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Identification of Sex Determination-Related Genes from the
Monoecious Kiwifruit Flowers
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Abstract: In order to explore the molecular mechanism of the variation of kiwifruit from dioecious to
monoecious, transcriptome sequencing, bioinformatics analysis and qRT-PCR verification on female and male
flowers of the monoecious mutant of Mantianhong kiwifruit were carried out. The results of transcriptome
differential expression gene identification showed that there were 337 differentially expressed genes (DEGs)
between female and male flowers, with 241 genes up-regulated and 96 genes down-regulated in male flowers.
The GO and KEGG enrichment of DEGs showed that compared with female flowers, the up-regulated genes in
male flowers were mainly involved in the metabolism of amino sugars and nucleotide sugars and the synthesis of
secondary metabolites. The down-regulated genes were mainly enriched in secondary metabolite synthesis,
carotenoid synthesis and other pathways. Through functional annotation analysis, 30 potential gender-related
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regulatory genes were identified, five of which were expressed in the secondary metabolite synthesis pathway.

Seven DEGs were selected for qRT-PCR, and their expression levels in male and female flowers were in

accordant with those in transcriptome data. The results of this study provide a theoretical basis for the creation of

kiwifruit monoecious materials.

Key words: Mantianhong kiwifruit; sex genes; monoecious; transcriptome analysis ; gene expression
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ARG PRAPUO I @RS 2 T AR BRI AR Bk
BkJE TR Bk I8 (Actinidia Lindl) , J& M AL 5 544
PRI 21 ANAEFRE 75 3R B0, Horh 73 473 26 R
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Thunb. ) SEEY) S, A LEAEY) HAE S 2 e S bk L 4n
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TN B2 R T 3 FrBy AR HERS (0 A A 45 B 2 40 i
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JEREfR L BR T PRI E R AN RS A
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Fig.1 Female and male flowers on the same plant of

Mantianhong kiwifruit mutant

1.2 RNAHmRIEN . cDNA X EHEFERANF
fifi Fil MaGen #84) & RNA /NI £ (R4151-
02) , BEAE S HEAEAS 10 2 —ANE A, 43 S ER GH K
21 WMEHEAE 3 4~ E 42 19 5L RNA , fifi FH Nanodrop 43 6%
JETFIFAl RNA 4652, JF ] Qubit I 5 RNA ¥ i
Agilent 2100 73 Hr RNA 58 B Pk o 4 o f Al 54
5L RNA 26 FAb Ui R BUE A UG B R BRA
FIHEAT cCDNA SCPERE EE K A S 4l 7
1.3 MFFEE S
I A5 2 1 S 6 T AR TR, SR A
S AN BB S i A 10% DL AR B A 2 B,
5% clean data. K75 %I ¥ clean data {# Ff TopHat2

®1 EREALEEPCRSIY
Table 1 Primers used for qRT-PCR

A Fe X 31 “Hongyang” kB Ak 2 2% BE IR 4 e 51
(https://www. ncbi. nlm. nih. gov, % 5% 5 &y PRINAS4
9770).
14 BEEREKEMEREREES T

FIHI HTSeq B 31538 4 FEAS v T A BE TR Y
%k, i F§ FPKM (Fragments Per Kilobase of exon
model per Million mapped fragments ) X} 41~ 3 [ ()
TR RIIT R . R DESeq #1722 55 KL A
A3 M, R 25 S DR E AT O R, B B 2 M : log,
(FoldChange)| > 1 H. qvalue<0.005, % F GOseq 1 7
GO & 4411, KOBAS (2.0) i#1T Pathway & 447
#r. DEGs.GO & #3718 L& KEGG & 4 73 #r 1
# FH 3 A= {5 (http ://www. bioinformatics. com. cn/)
(B
1.5 LR HEE PCR(qRT-PCR) 5#7

