93 12.52 8.79 1.07 8.6 23.82 225.07
SLTD60 16.84 9.46 7.11 1.37 253 21.62 328.99
R111 14.93 9.64 13.72 2.20 20.6 2227 157.88
NB65A SM80 17.64 10.94 10.31 2.62 6.9 30.41 455.56
ZHS80 19.98 11.77 16.35 2.72 14.6 22.70 289.28
R4 17.85 10.77 5.66 0.78 16.8 19.88 485.14
SLTD60 15.82 9.67 1.69 0.66 18.2 18.02 471.88
R111 17.30 8.99 9.39 1.88 18.7 23.74 277.84
SHI120A SM80  20.78 12.32 6.81 0.63 8.2 26.32 246.17
ZH80 20.94 11.84 7.52 0.85 6.6 16.74 258.68
R4 19.79 11.76 5.09 0.57 8.8 18.67 146.03
SLTD60 17.20 8.99 2.33 0.70 8.9 24.63 239.03
R111 20.03 11.79 5.29 0.55 15.1 25.18 215.81
YDSL60A SM80 17.95 10.47 6.54 1.36 7.5 20.90 269.76
ZHS80 17.37 9.58 6.89 1.12 14.7 20.93 193.70
R4 16.67 9.49 4.14 1.14 14.2 18.67 430.11
SLTD60 17.50 9.71 3.47 0.72 17.6 16.97 261.56
R111 19.00 11.19 5.84 1.22 14.0 19.05 244.68
XG108A SM80 17.19 9.61 8.75 1.33 8.6 22.03 358.37
ZHS80 18.25 10.08 8.46 1.54 14.7 23.98 459.68
R4 18.42 10.46 3.64 0.41 5.1 21.45 425.02
SLTD60 16.97 9.88 1.96 0.97 18.7 21.65 523.80
R111 18.79 11.61 4.19 0.76 12.4 17.68 494.18
TDXG100A SM80 16.51 9.97 17.92 3.14 11.2 27.77 416.32
ZH0 16.65 9.71 9.98 1.52 7.2 23.81 480.28
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iy TEERMAT/om  JEERYAE/em W) S 2 A {ﬁﬁ% Fl/ﬂ‘i‘%’i‘ftk*};ﬁ/ PEE
Cross Transverse Lengthways 1 1 (g-kg) 1 1
diameter of diameter of (mg - kg') (mg kg Soluble (pmol -g™) (ug-g")
REA Q RARS Chloro-phyll  Carotenoid . Soluble sugar Vitamin C
curd curd protein
R4 19.48 12.34 9.50 1.40 13.9 28.50 166.13
SLTD60 17.60 11.61 4.55 0.87 8.2 26.11 327.54
R111 17.70 11.00 18.68 2.67 13.0 26.08 394.30
GM65B SM80 18.28 11.08 12.36 2.74 21.7 26.03 216.82
ZH80 22.49 12.32 5.70 1.33 223 24.03 352.83
R4 18.36 11.74 12.47 1.90 18.2 20.50 256.93
SLTD60 17.57 9.97 3.11 0.74 20.0 19.76 236.05
RI11 18.45 10.82 10.48 1.70 12.8 19.57 298.41
NB65B SM80 14.77 9.89 28.48 4.18 20.9 19.24 393.30
ZH80 16.78 10.43 16.85 2.44 22.9 26.71 255.76
R4 17.09 9.59 16.58 2.79 9.2 19.26 482.12
SLTD60 15.74 9.62 7.87 1.53 14.6 20.26 414.99
R111 16.63 8.57 19.50 3.13 18.7 19.35 230.93
SH120B SM80  20.08 11.24 7.82 0.63 7.9 27.79 270.68
ZH80 19.83 11.40 10.40 1.38 15.1 19.60 227.97
R4 18.41 11.23 3.72 0.49 14.1 20.16 242.05
SLTD60 19.32 10.35 291 0.78 14.4 21.92 239.83
R111 20.24 12.14 6.73 0.56 8.3 25.44 169.71
YDSL60B SM80 17.07 10.18 9.90 1.77 13.8 18.99 344.63
ZH80 19.78 10.53 6.95 1.24 13.4 16.29 201.74
R4 17.35 9.67 3.11 0.66 10.6 22.63 336.39
SLTD60 16.08 9.11 2.74 0.65 17.2 19.19 140.87
R111 16.85 9.88 5.75 1.40 17.5 19.96 180.64
XG108B SM80 18.73 10.93 7.82 1.25 8.6 25.35 331.00
ZH80 21.00 12.00 5.25 1.12 12.0 27.58 317.69
R4 20.79 11.85 4.47 0.62 9.2 16.33 243.11
SLTD60 18.27 10.92 3.17 0.71 8.2 21.32 345.73
R111 20.62 12.08 9.12 1.72 15.4 20.80 436.04
TDXG100B SM80 15.06 8.94 14.34 1.87 10.8 28.18 357.77
ZH80 18.17 10.72 10.40 1.75 14.8 25.69 343.81
R4 20.68 12.95 10.45 1.18 8.4 20.77 256.10
SLTD60 19.07 12.59 3.63 0.81 15.5 27.01 358.72
R111 16.04 9.08 22.47 3.75 11.3 25.66 186.94

#6 THEMMRE 15 MER EH—REN
Table 6 General cytoplasmic effect of CMS on 15 characters

