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Transcriptome Analysis of Cold-treated Tetraploid Yellow-fleshed
Actinidia chinensis Planch.

DU Chao-jin, LI Yi-pei, YIN Tuo, YANG Na, YANG Xiu-yao,ZHANG Meng-jie, HAN Pei-chen,
XI Deng-xian, LIU Xiao-zhen,ZHANG Han-yao
(Key Laboratory of Forest Genetic Improvement and Breeding/The Key Laboratory of Biodiversity Conservation of Southwest China,

National Forestry and Grassland Administration, College of Forestry, Southwest Forestry University, Kunming 650224)

Abstract: Hort16A, a variety of Actinidia chinensis Planch., is highly popular among consumers due to its
high nutritional value. However, this variety is sensitive to frost and susceptible to ulcer disease and branch rot.
The response mechanism of yellow-fleshed A. chinensis upon cold temperature remains still unclear. In this
study, transcriptome analysis of yellow-fleshed kiwifruit under low temperature stress was performed to provide
theoretical references for understanding the mechanisms involved and subsequent studies on cold resistance. The
cold-resistant tetraploid materials and the plants treated at low temperature (0 °C) for 5 h were used as the
experimental group, and those not specially treated at room temperature were used as the control group, and the
samples were taken for transcriptome sequencing using Illumina NovaSeq 6000 platform. GO enrichment
analysis revealed 1013 differentially expressed genes, which were enriched into three categories: molecular
function, cellular component, and biological process. KEGG enrichment analysis showed that 410 differentially
expressed genes were enriched in the three main functions of plant hormone signal transduction, MAPK
signaling pathway-plant, starch and sucrose metabolism, and 89 other metabolic pathways. Nine genes related to
cold resistance in yellow-fleshed kiwifruit, including PYL, PSR, TPS, GH3, SAUR, and PP2C, were

tentatively identified. The results of this study can provide theoretical references for further studies on the
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response mechanism of tetraploid yellow-fleshed kiwifruit to low temperature stress.

Key words: Hort16A yellow-fleshed kiwifruit;tetraploid ; transcriptome ; cold resistance genes
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1.2 REAH*E 122 EZRBRRIZEEFEGO.KEGGCEENHT GOH
50 7 FRAS Y RNA-Seq P b X 2155 Bk 5E B4 BT 2 L DKL T g B B bR o 4 28R 20
PR 21 %548 1 (https < /kiwifruitgenome.org/) FPAERRE GO EUHI JFE Xf 22 5 8 3k BE [ F 47 Dy e v *4: , 176

G FARY LN 2 TN E N S S R R PO A S e O
ik i, Tk 25 AR AR LA JF 0 25 S AL R kA 7
Cluster 2 LR (GO HH M KEGG & #4304t
HEAHEAET

121 MEpEEERERIESH  E R
S RNA, #4 7 cDNA X2 , #% % {4 FH Illumina Nova
Seq 6000 -5 HEA T 7, W 7 5K 0% 4 PE150, Xl
715 2] 1Y 5 06 808 (Raw Reads) HEAT 2, B BRI
JiiiE ) Reads .

e % i Bowtie2 (https : //zhuanlan. zhihu. com/p/
91317299 ) ¥ Jii 445 7 iY Clean reads Lt Xt 2] & % %t
2 I, F#) H RSEM (https: //cloud. tencent. com/
developer/article/1677000) % L X} 25 R A1 4811, 15
S BEAE S LEXT 253~ SR 4 | 1 Reads £
H , 118545 [H A9 FPKM (Fragments Per Kilobase
per Million bases) , >k H [d]— )™ Fragment [/ Paired-
end Reads 7180 —> Fragment, 37 1fij 15 21| 35 K] Al 4
SRR RIB Ko AP ABF TR R K IR AR ARG
FECkA RS Z A A M . ff ] R {2 EdgeR i
11253350 Mr . #4 FDR (False discovery rate)<0.05,
log,FC (Fold change) >1 1%, log, FC<—-1 ¥ JL [ i X
R SHE R

