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Transcriptome analysis of hormone-induced embryoid formation in un-

pollinated pumpkin ovary

ZHANG Zixia, LIU Zefa, TANG Yulong, LIANG Zhirui, ZHU Hailong, CHEN Ziyao

(Hunan University of Humanities, Science and Technology, Loudi 417000, Hunan, China)

Abstract: Induction of haploid by in vitro culture of unpollinated ovary is one of the important ways of genetics and
breeding. In order to elucidate the molecular mechanism underlying hormone induced embryoid formation from unpolli-
nated pumpkin ovary , ZJ-13-2(Chinese pumpkinxIndian pumpkin)was used as the material in this study. Auxin and cyto-
kinin were used to induce embryoids at the differentiation stage. The results showed that the induction rate of embryoids
in the medium supplemented with cytokinin and auxin (1.0 mg-L"' 6-BA+4.0 mg-L"' 2,4-D + 0.5 mg-L"' NAA)was sig-
nificantly higher than that in the medium supplemented with cytokinin only (1.0 mg-L" 6-BA), which were 32.1% and
13.8%, respectively. Transcriptome sequencing of embryoids from both treatment groups was performed to analyze differ-
entially expressed genes(DEGs)influencing embryoid formation under hormone synergy. A total of 1197 DEGs were iden-
tified, comprising 675 up-regulated and 522 down-regulated genes. Go and KEGG enrichment analyses revealed that
these DEGs were mainly enriched in plant hormone signal transduction, protein processing in endoplasmic reticulum,
starch and sucrose metabolism, and secondary metabolite synthesis pathways. Further analysis identified 441 transcription
factors (TFs) belonging to 47 different TF families. Key TFs, including CRYAA, CRYAB, HSP20, SKP1, BKII, and
BZR2 exhibited significant expression changes, suggesting their potential regulatory roles in the embryogenic process of
this pumpkin variety. Additionally, HSF family members were found to interact with other transcription factors such as
WRKY, bZIP and MYB, collectively regulating the expression of heat stress responsvie genes. This complex regulatory
network not only plays a key role in heat stress response, but also provides actionable molecular markers and genetic re-
sources for constructing an efficient haploid induction system in pumpkin, thereby accelerating the fixation of important
traits and the overall breeding process .

Key words: Pumpkin; Transcriptome; Embryoid; Hormone synergy
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A B AR 7 Rt B R R 5, A
P B PU e 8 B TR E S5 R ) 2R B AR
PO AERBRICE N Iz P . A, R R
YR A, SRT , KA E 1)k F T R AR
R il M i 25 AN 2, ME DL LG 2 1 2R T 30 i
i ZFEAGE A E ) K . BIEE RS R (Cucur-
bita maxima) [R| F P BORG « R VR 1R 02 AR 12 %
S e B AR PR N R R
AR AT RO . R B AR AR R
550057 VR B R T 2% 5838 v b, A& 4 T3 T e I
v 56 G I OCEEIA T o B I R R T B AR
753 B AR O RA TR A ) 2k A R R RUR AR
X T4 55D LR AL — R O A RS 12 PR AR
TR, WD H S 7 MER B AR R Rk R . SR, Zou
SECHRIE , B R R T ] e SRR A8 B JICOR B4 1 5
A RARAR 75 3 AN 0.51% , H AR RIS FEAE AL
T R AE T 10 4 B TR RHIEAT MEAZ B ARG IR K
AT M RE /559 . Song St —UE A, il
Tk R B IR AR AR, AT B A T o R R R R A
PR LR AR, R 558 RN R AT
= RN RS N7 ¥ K (SR B K iR NN 7RSS
R, BE8 R TINAR A8 IR 18 4% 50 R AGET M & 32
BB R BR AT

T ) B A8 P AR AR R A A2 P R A 3y
WEFE 7 1), EEEAEAE IR B AR B4R, H— il i
A5 588 E 70 A SEEUARE R B A s ) i
B RARAR i A2 i A% S8 OB R PR A2 o AR TR0 3, 1
VA2 MR A AT L A U M R T R S R
(R AL Ao 1 45 B AR F OV 18 AR S Ak &
MR ERAR 2R R G, U AF R, PR 4 i VR P AR 85 7%
HAREZ VM 7S N IS 7k, KA
T TR I AR L i ™ AR R b 1 R K
He 21, DA % 245 FAAE ) 4 g R RIASE XA A S 2
S YA R 20 R VR AR AR & L S AR Ak B A DG R
8. P JINAERRARAR S T SHE AR B AR 7 T B AT
FEXH IS 5 B A R T i — 8 A 1 3 HL AR E 1Y
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FE DRI P ) R R A A R AR AR R A A
TERE T 2 g4 . e s A PR A Dy re A R 4
PR R E TR, B RS S A HLE AT R
B AR IR I R A, N AIME AR B2 AT B A 2 2R
2GR B R T8 B R A T RE I R R R A I 45
W2 o BN FHEARC ZNHT 2 MEY T