IEZUM. Positive effect M Negative effect
PR o BEALE ok BEAEY PN A1
Character No. of I\_IO' 9f No. of I\.IO' _Of Average Range
.. significant S significant effect
combinations .. combinations ..
combinations combinations
BRI Days to curd appearing 28 15 2 1 3.52" -5.75~1725
KUY Days to curd harvesting 24 14 6 1 480" -3.75~22.50
¥k Plant height 14 2 16 3 -0.92 -12.98 ~9.40
¥ Plant breadth 12 3 18 3 -0.56 - 13.50 ~ 22.60
MK Length of leaf 16 1 14 4 0.08 -6.55~6.05
% Width of leaf 11 5 19 5 -022 -4.13~5.80
- F % Number of rosette leaves 17 7 13 7 -0.24 -6.90~7.15
1Bk & Curd weight 14 8 16 10 -26.48 - 489.95 ~ 296.40
1EBR1E1% Transverse diameter of curd 15 2 15 4 -0.10 -3.53~3.21
TEERMZ Lengthways diameter of curd 15 1 15 1 -0.01 -1.92~1.92
44 % Chlorophyll 12 5 18 9 -1.39 -18.18 ~ 8.67
K% hE Carotenoid 13 5 17 9 -0.21 -2.01~127
AR A Soluble protein 15 6 15 12 -0.12 -1.40~1.05
Al MERE Soluble sugar 15 6 15 4 0.63 -4.01~11.17
442 % C Vitamin C 20 16 10 5 42.06" - 140.53 ~211.84
4t Total 241 96 209 78
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23 HERNNEEBRIRESNAIF N

MR 7 IR, AFIAS SRS A A SCRRA L H AR 8] AR IL B B 3 22 K F (P<0.01),
HAEMEE, R, EHRMME. BB, HaREE. KT MRSE. THEEEASE.
A ERE S BANGEA R C 555 15 MEIRK B ZH Z R IR E (P<0.01), &P 6> CMS 4
RSB AL ROV AE S IR B 2B B H SR R SORELLEL, BRIUERIIAMEG 14 DR ZE 7R B 2
(P <0.01), FRYIAFE YIRS X EEPEAR I FEMT PR A XAR T 7, T8 TR 128 AL AN
B Y RN RIB AR Yo A, SRRSO ZBAE R x SR B AR 8] 7R I 2 2 5% (P < 0.01),
RIS T 200 S 358 A RO 52 2 A% A% LA ik DR R PR S

RT BRI MERENERNRESHTES
Table 7 Combined ANOVA of paired data for 15 characters of cauliflower

(EXN Ay X4 HaE BEA A BEA x A& 4y x HE RE
Character Year Block Cross Female Male Female x male Year x cross  Error
HHE df 1 2 29 5 4 20 29 58
BRI Days to curd appearing 2.70 1.07 8290 348.29™ 3.95 3234 6.84 5.19
KUY Days to curd harvesting 1920 667 170947 705.22" 83.57" 54.84" 2230 5.87
¥k Plant height 1725 2190 9635 151.09™ 137.50™ 74.43" 30.88 20.83
Pk Plant breadth 4788 5511 307.85" 358.79™ 249.92" 306.71° 126.88™ 45.82
MK Length of leaf 9.02 329 38257 68.87" 53.39™ 27.57" 10.15 11.53
% Width of leaf 1.41 1.04 27547 27.14" 32617 26.63" 241 1.62
i F % Number of rosette leaves 1.34 131 57.86" 212.02" 20317 26.82" 3.73" 2.07
TEERJF & Curd weight 803.94 22543 125563.73" 379940227 7181839 72718.67" 2149.07"  375.03
TEERBE R 0.04 0.01  12.58" 25.50" 10.48" 9.78" 0.02 0.01
Transverse diameter of curd

TEERIZ 0.05" 001 418" 8.88"" 478" 2.89™ 0.12" 0.02
Lengthways diameter of curd

4¢3 Chlorophyll 143" 001 102497 325.69" 79.35™ 51.32" 14.63" 0.04
K% M%E Carotenoid 0.03 0.04™ 215" 3.68" 1.59" 1.88" 0.42" 0.01
A Soluble protein 0.05 0.04 1497 035" 2.017 1.66™ 0.16™ 0.06
ATVAPERE Soluble sugar 0.86 244 52037 40.05" 31.73" 59.08" 12.95" 2.15
442 C Vitamin C 764.92  192.59 3441512  38672.87 1079054 38075.59" 3078.96" 872.14

2.4 AEIRIE CMS B E Z 4R BN B EL B

FET MBS D AEELE: 6 A~ CMS RABMJT A « MEREE R (58 8) KB, AN[F CMS 4ifi
T ERILERFAAMG 14 NMIRFEIN AAAEE . 8. Hod, GM6SA XAE . A B ml iE v bE &
EEWMEE (P <0.01) IEMF; NB6SA XRICHT. fEXkAE. LRI MAELER C TEERE
(P<0.05) itk E (P<0.01) IERN, EHXHFHMAHEZESEZERE (P<0.05) HKEE
(P<0.01) Hi%(N; SHI20A MABFEREE (P<0.05) SitkEE (P<0.01) IERR; YDSL60A
XA PR DAESA R E: XGI08A MYEAR C ZELEEE (P <0.05) EXM, HIERRETEM
TCERAR N R B (P<0.05) 8l B3 (P<0.01) f%5; TDXG100A X HERIAZ B2 (P<0.05)
BN . BB, 6 A~ CMS A B 45 AN R N AFAE 2 5, BAE AT RIS 3428 5L
KH K. NEEVIRIE CMS GHRJ5 AN ¢ S E5 R (3R 9) R, RKREMFEM CMS X4 7 A
FEUSARREEZE (P<0.05) RN SREHIER CMS MR, Bk E. BRI MLEER C
FEERE (P<0.05) SREE (P<0.0D) ERMN, SN FHMANHSESELEE (P<0.05) 5
WRE (P<0.01) A8 RELMEER CMS STAEFTHMAER C TEEEE (P <0.05) ik
W3 (P<0.0D) IERN . UiBHHIER) CMS X7 850, M= CMS XTSRRI CMS
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Table 8 Cytoplasmic genetic effect (D) of the six CMS of cauliflower