F1 TREHESHET
Table 1 Clean data output statistics

FDR<0.05 ] GO term /4 & 3 & 4E 1) GO 4% H k4T
/\ﬁo

{8 F KEGG Pathway B4 4 %) 22 5 2R 05 3[R i
FTDNRETE R, ARl T R SR A DN 35k PR A i vp i)
1EH.
123 ZEBEESHWH  String & 1 EAEEIEEH
Wk T REYF R E A BEAERR AR HEL
B M HAES3Hr T H String (http : //string-db.org/ ) #F47
B HAE ML IR EE

2 HER59H

21 WFrEETIRES

HT E@%%?ﬂxﬁ(ﬁ%*ﬁ%% (I HERR I, 7E2L
i 53 B Z TR PO A Hort1 6 A 8 R AR BRIk it 3R
6 MFE i 2214 Tllumina NovaSeq 6000 ~F- 15 I 15 5]
JRIABHR I T U . BT R L  TRNA & 2T
FIEE 2 75 HERR I BB L 6 A L 7E Clean data
A BT (KT 30 B JE7E raw data TR (5 LB
= T 90%; 6 I AF i B TRNA &5 & He A 394K F 10%
(1) FHILIERT 71200 S si 2H 00 5080 o i 44
15 5 A O 8 0 B A DG FE KL R ) oA PR R AL T
(N

Bt ERT 20 FBRAETE Bt (EAT 30 RUTRALTE

1 79 FIES R K reads U H (Mb) i IES 3] RS Gb ) rRNA % (%
itfliirame l—dﬁﬁzijai]r:ads nufbljr ) L{Fﬁ(iii/r]l reziii? o LRBAR TGS MIEBURHRY T H (%) rRN;\l itio )
Q20 Q30
C1 59.86 9.13 96.85 91.58 0.06
C2 58.98 8.99 96.94 91.76 0.03
C3 74.14 11.29 96.91 91.57 0.03
T 1 58.22 8.87 96.6 91.04 0.03
T2 73.76 11.25 97.17 92.07 0.03
T3 77.45 11.79 96.98 91.74 0.06

C_1,C_2, C_3NX A 3L T 1, T 2, T 3 WAL 3 ANER s N
C_1, C_2, C_3 are the three replicates of the control group; T 1, T 2, T 3 are the three replicates of the treatment group; The same as below

22 RIEKFESH

52 3R 25 R BoR |, H IRAC PR DU A
A Hort16A %5 [N FhARBRAGERK ih RXT BRZH (C_1.C_2,
C 3) 3 I8 J5 () Reads X 51 5 2% 3 [ 41 (1) B 5045
14 31383274 .30923792 Fl1 38872286 ; ME— H. X i
Reads 1] LB KT 80% (IR AL R A DUAH 14 Hort1 6A
WP AR R (T 1. T 2. T 3) RN

Read 2550535 °M 30523275 .38673701 F1140607956;
ME— EL X 9 Reads A9 EL B34 K F 80% (F22) o MK
LU A5 S 0T LU R b 0 5 o RN SR AT & | X 2B )
5 1470 T AH DG I R A T B AR e

R L 485 RN B A I i A B R iR A 7 3R
R AR W] (3) , 7E FPKM<] X ] 8 A
R REZEL X 07 (18 - 35 25 DR L A9 R 18.07% , AbFH A
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A 20.98% ; 7E 1<FPKM<15 [X [f] X B 4H N 52.23%,
L TR 2 R 50.51%; 15<FPKM<60 [X. [i1] %] B8 4 K
23.01%, b FH2H A 21.78% ; FPKM > 60 [X [8] X} 18 2H
®2 SZEFRAMILERST

