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Abstract: Compared to the homotypic fertile lines, the sua cytoplasmic male sterile (CMS) line exhibits diverse styles and
stigma morphologies, and suffers from severe flower and fruit drop during tobacco seed production. To investigate the
impact of pistil types in the tobacco sua cytoplasmic male sterility line on seed yield and quality, using MS K326 as the
material, this study statistically classifies and pollinates the pistil types, observes pollen germination and pollen tube growth,
and records fruit-setting rate, seeds per fruit, thousand-seed weight, and germination rate. Moreover, it examines ovaries of
different pistil types and calculates the effective ovule-bearing area. The results show that the pistils of MS K326 mainly fall
into six categories: circular style with two-lobed stigma (similar to the fertile line), circular style with multifid stigma (three-
lobed, four-lobed, and above), elongated flat style, short flat style, cracked style, and split style. As the flowering period
extends, the proportion of cylindrical pistils decreases by more than 50%, while that of split-style pistils increases by more
than 25%. There are no significant differences in thousand-seed weight and germination rate after pollination among
different pistil types. The overall fruit set rate and seed count per fruit are: cylindrical pistils>flat style pistils>split pistils.
The fruit set rate of the cylindrical pistils is above 90%, with more than 2200 seeds per fruit. Compared with cylindrical
pistils, the fruit set rates of flat-styled and split-styled pistils decreases by 19.85% and 58.99%, and seed counts per fruit
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decreases by 46.73% and 86.63% , respectively. The pistil malformations of MS K326 gynoecium mainly result from the

fusion of feminized stamens with the ovary after stamen feminization. A flattened style and a split style significantly reduce

the effective ovule-bearing area of the ovary. The effective ovule-bearing area is: cylindrical pistils > flat style pistils > split

pistils. Compared with cylindrical pistils, the effective ovule-bearing area of flat style and split pistils decreases by 26.73%

and 50.79%, respectively, which is an important reason for the decrease in seed count of malformed pistils. The fusion

growth of stamens and pistils leading to style malformation reduces pollen germination and pollen tube growth within the

style, which may be an important reason for the low fruit set rate of malformed pistils. The study clarifies the impact of

pollination with different pistil types in MS K326 on seed yield and the underlying reasons, providing a theoretical reference

for potential yield improvement in seed production of sua sterile lines.

Keywords: Tobacco; pistil malformation; pollen germination and growth; fruit set rate; seed number per fruit
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Fig. 1 Different pistil morphologies of MS K326. A: Cylindrical style with 2-lobed stigma; B: Cylindrical style with 3-
lobed stigma; C: Cylindrical style with multi-lobed stigma; D: Flat and short style; E: Flat and long style; F: Split

style; G: Separated style
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Table 1 Proportion of different types of pistils

FIAE: Bl A B4 X X
) ) o TERE TekE ) )

244 3% ZH . — PERE PERE

H - - - IS Ji 6 Flat A s
Cylindrical style  Cylindrical style ~ Cylindrical style 29F I3
Date . . ) . Flat and long and short )
with 2-lobed with 3-lobed with multi-lobed Split style Separated style
. . . style style
stigma stigma stigma

10d 77.55a 6.06 a 091¢ 10.63 b 391c¢ 0.89¢ 0.05¢
25d 6.31b 7.13a 1397 a 12.34 ab 32.98a 14.87b 1240 b
40d 3.61b 3.82b 7.15b 14.16 a 23.86b 19.86 a 27.54 a

TE  ANF/ING RN A B F) 22 57 9 2 (P<0.05)

Note: Different lowercase letters indicate significant differences between treatments. (P<0.05).

22 MS K326 NEMESRENTMLREER

DX 53 AN [ R ME 5 % 52 o A SR B 2 i %
22 S RN FEANE M R R E R &
A2 5, % M SR 5 TORLE AR 2R R

TRFEZER . AR AR R I : [/
PR M 55> o A TR S8 > SR R, 22 S Ak B
S F Ko o (B T E A SR FRAE 90% LA
b B SURIEOR T2 2000 (54T R E R 2 1A) O



* 902 - AR A R 224 (H SRR A R

56 %

FHES RN 4 N FEAR B S A
A RE A CHEAT i AT ) A8 SRR 24 70% , LR
R 1 20000 A A7, 2 25 AR T AL S MERS , (B 2
F i TR RMERS (REAERTT AN 7 B s AL T e
0 A8 SR B SRORE H R 2E T B, AR SRR A B
40% , FARRLELN A 300 R0 22 A7 5 i AT R E S AN SR

A 7R W S 73 ) L I A TR A A SR AR B IR
19.85% A1 58.99%, # SR KL £ B Ik 46.73% Al
86.63%. X4 KR, AL AIEFHERIT 2
3 2 PR R ) A8 R S A B BRI K, SOl T IX
ol HE S ALY o AR g » DRI T 2 S 25 PO B AR Ao 1
R &

2 MS K326 NEEBUMESIR M ELRERMFRE
Table 2 Fruit set rate and seed quality after pollination with different pistil types in MS K326 MS K326

sga K S H > A0,
- A L0, Eﬁ%ﬂ;{( TR /g K%K/‘A)
) Number of single 1000-seed Germination
Type Fruit set rate . . .
fruit grains weight percentage
[BFE2 24
91.58 a 2364 a 0.088 a 97.67 a
Cylindrical style with 2-lobed stigma
[ 4F: 3 24
9294 a 2323 a 0.086 a 96.67 a
Cylindrical style with 3-lobed stigma
[ 2 %4
90.29 a 2273 a 0.089 a 96.00 a
Cylindrical style with multi-lobed stigma stigma
AEAT i 1
7473 b 1273 b 0.088 a 9533 a
Flat and long style
AEAT: i %
71.74 b 1229 b 0.086 a 96.67 a
Flat and short style
EAEEUT
3824 ¢ 346 ¢ 0.085 a 9533 a
Split style
RIS
36.69 ¢ 282 ¢ 0.084 a 9533 a
Separated style

ARG R R R A ) 2 57 B35 (P<0.05) .