PR Character GM65A NB65A SH120A YDSL60A  XGI108A TDXG100A
LERHH Days to curd appearing 11.75" 1.65 2.85™ 0.05 1.75 3.05°
KU Days to curd harvesting 15.75" 5.50" 5.00" -0.95 0.30 3.20
¥R Plant height 3.28 -4.18 0.94 -2.56 -2.67 -0.34
¥ Plant breadth 7.76 -3.28 -1.73 -3.57 -033 -221
- Length of leaf 2.29 -2.90 0.72 - 1.06 0.05 1.42
5% Width of leaf -0.45 - 1.06 1.43 -0.59 -1.59 0.92
M F % Number of rosette leaves 495" -5.14" 0.29 0.07 -1.53 -0.11
TEERFE Curd weight - 69.44 151.64 21.34 33.22 -262.09 -33.54
1 BR#E1% Transverse diameter of curd -0.38 1.52 0.17 0.27 -1.96 -0.22
TEERYE Lengthways diameter of curd -0.00 0.81" 0.07 0.22 -1.23" 0.08
M4¢ % Chlorophyll 2.75 -9.18" -0.91 -0.31 -0.57 -0.13
k1% & Carotenoid -0.01 -1.08 -0.11 -0.03 -0.08 0.04
A% MR A Soluble protein -0.16 -0.22 -0.24 -0.09 0.12 -0.15
AP ERE Soluble sugar 248" 1.98 -0.67 -0.11 -0.92 0.99
4i/£ % C Vitamin C 7.89 40.52" - 8.90 39.11 117.50° 56.25

RO FTREBRIE CMS WHMBRMA (D) FEXMBERE (D%)
Table 9 Cytoplasmic effect (D) and relative cytoplasmic effect (D%) of the different CMS

YA 35 D AR LSRR D%
PR Cytoplasmic effect D Relative cytoplasmic effect D%
Character e HE TEMREE 3 HiE i e

Rape Cabbage Cauliflower Rape Cabbage Cauliflower
HLERY Days to curd appearing 5.90 1.65 2557 12.18" 3.04 426"
KUY Days to curd harvesting 7.40° 550" 2.83" 11.22° 7.62" 3.30°
Mk Plant height 0.36 -4.18 -0.69 0.68 -4.99 -0.97
¥ Plant breadth 2.10 -3.28 -1.42 277 -327 -1.01
M- Length of leaf 0.62 -2.90 0.73 0.71 -4.07 1.04
3% Width of leaf -0.52 -1.06 0.25 -135 -3.07 1.19
I -3 Number of rosette leaves 251 -5.14" -0.45 11.28" -17.00" -0.90
TEERF R Curd weight -18.11 151.64 -91.43 -0.98 38.51° -17.65
FEREE4E Transverse diameter of curd -0.06 1.52 -0.67 0.11 9.52 -3.08
TEERM 42 Lengthways diameter of curd 0.11 0.81" -0.36 1.07 8.33" -273
H-4¢% Chlorophyll 1.22 -9.18" -0.54 32.90 -51.92" -0.36
% N Carotenoid -0.02 -1.08 -0.05 13.54 -37.77 1.60
AR A Soluble protein -0.12 -0.22 -0.09 -0.90 2.20 3.53
Al MERE Soluble sugar 1.18 1.98 -0.20 6.69 12.31 0.56
4/ % C Vitamin C 23.50 40.52" 54.95 17.81 14.90" 20.90

LT AU RM RN, D% E e R 10 740, 6 > CMS R BRBIERISRDLIE RN 4k, H
14 VRN 52 0 AS 6] D7 ) BRDREL o 4 o 88 A 280N [RIRE L BH, TERBSE CMS AN & 40 i i XA
FEIMER BN AFAE LA 1A 25 e . N T HUBEAS ] CMS &R AL AL RGN (1) 25 57, 38t D% 2 B LK
Bl, NB65SA XK. FEEREEAR . JEERIEAI AT I P RE & B 1E R0 3 2 Bt s XG108A X4 &

B BRI AT YA I B A R L AN R A, (RN R BR T B N A B 2 B K s YDSLG0A S AR ER i &
bR CoE. MRREEMNENAY PR EEF AN EER S TDXGI00A M4i4ER C F&E.
T B 5 N B IR TE 2K Y s SH120A X 5 /N B IR 17 25 R 38 2 35 28Rk s GMI6S A
MRS R, BAY MREEMIEERESE R R E RN IERN, (EXHERR 2 008 5 E 5
Ko RNFEEYIRIE CMS [ D%MHE ¢ MK 4515 D E A HT4E R (R 9, FRFEAHER CMS X7
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BT, (EMPSER CMS X B, TSERT CMS X P& M i — . o, FIHH A CMS #
B 1 NB65SA FLEK T S 41 B8 fe iy, A ALK CMS % B 10 XG108A 4iE R C SR
Nt lf, PEAERNE S mre A A I REA

F 10 FEMIK 6 1~ CMS MIETEMRIESTHE (D%) bRk

Table 10 Comparison of relative cytoplasmic genetic effect (D%) of the six CMS of cauliflower

