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Correlation analysis between microspore developmental stage and floral

organ morphology in radish
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Abstract: To conduct isolated microspore culture in radish(Raphanus sativus L.) for haploid induction, this study investi-
gated the cytological characteristics of radish microspore developmental stages and their correlation with morphological
traits across different flowering periods and materials. DAPI fluorescence staining was employed to observe microspore
developmental stages. Concurrently, the correspondence between microspore stages and floral organ morphology (bud
length, anther length)across various flowering periods and materials was analyzed to establish a rapid method for optimal
bud selection. The results demonstrated distinct characteristics at the tetrad, early uninucleate, late uninucleate, and binu-
cleate stages. During the late uninucleate stage, a large central vacuole formed, with the condensed nucleus positioned ad-
jacent to the cell wall. Significant differences existed in microspore developmental stages and corresponding floral mor-
phological indices(bud length, anther length) among different radish materials and flowering periods. Optimal bud selec-
tion periods exhibited the following mean morphological ranges. Bud longitudinal diameter: Initial flowering stage:
3.90-3.99 mm, full flowering stage: 2.90-3.52 mm, late flowering stage: 2.12-2.32 mm; anther length: Initial flowering:
2.57-2.73 mm, full flowering: 2.26-2.43 mm, late flowering: 1.77-2.29 mm; petal-to-anther ratio is 0.97-1.11. Buds at the
late uninucleate stage displayed green sepals with expanded apices and yellow-green anthers. These morphological indica-

tors provide reliable criteria for selecting buds for isolated microspore culture, establishing a foundation for successful
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haploid plant induction.
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Note: A. Tetrads stage; B. Early mononuclear stage; C. Late mononuclear stage; D. Binucleate stage. Scale bar=10 pm.
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Fig. 1 Cytological characteristics of radish microspores at different developmental stages(x40)
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L1 #I4EH
Early flowering stage of L1

L1 gE4eH]
Full flowering stage of L1

L1 KA
Late flowering stage of L1

L2 HI4EH
Early flowering stage of L2

L2 REAEH
Full flowering stage of L2

L2 ARAEH]
Late flowering stage of L2

L3 HI1EM]
Early flowering stage of L3

L3 EAEH
Full flowering stage of L3

L3 ARAEH]
Late flowering stage of L3

armmm - —

VL A2, SR 3. B R 4. USRI s 5. I H AR ITAE R .
Note: 1. Binucleate stage; 2. Late mononuclear stage; 3. Early mononuclear stage; 4. Tetrads stage; 5. Bud to bloom next day.