Note: Different lowercase letters indicate significant differences between treatments. (P<0.05).

23 MS K326 FEIMESEBFREINES

MS K326 & Wi ¥ 32 B2 i S8 140 (R
SO A 5, LS S T e E K S
B . eh B2 W] A8 A A S, E Ak 1
BEWHRBAS S hEMEeERK, 7 HEARE
[ £ T (& 2A-B; K 3A-B) ; 7 i A3 75 e 85
K, RO H, MEAAE SR 50 R & A K (|
T BEAR R B B HETE , 64 i 40 2 B A
b4 K S 8 (& 2C-D; B 3C-D) ; A2 AR
MESS OF 2L, 0 B, MEALHESE 5 5 b 0™ B
R G A, 7 5 2 3 52 2 R A A2 B
A0 WA HE WL %% 21 5] #E TV 1)+ 5 (J&] 2E-F ; & 3E-
F), fEAE 20 73 B e e A S8 5 1 s & AR
S8,

IR T W %% B AR AR Al A 26 K ) (5 A Y
MERS HR R R I — 5 R, 7E e A B S —
H TR RFEAN I A, 0 R M T
B HIREA CP 64 B2 = T e R &

(R 3D XA [ S e 58 W BR A 00 Az T ARk
ITHR R TT Z 00T, 85 R Bon , A6AEAR s Fl e A%
TEEOGH IR BRA 806 A AR B 3 52, IR Bk
R A THI AR < [ 20 8> o A 7R > A 7Y
MEES A 2R RS RN 2R R S IR R AT O AR
T AR 73 ) B [ A 28 e A8 P I 26.73% A1 50.79%
(K3, E3); Ak N LA B MESE AL ISR S 7
R K BT, S BURER BCE R T
FRBRAR , 35X 1T e T S0 T2 88 0 SR EIOR R 1%
(1% 2 L S A

24 MS K326 AEIMESE LB hIMEFLFEK
=5

TEH 72 A [F) e 288 28 20 A i R F0 AR K AR A7 AE
FEt. AR KRG A K EACK & e IR
[ A RS AEAT T 2N 52K (F 4A-O,
FEH L J A 2R R0 20T Y eSS A A b HH B
s L AE K (I 4E-HD . fey 753

N

@ KD

bl

N
3

pais's

i

&
Ul
éj\
|



%53

VF ANEE MR sua A O BUMESE R I RO R R

° 903

b {
- & N
M

B2 TRIRBEREFHEIRFSEN . ABERR;B:EHEZR; C:RERE; D:HERK; BRI R TS B
Fig. 2 Morphological structures of ovaries with different pistil types. A: Cylindrical style with 2-lobed stigma; B:
Cylindrical style with 3-lobed stigma; C: Cylindrical style with multi-lobed stigma; D: Flat and short style; E: Flat

and long style; F:Split style; G: Separated style
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Fig. 3 Cross-sectional structure of ovaries in different pistil types. A: Cylindrical style with 2-lobed stigma;B:
Cylindrical style with 3-lobed stigma; C: Cylindrical style with multi-lobed stigma;D: Flat and short style; E: Flat

and long style; F:Split style; G: Separated style
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Table 3 Effective ovule-bearing area of ovaries in different pistil types

FeA — BT PR LU/ % JRERAT G A= T A mm?
Type Proportion of missing ovary in one room Effective area of ovule attachment
0.00 b 28.84a
Cylindrical pistil
A TR
1.10b 21.13b
Flat columnar pistil
SO ARLHESR
20.00 a 14.19 ¢

Split column pistil

VARG FRER R AR ) 22 7 8 25 (P<0.05) .
Note: Different lowercase letters indicate significant differences between treatments. (P<0.05).
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Fig.4 Pollen germination and growth in different types pistil. A: Pollen germinates on cylindrical pistil stigma; B:
Pollen grows in cylindrical pistil styles; C: Pollen enters the cylindrical pistil ovary; D: Pollen germinates at the
stigma of a flat columnar pistil; E: Pollen grows in a flat columnar pistil; F: Pollen enters the flat columnar pistil
ovary; G: Pollen germinates on split pistil stigma; H: Pollen grows in a split column pistil style; I: Pollen enters the
pistil ovary of the split column type.

T4 TEMES LR R EHXNTERR

Table 4 Pollen tube penetration into ovaries after pollination in different pistil types

et PEATF3/% RIENTF7/% P %
Type Entering the ovary Not entering the ovary Staying at the junction
[ R
94.45a 555¢ Oc
Cylindrical pistil
S LRSS
77.78 b 13.02b 9.2b
Flat pistil
SO ARLHERR
53.17¢ 32.54a 1429 a

Split pistil
T A FNG S RER R AR B 8] 22 57 48 7 (P<0.05) .

Note: Different lowercase letters indicate significant differences between treatments (P<0.05).
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