PR Character GM65A NB65A SHI120A YDSL60A XG108A TDXG100A
TERH] Days to curd appearing 23.88a 3.04 be 4470 0.48 ¢ 3.32b 5.01b
KA Days to curd harvesting 2351 a 7.62b 5.67 be -1.07d 0.35d 3.89¢
Pii= Plant height 510a -499d 1.16 ab -3.73cd -384cd -0.24 be
FklE Plant breadth 9.04a -327b -1.50b -349b 0.49b -2.02b
K Length of leaf 324a -407¢c 0.97 ab - 1.82bc 0.13 ab 20la
% Width of leaf -1.07b -3.07 be 543 a -1.63b -473¢ 2.86a
- F %0 Number of rosette leaves 22.19a -17.00d 1.28b 0.38b -4.07¢ 0.08b
AEERB & Curd weight -844e 38.51a 2.68 ¢ 6.47b -25.13f -0.50d
TEBREE1E Transverse diameter of curd -193¢ 9.52a 0.93 ¢ 2.14b -9.76 f -041d
TEERY\FE Lengthways diameter of curd -030¢ 833 a 0.35¢ 2.441b -10.76 d 222b
H-£%2% Chlorophyll 59.54 a -51.92¢ -6.30d 6.26 b 024 ¢ 499b
K% P& Carotenoid 17.19a -37.77¢ -6.38d 9.89b 1.13¢ 10.06 b
ATETEE A Soluble protein -126b 220b -7.741b -0.55b 1927 a -0.94b
AR Soluble sugar 11.94 a 1231 a -3.05d 1.45 be -0.74 cd 547b
4EE % C Vitamin C 10.35 ¢ 14.90 ¢ -137d 25.27b 38.84 a 2523 b

e FARRA NS FREZRR 0.05 KPEREZE. T,

Note: Different small letters of the same character indicate significant at 0.05. The same below.

2.5 FANERFAZLEIE CMS MR L
Z 11 FIH TN EFRAZ (BREE CMS) A E & GM65A F1 YDSL60A 11 15 AR D fE.

D%fE e H Mz TV, BRISE. SRS b EAT AR

AN, HA 12 MR D E K

D%IHEMF 2 M EREE . HPeERiE. kR, ERIEMZEAE R C S ER D EHM D%EYY
N YDSL60A 3 KT GM65A, M43 252 s Al a] v P & & #2)9 YDSL60A &3 /N GM65A..

F 11 FHIERREZ CMS RV

Table 11 Comparison of cytoplasmic effect between the two CMS lines with different nuclear

etk 1 L5 xﬂzu D *ﬁxﬁ?ﬂiﬂ’@fﬁ RN p% Wz
Character Cytoplasmic effect D Relative cytoplasmic effect D% Range
GM65A YDSL60A GM65A YDSL60A Diax ~ Dimin Dinax% = Dinin%

BERHH Days to curd appearing 11.75a 0.05b 23.88a 0.48b 23.00 43.88
KU Days to curd harvesting 15.75a -0.95b 23.51a -1.07b 26.25 38.22
¥R Plant height 328a  -2.56b 5.10a -3.73b 16.45 27.48
¥ Plant breadth 776a  -3.57b 9.04 a -3.49b 35.23 38.27
K Length of leaf 229a  -1.06b 324a -1.82b 10.78 15.58
%% Width of leaf -045a -059a -1.07a -1.63a 5.98 19.28
I A %0 Number of rosette leaves 495a 0.07b 22.19a 0.38b 8.30 37.48
1EERB & Curd weight -69.44b 3322a -8.44b 6.47a 427.05 57.19
1 BR#E1% Transverse diameter of curd -0.38b 027a -193b 2.14a 5.67 31.86
1EERH1E Lengthways diameter of curd -0.00b 022a -0.30b 244a 2.50 2435
M4¢ % Chlorophyll 275a  -031lb 59.54 a 6.26 b 12.36 185.96
k1% & Carotenoid -00la -003a 17.19 a 9.89a 1.89 128.93
AR Soluble protein -0.16a -0.09a -1.26a -0.55a 1.74 122.42
A HERE Soluble sugar 248a  -0.11b 11.94 a 1.45b 8.60 47.18
44 % C Vitamin C 7.89b 39.11a 1035b 2527a 352.37 144.07
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A, A AR HSE CMS BIFERRSEAR B 2 YDSL60A 7677 & 5 MR 10 40 B R 2505 B 5 3 1
GM65A. K, TRFFRINMAZNT A E IR AR, R30I SCARAZ XS AN & 41 B TR RN Rk 1
SN o

FHEE 11 A%, GM65A 1 YDSL60A 7E £ ER MR S it B MR _E D E & D%ME AR Z50K .
M D%EWZER, FAERCHE. HEREGE. KHY MERFEMEREASTEMNERLK, o
AN 144.07%- 185.96%. 128.93%F1 122.42%; AEERJF S AT HERE & EHECR, 290N 57.19%F
47.18%; HARVEIRAENE 15.58% ~ 43.88%. M D EHIKZEE, LIKEEMAEER C TEMRK, 270k
427.05 F1352.37; BLERWIATRICAEE K, 4351 23.00 A1 26.25 . i B 24 22 o 41+ AN [H] i 5+ 4% CMS
TEF=HE R AR B B MR Bk PR 1R, IXONIHSE CMS B FH T AE R 24 P A2 i T B

