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physiology and transcriptome

ZHOU Kangyu'?3, HE Chengyong'?#, XU Zihong'?, WANG Lingli'?, ZHAO Ke'?, SONG
Haiyan'2, LIU Pu®*, TU Meiyan'-**

(1. Institute of Horticulture, Sichuan Academy of Agricultural Sciences, Key Laboratory of
Horticultural Crop Biology and Germplasm Creation in Southwest China, Ministry of Agriculture
and Rural Affairs, Chengdu 610066, China;, 2. Horticulture College, Anhui Agricultural
University, Hefei 230036, China)

Abstract: [ Objective 1 This study aimed to investigate the physiological and molecular
mechanisms of drought tolerance in different kiwifruit materials, with the goal of providing a
foundation for future breeding and genetic improvement efforts to enhance drought resistance in
kiwifruit. [ Methods ] Four kiwifruit cultivars with varying degrees of drought tolerance were
selected: 'Bruno' (Actinidia deliciosa), 'XD-GZ-T' (A. polygama), 'XD-RZ-1' (A. eriantha), and
'DJY-DE-1' (4. valvata). These cultivars were chosen based on previous observations of their

drought tolerance and represent diverse genotypes from collected germplasm. Drought stress was
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simulated using 25% PEG-6000, applied at five time points (0, 2, 4, 6, and 8 days). Phenotypic
assessments included observations of leaf wilting, plant dehydration, and overall drought response.
Physiological parameters such as malondialdehyde (MDA), proline (Pro), hydrogen peroxide
(H202), superoxide dismutase (SOD) and catalase (CAT) were measured. In addition,
transcriptome sequencing of the roots of 'DJY-DE-1' and 'Bruno' at 0, 4, and 8 days was performed
to identify differentially expressed genes (DEGs). Then, the Weighted Gene Co-expression
Network Analysis (WGCNA) algorithm was employed for module construction. The core steps of
this algorithm involve calculating the similarity between genes to construct a gene clustering tree.
In the constructed gene clustering tree, each branch represents an independent module. To more
precisely delineate these modules, a dynamic tree cutting method was utilized to slice the gene
clustering tree. To further quantify the co-expression similarity among the modules, the module
eigengenes (MEs) for each module were calculated, and these eigengenes were then used to merge
modules that exhibited similarity. Validation of key genes was conducted using quantitative
real-time PCR (qQRT-PCR). [Results]) Significant differences in drought responses were observed
between the materials. 'Bruno' exhibited early and severe symptoms of drought stress, with
noticeable leaf wilting by day 4 (S3), and widespread dehydration by day 8, with a drought index
of 87%, the highest among all cultivars. In contrast, 'DJY-DE-1' showed delayed drought
symptoms, with minimal wilting and a low drought index of 33%, indicating superior drought
tolerance. The intermediate cultivars, 'XD-GZ-7' and 'XD-RZ-1', displayed moderate wilting and
dehydration, with drought indices of 67% and 60%, respectively. Physiological measurements
supported these observations. 'Bruno’ had significantly higher MDA levels under drought stress,
indicating greater lipid peroxidation and cellular damage. Conversely, the more drought-tolerant
cultivars, especially 'DJY-DE-1', showed elevated levels of proline and higher activities of
antioxidant enzymes (SOD and CAT), suggesting better protection against oxidative damage. A
fuzzy membership function analysis ranked the cultivars' drought tolerance as follows:
DJY-DE-1 > XD-RZ-1 > XD-GZ-7 > Bruno, which was consistent with the phenotypic and
physiological data. Transcriptome analysis identified 435,047 transcripts across the three time
points, with 102,588, 100,951, and 104,974 DEGs identified at 0, 4, and 8 days, respectively.
These DEGs revealed significant expression differences between the drought-tolerant 'DJY-DE-1"
and the drought-sensitive 'Bruno'. Validation of eight highly expressed DEGs using qRT-PCR
confirmed the accuracy of the transcriptome data. Gene Ontology (GO) analysis showed that the
DEGs were enriched in processes related to cellular metabolism, energy, and stress responses.
KEGG pathway analysis indicated that these DEGs were involved in key pathways such as signal
transduction, carbohydrate metabolism, and protein folding, which are critical for maintaining
cellular homeostasis under drought stress. Weighted Gene Co-expression Network Analysis
(WGCNA) further  identified  five key DEGs (TRINITY_DN11629 c0 gl,
TRINITY DN257031 c¢0 gl, TRINITY DN3814 c0 gl, TRINITY DN9194 c0 gl and
TRINITY DN16120 c0 gl) as potential regulators of drought tolerance, offering valuable targets



for future genetic improvement. [ Conclusion] This study employed a comprehensive approach,
integrating physiological and transcriptomic data, to explore the mechanisms of drought tolerance
in kiwifruit. The findings provide important insights into the molecular basis of drought response
and pave the way for breeding and genetic strategies to enhance drought resistance in kiwifruit.
The identification of key drought-responsive genes highlights potential avenues for improving
crop adaptation to changing environmental conditions.