Table 2 Reference genome comparison results statistics

9 6.69% , R FRZH 4 6.73% . %F FPKM BUE X 6] #E1 T
53, G2 X 0] KL R ki A s O, BT DL T i
FER R TR = I

FEAR g EdE B EH ME— LX) reads 2 H HEX B Z2 A 119 reads £ H ANBEHLXT 1K) reads 5 H
Sample Total reads Unig-Mapped Multi-Mapped UnMapped

C 1 31383274 25405716(80.95% ) 1132872(3.61%) 4844686(15.44%)
C2 30923792 25285763(81.77%) 1172135(3.79%) 4465894(14.44%)
C3 38872286 31968422(82.24%) 1491299(3.84%) 5412565(13.92%)
T1 30523275 24700937(80.92%) 1280460(4.20%) 4541878(14.88%)
T2 38673701 32738604 (84.65%) 1484031(3.84%) 4451066(11.51%)
T3 40607956 33527116(82.56%) 1421886(3.50%) 5658954(13.94%)

55 U Dy L Skt o5 SR E e e

The data in parentheses are the percentage of number of mapped reads of total reads

3 ARREIFIZKF FPKM X I8 X 5z i 5 [F £ bk 51

Table 3 Proportion of gene numbers corresponding to different expression levels of FPKM intervals (%)
FPKM IX [i]
. C1 C2 Cc3 T 1 T2 T3
FPKM intervals - - - - - -
FPKMx<1 19.15 17.88 17.17 20.86 21.10 20.98
1<FPKM<15 51.67 52.22 52.80 50.89 50.56 50.08
15<FPKM<60 22.80 23.20 23.04 21.88 21.52 21.94
FPKM > 60 6.38 6.71 6.99 6.37 6.81 7.00

FPKM<1 B2 FE D AR 3218 ; I<FPKM<15 B FE DRI 32 BE 23K ; 15<FPKM<60 Hif FE K] 3= B2 3238 s FPKIM>60 B FE A i = BE e ik
The gene was not expressed when FPKM<1; The gene was expressed in low abundance when 1<FPKM<15; The gene was expressed in medium
abundance when 15<FPKM=<60; The gene was expressed in high abundance when FPKM>60

AR it 1] 5 DR R 7 AR D P A A 2 S e ] S e
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R (E D HNA IR ECSE T 18RI 1, &y
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RO FERI NI IR , PR Z R AH S R B
23 ERREEESW
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%K Hort 16 A 51 P FRAR R Bk il 28 TR0 B -5 A0t
AEFRILA 1630 Z AL N Fe ik 22 S ik 3] i /K7 o
619 2RI A B, 1011 5 T, T IHIA Y 22 57 ik
HAHEBEZT LARENEFRFELH(FEL .
W d 2 C T P ZHAE AR [8] 19 Voleano plot (K I1TE]) ,
B SRR T A 3 DR A T LA A ] B R R IR
(FDR, false discovery rate) il 22 545 %% (FC, fold
change ) {H [/ A 15 45 (&1 2) o F5F] FH Venn [&] 34 7]
PIB HBAE 3N A A 134025 BIEZER AT 74
255 SRR AT 2R (1 3) o ok S 3 R A fIGRLID
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Correlation between samples (method=pearson)
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Fig.1 Schematic diagram of correlation of differential
gene expression levels between samples
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Table 4 Statistical group of differentially expressed genes in all comparison groups

ik K2R A B LRI 2E SRR IR I S N R TR 2R R IK R K
Group Total Up Down
C-T 1630 619 1011
C_I-T_1 169 81 88
C2T2 281 133 148
C3-T3 836 274 562
C: XML T AMBIZE ; C-T . C_1-T_1.C_2-T_2.C_3-T_3 5 AL P AHXS T e 41 25 5 ik LA 5 5 TR