2 3RE MR NAFARA BN R EE

Fig. 2 Flower buds corresponding to different microspore developmental stages of three radish materials
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Table 1 External morphological characteristics of floral organs of different radish materials at different flowering stages
and developmental periods
el g HENE WERR N
ﬁ:ti;if i . . valiliid I;z?{iztudina] I:;?j;:ljverse i}\ot;\gli:gldinal—to—
number Flowering period Developmental stage diameter/mm diameter/mm transverse ratio
L1 HIAEIH VY5345 ] Tetrad stage 1.61£0.01 dD 1.32£0.01 dC 1.22+0.05 dD
Early flowering stage & {7 K13t Early mononuclear stage 2.47£0.11 cC 1.4540.01 cC 1.70+0.10 ¢C
I3 Late mononuclear stage 3.97+0.09 bB 2.08+0.02 bAB 1.91£0.08 bB
%} Binucleate stage 4.49+0.02 aA 2.31+0.02 aA 1.95+0.09 aA
HEAGHA VY53 AN 3] Tetrad stage 1.48+0.04 dD 1.13+0.02 cC 1.31£0.08 cC
Peak flowering stage %14 K1 Early mononuclear stage 2.14+0.06 cC 1.40+0.02 bB 1.53+0.03 bB
%5 1 Late mononuclear stage 3.52+0.04 bB 2.09+0.01 abAB 1.69+0.02 bA
%31 Binucleate stage 4.19+0.04 aA 2.21+0.04 aA 1.90+0.05 aA
RAEHA VY /344 # Tetrad stage 0.93£0.05 dD 0.83+0.04 dC 1.13£0.04 cC
Late flowering stage 4% KL} Early mononuclear stage 1.71£0.06 ¢C 1.00+0.01 cB 1.71+0.13 bB
%I Late mononuclear stage 2.32+0.08 bB 1.55+0.03 bAB 1.50+0.08 abAB
%3] Binucleate stage 3.1540.19 aA 1.66+0.05 aA 1.90+0.09 aA
L2 YIAEI VY 43 4A s 1 Tetrad stage 1.70+0.02 dD 1.52+0.02 dC 1.12+0.02 ¢cC
Barly flowering stage i1 % L Early mononuclear stage 2.61+0.04 cC 1.94+0.04 cB 1.35+0.04 bB
A% 1 Late mononuclear stage 3.99+0.22 bB 2.80+0.04 bA 1.42+0.09 bB
¥ Binucleate stage 4.55+0.04 aA 2.66+0.04 aA 1.71£0.02 aA
A VY 5344 1 Tetrad stage 1.44+0.01 dD 1.30:£0.02 ¢C 1.11+0.01 dC
Peak flowering stage ¢ % KL Early mononuclear stage 2.12+0.06 cC 1.51£0.05 cC 1.41£0.05 cB
%3 Late mononuclear stage 2.90+0.27 bB 2.03+0.11 bB 1.44+0.05 bB
{3} Binucleate stage 3.93+0.05 aA 2.37+0.05 aA 1.66£0.04 aA
ARACHA VY5344 i) 3 Tetrad stage 0.91+0.04 dD 0.83+0.06 dD 1.100.03 ¢C
Late flowering stage ¢ % KL Early mononuclear stage 1.54+0.07 cC 1.23+0.06 cC 1.25+0.08 bB
FZIHH Late mononuclear stage 2.12+0.03 bB 1.48+0.04 bB 1.42+0.05 aA
ZH: ) Binucleate stage 3.09+£0.03 aA 2.0240.07 aA 1.53£0.04 aA
L3 It VY5344 i) 3 Tetrad stage 1.5140.06 dD 1.32+40.05 dC 1.15+0.06 cC
Early flowering stage & f §L3f Early mononuclear stage 2.09+0.04 ¢C 1.58+0.02 cC 1.3240.02 bB
B 30] Late mononuclear stage 3.90+0.37 bB 2.22+0.08 bB 1.73+£0.08 aA
1% Binucleate stage 4.08+0.06 aA 2.55+0.04 aA 1.62+0.05 aA
REAEH VY 4344 3 Tetrad stage 1.26£0.06 dD 1.13£0.05 dD 1.1240.07 cC
Peak flowering stage 414 B Early mononuclear stage 1.98+0.04 cC 1.68+0.04 cC 1.2140.02 bB
A% I Late mononuclear stage 3.12+0.42 bB 1.99+0.02 bB 1.58+0.15 aA
1% Binucleate stage 3.85+0.02 aA 2.44+0.04 aA 1.57+0.05 aA
KA VY /344 HH Tetrad stage 0.92+0.01 dD 0.83£0.01 dD 1.11£0.02 ¢C
Late flowering stage 2 4% KL} Early mononuclear stage 1.2240.04 cC 1.000.02 cC 1.22+0.01 bB
A% 1 Late mononuclear stage 2.13£0.06 bB 1.51£0.03 bB 1.41£0.03 aA
¥ Binucleate stage 2.75£0.07 aA 1.83£0.03 aA 1.50£0.04 aA

T ARG FREER R F] — i AN [F R B B B 3 (P<<0.05) s AN A K5 52 RER I 7] — S R E AN [ R B I B 22 St ek 35 (P <

0.00). K.

Note: Different small letters indicate significant difference between different developmental stages of the same cultivar (P<<0.05), while differ-

ent uppercase letters indicate extremely significant difference(P<<0.01). The same below.
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AENIEAE 2K 0 2.57~2.73 mm, AN

2.26~2.43 mm, RAEHH 1.77~2.29 mm.
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Table 2 Internal morphological indicators difference of floral organs in different radish materials across flowering periods

