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Figure 1 (Color online) Comparison of dark pollen by I,-IK dyed in 5 CMS lines
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Table 1 Comparison pollen sterility of CMS line that of B type and (A type B)F,

S LN AT (ATxB)F,
RHRER JEIAE R (%) SEREL JEIAE R (%) SEREL SEILAE R (%)
Blo7A 100 2.76+1.33a 10 2.53+0.40a 21 2.35£0.98a
JeREA 100 11.51+1.18a 15 11.19+1.41a 35 11.94+0.94a
HPAFA 100 8.40+0.97a 23 8.14+0.42a 28 8.59+0.91a
HARIA 100 8.76£0.57a 16 8.90+1.06a 24 8.28+0.83a
301A 100 8.94+1.49a 12 9.15+0.67a 27 8.49+0.35a

a) “FIHLARERR2E, [FIF 5 BRAR ) 5 Bl m 22 5 R 380,05 2K - (/D35 221%)
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Bl i, BAI9TIART . ARl (ABIXB)F K REAR
AR R AR 1A, BFRAL 301 AR FEA L 11
PR30 R R, BIiME1A. BFRA. 301 ARITEIRE
TP M97 09345, e REH ARHOC A BEAR L i)
EEN9TIAS AR LA . SEERIER, Bl TAE MR
TE, WA E LN IR, BRE1A. BFEAL 301A
WA 3%, TR A ART B AT DL |, 1245 B 5 B 4 iR
B 2 AT T 4G A — s,

22 BESERBIR SAE £ H GG R

BYLIER R A PRI EEAS A A S SR
BT AR & PR R AR, B3R bRxT 2
M97A. ERHA. SR IARNT R3S A AR A
R B VBT, 2548 1 A4 SR IR
TERY A R BN 0.89, 4% [ A 45 SR i A iAE
R RECH0.92, YLK R A AL FRAM LR
HUM0.99, = Z A1 M B3 IEAHIEE R (K12), 1
X3 E AR T WA B R, AR Rk
FAEE AR 2R, HOCH MR, Hol A, AR
Yot e 1 A2 BRI AR R B AR s, DAX A Fe SR e
ERR, YRRERARLSR, WEERRECR:
Y= 186X, [FRELIX,FR IS BUER, T
HEAE ARG ITR N RmREOCRA: Y=3.67X,)%. il
X2 R RAATLIE W, FE B AL R A #E

5176

r=0. 89" r=0.92*

r=0. 99"

QY 4T )

RYLTER GRS
B2 (RG] ) 1548 1 A9
Figure 2 (Color online) The correlation among bagged seed setting
rate, dark pollen rate by I,-IK dyed and rate of florets with fertile anthers
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Figure 3 Dendrogram of 5 genotypes clustered according to dark pollen rate by I,-IK dyed and rate of florets with fertile anthers
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Table 2 AMMI analysis of variance for the CMS lines on 4 sowing dates

i R
IR df RYAERH (%) AL (%) BYAEI (%) A RAER(%)
sS MS F S MS F sS MS F sS MS F
SRS 59 517481 8.771 266.627  4.519 635302 10.768 297.718  5.046
SEp 4 243192 60.798 34.299" 126459 31.615 31485 353.095 88274 56.134  137.690 34.422 31.022"
1 3 173.001  57.667 325327 59491 19.830 19.749 189.048 63.016 40.072  75.096 25.032 22559
SEHAEFA 12 30384 2532 1428 40513 3376 33627 30256 2521 1.603 40.547 3379  3.045"
IPCAI 6 24350 4058 46097 29539 4923 4075 25596 4266 79727  30.639 5107 31.033"
IPCA2 4 4273 1.068 1213 8.558 2139 1.771 3590 0.898  1.677 9578 2395 14.552"
W 40 70904 1773 40.165  1.004 62.902  1.573 44385  1.110
F3 ERRMBHEREIN BEH LHSME
Table 3 The scores of significant axes for genotype and sowing date
M =
UNES % AL (%) A UL (%) BYALR (%) A BUER (%)
FHH  IPCA1  IPCA2  F¥H IPCA1  IPCA2  F¥H IPCA1  IPCA2  F{H IPCA1  IPCA2
BIlo7A 2176 -1437  -0.186 0410  —0.999  —0.364 1,738 -1308  —0.017 0.636 —0.960  0.148
TEREA 8420 0232  0.781 4594 0514 1.032 9287 0340  —0.403 5336  1.009 0915
A 5899  0.027 0275 2743 -0.848 0218 6.668  0.196  0.864 2716  -0.855 0247
SR 1A 5462 0719 0216 2835 0301  —0.282 5666 0743 —0.429 2589 0.087 —0.587
301A 6.303 0459 —0.654 4103 1032 -0.604 5928 0710 -0.014 3442 0719 -0.723
i 1 3459  —1.003  0.605 1707 -1260  0.613 3577 -1200  0.530 1702 -1.104  0.706
W 4.894 0490 —0.403 2435 0289  —1.081 5101 0397  -0.853 2441  -0.620 -1.029
FEHITI 6.180 0253  —0.668 3211 0.409  0.102 6.321 0.954  0.290 2896  0.632  0.459
IV 8075 1240  0.467 4395 1140 0366 8430  0.643  0.033 4735  1.092  -0.136