Key words: Kiwifruit, Drought stress, physiological mechanism, Transcriptome
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PR RO A T 5K 78 e R € el 20 P o 5 U I R B 2 L, 23 ) A 3 R A B
(Actinidia deliciosa)*Bruno’, %I Z MMk (A. valvata) ‘DIY-DE-1°. &Mk (A. polygama)
‘XD-GZ-7" F R pk (A. arguta) ‘XD-RZ-17,

12 RHYTFRLE

S TR B 6 1 R BEVE 600 mL ) 25% PEG-6000 ¥4 317 B0l T 2 it , 25 T4
A NG R IR, S T T RIESSE 0d. 2d. 4d. 6d. 8d 2 AIEUMENEE I
M N5 5-6 J s A, FHAl/K B i 5 K R T ik B 2K T, SrRIBCE TAES, RAFET
HGIR (-80°C) VKFHN, Ji5 SEdEATAH CFRAR I E «

13 EEREA/E

M REETFAE, WSBRENREA T 8 Ak o PP b i o 2 2 25 B TR U146 7 1 A Y
i 5 PR IR B A bt ARAE B RE T R N I AROE SR, BEES AU TER: 0
QAEMRIES, TWHRER: | S RAEREZEE; 2%, EEHTAFRETEES; 3
9, MMM R RAEBEREES (KT RESKRES) 5 4%, HHRTHCEZEERLY 13
MR AL S g, BRI A R AL GO A FERE VR . R ETREEE (RERGUE LD /

(R E < A3 S HRED  x100%.
1.4 HEIERRNE

MDA & 505 K BRAR B LG R . HaOo A Bl s SR i S A - DY A Ak s 97 5
Pro & &l 52 SR B = - R 3 /K A R 1 5 1% . SOD 5 eI 5 5K 85 DU ME(NBT) % CAT
I SR UK
1.5 BERBMF

LTS8 55 0. 4. 8 KADIY-DE-1"F1‘Bruno’fR 2 AFEA, #HATH AN F, &4
WhFE 3 AR EE, S 18 AMEEA . BT B I IRAR S A R I PR A F 52
B FHTESHRER AT F A, B R E TS E, Kk, KEAT
50bp. J¥HIFHI R ETE Q20 LA NI Reads #EAT 2Bk, X445 B &1 B & 7 S AT M Sk P45
FNEFARFTH], MERAFATESE, PR KR AR Unigene, #J5 H Unigene #£47
J& #: GO 1 KEGG 747 #T . K H DESeq *f % [ 3 ik #k 47 2 = 7 i, R IK 2 7 5 $
log2FoldChange| > 1, &M P-value<0.05 N ifiik % SRk F A
1.6 ERFRIEEFRLAITRIAELEE PCR

f# F| RNAprep Pure % Hi 2 ) i 9 &2 RNA $2 UK 57 & 12 BUBR B B AR R RNA, I H
HiScript II Q RT SuperMix for qPCR i 7| & & % 5% & B ¢cDNA, {# I HiSeript I Q RT
SuperMix #EAT SEI 58 € B PCR o JeNARZN: ¢DNA fi 1 uL, 2xHiSeript II Q RT



SuperMix 10 uL, _ER#FSIY (F 1) % 0.5uL, ddH.0 8 uL, X% N5 PCR X 480, F)
FH 2 AACT BB TR [ A Rk R
# | LAFEE PCR REFPEEERSIHF5

Table 1 Primers sequence for quantitative real-time PCR reaction

FE A 44 B 1E[F 514 B Ie 514
Gene names Forward Primer (5°-3") Reverse Primer (5°-3")
AcAld ACCTGATCACCTCCTCCTCC TGCGAACCCCTTCTTTGTGT
AcRAP2-4 CCAGCCCACTTCTTACCCAG GGAGGGACGCTTCTTAGACG
AcEFL TGGAAAGCGAGAAGGGCAAT ATGATGGTGAGCTTGCGGAA
AcSus3 TTCCTCCGAGCACACAAACA ACCCTGTAATTCGGCAGCAA
2 ZBRET

2.1 FEMETEBRRERREREERES

HMH 25% PEG-6000 #5415 e xf 4 MR AT R BEAT AL ], 45 RK W], ‘Bruno fE4b
HRJE RS 4 RED B2 A P kKR I G o B T R BB I ) (B G, 28 5
INEE, JRESE 6 RIJHMELIM i LA, 28 8 RIS BeMkmt r ¥y CFAh. XD-GZ-71EF
A 4 R IFAE T, 58 8 REHM AU THMIR . XD-RZ-UES 6 X
RULHI R IR, 58 8 RILMIT F P UAZE % . Mi'DIY-DE-1" BAR7ES 8 RHHILI R F &, (H
HARRAMFEE, K2 T 2MansmRE T Hass (& D .