and developmental stages

eSS e s 2 NIRIRIS 162 5 iz SIS M2 L
Material Floyvering Developmental stage Anther A?ther Petal Petél—to—anther
numbe period length/mm width/mm length/mm ratio
L1 HITE VY53 4AH # Tetrad stage 1.1840.01 dD 0.58+0.01 ¢C 0.74+0.01 dD 0.62+0.01 dD
Early % 53] Early mononuclear stage 1.6240.03 cC 0.81£0.01 bB 1.2120.01 ¢C 0.750.02 cC
i;’vgfri“g B ] Late mononuclear stage 25740.05bB  0.84+0.01bB  2.66+0.05bB  1.04+0.01 bB
{1 Binucleate stage 2.87+0.04 aA 1.05£0.04 aA 4.18+0.09 aA 1.46+0.02 aA
A I VU544 I 3 Tetrad stage 1.07+0.04 dD 0.53+0.02 cC 0.56+0.00 dD 0.58+0.02 dD
Peak ' U 51 Early mononuclear stage 1.44+0.02 cC 0.88+0.02 bB 0.96+0.00 cC 0.66+0.01 cC
izvgf““g B ] Late mononuclear stage 24340.06bB  0.90+0.02bB  2.54+0.01 bB  1.05:0.02 bB
¥ Binucleate stage 2.84+0.05 aA 1.33£0.07 aA 3.63£0.05 aA 1.4140.01 aA
KA VY 53R I 3] Tetrad stage 0.75+0.01 dD 0.43+0.01 dD 0.45+0.02 dC 0.60+0.02 dD
Late . A% L Barly mononuclear stage 1.00+0.02 cC 0.73+£0.01 beBC  0.81+0.03 cC 0.81+0.04 cC
zz;e”“g B 3] Late mononuclear stage 22940.06bB  0.75+0.01bB  2.28+0.14bB  1.00+0.04 bB
¥ Binucleate stage 2.46+0.01 aA 0.87+0.03 aA 3.06+0.08 aA 1.25+0.03 aA
L2 HITEH VU 534S 1] Tetrad stage 1.20£0.01 dD 0.60+0.02 cC 0.83£0.02dD  0.55+0.02 dC
Early _ A% L Early mononuclear stage 1.73£0.05 cC 0.78+0.02 bB 1.32+0.02 cC 0.77+0.03 cC
i‘;‘;frmg H%6 0] Late mononuclear stage 2.73:0.03bB  0.90£0.03aA  2.80+0.06bB  1.02+0.01 bB
1% Binucleate stage 2.91+0.00 aA 0.96+0.03 aA 3.91+0.01 aA 1.34+0.00 aA
REAEIA VY 5344 bS] Tetrad stage 1.07+0.00 dD 0.53+0.03 dB 0.74+0.03dD  0.704+0.03 cC
Peak 1% .1 Early mononuclear stage 1.57+0.04 cC 0.73+0.02 cB 1.11£0.02 cC 0.71£0.03 cC
i‘;;v:rmg %3] Late mononuclear stage 226+0.09bB  0.84+0.01 bA  2.53£0.02bB  1.10+0.03 bB
“#Z} Binucleate stage 2.80+0.19 aA 0.96+0.03 aA 3.9440.04 aA 1.27+0.05 aA
KA VU 7344 H Tetrad stage 0.72+0.04 dD 0.42+0.03 dC 0.42£0.01 dD  0.58+0.01 cC
Late % 5 Early mononuclear stage 1.13£0.02 cC 0.58+0.01 cB 0.72+0.01 cC 0.64+0.01 cC
i:vgfring B9 Late mononuclear stage 1.9140.05bB  0.84+0.01 bA  1.88+0.06bB  0.98+0.01 bB
“}Z I Binucleate stage 2.44+0.13 aA 0.92+0.01 aA 3.09+0.04 aA 1.27+0.08 aA
L3 HIte VY534 # Tetrad stage 1.10£0.04 dD 0.47+0.02 dC 0.73+0.04 dC 0.66+0.02 cC
Early ‘ % FI Barly mononuclear stage 1.41£0.04 cC 0.61+0.03 cB 1.08+0.08 cC 0.77+0.07 cC
i;’;v:rmg B 9] Late mononuclear stage 2.63+0.04bB  0.90+0.02bA  2.91=0.17bB  1.11+0.06 bB
¥ Binucleate stage 3.16£0.10 aA 0.98+0.02 aA 4.04+0.09 aA 1.28+0.02 aA
A VY5 AR N 3 Tetrad stage 1.07+0.03 dD 0.60+0.03 cC 0.65+0.02 dD 0.61+0.04 dC
Peak . A% B Barly mononuclear stage 1.57+0.03 cC 0.66+0.03 cB 1.1940.04 cC 0.76+0.03 cC
zz;ermg B Late mononuclear stage 226+0.08bB  0.98+0.04aA  229+0.04bB  1.02+0.04 bB
— %% Binucleate stage 2.80+0.12aA  1.07+0.06aA  3.55:0.05aA  1.27+0.05aA
KA VU 434S 1] Tetrad stage 0.85+0.02 dD 0.43£0.01 dD  0.49£0.01dD  0.58+0.02 dC
Late _ A% A Barly mononuclear stage 1.06+0.03 cC 0.55+0.01 cC 0.72+0.01 cC 0.68+0.03 cC
Z]t(;;&;ermg K% 3] Late mononuclear stage 1.7740.02bB  0.64+0.01bB  1.72+0.02bB  0.97+0.01 bB
% Binucleate stage 2.22+0.05 aA 0.84+0.01 aA 2.63£0.02 aA 1.19£0.02 aA
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Table 3 Morphological characteristics of floral organs at different developmental stages in radish
MR E I TERE AL TERE A B
Microspore developmental stage External characteristics of flower buds Internal characteristics of flower buds
VY53 TETE B, 56 40 38 A FR A5 ) TeZjR skt

Tetrad stage

fully enclose the internal structure

LRI
Early mononuclear stage

PR T 3R L

wrap tightly around the interior
LA
Late mononuclear stage
to show a slightly unfolded state

iz TR, AL T TIT
Binucleate stage

has partially opened

The flower buds are extremely small; sepals are light green and

The flower buds are small; sepals remain light green and still

TERE R BRI, WAL S R RTINS

The flower buds are slightly larger; the top of the sepals begins

The flower buds are significantly larger; the top of the corolla

Anther is light green
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Anther is light green
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Anther is yellow-green
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Anther is yellow
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