W, FEIHIPCA LG R IEAE, R R IIE 17 HAE.
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Table 4 Sterile stability analysis of CMS lines by the interaction between experimental locations and sowing dates

A ENE L. REE i
A LA I 2% 5 R 5% 1%
Zl97A 1.999 -3.764 0.166 20.389 c C
JEFRIA 8.853 3.090 0.208 5.148 a A
BYAE IR LIZN 6.283 0.520 0.149 6.146 b B
HAEIA 5.564 -0.199 0.000 0.229 b B
301A 6.115 0.352 0.178 6.895 b B
2il97A 0.523 —2.417 0.024 29.637 c C
Je Rl A 4.965 2.025 0.270 10.468 a A
AR HPAFA 2.730 -0.211 0.001 0.885 b B
HARIA 2.712 -0.228 0.032 6.583 b B
301A 3.772 0.832 0.223 12.513 ab AB

S0 i 3L TR W e o 3 w0 30510 | W L A 5
HuE AR TG 7 A A X G i R
&, FLEZR SR 0 — R, b R o A A
WHHY, W EA TR AR WAt Tg
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W) 2 R PEAb AR % Al 3k, A RIS A B A
A5 B AMMUSERY (R 0B 7 vk, 7E R e /K
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In 1960, Longping Yuan serendipitously discovered a natural hybrid rice variety with distinct advantages over others in an
experimental field. After extensive research and exploration, he suggested the ‘three-line method’ breeding approach to
harness rice heterosis by incorporating male-sterile, maintainer, and restorer lines. He also emphasized that using rice male
sterility was the most effective way to solve the problem of large-scale seed production through the exploitation of rice
heterosis in 1966. The yield per unit area of hybrid rice increased by approximately 20% compared to conventional dwarf
varieties, marking a significant breakthrough in rice production.

Post-tobacco seed production refers to the hybrid rice seed production in farmland after the tobacco harvest. This
represents a new farming system model aimed at adjusting the industrial structure of the southern seed production region.
Cytoplasmic male sterility (CMS) lines are the cornerstone of the three-line hybrid rice system. Moreover, the varying
degrees of sterility in CMS lines directly impact the seed purity of hybrid rice. This experiment was carried out during the
post-tobacco seed production period to explore the genetic basis of dark pollen using I,-IK dyeing and florets with fertile
anthers, which were caused by the interaction between restoring genes with a minor-effect restoring genes and other
factors. The study was conducted using four sowing dates and two experimental locations to observe changes in male
fertility among five CMS lines (Zhenshan 97A, Longtepu A, Yiexiang A, Jinfu 1A, and 301A), which contain different
numbers of restoring genes. The rates of dark pollen dyed by I,-IK and florets with fertile anthers were analyzed using the
additive main effects and multiplicative interaction model (AMMI).

The results indicate that the recovery of CMS fertility is not only impacted by major genes but also by the cumulative
effects of minor genes. Longtepu A should be categorized as a type with a relatively large number of minor effect-restoring
genes, making it more sensitive to changes in sowing dates and experimental locations. Yexiang A, Jingfu 1A, and 301A
were categorized as intermediate types of minor-effect restoring genes, demonstrating some degree of response to factors
such as sowing dates. Zhenshan 97A was identified as a type with a relatively small number of minor-effect restoring genes
and low sensitivity to sowing time. The sensitivity of CMS lines to sowing dates, ranked from highest to lowest, is as
follows: Longtepu A, 301A, Jingfu 1A, Yexiang A, and Zhenshan 97A. In order to ensure seed purity during post-tobacco
seed production and reproduction, it is recommended to advance the sowing date appropriately based on the impact of
sowing dates on the sterility of CMS lines. Furthermore, genetic breeding and purification of CMS lines should be
conducted at sowing dates when the minor-effect restoring gene is highly expressed. This approach will facilitate the early
elimination of unqualified individual plants or lines and accelerate the development of a stable population with infertility.

rice, cytoplasmic male sterility (CMS), pollen fertility, minor-effect restoring gene
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