HEREAM IR R E R AR K E
B 5T, % 4R O P 38 s 8 48 (Gossypium hir-
sutum L)™' KA (Pinus L™ 2 N (Raphanus sa-
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sis) "\ F% ¥ (Litchi chinensis) "\ 1% & % (Heave

19 20] A
[ [ ]_%_E
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)4 0 e 5 AR AR ) SR B R R R R S 1R
B s AERF IR AR B AL I 7E 05 T8, B 0 A% Bk (Juglans
regia L) TGl & A5 (0 73 1 WL A AT, 9 AR A AR
VISR R R R FH AR AR E T %
SE R A .

SE 5 LU IR (8] 2 22 2 A il B i kL, 1 Bl e
SRR R AN RN ECER AL BT B TR A4 175
PRAFAE L Z R WREAREAT TIRIEW R0, B
T i 178 7 R R AR5 i B v 22 S 0 I O i
» DL g 4 7 T TR IR A4 5 A2 0 2 B i A 2
WK , I A TS A 7 AR A 2 L ST s AR
5E B RIR 1A 5 S 1R B8 BB FEALE

1 MEETTA

1.1 #H

R FE b Fh ZT-13-2 (b [E B R ENEE R IO
R A SR B IR B MR EE . BN
T 2024 F 4—7 AME T AR SELINEM 6 5K
Wi. 56T 2024 4F 5—8 HE M # AN SCRH B
AR FR=ITRE. 55 2 MU, T5 E
8: 00 KA AL L RICARB 1 5 ME ik IR Ak}, 2R
Jei 37 BJVH [P A AL SR % = A HE
1.2 7%

a1 5 F /K 396 30 min J5 & NS T
EG H 75% GBI R 30 s, TR K MPe 3 1%,
To B IR AN TR K 43 J5 V) v b 3. DI BRF 5 4
2R 2V E 2 R IR ER, SR AR ) D) )
KB FHEUIR 1~2 mm WA U075 A
TN 3% IR ARV V5 S min, i JE B 7K
Wi 6 U, FTC B BEARI /K 43 i o il B A ) 11,12,
13,1415 F W1 46 K 77 2 kA7 IR R 1k 5 5
(R Do BIIFMET 35 °CHEEE &M T Hiat r2
5d Ja, HOEIE 16 hd. )6 858 2500 1x. 5 2
(26+1)°C % T AL FE 15 d, J5 # N S1 4kAC 8% 3%
B EARWFT, IR A S MR, 3 IRER, B
FEEFER 60 NF YA (33T 15 DI,
FEE 4 MR . B34 pH A 5.7+0.1, &
7345 20~30 mL, 121 °C & K K B 20 min. U5 RAE
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Table 1 The composition of media used for unfertilized ovaries culture in pumpkin
Rk PR PGB p(6-BA)/ p(TDZ)/ p(24-D)/  p(NAA)/
Medium Sucrose concentration/(g-L™) Agar concentration/(g-L™) (mg-L™ (mg-L™ (mg-L™ (mg-L™
11 30 7 0.5
12 30 7 1.0
13 30 7 1.5
14 30 7 1.0 4.0 0.5
I5 30 7 0.04
S1 30 7 1.0 0.5
RFEFHA2+SD S EFEFHT4+SOIGHER  HT7E Rv4.3.2 58

221 (200 mg) , 203 Wi EUH I J5 —80 °CIRfE. H
TRIzol 2% 42 U S RNA, £ 1.2% B fig 4 B JI) Al
NanoDrop & Il ¥ 5 5 56 % P (RIN = 8.0) , & % FF
ik A FHEAT mRNA & 5 SCFEM EE X [lumina XY
%t 300 bp M.

1.3 HIESH

TG R IR FHr4E 5d 5, 6 IR BRI K %
AT Bl SRR AS B TR IA B 4k 3% 9%
7 d, S GETT R B IR G155 100 5 I SR AE 85 77 i Ak
B 45 d 0 FEHBEER . 5T RSB BT IR
FIERE , A SPSS B AT 5 2 0 Hr .

