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Research on the key factors influencing isolated microspore culture in

broccolixcabbage hybrid
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Abstract: The broccoli x cabbage hybrid materials can produce various gamete types during meiosis, generating new
resources with significant variation. This contributes to optimizing the isolated microspore culture system of broccoli x
cabbage hybrids, obtaining high-quality broccoli double haploid (DH) plants, and enriching germplasm resources. Isolated
microspore culture was applied to F; hybrids derived from five broccoli and one cabbage line to investigate the morphologi-
cal characteristics of flower buds at different developmental stages and analyzed the effects of key culture factors-including
genotype, sucrose concentration, cold pretreatment duration of buds at 4°C, and heat shock duration of microspores at 32 °C
on the embryogenesis rate. The results showed that for all five F, materials, when the P/A(petal length/anther length) ratio of
the flower buds were between 0.8 and 0.9, the proportion of microspores at the uninucleate late stage reached 60%-70%, indi-
cating the optimal sampling period. All five materials produced embryoids, with embryo induction rates ranging from 0.52 to
16.79 embryoids per bud. Material H1(23ZXQ1xLC8)exhibited the highest embryo induction rate at 16.79 embryoids per
bud and was subsequently used for further pretreatment experiments. Pretreating microspores in N17 medium (NLN liquid
medium containing 17% sucrose)resulted in the highest embryo induction rate of 8.93 embryoids per bud; Pretreating flower
buds at 4°C for 3 days yielded the highest embryo induction rate of 10.01 embryoids per bud. Treating microspores at 32 °C
for 3 days achieved the highest embryo induction rate of 17.96 embryoids per bud. In conclusion, P/A ratio between 0.8 and
0.9 corresponds to the highest proportion of microspores at the uninucleate late stage in broccoli x cabbage flower buds and
can serve as the criterion for bud sampling. To significantly enhance embryo induction efficiency, flower buds should be pre-
treated at 4 °C for 3 days , followed by pretreatment of the isolated microspores in N17 medium at 32 °C for 3 days.
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Fig. 1 Characterization of microspore/pollen stages of buds at different developmental stages
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Note: a. H1 undergone different vernalization time; b. Petals and anthers from two buds including majority vacuolate microspores stages under-

gone different vernalization time; c¢. Microspores from the bud undergone vernalization for one month; d. Microspores from the bud undergone ver-

nalization for three months.
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Fig. 2 Characterization of H1 undergone different vernalization time
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Table 1

Petal/Anther of plants buds including vacuolated microspores stages undergone different vernalization time

g R femEK ez ez R SLE
Code Yernahzatlon Petal length/cm Anther length/cm P/A Fr.e quency of vacuolated
time/Month microspore/%
H1 1 3.2~43 4.1~4.5 0.79~0.95 60.7~68.9
3 2.6~3.7 3.4~4.0 0.76~0.93
H2 2 3.4~4.4 4.2~4.6 0.81~0.97 58.7~67.3
4 2.9~3.7 3.6~4.0 0.80~0.93
H3 1 2.7~3.9 3.8~4.2 0.72~0.94 62.4~69.6
3 2.4~33 3.2~3.6 0.74~0.92
H4 2 2.7~3.7 3.8~4.1 0.71~0.90 61.5~70.2
4 2.4~32 3.2~3.5 0.75~0.91
H5 1 2.8~4.0 3.9~43 0.72~0.93 63.9~71.4
3 2.5~3.6 3.4~3.8 0.74~0.94
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Fig. 3 Results of different genotypes used and embryos obtained for isolated culture
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Table 2 Results of different genotypes used and embryos
obtained for isolated microspores culture

gy EEH Hi K HE /)
Code Flower bud Embryo Embryo formation rate/
number number (Germ-Bud™
H1 24 403 16.79+1.06 a
H2 23 12 0.52+0.04 d
H3 32 61 1.91+0.02 ¢
H4 36 33 0.92+0.03 d
H5 36 345 9.58+0.12 b

T FAIAN RN P RERORAEBEEZE 0.05 KP2ZER % . T,
Note: Different small letters in the same column indicate signifi-

cant difference among different treatments at 0.05 level. The same below.
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Fig. 4 Effects of different sucrose concentration on embryos induction number
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Table 3 Effects of different sucrose concentration on
embryos induction efficiency
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Sucrose concentration/% Embryo formation rate/(Germ-Bud™)
9 0.52+0.05 ¢