3 ) B PRI S R T R T, BRI 7 A 5 R AL
70 S R M i) e 4 A G 1) 22 S AR AR SRR, T Oligo 7
AR RE RS (% 1) o f# ] Magen 18 97 &
RNA /]y 2 12057 & 482 BORR A Bk e 2 42 5L RNA, H]
TaKaRa PrimeScript™ RT reagent Kit with gDNA
Eraser (Perfect Real Time) i fll & & A cDNA, fif F
QuantStudio 6 Flex #4143 , i W /& R FIFE T S i
TaKaRa TB Green” Premix Ex Taq™ II (Tli RNaseH
Plus) %50 & UL HB 1T, DL A dk L3l 2
N (Acdctin) WNSFEN o JH2 2 I iETHREN
FHXT RIS W 3R A ER .

FEH g5 R SIYFEsI(57-3")
Gene ID Annotated Primer sequence (5'-3")
Ac06484 REEHREME(PCST) F: TCATATTGCACCCCACTTCG
R:GAGCCGTAGTCCAACCATCG
Ac07664 AT T AR I NERE F: AAGAACAGCATCAATGGCTTCG
R:GCCACACACCATTGTCCAAG
Ac35241 ZIEm N A A T 4 (ERF4) F:GCCTATTACCGCCGTTTCCC
R:AGGTCGTAAATCGGCTACCTT
Acl1873 LI I(ACO4) F:ATCCGAACAAGATCATAGGAAG
R:CTCGGAGACCCTTGATCAGC
Ac09980 NAC #53%[HF(RD26) F:GCACGTCAGCAATCACAACA
R:TACCGAATACTGAACGGGTCT
Ac19467 MADS-box (AG) F:CATTAGCAGGATCCGCTCCA
R:AGGCTGCATCAACTCATACTCA
Ac14904 55368 (CES) F:GGCCAAGCTACTGATAGTCAC
R:TAGAACAAACTTGCTGCCGAA
AcActin F:TGAGAGATTCCGTTGCCCAGAAGT

R: TTCCTTACTCATGCGGTCTGCGAT
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XTARAG A AL HEAEATE S A TG S 2 e, 43
WIARAS 58008756 5% Fl 62485268 4% 5 fih ¥ 51 5, 2=
R Ak Jor AR ST e SRRSO 52 885 15 31 55823704
2% M1 59684578 7% ¥ Iy 51 B, MEAE B AL )7 51 1
Q20 > 94.5%,Q30 > 90%,GC w45 T 46%, 5%
LR U RAR 1 74% , HoA 3 K24 72.39% [

X RIS ZH PME— P51 (3 2) o AERRIWIEE SRy
SETATSEMERORS ENE RS FT TR 2e b, T
TRITAE SRR R L MERREAE ) 22 57 3K R, AR TE X
A PP R TRk . Lllog, (FPKM + 1)
(EDO R SR B A TR IS T, b i AR ]
LSRR AR AL R O FoR . 25K
TE RIS SR RMEAE S HEAEZ 18], A77E 337 2 5
FIREE . SHEEARLL , MEAE AT 241 N FE I B 0K
i B, 96 RN I RAE IR (K 2) .

R 2 HERABEENE RERBETR SEETEF 54> #7170 RNA-Seq B L2

Table 2 Sequence analysis and RNA-Seq data summary of female and male flowers of ' MTH ' kiwifruit mutant

X 3l — HEXT 2 224~
. e . GC &k Xt s%
FA VRV E)R Ik QR DS 21k 4 FPabite (%)  pslk(%) Q20 Q30
(%) FEH A4 . .
Sample Raw reads  Clean reads Unique Multi (%) (%)
GC content Mapped reads
mapped reads mapped reads
TR LML 58008756 55823704 46.09 41799841 (74.88%) 72.36 2.52 95.10 90.49
MTH-FF
Tl RELHEAE 62485268 59684578 46.01 44711812 (74.91%) 72.41 2.50 9497  90.25
MTH-MF

