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Physiological and Biochemical Characteristics and Transcriptome

Analysis of Male Sterility in Zucchini (Cucurbita pepo L.)!

GAI Shaojie, SHEN Qiong, LIU Jiangtao, WU Junxin

(College of Horticulture, Shanxi Agricultural University, Taiyuan 030031)

Abstract: Research on abortion and the mechanism of Cucurbita pepo L male infertility is of great value for promoting breeding and
hybrids production. Taking the male sterile plants (X-MS) and fertile plants (X-MF) of zucchini as test materials, through
transcriptome sequencing, as well as the determination of endogenous hormone contents, antioxidant enzyme activities, sucrose and
starch contents, the results showed that from the tetrad stage (T1), early uninucleate stage (T2), middle to late uninucleate stage (T3),
binucleate stage (T4) to two days before flowering stage (T5), the endogenous hormone contents in X-MS showed deficits and other as
the development of flower buds, the antioxidant enzyme activities showed abnormal changes, and starch and sucrose contents
generally showed a shortfall trend. From T1 to T3, 1,947 differentially expressed genes were identified through transcriptome

sequencing, among which 911 were up-regulated and 1036 were down-regulated. GO enrichment analysis indicated that catalytic
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activity, binding function, cellular process, and metabolic process were the most annotations in molecular function and biological
process. KEGG annotation found that the differential genes were mainly enriched in pathways such as plant hormone signal
transduction, phenylpropanoid biosynthesis, starch and sucrose metabolism, and amino sugar and nucleotide sugar metabolism. By
analyzing the pathways of plant hormone signal transduction, phenylpropanoid biosynthesis, and starch and sucrose metabolism,
further screening for genes related to peroxidase, sucrose synthase, and IAA. These genes may play important roles in the pollen
development process of zucchini of male sterile, and provide a reference for further research on the molecular mechanism of male
sterility in zucchini.

Key words: zucchini(Cucurbita pepo L); male sterility; physiological and biochemical; transcriptome sequencing; differentially

expressed genes
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B K THIRRHES ™ SR [ KRB D =54, AP b 30 FE A 61176 0 7 7 {2 o A 8 A . 3 B A
W, “+=H" bk, REEMSHSEFBARGRR RIS G — R a1, KA T 5/ a3
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1.1 kiR
DA L 7 A K 2 2R BH X 36 25 b 7 DR e AL 1 78 5 7 P AN B R (5 X-MIS ) ATH] & R (5 X-MEF) iy
WIS RE o RIS RE SRV T L 78 A b oK 272 78l 25 27 e (1L 7 28 AR Rk 27 e i SR AP 9 ) i T B3 1 BA . 2023
RIS 50 FLNELE i, KA -k 7 55 €4 30 Bk, FREE 0.6 m, 4THR 0.65 m, &S B
2024 R AFIE S0 FLKELE v, M A T RE ML 55 € 1 60 R, ARFE 0.6 m, 4TFH 0.65 m, HWRIBIGE
B,
1.2 5%
12.1 EHEHNEE B 9: 30 ATHCY RIFIEMESE, #id TTC ERINIERE JI2, DI Bl G N 4L 8 0
JI5R: RALIRZ s TOFEATE .
122 FAMBEFEMENE L4 9: 30 AUEEEETT AT RIS (TS LT, REAEMES. 4% /<, b
JETRAE 4°CHIVKAR 6 hs JH 0.1 mol/L BERRZZ A HUIEUE 15 min, EE 3 K [H 30%. 50%-. 70%. 80%-
95%- 100% LB FE LK & 15 min;  JAE CO, I 7 2 T 24X (Leica EM CPD300)H 45 2 h;  7F BTk ST X
H1(JEC-3000FC)M < fli L7 B T334 H 7~ AU BR (JSM-IT300LA) FALEE, JFHrid.
123 MERE2NE B4 9: 30 5T HIHY 7 RIS HI(T1)s BAZFW(T2). A EHI(T3). BUZHI(T4). TF
TEHT PRI HI(TS) 5 AR X-MS 5 X-MF [HEEEE (A2 ), PRAF T--80°CUKFE % F - 1 F SpectraMax
Plus PR ( R ED TR A IR AR, #IBHEY) /8% 22 (GA3, gibberllin A3). 4K Z(IAA, indole-3-acetic
acid). Jii75HR(ABA, abscisic acid). HFIFRJA, jasmonic acid)FFIk S /> Hr ELISA a7 (i@ mi s
MVA R 2w il i B A E . B s 3 IRE R .
124 EAEEEMEME BUFEE 1.2.3. &4 TAEY TR RE) R0 A PR 2 =8 S0 B AR (SOD,
superoxide dismutase)~ i S ALPIEE . o S A0 S I AR 0 e (bl €k ) PR R PR B E . B E R B AR
Ulg. & 3 IRE K.
1.2.5 FERERERME BURER] 1.2.3. {ii/] SpectraMax Plus BEARAX (_FH#EER /> TAXBARA ), FIHALR
R ERHA R A A A= YRR & BRI &, HREHBNEEESE. KRk 3 KES.
BURER] 1.2.3. {8 SpectraMax Plus BEFR X (L EE A7 FAOCGR AR A A)), FIAILHREEREARA
H AR RVE R S EAIAT &, SR B ek A . R 3 IREA .
12.6 #RENFRESFFTIEEFTFIE £ 9:30 5770 EY - RR (T B FH(T2). s
(T3)X-MS 5§ X-MF fifed, BEE 3R, R AEF LR RA AT RNA #2850, ¢cDNA CEH
AT -