1 FREE TERRHMERR BRI
Xt 4 RS ERE AR T R R R F R B AT G 0 A, SRR IS AR B R
P58 P AL P 8] PR SE A R BT o 25 8 RN, 4R B = B AK VA Bruno(87% ) XD-GZ-7
(67%) + XD-RZ-1 (60%) F1 DJY-DE-1 (33%) (5&2) .
R 2 4 MERHIM RHE Z RN R EHER

Table 2 Drought injury index of four kiwifruit in each period

BRI R EFRE Drought index (%)




Genotypes

0d 2d 4d 6d 8d

Bruno 0% 20% 47% 60% 87%
XD-GZ-7 0% 20% 27% 40% 67%
XD-RZ-1 0% 13% 20% 40% 60%
DJY-DE-1 0% 0% 13% 20% 33%

2.2 FEME TG H ISR L

W% T 2B R KZEK, Bruno’ f1<XD-GZ-7"M 1 [f) MDA & &8 Tt . Ho,
‘Bruno’ M /i H1 1) MDA 76+ R0 E 5 4 d BAHEL 0 d 3400 T 113.79%, 1fi XD-GZ-7 75+ 5
5B 6d IFAHEL 0 d 39N T 74.48%. ‘XD-RZ-1" LS Tt i Je A T = (18 %4, ‘DIY-DE-1°
P RS BT R RS TR, BAREAHIN LR, e EEA RS B R e AT 1
K (B 24) o BEETRMI0E, ‘DIY-DE-1"fI'XD-RZ- V1AW MIHER & & HE LI
#, Hrh, ‘DIY-DE-I' T2t 8 d #HEL 0 d Fhii T 1.68 %, 1fii*XD-RZ-1"F 2 it 8 d #HLL
0d Fhe T 2.53 fi%. ‘XD-GZ-7’BE& T 50 1) 1 RREE, IR 2 5T @5 N R % . ‘Bruno’
AR P 1D Bl 2R B T B ] K R e T S TR, I HAE T R 4 d 153 i e i,
ARG 2 £ T RE 4 d POl TR, B TRPhE 8 d BHIE T RALE T (K 2B)

B T 2 WA [ I ZE K, Bruno’™ F HaOo & s R ILFFEE LM% XD-GZ-7 Al
‘XD-RZ-1’M Fr HoO, W& &2 B TE G FREFE B Th: ‘DIY-DE-1 B T 20 [ R,
H0, & AR e, BTl 2 d A 4 d A THaE oh, AR B E 2L (- 20).
‘Bruno’ #‘XD-GZ-7’ (1] /v SOD FiE 1 2% EFHE FR&EH, HalETREhia4dfed b
T3 KA, N 598 U/g FW H1 660 U/g FW. ‘DJY-DE-1°IH- - SOD i [t 5 i 7] () 28 K
FrelThim, TRMhE 8 d FHaBlEckE, H 0d 1 1.6 fi5 (B 2D) . B T2, ‘Bruno’.
‘XD-RZ-1"HMXD-GZ-7’ At [y CAT By PE¥) 256 I T RE#%, ‘Bruno’ M1‘XD-RZ-1°1E
T2 a4 d BT KA, 295908 27.56 pmol/min/g FW A1 35.39 umol/min/g FW; ‘XD-GZ-7
ET 28 6 d iEF i AKME, A 25.11 pmol/min/g FW. [fi‘DJY-DE-1"CAT i PEE AT 5
Jrig TR (BI2E) .
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Fig.2 Changes in physiological indicators of different kiwifruit under drought stress

Note: Different lowercase letters in the bar graph for the same period represent significant differences between

treatments (p < 0.05).

2.3 BRAYIFEREDT

AW TR I T Bt 22 AT FBUK A DIY-DE- 1 Al ‘Bruno” 76 15 AL FEAS [A] e 391 AR
RIAT AN T 0T, BENS TR TPIRFUBREN BT R O o B % s 2000745 31 1 BB
SCAEEAGAE R FASTQ HIJRAEEHE (Raw Data) , SHEEAMEE RS (1 R4 B8 2 BIEAT SEit, 3¢
) Q20 {HTE 99.2%LA I, Q30 {ATE 97.6%LA L (R 3) , UiHHMNIF &R %, T F—

IrHr.
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Table 3 Quality evaluation of offline data