3 Wi

3.1 CMS s MER AR RA A NS

RIS ASFEEYD A B B B8 T T 458 AR —5, RAARFEY) CMS  FRI4H 5 2500 158 15 5
NEZ GHEEP 2, 1994; BN 5, 2017). ABFFRHARI, CMS KHEMZE. HESM 6 M
BBSEANE RN Fy MRm . PRIE. FESE. MR8 EERPTE . EERGE. ek MRS E.
KRS PREEAHEEEOSE 10 MERE —@ fm &, o Eekm & 2408 7 a5k
( -26.48), YHIANE CMS LTINS Fy AR3RF 5 5 i R — 2 1A R g . X 587 /e H
RIMSE GRE 25, 1994). KA EEA, 20000 2710 RHEY F KB CMS 405 xt F, 2=
BEAHRIER A AR50 A —E

AR A LRI, TEHZE CMS G F 0T Fy BUER AR SO S0 8 BN, Ui A A & i i
X F AR B IR RN . X5 FA MG EE (19900 KI/KRE CMS 4iifi <518 F 4 F ¥
FEIR I 280 AR BGH, CMS ZHL X FyAEBERGEA R C & Bk 52 538 IE RN, AS[FESRIE CMS
XYEE R C T RM BN, RUFHME. HiE% CMS # EIMIEMEAE KA F 454K
C HBREABE RN . XS5MFFHME G (1988) TEREMITE A I 74518 FEAR — 5.

EAERIZ, 6/ CMS 415 Rs H = SR AEER & 7 R ik, N - 26.48, 21E - 489.95 ~
296.40, T iitER4EA R C S ENIER S ERK, H42.06, ME - 140.53 ~ 211.84. UiH], LBk
PR R TR AN B A M 8 A O I E B, ATRE S A RIS ER R K. Bk, A&
[FSRIE CMS RIEEZFIRA BRI, BERSFHEIgEAR C SRS RN s, RN B Rk
PRIE B M35 ARG A B A0 T X AEER S A RN, DR S R =i a4 .

3.2 EHISE CMS BN AT BE AR R AR E RNE

BT 20 P AZ 2L R PR RIS = SR, > 240 5 S DR e MR S 3 s sl 55 7B, ROTAS B
MR B AL N I R R A, HEBESZANE MR, 52 A% BAE s A BRI G 2%,
1994; 4B E 55, 2012). ARWHFH, 6 MEMKA T RAMREZ G L E—E N AARES,
HEZMR EA0B NS0 R RBFATAE 2R B2 . R, CMS A& g5 i L 30N 3=
PRI H G R T, HaX RS AR XS, 22 FA8 AL S o

PN E 1% CMS (GM65A F1 YDSL60A) fEFEERIE . fEERMME. FeEREE R, mhgt. wf
BIERE YR 2R C SRS MR DA AFE R 25, bR T RUIRRE RN IAZ A & 45 2
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TRIER, WARIL T 458 SRR SO AN B A s A& O IPE R o thah, BRI & T3 3008 BN
B, AHIERONAHREL & IR 172, HARMEPRIR 1 ARSOE AT BN, X 9 TERR=E 4 P 35 R FH 12
BETRIEAR, A ERF AL AR A A RIS, Rk, B RS e el d i g B M AL
RARZREE ML HIESE CMS SHEER R R AZ4EE R C SRS MAMMTA RN, X AAFRE
CMS B H TR A MR 844t 7 rrpe. X5 aT AfEM=E GHEM 5, 1994). Frk (A0S 5%,
2012). MpfE (CEfE 55, 1997). £k (Fak %, 2004). 2ERSE (Chandra-Shekara et al., 2007)
AR A T 45 B 2R A

3.3 A[RERIE CMS B4R RN E S VRN

SEBUE B, AR R — 40 AN F R B ROSAN ], AN TR 40 B 0 A — MR B S A AN ], 4
LB SR ) BAR N M TR — IR (B3R 57 58, 2017). AREFFLH R, SkREMWSE. HiE. {8
BB CMS XF Fy F= 8 2 b S MR I 4 i o s AR B B 22 5%, gl T 5, H ISR CMS
SR, JERBSREI CMS X R, TTM SR CMS X 7E B i il — . (AN FRYE CMS
M 5T RURE FEAN TR T (1), B8 SLARAZ N AN T 4 Mo R 2 B R AR

KR SN, F 0915 MEREA 14 DMRIREIA [F D7 0 40 B i st L 8, =gk
RAEERFTETE 6 A CMS R 3 N AIEFIRN, D%{EARNE - 25.13% ~ 38.51%, AN E RIA1ZF W &,
NB65A e K, XG108A /e ShFMEIRYEA R C MR & &2 D%ELE 6 > CMS FFRILBA
R—8, $4ER CHELXGI08A BER K (38.84%), SHI20A EEH/N (- 1.37%), HH MR
HE L GM65A A NB65A . ZEHB A (518 11.94%81 12.31%), AEMEEASEL XGI08A ¥
K (19.27%), WEER KA FRETEHLL GM65A BE T K (431N 59.54%F 17.19%). &
B, AFEEESEAE R0 =5 5 R A B N B S 4, HER I B R A4 7, X
NETARRAAHEIEET R T 17200

BIASHIP — A B AR A AR B R E iz e = GER 5, 1999). AFFHA
[f] CMS ZHfi, s MFORIEAH R AZTE SN, XA R MR I 4 o2 5 22 AR K, il 3%
FIH TG BbrERGZ A H R AT AR XAZE ST, KA HE CMS 1) NB65A X AL3K )i =
AT SN B i, AR CMS 1 XG108A SF4EAE R C & 4NN i i, Wi niENIEE &
RIRHEEEA . BEEEYEERH %5 FH AR (Yang et al., 2019; Zhang, 2019) HIKE, F—
RGN FRIR B CMS 20 i 2 R R AT 70 74508, DO Fh i 38 & PRl SR AL B

References

Bian Yunlong, Deng Dexiang, Jiang Shouhua, Kan Kuizhen. 2004. Influence of different nuclear composition on sterile cytoplasm effect in hybrid
maize. Journal of Yangzhou University (Agricultural and Life Science Edition) , 25 (3): 47 - 50. (in Chinese)
T, R, T, W2 2004, ORI FIRZ AL ALBON AN B AR RS IR . B K CRI S A BHERD , 25
(3): 47 -50.