F55 B - X Lb 228 3L AL 5 911507 180 100%

MTH-FF : Mantianhong female flower; MTH-MF : Mantianhong male flower ; Bracketed data: Mappe reads/Clean readsx100%
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Grey dots represent genes with no significant difference in expression levels
2 BRABBE SRR SEEREERERRELE(A)FMEREERIZER(B)

Fig. 2 Differential gene class diagram (A) and differential gene expression (B) of female flowers and male flowers of

Mantianhong kiwifruit mutant

22 ERFRIEEEMGOFKEGG EESHT

Xl RELAS S AR HEAE S MEAE 1Y) 22 S BE TR R4 7
GO &M (B3) , 45 F W] 22 S L AU SR AR AR
1 7 (Biological process) 15 43 ¥ 1/ f (Molecular

function) X B85 . 7EAE Yo B X — T B2 5
o, EMEACAR L, HEAE R R R S R AR
TEF] M5 5 (Glucan biosynthetic process) . JL T it
k% f#% (Chitin catabolic process) . 24 J& 4 % f# (Amino
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sugar catabolic process) LA M % 2 SL A bEL G910
41 fi# (Glucosamine-containing compound catabolic
process) EAWFIEAE . LE4FUIREJTIH, LIRZGAN
FERRZ 55T L RIS % (Glucosyltransferase
activity) . JLJ Fifif#& P (Chitinase activity) \JL] gk
4 (Chitin binding) \UDP-#Z i 1 B liF 1 (UDP-
glucosyltransferase activity) Fll £F 4 & & A% Bl 15 P
(Cellulose synthase activity) 5AHC(E 3A) . TEMELE
Hh, AT I A% 5 DX D 3 A B A A3 (Single-

>
o
=)
=N

w532 Biologleal process
0.057 43 FIhfiE Mfunction function

wWHEMRS (plH)
Enrichument(p-value)
f=1

organism metabolic process) . & fk if J& J hf
(Oxidation-reduction process) . /)43 F 1L i (Small
molecule metabolic process) . A HLER & il (Organic
acid biosynthetic process) DA X R 2 5 i ( Carboxylic
acid biosynthetic process) &AW e . M7ES> T2
REZE I, SRR T A AL A 3 2 AR TR AR AR 1 45
Fa)2H 1% (Structural constituent of cell wall) | E AL it
fiff (Oxidoreductase activity) . i I 4 J8 & 45 &
(Transition metal ion binding) (¥ 3B)

o]

0.25 1 ™= A:95d#% Biologlcal process

== 4> F-3jfiE Mfunction function

45y (pld)
Enrichument(p-value)

=
=]

A EIREENY GO B4 ;B AR GO W&
A is the GO enrichment of up-regulated genes ; B is GO enrichment of down-regulated genes
B3 HRABBHRTREEESELENERTEZERN GO &

Fig. 3 GO enrichment of differentially expressed genes in female and male flowers of Mantianhong kiwifruit mutant
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TR AL AR A 6 > B IR, IRAEAR
B AEY A BGRTR A 224 BRI . Rk
T R e AR AR AR A Y i AR W
(Biosynthesis of secondary metabolites) JSH % M &
H: W) & hY (Carotenoid biosynthesis) . fig JIfj Big 4
(Fatty acid elongation) . a - M. ¥l i 1% ¥} (alpha-
Linolenic acid metabolism) %¢{Cilff 4% (K] 4B) . 7E