FIH % 2°F £ A Fold Change>2 H. Pvalue<0.05 1 Ay i i o it 97 1% 22 57 25 (5,  FH DESeq2 3K {3t AT
DR 22 S Ak o b, DAURT A P R DR 3R AT B s DR - ToU o 22 e DR & 4R 43 #r (fE - ClusterProfiler €% F 8 JLAAT
96 vk & 5 HT, A8 RStudio S ggplot2 GUIER). FE CpActin AN S, A TAY TR
HIR A7 A R H Primer3(v.0.4.0)i% 111 qRT-PCR 5#1(E 1). £/ PrimeScript™ RT reagent Kit 177 G 52
HY )5 RNA 5% cDNA. FH TB Green® Premix Ex Taq TM IT k76, 8L sz 98 % & & PCR £4;
BEAT PCR 438, 3 YR BIAR 5 o 15356 DR b o 2 d2k BB SR B 7 9 2-88CT %, 22 B T LA Y ¥ GraphPad
Prism10.

&1 EBTROLESE PCR 51451
Tablel Primer sequences for gRT-PCR

FER AR EiE5I(5-3) TE5I(5-3)
Gene name Forward primer(5-3") Reverse primer(5'-3")
CpActin CACACAGGATACGAGTGG GCAATATCCTCATACGGTGG
Cp4.1LG15g02520 TTGGTTTTACTCAGTGCGGC CGGCAACAGCATCGGATTTA
Cp4.1LG04g11350 CCCTCGAGAAGTTCCTTGGT CAAAGCACGAACTTGGTCCA
Cp4.1LG01g13870 AAGGGAAAGGGGAGAATGGG GCTCATCCTCCTCCCCATAC
Cp4.1LG03g02890 GTCCACGGCCAGGTAATTTC CGGAAGCGTCAAGGTGAAAA
Cp4.1LG10g02290 AGTCCAAGATTCCCGTCGTT ATCAGTTTCCTCTCCCCAGC
1.3 BETHh

i ] SPSS 22.0 B X e dim 3t 47y 25 40 M FN 22 5 B 3 EAS G, R Origin 2022 A2 HIH A, .
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2.1 X-MS 1 X-MF #f£ 38 . FFMASER MR R EE

2.1.1 X-MS #A X-MF #1EE . FHAERNERIEMIENEE W X-MS M X-MF HEELE ML TR S
FHEEREZR (B 1D . £ T5, X-MS HEIRHE/NT X-MF HEE, X-MF B0, SemEJ0E 1A); £
HERRTF AR, X-MS HEAEAEME/N T X-MF, KSR/ N T X-MF, HAFiGMma, BIHE, HEERE
t: T X-MF #EER, HIEFHEN (& 1B). 4 RIFBURHEAL I TE0 7S 7 5 45 R KR, X-MS KA GE
5oL, EMATERNO0, ARAFAKF, M X-MF ek R4 0, FEERTEIIE 93.98%, HABIRMEH
5 71(El 1C).