I 0 38 o= 53 1) IR TR 50/ 8% K il 7 1) R B S
%100

755 2/ %= O BT R BR A i 50/ 2 V0 VR B
%100,

i F fastp v0.23 (-q20-150) 2= [ 33 5 422 3k )
¥ 5 KA o3 BB S S5, 3R 15 5 T & reads. BA HI-
SAT2 v2.2.1 BRiINZ 0 clean reads ELXT & Cucur-
bita maxima 275 H R H (v2.0) , (R X R >85%7]
FEA . FIH feature Counts v2.0.3 (-s2-p-B) i 175 [A]
AKFi+#. R DESeq2 v1.38 #4772 R £k 07,
%) {8 % N |logFC| =1 H. FDR < 0.05. 1# [ cluster-
Profiler v4.6 JF & GO Ml KEGG & %0 #r. &7

2 R

2.1 FREIHMRLIEXT AR KIFE SR 0

AN F R AR B R AR 1 S 45 R B, b3
D FfIAbHE E M MARAA S SR Bom, b2 B R
13.8% (i tH AR ) , A BE D NALFE B TN NAA Al
2,4-D 513, HiF SR RE L, N 32.1% K
2,K 1D,
2.2 AEIMEGE TR AR A ST
221 #Fwap B B5 D AHAMIRAEHSEAT
BRI, K18 6 R 4R e B 5 A
(£ 3. &% EREH Sd e, 84
FEARIYIRTE T AS/b T 4100 T3 %% /& 5t & 7 41 (clean
reads) , i1 it 2 7 BB A > T 6.29 Gb, Q30 il
LB H 2 ELAE 96.59%~96.87%. IL4h, clean reads
bt 51 3 &= T 98.52% , clean data LV 1 ¥ & T
98.19%.. I /7 £ 4 ot =00 57 , 15 A2 i DX Dy g v R A
IINTEER .
222 EREAZARSA mE 20, LB AN
TR, 2 HAFE LA Y 1197 M ZERRIBEN, K
B 675 AN NI 522 . fE R IEER A,
LOC111472577. LOC111488061 1 LOC111490317
) logiFC ¥J>4 H FDR<0.01; /£ F il & A o,

R2 TRIHZRLETHERENFSHR

Table 2 The inductive effects of different hormones on embryoids

szl I HE TR Ak IS N JVR B I 3 A RS
Treatment Initial medium Number of responding ovules Ovule greening frequency/% Inductivity rate/%
A 11 85.6£10.016 a 63.4+4.250 b 3.5¢1.210d

B 12 89.6+14.294 a 72.0£2.798 a 13.8+0.415 ¢

C 13 93.0+13.453 a 70.2+4.007 ab 5.741.247d

D 14 92.0+13.527 a 75.242.8814 a 32.1+3.067 a

E I5 89.3+8.736 a 74.6£5.619 a 23.9+0.964 b

T = F P 5 AN F) NS P RERIRAE 0.05 KT 2R BE

Note: Different small letters in the same column indicate significant difference at 0.05 level.
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%2 PR, S EA B RTCR IR T B IR P S 25 20 . ons gon)

A TR R AR B E T 55 B, REM T 5V C VIR RGBT 3% KGNS s D. ¥ 75 5 S R4 E. IR 9% 5 d 5 IR ER
JE K F. AR AR

Note: A. The ovary of unpollinated pumpkin on the day of flowering; B. Unpollinated ovary section; C. Slices were immersed in 3 % sodium hy-

pochlorite solution; D. Embryoids were induced in culture medium; E. Ovule enlargement after 5 days of dark culture; F. Embryoids.
1 REMFEIRBERESR
Fig. 1 In vitro culture procedure of unpollinated ovules
xR3 HRNFRETM

Table 3 Assessment of sample sequencing quality

FE b EVGEACT SURIEEAET PURY Y= B T IESS reads A7l TR SR b AL o 1E
Sample Raw reads Clean reads Clean bases/Gb Clean reads/% Clean data/% Clean reads Q30/%
B 1 70 775 642 69 909 626 10.52 98.78 98.44 96.87
B2 85379 984 84312 796 12.67 98.75 98.31 96.80
B3 50 545 898 49 798 122 7.49 98.52 98.19 96.59
D1 42 467 086 41907 346 6.29 98.68 98.23 96.77
D2 43335730 42746 276 6.43 98.64 98.30 96.73
D3 50 696 050 50 024 786 7.52 98.68 98.33 96.82
LOC111478470. LOC111492736 #1 LOC111491168
i) log FC <-4 H FDR<0.01, 7T K LLi 5 A3 -
223 EFRERZERGOFENH ERLILHENK 40
GO &4 KR (K 3D, FE 45 (CO 2 f
TH , 41 P - 48 P 32 4% (cell-cell junction) + iy [7] 32 £2 5 NEE - Down(522)
(plasmodesma) « 3L Jii & (symplast) 5 A 5¢ JE A I 5 20 AR - Up(675)
], 2% 5 40 M D 1 5 2R 5 D 4 SR AL L 40 T '
s 10 8 R (7 R B .
(membrane) - 4 Jitd J& 11 (cell periphery) &5 #H % 2 o = - } :
T, 220 320 R R 1 S W 7 o (Fold change)
AR R, M2 ERRSEEALE
1E45r e (MP) 2 1 , & )5 3 3R 4E (pro- Fig. 2 Volcano map of DEGs
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i GO:0016020 membrane -
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DNA R 48 1 2 414 GO:0009360 DNA polymerase 111 complex -
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A H R4 GO:0043621 protein self-association