Chandra-Shekara A C, Prasanna B M, Singh B B, Unnikrishnan K V, Seetharam A. 2007. Effect of cytoplasm and cytoplasm-nuclear interaction on
combining ability and heterosis for agronomic traits in pearl millet [ Pennisetum glaucum (L.) Br.R]. Euphytica, 153: 15 - 26.

Chen Yuping, Wang Xiaoyou, Xu Yuejin, Yan Rulai. 1995. Studies on interspecific cross of Brassica oleracea var. botrytis and Brassica napus 1 .
Effect of tissue culture of interspecific hybrid of Brassica napus and Brassica oleracea var. botrytis. Hubei Agricultural Sciences, 5: 46 - 49. (in

Chinese)



Zhu Shiyang, Zhang Xiaoling, Liu Qing, Zhong Weijie, Luo Tiankuan, Tang Zheng, Xu Qian, Zhou Yuanchang.
Cytoplasmic effect analysis of different CMS sources of cauliflower.
1120 Acta Horticulturae Sinica, 2021, 48 (6): 1107 - 1122.

WREHE, EBER, Rk, 2ok, 1995, FEMRSEANH GG R SEAp M 2SS BT 1. W SOAAE RIS ) A A G 7R 03 LR}
%, 50 46 -49.

Dong Yunsong, Qiu Huaishan, Zhao Tingzhou, Liu Qining, Su Zhenxi, Wu Xueying, Li Shikai. 1999. Genetic effects of male sterile cytoplasm
in hybrid rapeseed (Brassica juncea L.) . Southwest China Journal of Agricultural Sciences, 12 (4): 43 - 47. (in Chinese)

AN, ESVRH, RER, XHT, JRRE, R, FAIF. 1999, FFSRALMSREGHT A AN UM 08 AL 8ORE. PE R RAL 2R, 12 (4):
43 -47.

Ekiz H, SafiKiral A, Akg¢in A, Simsek L. 1998. Cytoplasmic effects on quality traits of bread wheat (Triticum aestivum L.) . Euphytica, 100:
189 - 196.

Gai Junyi. 2000. Methods of experimental statistics. Beijing: China Agriculture Press. (in Chinese)

. 2000, R GETET k. b ERL R AL

Gao Qingrong, Zhang Aimin, Wang Ruixia, Qiao Xiaolin, Zhang Yongxiang. 2005. The cytoplasmic effect on quality characters of K, T, V,
CHA-cytoplasmic hybrid wheat. Acta Agronomica Sinica, 31 (1): 43 - 47. (in Chinese)

TR, SRER, TEE, FFLeHk, FKKEE 2005. K. T V. CHA BIZBh/N S B MR AR BRB0S. TEMZEAR, 31 (1): 43 - 47.

Hao Xiuming, Cao Shouchun. 1988. Study on radish cytoplasmic effect of “Aijiaohuang” CMS. Journal of Nanjing Agricultural University, 11 (1):
33 - 40. (in Chinese)

HFH, WA 1988. 2 NILFUBIIEE SR EA B RN RS A SR AR R AT 1. 8 MAIR B8, B nCR R 4R, 11 (1):
33 - 40.

Hou Xilin, Li Ying, Huang Feiyi. 2020. New advances in molecular biology of main characters and breeding technology in non heading Chinese
cabbage (Brassica campestris ssp. chinensis) . Acta Horticulturae Sinica, 47 (9): 1663 - 1677. (in Chinese)

EEM, & B, WL 2020. NEEREASE (Brassica campestris ssp. chinensis) EEMAR &K EHEARM 5 FAW A FEE. 12
£, 47 (9): 1663 - 1677.

Huang Xingguo, Wang Guangyong, Yu Jinhong, Ding Yi.2011. Cytoplasmic genetic effects and cytological study of isonuclear alloplasmic male
sterile lines in rice. Chines Journal of Rice Science, 25 (4): 370 - 380. (in Chinese)

VONE, EIHE, KREeUt T 32000 KRR BTN R I BT0A ROV S AT AT, P IEKAERLEE, 25 (4): 370 - 380,

Hui Zhiming. 2005. Transfer of Ogura cytoplasmic male sterility to cauliflower (Brassica oleracea var. botrytis L.) by asymmetric protoplast
fusion[M. D. Dissertation]. Baoding: Hebei Agricultural University. (in Chinese)

HEW]. 2005, JFAEFUARAEN FREL S M AEMRSE RS Ogura B b RBTHEVEARS & PEIIRT 7L (g 30). fRog: bRk R,

Hui Zhiming, Liu Fan, Jian Yuancai, Shen Shuxing, Zhao Hong.2006. Interspecific somatic hybrids between Brassica oleracea var. botrytis and
Ogura type CMS Brassica napus obtained from asymmetric protoplast fusion. Acta Agriculturae Boreali-Sinica, 21 (3): 65 - 70. (in Chinese)
B X M, fTeAs AR, & L 2006, R AR ARG SRAAEMSES Ogu CMS H IR R A 2 F. AR 4R,
21(3): 65-70.