R R AR A A s, S
WEAEAR L HEAEA 164 FIRFEIN , 7 & SRR vk Y
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WL 24 RIRFEIN
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Sk R AR B [ ke A ) s 14 o
AT 28 5 RS I D BEVERE , 2 B 30 AT RE
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SEEF2E . ML AR R B AH Y 25 S R R
A SNSRI BRSNS TR IR e %
WP, Bk T 14 NAC % 3 A 7 3 [J
(Ac09980) , HAth & R I 70 ME A8 rh v 2R3 s TEAE WL
R TN EIRERE 3ANERE TR, X
e H AR A 5 A B (4c14888 . Ac14628
Acl4075 . Ac14734 . Ac11873) H BLAE A AR = 9
MIEED) A s
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Monoterpenoid biosynthesis 4 Linoleic acid metabolism
Glycosphingolipid biosynthesis - globo series 4 Thiamine metabolism
Diterpenoid biosynthesis 4 [ ] Biotin metabolism
Flavonoid biosynthesis 4 [ ] Carotenoid biosynthesis
Biotin metabolism -log,, ( pvalue ) Fatty acid elongation
N ! B o . -log,, ( pvalue )
Galactose metabolism{ @ 2.0 alpha- Linolenic acid metabolism cit
Glucosinolate biosynthesis ° ! Isoquinoline alkaloid biosynthesis 2.5
Tyrosine metabolism w15 P y ine, tyrosine and tr i i 2.0
Amino sugar and nucleotide sugar metabolism+ @ 1.0 Terpenoid backbone biosynthesis 1.5
Phenylpropanoid biosynthesis{ @ [ Limonene and pinene degradation 1.0
Fructose and mannose metabolism id, diar id and gingerol bi —
tyrosine and tr i count Circadian rhythm - plant count
Glutathione metabolism e5 Fatty acid metabolism 5
Stilbenoid, diarylheptanoid and gingerol biosynthesis | ® ® 10 Tyrosine metabolism+ @ @10
Inositol phosphate metabolism - ¢ @5 Fatty acid degradation{ ® Q15
Carbon fixation in photosynthetic organisms | ® . 20 Fatty acid biosynthesis{ ®
Starch and sucrose metabolism Phenylpropanoid biosynthesis
Phenylalanine metabolism 4 RNA degradation
Plant hormone signal transduction is of y 1.
is of y i Metabolic pathways
10 20 30 40 36 9

AN BN KEGG B4 ;B o T LN KEGG w4
A is the KEGG enrichment of up-regulated genes ; B is KEGG enrichment of down-regulated genes

E4

WRABBERE SRR S ERERREIBERANKEGGESE

Fig4 KEGG enrichment of differentially expressed genes in female and male flowers of Mantianhong kiwifruit mutant

R3

ARABED LRI PR E R REER

Table 3 Differentially expressed genes of sex regulation in male and female flowers of ' MTH ' kiwifruit

#23K7K - Expression level

Vi e RN ) 2 SAEEURT L qfi LR RE
Classification Gene name Wi e Log2 g-value Gene function
FE ME (Fold change)
TR B Ac07664 11.70 0 5.69 6.41E-06 AT BT 2 A
Flower development — 4.;3539 5.96 022 459 6.54E-04 R BRT R 1 WAL
refated class Ac06826 29.08 1.35 4.26 1.28E-06 GDSL figfif
Ac03740 35.26 2.84 3.46 3.67E-04 FLAZE
Ac40034 43.06 6.13 2.64 1.82E-04 FLAZE
Ac06484 37.98 81.05 -1.26 3.61E-04 RE BB
Acl4888 114.88 242.52 -1.25 2.37E-09 kes Afiff
Acl9151 35.26 65.61 -1.06 3.35E-03 BEL1 &
Ac21949 3529.18 6366.28 -1.02 1.18E-124 WO ERRE N
Acl4628 90.23 161.01 -1.00 3.87E-09 kes &1t
HEY PSS Ac35241 26.62 77.89 -1.72 2.53E-03 ERF
Hormone-related Acl1873 430.43 15.41 4.64 1.93E-90 A,
class Acl4075 113.45 239.44 -1.25 9.37E-18 DXP i
Acl4734 1523.86 2871.69 -1.08 1.52E-163 NCED [if}
Ac09777 2295 221 321 6.94E-06 SCR %% 358 7
Ac21198 24.54 4.44 2.30 1.54E-03 HEERA
Ac00695 50.29 9.72 2.20 1.40E-03 TIR1
Ac39840 25.13 6.92 1.69 2.41E-03 PIN1C
Ac20399 96.02 30.66 1.48 9.77E-07 TAA A
Acl0261 508.13 189.53 1.25 8.05E-39 TAA N
BRI Ac09980 100.45 182.08 -1.03 1.02E-04 NACHFE T
Transcription factors 4079467 76.37 18.03 1.91 1.75E-04 MADS-box
Ac14904 63.02 4.54 3.63 1.86E-09 BRI+
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F3(4)
F3K K Expression level
o3 - FEH AR - - 25 SRR AL qfe %lﬁiﬁ]ﬁ?
Classification Gene name Log2 g-value Gene function
r ME (Fold change )
Ac25144 75.36 8.10 3.05 2.07E-10 MYB %3¢ [H 1
Ac05315 75.52 10.54 2.67 3.83E-12 MYB #%5% [H F
Acl5025 30.48 437 2.64 7.18E-04 B T
Ac38831 224.10 37.11 2.43 7.14E-26 MYB #5341
Ac23565 53.10 9.44 232 6.47E-05 [F]i - AR B AR R
Ac05314 63.27 12.28 220 5.85E-05 R3-MYB ¥ 5 [ 7
Acl3145 60.03 12.14 2.14 1.73E-07 MYB# KT