SR A5 P GO:0140110 transcription regulator activity -
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2T S R 2 LR 7S £ GO:0045548 phenylalanine ammonia-lyase activity -
IILZT % 454 GO:0020037 heme binding -

. I 2545 GO:0046906 tetrapyrrole binding

JF B 5P DNA 4545 GO:0043565 sequence-specific DNA binding
DNA 454 GO:0003677 DNA binding -
5 544 1235 P GO:0022857 transmembrane transporter activity -

FJPp it SV GO:0009408 response to heat

ERJHIE L GO:0009651 response to salt stress
Xof 1k A AR EU SOBE GO:0042542 response to hydrogen peroxide -

5 [ AR A GO:0008202 steroid metabolic process

X35 3% 1R ST R GO:0006970 response to osmotic stress

o il BE S ) S GO:0009266 response to temperature stimulus
IR R A R SRR AL GO:0051259 protein complex oligomerization *
XA Z I IS GO:0046677 response to antibiotic *

SR DNA BB GO:0006355 regulation of transcription, DNA-templated
WL R 57 1% GO:1903506 regulation of nucleic acid-templated transcription

—logi(P-value)

00 3.0 6.0 90

41140 L % 43 GO:0005911 cell-cell junction-
JiiL 1] 22 GO:0009506 plasmodesma-
L7 & GO:0055044 symplast:
i 3 744 GO:0070161 anchoring junction-
i1 il 7 H2 GO:0030054 cell junction-
LRI o 1 R I U 52 45 78 GO:0005947 mitochondrial alpha-ketoglutarate dehydrogenase complex.
LRk = R IR AG B E A & GO:0030062 mitochondrial tricarboxylic acid cycle enzyme complex -
A /NER GO:0010287 plastoglobule -
KA R GO:0009579 thylakoid-
434k 2K Bk GO:0009534 chloroplast thylakoid-
AT E R GO:0043621 protein self-association-
DNA £ & 3555 [ 13 P GO:0003700 DNA-binding transcription factor activity-
SR T A5 PE GO:0140110 transcription regulator activity -
FINAARE P GO:0004497 monooxygenase activity -
A& 1454 GO:0051082 unfolded protein binding-
IML4T % 454 GO:0020037 heme binding-
Y% 45 4 GO:0046906 tetrapyrrole binding-
2 TN S B 2L RS £ GO:0045548 phenylalanine ammonia-lyase activity -
B T-45 45 GO:0005506 iron ion binding.
LI SR ﬂ?fﬁﬂ:ﬁiﬁﬁtw [l 45 N B0OE J5 23 T4
GO:0016705 oxidoreductase activity, acting on paired donors, with mcorﬁoratlon or reduction of molecular oxygen

0:0009408 response to heat”
) LE’J"I‘"]F{_ GO 0009651 response to salt stress-

235 [E I 10 B2 GO:0006970 response to osmotic stress -

T S S IR B2 GO:0042542 response to hydrogen peroxide-

il IR I E GO:0009266 response to temperature stimulus.
R A R SE S A GO:0051259 protein complex oligomerization.
Yo Bt A 2 A 2 GO:0046677 response to antibiotic.

2 [ B2 AR T FE GO:0008202 steroid metabolic process-

Xt 254 (K10 ¥ GO:0042493 response to drug-

of Al A= P A I B2 GO:0009628 response to abiotic stimulus -

N
Category

ee i

TE:A. ZEFEEH GO BAEFUIRE B, L2 RHEEH GO ®AEMRE C. Mz RERE GO ®AEMRE.
Note: A. DEGs GO enrichment histogram; B. Up-regulated DEGs GO enrichment histogram; C. Down-regulated DEGs GO enrichment histo-

gram.

3 ERFRIEEE GO HEERE
Fig. 3 Histogram of GO classification of DEGs
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Fig. 3 (Continued)
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A7 A N A-ARR, M SAS R RE S,
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BKI1, P} [A] BSK/BSU1 ¥ i 1 =% 2 W g il 25 ;
LOC111475727 5 LOC111473333 % figh 35 1] R ik it
& JART(E 5.

TE PN AR ) B 5N T E B R R A E
17 A ERREER, Hp 15 A8 EERE,
LOC111474026 #: X 4w td Hsp 70 A, HiZ 3K {E
MAPK 55 % Gl % P 5 3% & 4R, 3R HOAMUAE
P is AV R AT & RIEAEH B E A 5 it 7
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Fig. 4 KEGG pathway enrichment analysis of the DEGs
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