Kang Gongping, Dai Xiaojun, Ou Lijun, Liang Manzhong, Chen Liangbi. 2017. Cytoplasmic effects on major agronomic traits of isonuclear
alloplasmic two-line rice hybrids. Hybrids Rice, 32 (4): 63 - 66. (in Chinese)

A, W/NEE, WOLZE, JEih, PRRE 2017, RSN R A KRS 2 2R MR A0 MR BOSIRT 7E. 238K A, 32 (4): 63 - 66.

Khehra A S, Bhalla S K. 1976. Cytoplasmic effects on quantitative characters in maize (Zea mays L.) . Theoretical and Applied Genetics, 47 (6):
271 - 276.

Li Hesheng. 2000. Principles and techniques of plant physiological biochemical experiment. Beijing: Higher Education Press. (in Chinese)

224576, 2000, FEP)AE A AL SRR SR AR R, U R HOE AR

Li Xixiang, Fang Zhiyuan. 2008. Descriptions and Data standard for cauliflower (Brassica oleracea L. var. botrytis L. and Brassica oleracea L. var.
italica Plenck) . Beijing: China Agriculture Press. (in Chinese)

P, J7EIE. 2008, TEMBSEANTE LA IR HA VG A B bRvE. JER: R AL

Liu Qing, Zhang Xiaoling, Zhu Shiyang, Tang Zheng, Qiu Boyin, Luo Tiankuan. 2019. A new loose-curd cauliflower cultivar ‘Ousong 90d’ .
Acta Horticulturae Sinica, 46 (S2): 2785 - 2786. (in Chinese)



Setttdn, dkANE, xR, BMEA, PRI, B OME, & HE AxA.
AEABSEAN [7i 5 SH YR 1A A 5 1D 200 ST K2 43
[ & 54%, 2021, 48 (6): 1107 - 1122. 1121

XK, FRANEE, KK, BE AR, ERE, PRI 2019 MECRIEARSOHTE AT CBRL 90 K7 . [EZAEHR, 46 (S2): 2785 - 2786.

Liu Yunxia, Wang Xiaowu. 2010. Studies on ovary culture by inter-specific hybridization of Brassica oleracea var. botrytis and Brassica rapa ssp.
chinensis. China Vegetables, (2): 56 - 59. (in Chinese)

XIS, EWer. 2010, TEMBSEA/N ASER A ZF 7 B R, PIEEESE, (2): 56 - 59.

Lu Yingjie. 2000. Study on cytoplasmic effect of cytoplasmic male sterile line in Chinese cabbage. Northern Horticulture, (6): 1 - 3. (in Chinese)
JESEAR. 2000. K SRAHNTHEEA & KRR AT dEHFRE, (6): 1-3.

LvJH, LiuZB, LiuYH, OuLJ, DengMH, WanglJ, SongJS, MaY Q, Chen W C, Zhang Z Q, Dai XZ, Zou X X. 2020. Comparative
transcriptome analysis between cytoplasmic male-sterile line and its maintainer during the floral bud development of pepper. Horticultural Plant
Journal, 6(2): 89 -98.

Ozgen M, Tiiret M, Avci M. 2001. Cytoplasmic effects on the tissue culture response of callus from winter wheat mature embryos. Plant Cell, Tissue
and Organ Culture, 64 (1): 81 - 84.

Pu Huiming, Fu Shouzhong, Qi Cunkou. 1994. Studies on genetic effects of male sterile cytoplasm in hybrid rapeseed (Brassica napus L.) . Chinese
Oilseeds, 16 (1): 1 - 4. (in Chinese)

], AR, AN 1994, H BB S T AN BT AR N AT T P ERORE, 16 (1): 1- 4.

Qiu Xiuli, Wang Hongfei, Li Yu, Wang Naiyuan. 2009. Research advances of cytoplasm genetic effects in hybrid rice. Journal of Yunnan
Agricultural University, 24 (3): 455 - 458. (in Chinese)

AW, FBE F OB, FETII0.2009. AR TEARHLBURAL OSSR, RO AR, 24 (3): 455 - 458.

Reddy Belum V S, Ramesh Sanjana, Reddy P S, Kumar A Ashok. 2009. Male-sterility inducing cytoplasmic effects on combining ability in
sorghum [Sorghum bicolor (L.) Moench]. Indian Journal of Genetics and Plant Breeding, 69 (3): 199 - 204.

Shopan J, Lv X L, Hu Z Y, Zhang M F, Yang J H. 2020. Eukaryotic translation initiation factors shape RNA viruses resistance in plants.
Horticultural Plant Journal, 6 (2): 89 - 98.

Sun Peng, Wang Ning, Sun Xianfeng. 2011. Comparison of two methods for detecting vitamin C in apple. Hubei Agricultural Sciences, 50 (16):
3386 - 3388. (in Chinese)
homg, T, MR 2011 WRR X ER 44 R C EEIE L Wb RFE, 50 (16): 3386 - 3388.

Tao Fenfang, Yue Ningyan, Yang Xuele, Peng Ye, Xing Man, Zhu Yanju, Zheng Mengsha, Wu Xianmeng. 2017. Cytoplasmic effect of Ogu
cytoplasmic male sterile lines in Brassica napus. Journal of Hunan Agricultural University (Natural Sciences) , 43 (6): 586 - 589, 596. (in
Chinese)

V3505, ETRE MR, w0 M R E, SAE%, BBV, SN 2017 HEERLNSEE N STMETEAS T R ROL0 SRS TT. R
Aol K2 CAIRBIERD 43 (6): 586 - 589, 596.

WanZ]J, JingB, TuJX, MaCZ, ShenJX, YiB, WenJ, Huang T, Wang X J, Fu T D. 2008. Genetic characterization of a new cytoplasmic
male sterility system C(hau) in Brassica juncea and its transfer to B. napus. Theoretical and Applied Genetics, 116: 355 - 362.