C-: Control group ; T: Treatment group; C-T, C_1-T_1, C_2-T_2, C_3-T_3 refer to the differential expression of the treatment group relative to

the control group comparative group information; The same as below
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The horizontal coordinates of the graph are the logarithmic values of

the differential ploidy and the vertical coordinates are the negative
logarithmic values of the FDR. Black dots refer to genes with
insignificant differential expression, red dots refer to genes with
significant differential expression, positive values are up-regulated
expression, negative values are down-regulated expression
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Fig.2 Volcano plot of differential gene expression
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The left graph is the up-regulated gene Venn diagram, the right graph
is the down-regulated gene Venn diagram, the numbers in the graph
represent the number of differentially expressed genes
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Fig.3 Venn diagram of differentially expressed genes
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Fig.4 Gene expression pattern clustering map
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Fig.5 Differentially expressed gene GO classification bar graph
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KEGG Pathway JJfE/25 K & e A4 1k ],
255 RO N B B A A F2 (Cellular
Processes) . ¥ 35 {5 B 40 B (Environmental Information
Processing) . it 1% {5 B, 4k ## (Genetic Information
Processing) . if (Metabolism ) 145 #1 & 4 ( Organismal
Systems) KEGG 1L i (16 ) .

FE VUAR A HE TR PR AR SR A G B2 LI 21
A 410422 5 BE DR B I 25 4R 1) 89 AR i it
b H P AE Y R AF 5 % 5 (Plant hormone signal
transduction )i i I & F W 2= F I HHE 2 (251),

HYR AR NS A Y16 il (Phenylpropanoid biosynthesis )
B (24 ), Bk AL (Carbon metabolism) i B§
(141>) , %) MAPK {5 5 i % (MAPK signaling
pathway-plant) (129~ , SR FIEERH G518 5 (Starch
and sucrose metabolism) (8 1~) . Fij A AIAF5E H ]
YRG5 5% g AP MAPK 5 5d
TEA R A B A bR T R R
YER o AHFR 45 G R AFEDUIE I AR SY , A
YIS S5 S Y MAPK {5 5308 B A0 3 4 A1
WEACIT 3 /38 B h e AR AR DT FE SE 1A
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Fig.6 Bar chart of KEGG classification of differentially expressed genes
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(KO04075) b iy 22 R ibHE N fe £, 3L 254>, Horp
Acc10294 (GH3.3, indole-3-acetic acid-amido synthetase
GH3.3) . Acc03316 (PYL, pyrl-Like) . Acc07445
(PRI, pathogenesis-related protein 1) %5 6 M J:[A |
W ik 5 H 4y Acc28473 (144, auxin-responsive
protein) \Acc03517(PP2C, protein phosphatase 2C) .
Acc32114 (VITISV, hypothetical protein VITISV ) &
19FKBN T E . Y MAPK {5 538 % g4
T 24 2R R A, o Acc03316 (PYL) |
Acc25019(RBOH, respiratory burst oxidase homologue) .
Acc24536(Ca2 -binding protein) 35 7 A~FE A R
ik 5 Acc03517 (PP2C) | Acc03023 (WRKY, WRKY
family transcription factor family protein) , Acc06865
(Pathogenesis-related protein) %5 5 ~FE K T i F& ik .

TE B R0 RE A A U 3 B b e 8 A 22 S R AR BRI,
H H Acc26744 (TPS, trehalose synthase gene) .
Acc28966 (PSR, puccinia striiformis repeat) . Acc16756
(Trehalose 6-phosphate phosphatase) %5 6 &[4 |-
P 2 15 5 Acc17108 (Beta-glucosidase) F1 Acc04508
(Alpha-amylase ) FE [ Ik
2.6 EREFRLBELEEMESH

IR 2 A W) A A R v B & 2 30 AR
A WA Z — R AR e o R —
Ko 5 2t P I 2o R DR A () A D W I 0 42 1) 2o 2
FEABEGEH, R T A 5L DR )2 5 A2 AR AR B MG
FORAE S YRR e ) N & SRR R
HS i W R MAPK {5 5 0 R R
PR 3 AN IE i b S R BT H log2 (FC)[>2 iy 22
SRR B T HAEM 2 (3R 5) .
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Table 5 Statistical table of significantly differentially expressed genes