13 4.16+£0.09 b

17 8.93+0.32 a
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Fig. 5 Effects of 4 °C treatment duration of buds on embryos induction number
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Table 4 Effects of 4 °C treatment duration of buds on
embryos induction efficiency

4 °C LTI 7] D
Time of 4 °C treatment/d Embryo formation rate/(Germ-Bud™)
0 3.02+0.05 d
! 5.16+0.04 ¢
2 6.93+0.09 b
3 10.01+0.13 a
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Fig. 6 Effects of 32 °C pretreatment time on embryos induction number
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Table 5 Effects of 32 °C pretreatment time on embryos
induction efficiency
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Time of 32 °C treatment/d

HRER/ (IR
Embryo formation rate/(Germ-Bud™)

0 3.33+0.15d
1 9.57+0.26 ¢
2 14.89+0.99 b
3 17.96+0.13 a
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Note: a. Cotyledon embryos; b. Embryoid proliferation; c. Embryoid differentiation into buds, same brown and die; d. Multiple shoot;
e-f. Regenerated plants.
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Fig. 7 Plants regeneration of embryos in broccolixcabbage hybrid

A 800 - a 800F b 800 ¢
s E £
S 600 | & 8 000 | F 3 600
& 3 X 5 ;: X 5
X 5 23 ‘ =22
25 400 §F 2 400f | = £ 400
5 2 B2 i )
' o 2 & i =5
z g g 5200F [ -
= E 200 = . 3 200
~ 1 A
0 A i N O_ e th A 0 A,
0 20k 40 60 k 0 20k 40k 60k 0 20k 40k 60k
AEX 9t i B HERE 5 e i JEE AER 9 i B
Relative fluorescence intensity Relative fluorescence intensity Relative fluorescence intensity

AR OCE E PR BRI B /ME T F A B R R a0 IR AR b, XU AEARIE b s o TR A AHERE
Note: A. Flow cytometry analysis of regenerated plants; B. Different ploidy characterization of regenerated plants. a. Control plant; b. Double

haploid regenerated plant; c. Haploid regenerated plant.
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Fig. 8 Ploidy observation of regenerated plants

- 138 -



5512 3

Pttt , 4 . FAESOH BRI B /M T B RGBT AL

X ISR 5T

T I A AR R 2 B BILAE 20K Ak, XU
e, T R ARG R B, A AR K/ 5 0 T A
MRAIL — B /M55 9 AR AR R vh 2y 1 e L
£ 10k 4b, %58 NG 1A, AER T B REAR I A 45
e, TR, TR v OO A /N

3 WieE4iR

[F) — 255 (K] B4 R A AT 2= 74 DA R K P A 3 5 5
WHEINTIESAAAEZE T, A8 = EC TR I, FIAK
H /M T RSN, yIE I B
WERKERK T RIS KR, BAC R, 168
KN T W E ), SR E AL A R 3, 1673
KB [F] AR R AR 1R B 3 BEAS [F], [R] O B A S
AN &5 LUAS ], DAAERE R/ME S BURE bR i 2
PR ZE o ASTIE FUAE XS A RLEAT AN [R] B[] 35 4k b
USRI, /N T AE T B A% SE L IR AR KA
7], AN Be LAAE 78 K/IME N EUCRE AR E , 5 10 N7 45
R

R AL PN 20 3 A 45 3R OK SR AT AR 35 X
FERFFE I, 24 P/A 9 0.85~1.10 I, 4875 b /N 1
F BT HAZIG I, IR ARSEPEXT 14 4 DU A5 44K
H AT I6 S R AT E K I, P/A 5 0~0.5 ],
BEBR /N T S Rm . AR S
TS H AR P/A 8 0.8~0.9 B, HLZ SE 1 1]
N EEA 60%~70% , P/A I 5K [ 2 AL IR [R] ZE
Kl A R K EAE , W E R AR o DRI AE SE B
HURE I R b, IR I F0 A4 R A PR 55 55 DR 3%, 1
JE b T FRAR SE I AR AL FRAE , ORI B 2 b T 10
AR AR /NAT R TR SR8 5 B ke W 52 AH 45
A5 3 Vel T R R R R 72 S SR P R