Wang Cailin, Tang Yugeng. 1990. Studies on genetic effects of sterile cytoplasm in hybrid rice (Oryza sativa L. ssp. sinica) . Acta Agronomica
Sinica, 16 (4): 335 - 341. (in Chinese)

FEAM, HEPE 1990, FIHFREA H MMLITE AL R IBEFL. (EW2EAR, 16 (4): 335 - 341.

Wang Xuede, Zhang Tianzhen, Pan Jiaju.1997. Cytoplasmic effects of cytoplasmic male sterile upland cotton. Acta Agronomica Sinica, 23 (4):
393 - 399. (in Chinese)

F2rpl, ORI Y. 1997, HMLTTHEYEAS T G AR RO IO, (EPDAA, 23 (4): 393 - 399.

Wang Yan, Hu Sheng, Fu Wencheng, Zhang Qiannan, Wang Fengde, Qiu Nianwei. 2013. A new method for fast determination of total soluble sugar
content in plant tissue: TBA method. Journal of Jinggangshan University (Natural Science) , 34 (3): 37 - 40. (in Chinese)

EOUL A OME SO AR, FRE, BB 2013, R DI E ATEVERE R TBA L MR AR CHREBHERRD
34 (3): 37 -40.
Xie Liyuan, Zheng Linyong, Gan Bingcheng, Peng Weihong, Tang Jie, Huang Zhonggian, Tan Wei. 2016. Effect of different storage temperatures

on physiological property of pleurotus eryngii. Southwest China Journal of Agricultural Sciences, 29 (1): 153 - 158. (in Chinese)



Zhu Shiyang, Zhang Xiaoling, Liu Qing, Zhong Weijie, Luo Tiankuan, Tang Zheng, Xu Qian, Zhou Yuanchang.
Cytoplasmic effect analysis of different CMS sources of cauliflower.

1122 Acta Horticulturae Sinica, 2021, 48 (6): 1107 - 1122.

WMV, ARARHT, HWIRR, R4, A, WS, W 5. 2016, JEEUR BN SR 5 A6 4 AR BRI IR . PR AL AR, 29 (1):
153 - 158.

Yang ZM, LiGX, Tieman D, Zhu G T.2019. Genomics approaches to domestication studies of horticultural crops. Horticultural Plant Journal,
5(6): 240 - 246.

Zhang Li, Wang Qingbiao, Wang Yanping. 2020. Distribution of orf687, a fertility restorer gene for Ogura CMS in radish. Acta Horticulturae
Sinica, 47 (5): 864 - 874. (in Chinese)
iKW, ERKE, EHEDE 2020. Ogura CMS FERE IR orf687 % NPT, [ Z 24k, 47 (5): 864 - 874.

Zhang L S. 2019. Advance of horticultural plant genomes. Horticultural Plant Journal, 5 (6): 229 - 230.

Zhang Xiaoling, Liu Qing, Tang Zheng, Luo Tiankuan, Hu Caiying. 2006. Study on tissue culture of interspecific hybrid of Brassica napus and
Brassica oleracea var. botrytis. Chinese Agricultural Science Bulletin, 22 (5): 316 - 318. (in Chinese)
FANFe, )P, AR, BORYE, WIREHE 2006, H Y b S RS R 4R T D AR B RO UK. R IR, 22 (5):
316 - 318.

Zhao Cunpeng, Wang Zhaoxiao, Wang Kaihui, Liu Suen, Geng Junyi, Guo Baosheng. 2017. Effect of cytoplasmic male sterility on main characters
of cotton. Chinese Bulletin of Botany, 52 (5): 560 - 567. (in Chinese)
RAEMS, EIEWR, EHUE, XZE, KE, $EA. 2017, JPEEIERE R 2658A A FURT bl i 2 ZAIR K20, MY, 52
(5): 560 - 567.

Zheng Jingping. 2006. Determination of the vitamin C in fruits and vegetables—Discussion on UV Spectrophotometry. Chinese Journal of
Spectroscopy Laboratory, 23 (4): 731 - 735. (in Chinese)
HHFE. 2006, AR, B PYEER C & BINE %M O RN E AR ekl %, 23 (4): 731 - 735,

ZhuSY, Zhang X L, Liu Q, Luo TK, Tang Z, Zhou Y C. 2018a. Phenotypic variation and diversity of cauliflower ( Brassica oleracea var. botrytis)
inbred lines. International Journal of Agriculture and Biology, 20 (5): 1041 - 1048.

ZhuSY, Zhang XL, LiuQ, Luo TK, Tang Z, Zhou Y C. 2018b. The genetic diversity and relationships of cauliflower (Brassica oleracea var.
botrytis) inbred lines assessed by using SSR markers. PLoS ONE, 13 (12): €0208551.

Zhu X F, Wang XD, SunJ, Zhang T Z, PanJJ. 1998. Assessment of cytoplasmic effects of cytoplasmic male-sterile lines in upland cotton. Plant
Breeding, 117 (6): 549 - 552.

Zou Ruichang, Wan Zhengjie, Xu Yuejin, Shi Zhan, Fu Tingdong. 2012. Cytoplasmic effects and heterosis in cytoplasm male sterile line of leafy
mustard 0912A. Plant Science Joumal, 30 (3): 261 - 268. (in Chinese)
S, HIEA, MREKEE, B R, FERR 2012, IR SRANMR R HEEAS F R 0912A MR BTBUSIFI AR S b HARE AR, 30
(3): 261 -268.