JEH 1D HEIID LR ZESAEEL FREBHR ESUYIE:N R
GenelD proteinID Gene length [log2(FC)| FDR Expression Gene name
Acc02338 AOA2R6RYT7 643 2.99165 0.031014 Up CALM
Acc03316 AOA2R6RFJ6 978 2.41040 5.87E-05 Up PYL
Acc03517 AOA2R6RSX9 1315 3.74278 0.014071 Down PP2C
Acc04508 AOA2R6RMH6 1435 2.92270 3.20E-08 Down PSS
Acc04566 AOA2R6RMLS 1001 2.75594 2.10E-05 Down SAUR
Acc07283 AO0A2R6RBQ4 736 4.08074 1.19E-08 Down SAUR
Acc07445 AOA2R6RC56 648 5.28216 5.36E-27 Up PRI
Acc23775 AO0A2R6Q080 1718 2.82747 1.01E-08 Down CYCD3
Acc25019 AOA2R6PXZ5 3118 8.08480 4.53E-13 Up RBOH
Acc26372 AO0A2R6PTM6 2067 2.50992 0.039422 Down GH3
Acc26744 AO0A2R6PUB6 2652 3.12213 0.004341 Up TPS
Acc28473 AOA2R6PGW9 851 2.79533 5.75E-05 Down 144
Acc28966 AO0A2R6PIHO 1926 2.16098 9.05E-06 Up PSR
Acc32114 AO0A2R6P764 1035 2.16270 0.000318 Down ABF

2E LR YA ) 2 B IR W S 0 JERE (TPS) L Acc28473 (14A4) . Acc07283 (SAUR) %5, &A1)
1 E A A RO T B SR RS R BT SERE L . ZIRIBEA EAEC R, AT BE R A Ok B R R AR Bk )
Acc03316 (PYL) . Acc03517 (PP2C) Fl Acc32114  FLFERE S, thml BTy 2 A I R A B HLE Rl ok
(ABF)3 ML EE R AE— AL [RIVE ] ;T Acc26744  LRIHLAHZE F R IR E i P FEME: (B 7) .
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Fig.7 Interaction diagram of protein network of differentially significantly expressed genes
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W AR T e A AR e (H b g
A HE S B 43 A7 A0 2 /D o DLRT U 26 3 (8 47t
FEPUFEAR Hort 16A B PR AR b RAEARAE N b1
BEKHIRIR (0 C) AL S h AR R A A i 2
FE LA BE A X REZE A 727 S AL 53 #r , itk — 20t
5 DU R B PR v AR R A AP T Mol 26 e 07 L o B2 A3
IS S %, Nk & PR G R ET R IR A
HER

AR KBTI GH3 RN K™ bZIP
ST RO B SAUR F R 52 522 JE 19 ()
FEIR VTR AT LA S AR R BUFEYE . GH3 FE A
Ik ] LA g R 15| Wi -3- 2 T - T g TR R s A K
EIURSIPNS G BT R SR €=y B/ LU dRalN
W% & BLIE TRk GH3 3 R Z2 05 (1) Acc26372 .
Acc07415 , Acc13744 FLA T 363k, R ORI i
3 N3 PR ) B R4 AT REAE DO A5 A A SR B B E Hp
KA BN Acc13130 8% 13 Bl g 5 bZIP Kt
R R JE IR, HED Acc13130 1] fE ly 7 FE 5k
[ Acc07283. Acc04566. Acc04564, Accl6267.
Accl19743  Acc28473 #BJE T SAUR J: IR 5% , H AR
J R RZRIR , TR A K R R sh AT A AR
I PTIEE