24 QRT-PCRIGIEZERFTIXEE

Sk B8 UE R AR B S A6 5 T A 2 3% ) e 4R 1
HERR VAT R, B EE S TR 22 R Rk R T
PYSEER A4 2 R B ARG R B 1 BE IR (4c06484
1 Ac07664) 2 A-HE W) F AR IR (435241 F1
Acl1873) 1 3 A~ 53 R - JE K] (409980 , Ac14904
1 Ac19467) #4T qQRT-PCR 43 Hr3631F (& 5) . K
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g 8
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A5 118 5 TR AR X6 3R 3 i 5 B o 2 B0 AT L A
Ac06484 . Ac35241 . Ac09980 TETFEAL, H ik AH X 26 35
Y)E T MERE , Ac07664 . Acl1873 . Ac14904 . Ac19467
(R Feik i Y o MEAE 7 T AL, ik RS IR S 55
SEAVEIRAE R — 2 NS R T s AT K
0 0 25 A DG 1 2 S 3R 3K TR T BB ZE BRIk 14 5]
A S A

Ac35241 Acll873

—_
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BEl5 ARABGEDEEEFIMERL £ RRIZEE R qRT-PCR 7347

Fig. 5 qRT-PCR analysis of differentially expressed genes in male and female flowers of Mantianhong

3 g

TP Sl e AR R A R IR R, H i
B 47 B A 4 % (Vitis vinifera ssp. sylvestris) M
2 (Salix babylonica L.) | #ii ¥’ (Diospyros kaki
Thunb.) . # W2 (Populus przewalskii Maxim.) |
Y (Spinacia oleracea L.) W) Fh vpfi & T 1 51 bk
SN . TERRBERE T, B2 5 P SRk

WP E SE N FrBy M SyGL ™, (B HETIRTSEIEA
RE 5T 2 ff AR R A A M S AR S B4, TRk
5 PRGBS0 20 Ak RN 43 AH 56 IR, gt M e
B T R4 X 2 oy TS, e MERfE SRR A
5 e 36 W B3 s £ ik (Leaky sex
expression ) , 77 7EAR & (VE R L AR RS, ANAEMERE I
TEHEEAE™ . MERR T IEAE B 5 S DL, B S e Tk
PRZ Rk SEAE R0 A B2 S0 A s, ok 2 ff
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[i1] FHE 0 5 385 S A 26 BH RV /e A 1 4 HERR AT AE 1Y
DU, MERR 7= Az A AR SR AT 52 4 T, mT DA
WEAEZ RG> . PRI A YL Ao b, e — e T
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