BRI AR T HUNE T IR R AE A ZE T ke
PR EZ —, Of MRE SR, T BT A 25 R Y
HRAEIS T OIRARS22429 R ST BREEPIRIE T R B, AN
[ SRV Hb ) AL IR R IR A AN, h E &
T 11 5 P R VR e g, AR ARz, R P
FhEAT I B /N TR IR, ROR A 4l 4> S A e
A IR AR 5 v 2% M8 S PIPE X 32 A0 O R IR AT
BN TR R R, R 18 MR Re g i 5
HRAR A, 5 5 RN 56.25% ; 25 4 2520 10 4y
A NHHTETROR I, A 3 R AT S AR
A, IR R B N 8.21 IR, IR R A ARI AN
2.82 e, ARIG S H A RIS BRI 5 IR A
{HORFE IR FAAIE R 25, X 50 N4
B8 b A L R R B N R SR R

W = AR IR 7 10 (D 2R R RE 15 5 5 I
RAE s (2)1% 5 R AL SRR 1 IR 22
TERZHAEY)INE TR TR, AL B A 2
AT ERSR Y, B8 1N I T AR AR A e A
TR G @AT, B I A B 07 20 IR AL 2
POBE . BTSN SO E AL E L 4 CCIRIR AL 5
RI, 5 KRR T A LG, IR SR A T P,
M ASHIE TR 5 AE 8 H AT AE 4 °CIRIRAL2E 3 d,
RS E S . RS RBAIED T, 30~35 cCHIK
ARFR T B /N T 12~72 h AR I A — el b B
77 A0 B TSR], P AL B R R I T
A FTASIR] AW TR 75 48 5 < H T A R 25 /N 6
T 32 CCRVBAL L 3 d J5 , R iy o B /N
THEFR IR T AN AT BRI, BRI R B R A
IRV, RN RS R #5557 NLN K
5 B IR IS [F)R P82 1) FREARE , 6 SR8 R AT RS 77
I, TEE 10% 60 3 F7 Fe b, H IR 2 dge vy, T AE 2
16% e B RE TR dk op N T IR R B AR, AW R
WS 1T%RERER TR /M T R 2 ey
gi BTk AR /N T B R, FE DR AL N A T
JRAR S 5 %505 BA B, R 3 R L R T A
[F) R0t S 2 22 s IR AR 5 MR R B 2 IEAH G
N17 AE Bz 5 VR 28 5 (IR A AL 75 I W) 52 1EAH
K AEFEAE 4 °CALPE 3 d J5 , th VR 2 5 i 5 H IR 2R
/NP AU ) R SE T3 i, 32 CCHRVEUR BE 3 d
&, IR F R . B AU EE SR O T AL S M T
BRI Bt 1 PR AR R .
S 30k
[1] 25, XURME, S RUK, 5. = 107 3R 75 A 528 4% & Rt
FOHERET]. T E B3, 2021 (1) :33-40.
[2] ARfde, RIS BRAIR 45 2520 @ 3R 30U 2 /N T3 TR A
HERE[D]. AR 52541, 2022,12(3) : 44-49.
[3]  XifRig, sk, 24, % ) DH BEAKEE K 1958 5 T 8L
TE[I]. bR 24417, 2015,30(2) : 156-160.
[4]  FREEX, XL, e, S T BT R R AR A B
TEH AP R 0] v B 2024 (5) - 75-83
[51 TRk ANGEBR 1 50 H 18 i 25 /N 7 15 3% J LR DY i Ak 1
Y5E[D]. B RURR 52,2022,
[6] KMET, Jufhah, T, % . 4 MR /ML TR R R AR
A [I7. P E JREE,2022,35(2) : 34-38.
[7]1  WUKZR, 580, Tkid, &5 R T IR I i /N T 15 9% IR B A
HFIE]. 6771 25, 2022(23) :29-37.
[8] WhAk&, skieth, TREH, & HiIEH Mg H s SHikEp]. +
[ J3%,2015,28(6):36-38.
[9] KM, W FRE, A8 46, 55 K EZETRIE DH R 5
KB [I]. bR 2R, 2024,39(3) : 187-194.