R 2 I MF R R B AR L e e
ZOCHE MY . B-TE M BEHE AL VE R 7 i 7 LE
RN 22 A B T R AR A T8 I 2%
T L AR B AR T S A I AT AR
R A M PUIEME . FEBIRI T, VA
B BE S5 AL YERE R R 2 5520 R Yk i 4 i
FJE RS (PSID ™, A3 33 S AE I B FE M . 13
W -6~ R G ity mT (R 37 A B A HSE D 2 11 oA 32 %)
M IR A U A RN R A B P, Acc26744
Accl6756 BT RE R S fith g BEHE-6- B R 5 T ) L [
Acc28966 ., Accl16695 . Acc08918 1 1T hy i tidh B- 1
By T 04 3 ], b Ace26744 T Ace28966 i K] (1)
llog2 (FC) |{E} 3.12 F12.16, ¥ KT 2 H FDRE#B/IN
F0.01, B HEM Acc26744 . Acc28966 TE Bt A Sk M
bt 5 B 2AE A

2457 FIGIR A8 i), R A3 2kl AR A
FRAEARAR AL, IR 3 PR e 5K D SE BV E N, 5 4
BB E ARG PR RS E T Y IR A

V5 H LR BRI sR REIR TE E ER  Bh
BV FEARB BRI il ge R A IEBE R
G, BEARAA el 60 40 1 2 1 L D/ A i 5 44 1Y)
W SR BT FEMED . Acc25019 Bl B M g
T W W 3% % AR ALl ) TR, L log2 (FC) |11 FDR 1)
{53 51 7 8.08 F14.53x107", FF LAHEI Acc25019 7]
REAE S AR h & H 35 B2

I 75 2 (ABAE R — P VIR  fEA Y 5
J5 L HAG BB Y AR AR N KSR
PIRGTF IR FE b R I ABA W] LLIE 3o 8 5 A bt
FE DR Rk T IR A A 1) A PR R AR A
HUIEMERG R Y VR RS 5 1% IR T VR R 32 1
FEH AL B i B AEE S . 78 MAPK {5 5 38 #%
FRE )R AT 5 e T I Acc03316 #R#E T BN
UM IR TE IR Z R IEIE . AMIF SR A B, ABAfH
5 B T R AR A A UL A A AL A R 4 AR A XK
TR EAT I, B 7E B = ABA I, 25 1145 (SnRK2,
sucrose non-fermenting-1-related protein kinase 2) 5
PP2C M EAEFH , ] PP2C 5 , Wi 17 A% A 3 ¢
S ABA TE 2 TS BT, PYL/PYLs (ABA 52 14)
5 ABA 454, 3 —il2 5 PP2C 1 ], fff SnRK2 {415
TEVEFRE ABA fOBRISEA , (A X IR A )
RO ASBIFFE HR Acc03316 B 1 B 4w 5 ABA 5 1
MIREIN, Acc03517 4 13 18k Gt L) ol i Tl 2C XI5 2R
FEER L (EASTE & Acc03517(PP2C) . Acc03316
(PYL) WA~ R 2 1 AR M 2% P AR e L ARG
%, 7F H Acc03517 (PP2C) 3 3 )y & 2% M,
log2(FC)IFT FDR HY{EL 7351 4y 3.74 F10.01, Acc03316
(PYL) P10 5.3 F A, |log2 (FC) | F1 FDR f {8 43 51)
2,41 F15.87x107, PR IHCHERT7E 1% R Y MAPK
P FIAE IR R (5 5 Sl % A fE ABA 5%
PRZE A4 PP2C B8 115 Pk VA 45 A ) AR TR A i
Jof A S I AL A o

4 #ig

AW Y B U AR I P 38 Ak RS A (R
Hort16A B¢ [N ARG Bk A 7% S 41 43 A, DU 7 45
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{5 5%% % (Plant hormone signal transduction) \fH4%7)
MAPK {55 (MAPK signaling pathway-plant) i [ .
VER A e 01t (Starch and sucrose metabolism ) 25
R ATEAE BT IENE TR B SR A 3 A
1 [ 1 2 SRR 0 2 R R 70T, B T e A
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