A: TS5 ) X-MS(%)F1 X-MF(#7); B: HRIFAEM X-MS(ZE)F X-MF(4); C: X-MS(Z)F X-MF(4){Ehi 71 % &
A: X-MS(L) and X-MF(R) at TS; B: X-MS(L) and X-MF(R) bloom on the same day; C: Pollen viability identification of X-MS (L) and X-MF(R)

1 X-MS 7 X-MF $EEMA BB ERLES REBENEE
Fig.1 Male flower bud and blooming flowers differences and pollen viability identification between X-MS and X-MF

2.1.2 X-MS #1 X-MF S BEME TS5 1) X-MS Al X-MF S e e 2. Hd, X-MS [{
HESHEVIT, fEMBEAZE2RE, HMBENDT, BFELERRIEHR, TR, 1A ILE 2A. B,

C). X-MF HESSREDIT, 1ok 38 B A s i fe kL, fekiekiA gl R, AIEmL(E 2D, E. F).
- ;e ) ] ‘.' C p— -

A. B. C 702 T5 [¥) X-MS HESREDIE . {63, F=4EMmHR: Dy E. F 20702 T5 [ X-MF mESRUI T . {62, fEkL
A,B and C are respectively stamen cross-section pollensac and wizened pollen grain of X-MS at T5; D,E and F are respectively stamen cross-section pollensac

and pollen grain of X-MF at T5
2 TS5 9 X-MS F1 X-MF VI B RN E

Fig.2 Scanning electron microscope observation of stamen cross-section of X-MS and X-MF at T5
2.2 NEBFHA X-MS 1 X-MF iR ERNRERESENTL
NI TR IRE R PR ER GA3. KR BIERASEFIRR & &0 X-MS e R Fwm, i
V943 AR I H(TT) SAZ BIH(T2) Bk 5 (T3) XUZIH(T4) FEAERTI RN H(TS) 5 AN SHREAT 1 AH G

E, HiRILE 3.
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IRELARFARUERZE, AF/NEFEEFRIRFEN X-MS and X-MF WM E /KT 257 83 (P<0.05); FFH
The error line represents the standard error, and different lowercase letters indicated a significant difference of endogenous hormone contents(P<<0.05) between

X-MS and X-MF at a same stage; The same as below
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Fig. 3 Endogenous hormone content changes in male flower buds of X-MS and X-MF at different stages

X-MS 5 X-MF {E# /58 R GA3 S RABHIEA -, ZIZH LIHES . /£ X-MS 165 ARt
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Z GA3 HFEEERT TL 1 X-MS; [FFf TS 19 X-MF 6 &R E X GA3 SEEEHT T1 i X-MF.
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Fig. 4 Changes in antioxidant enzyme activity in male flower buds of X-MS and X-MF at different stages
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Fig. 5 Variation in sucrose and starch content in male flower buds of X-MS and X-MF at different stages

X-MS 168 MFEHE & RIRAE T1 B35 & T X-MF 68 W& 240, HARJE 4 AR H# R EET X-MF;

3 — D AN RN R 25 o AR WY, T1 ) X-MS FE 3 I RERE & i 1B S YN ) X-MS. 7
Tl1. T2 M T5, X-MS M X-MF {8 Rk &R/ A 278, X-MS EENER &2 2EKT X-MF. %
EFTE, T 2] T2, X-MS 16785 RN & & 835 T RERIBE J5 0 5 8k, AR IERm & 8IS BkiThe 5 X-MS
2.5 BREAMFERTH
2.5.1 X-MS #1 X-MF #HEMNFHIE S FIH lumina HiSeq 2500 JI/57°F & %+ T1. T2 A1 T3 [ X-MS Al
X-MF EE TR FHNT, 33548 114.84 Gb Clean Data(201d 2 K2 S MM 53 B OB ), 5 E S B3 00 e
JFEAE Q30 7E 94.96%LA . X-MS T3R5 21,129,870 clean reads(i i &7 41). Lt 5] 2% FE R 41— £
B reads(FF)EH Hv 37 768 723, (LT reads [ 89.38%. X-MS [f] GC ¥ & &N 45.18%. X-MF T
315 21 546 174 clean reads. bt X} 12525 5L R 4L ME— 7 B 1) Reads 1 H 4 38 099 680, i /T reads () 88.53%.
X-MF 1] GC “F¥ &5 45.15%.