+139-



X ISR 5T

hoE R

e

oK

38 %

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

SRIme s, WAk EG  RHE 45 T O S il B G 1) A SR BB
I HE[Z]. FM Vo 8 AL R B Il 90T, 2018

FENIA . SEACWE R /MU T B R BORBIETE Sz SSR #4051 A ik
55 RN HI[D]. B A 5 A KA, 2022

RIAIR . AGEER A SN TE AT 28 /M5 B R BRI WETE (D).
B AL B RN RS, 2014

5 FFIESRANIERESE DH A 1 1 1 [D]. 28 FH = P B AR LR
%,2020.

ZENG A S, YAN J Y, SONG L X, et al. Induction and develop-
ment of microspore-derived embryos in broccolix white-headed
cabbage hybrids microspore culture[J]. Euphytica, 2015, 203
(2):261-272.

PURA T /AME TR A
FRAOL R 2,2019.

FEFE . WA S S T AR S AR 4 2 2 M [D] . E K -
PiRE KA, 2010.

SEGUI-SIMARRO J M, NUEZ F. Meiotic metaphase I to telo-

GG [D]. TERA - i

phase II as the most responsive stage during microspore devel-
opment for callus induction in tomato (Solanum lycopersicum)
anther cultures[J]. Acta Physiologiae Plantarum,2005,27(4B) :
675-685.

RIS , FERAE, X058 , 4  BUMRI K 38/ 3597 o+
Y [T] LI A AL ,2019,47(10) : 141-143.

Wil A 5205 B R, 2 3 = L ASORT H  FE 3 2 e
SE[I]- bR R 2, 2024 ,63(4) : 78-81 .

TS, A9, A 303, 4 R R /MBI TR ER B g 2
# DH R[J].FhT,2024,43(1):137-145.
AR, sk BT R — Wl PR IR AR 25 8 3R BOR AR R (R
FE I NG 7 B 4k QA AR RRD ,2005(2) : 94-97
TR, KA, B ML, 5 ASSE R S0 2 /N 755 70 SO R

£ 140 -

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

(31]

[32]

[33]

[34]

FRAERE T[] AZ AR 2441, 2019, 33(2) : 240-247 .

XBeZR, 575, d )11, 45 DUAS MR 1 SR 5 /M F 3R IR B R ],
[ 252741, 2023,50(12) : 2641-2652.

KIM M,JANG I C,KIM J A, et al. Embryogenesis and plant re-

generation of hot pepper ( Capsicum annuum L.) through isolat-

ed microspore culture[J]. Plant Cell Reports, 2008, 27 (3) :

425-434.

SHMYKOVA N, DOMBLIDES E, VIURTTS T, et al. Hap-

loid embryogenesis in isolated microspore culture of carrots
( Daucus carota L. )[J].Life-Basel ,2020,11(1):20.

AL AT, SO, 55 T ARSI TR 7R R AR AR R AR

L [J/OL]. 5 FHY B F L 2023 1-9[2023-12-01]. https:/link.

cnki.net/urlid/46.1068.5.20231130.1544.004 .

FRALIGE 2R, W Z R 5 R TESEE B/ IME TR R IR R

LR R[] LA AR 23R, 2010,26(6) : 1319-1322.

A, BN, £, A L BONE SR B /N R AR 5 S
FUI]. KA AL, 2019,25(4) : 11-14.

Aol KRR, Kz, 25 00 MR/ TP R LR E

R[] 1 & 53R ,2011,38(8) : 1539-1546.

Bl B A OB IE T N TR IR AR AR A TR

M. 5 PR E R, 2018,16(21):7104-7111.

PHL, R VPR, A5 AN RIA B 5 VR TE T B /N T H IR R
GREMAT] AL IR R R, 2018,46(8) :39-42.

FhAkUEE, T 00 , R 55 AN RN FiAL BN 5 A3 /M T

WRRG R A B[] . b 254, 2015,42(3) : 563-568.

TR, i, R E RS RN TR IR O R W ATLT].

FhF,2022,41(5):144-148.

Wby R T L, S SR i B /N 3 3R T 5 5 57

FERA[]. T AR AL EL,2020,47(5) :37-43.