FI ] DESeq2 # A4 347 AN [A] B 31 2= 57 2% 78 %5 [Hl (differentially expressed genes, DEGs)Zr#7, 7E X-MF vs
X-MS H)=AN e, SLEER] 1947 DERRIEER, Heh o1l A E#, 1036 T, 7 T1, L3R4 561
NEFRFIBEFERA73 A B, 388 AT 1E T2, HIRE 529 A7 EEFERE 215 4 L, 314 AT )
£ T3, 3R 1132 MEFRIEIEF (739 AN ER, 393 N, HAim A EERENT T ERE, W
BN LSRR T TSR, BERERE, ERRBERFREHZER.

252 ERREEENEESH it X-MF vs X-MS AR 12 7 £ IA R GO BhhE & 0 KB, 7 level
1 KT b, #E TIIRER P IER R 2 KON EIE MRS & The, TIAE AN RS R 2 1 i
AREMABIE R TL A 143 A R 339 N TIRZERREEFS S T 31 4 GO ThRE RIT. H A AL ENE
SEAThAEE. AR, AR FE A 248, 225, 241, 204 4~ T2 A 153 4~ LA 249 AN N iz R RIA R
K257 314 GO Thasr 2RI, b iimtk. g4 Thae. 0. (R 5A 198, 179, 187,

165 4~; T3 f5 618 D LM 295 N NFERKIERANS S T 31 4> GO ThRE 2RI, HPMALETE. 4557
BE. 4. ML FEHIA 469, 425, 432, 384 4. 1E level2 KF L, T1 ZREEENFEEEE
FELE B I ZH B84 (GO:0016021) A3 IR A(GO:0048544). it AL A 7 il 2 (GO:0042744) %% 77 1HI (B 6A).
fE T2, Z2RRIAHEF FE 3% 5 AL FAD 4552 (GO:0071949). B IS 8 (IHE(GO:0051119). Bl %
M.(GO:0006952) M4 643 (GO:0016021) 55 7 T (B 6B). 7E T3, % FRGIEFFEEZE FRAERNA
TR A LA BTG 1 (GO:0045548) . AFERR A& T FE(G0O:0009800)  L-Z 74 & AR i i F£(G0:0006559)



XA RIS [ B (GO:0006979) I A fiid FE(GO:0042744) % 75 THI (K 6C).

N T B2 T RAE X-MF vs X-MS W) 22 53 R IE B K 1) AR 2 Thie, K %08 B 2 7 R I8 L IR AT
KEGG 732878 . 1 T1, 225 D& FRIEFERFBIERES] 94 > KEGG — @K . FEM IR (E BACBEEHE B,
FEA 21 MEY) MAPK 15 518 8%(9.33%), 14 MEMFERE T155(6.22%); EABHKRERK S, EEH 24
NRIEFERZ BRI (10.67%), 20 MR LERAEYI 5 15(8.89%), 10 MEH M EERE A (4.44%). 1E T2,
171 N2 FRIBEEF W ER 2] 94 > KEGG — Ul . (ENEE BAAFRMEN T, FEAH 16 MAMHE
515 5(9.36%), 8 MEY) MAPK 15 51l #%(4.68%); fEAHIZEMER Y, FEZA 13 DMRAHI(7.60%), 9
ANEIERR A A H(5.26%), 9 DEFBERED A (5.26%), 9 DIER AIRERCE(5.26%). £ T3, 442 4
ZE R RILFERPIERES] 112 N KEGG — B K. 7EM (G BRI, TEA 45 MEY MAPK {5
T (10.18%), 36 MEMIBRIE T £ F(8.14%); ARBRIER S, FEAF 35 MEELREDE R
(7.92%), 28 MACHH(6.33%), 23 DNRAIENENAZHERAE(5.20%), 23 MEM A EREICHH(5.20%). SR A
B, PRELE LB T b H B WY MAPK {5 S5l MEYIMRE &S AR pT & EhlEs 2
NRWRERAEDE R R R AR BERIWAEY SR AEEAIZETRERNS. 27K
R R BRUNERR Z, R AIE 22 @B ARENERERE. BEEREEREER 20 %8
FERBEAT RS ] S5 RER, (£ T1 BZH RN TR RNRRAEN & K. ABC Fiz A5
(K 6D). £ T2 FEAB-WRBRMAY . o- WARBRAN . HEBRAW . KAL MRAEWE RS (E 6E). £ T3
FEHARNFEREY G N HY) MAPK 5 5188 SRR T AR A 55 (B 6F).
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