Sample Reads No. Bases (bp) Q30 (bp) Q20 (%) Q30 (%)
BruS1 1 44341962 6651294300 6502425726 99.22 97.76
BruS1 2 59123456 8868518400 8689403518 99.3 97.98
BruS1 3 49468096 7420214400 7268934221 99.28 97.96
BruS3 1 59189538 8878430700 8686591373 99.25 97.84
BruS3 2 51325616 7698842400 7536688151 99.26 97.89
BruS3 3 55372102 8305815300 8131526569 99.27 97.9
BruS5 1 40122892 6018433800 5886023577 99.23 97.8
BruS5 2 52531182 7879677300 7725561346 99.31 98.04
BruS5 3 43078966 6461844900 6333084064 99.29 98.01
C IS1 1 36395324 5459298600 5326215051 99.17 97.56
C IS1 2 42874640 6431196000 6271306187 99.14 97.51
C 1S1 3 51263944 7689591600 7509944473 99.2 97.66
C 1S3 1 49236038 7385405700 7223293338 99.26 97.8
C 1S3 2 48394024 7259103600 7097085088 99.23 97.77
C 1S3 3 47742362 7161354300 6999422932 99.23 97.74
C IS5.1 36183344 5427501600 5307319143 99.23 97.79
C IS52 43566458 6534968700 6382416226 99.19 97.67

7E: Bru #7R Bruno, C 1 %78 DIY-DE-1, S1. S3. S5 ;B TEMHEY 0. 4. 8 K,
=REH.
2.4 ERFRIEERERTFIE

FEREAT 22 5 R AL 43 BT 2 7, ) B 2R 38 AH D% Z B00S F it ] 48 R R 38 7K ST PR A DG P
17500, Wl 3A FoR, AHEFORE R AHOC REGS 9 1, UEBERE S ) B A SR AR DG . 445
F 1) Clean reads FI|H Trinity #E47 MW SL2H2E, SRS 435047 DML SRA . MR8 s H B3 47
BT 05 32 HH PP R A B il A o A P R N 22 S A B R U 1] 3-14 BT, IR AR BRAER Al A
FRAE ST I 22 R R IA R I A 102588 4>, Horpr, NHZREIER 50895 4>, EiHFRAHR
51693 4~ 1 S3 WA Z S RIAIE R LA 100951 4, Hrr, TiRFRIELR 49058 4>, L%
WLEEIR 51893 ANy fE S5 W ZE S RIBF LA 104974 4>, Hrr, FiERIAEER 57385 4,
FIAFEIEIEN 47589 4~ (I 3B) .
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Fig.3 Sample correlation test and differentially expressed genes analysis
2.5 ERFILEER GO F1 KEGG 747
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Unigenes #Xll 73 3] 61 1~ GO WK, & LAY id 2 ‘cellular process’. ‘metabolic process’
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Fig.4 GO and KEGG analysis of differentially expressed genes

2.6 MANEE HFRIAM L 571
AR FE R AR R AL R IA 245 43 BT (WGCNA) BERHAT R 8, il 5 Bow,
FETEMHarE 5T, TR ES AR R RRIPORIE, FFa &R rBRgit, g
H 17 AASFERIRER, G -5 5 AR R P MR MEgreenyellow Al MEpurple, 454
GO 7; Ml &0 ik th 4 7T RE 2 5 R &+ 5 W B 2 57 B K] TRINITY_DN11629_c0_gl
(Ethylene-responsive transcription factor RAP2-4 like) - TRINITY _DN257031 c0 gl (Sucrose
synthase 3 ) . TRINITY DN3814 ¢0 gl ( Protein EARLY FLOWERING like ) Al
TRINITY _DN16120 c0 gl (Alpha-dioxygenase) o
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Fig.6 qRT-PCR analysis of differentially expressed genes
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TR T il 1 2 02 1 ) TR e N e, B2 B R AL PRI RGUH B WME, 3L [E
THER E B, SOD it # HaO2 73 ity O T B4 ) i E X A0 = AR AR, 7 A2 1) O F il
CAT #E— BRI AHIE T8 b ES 2 Btk A5 535 SOD 2ILSE ETHE R R #E S, 1]
£ SOD Ml CAT fE R IR+ F B th e /E M, #os 7 5t SRR IUE], Bgistesgim, A
THHEE B, EERZIARGRLREE, H RN A SRS AR, R, +
EHURIBRER G A SOD I CAT v&E 1 NI, Ui B REE T 5P i a) (e, Va8 S5 5
VISR R, B T = KRBT ERAE ), MYAE NI ATRIOR, B RS,

AHF 5T % %€ 2| Y] Ethylene-responsive transcription factor RAP2-4 like J& T AP2/ERF ¥4 3%
7K, NEPIRAA . AP2/ERF ¥ [K 1 AP2 45 fRet% 50+ % (DRE/CRT) A%
%5 (A/GCCGAC) MRLITiF, X YRI5 IR 55 I AL b ah 28 50 5 2202021, 541
FIIT T, RAP2.4 Bl IE SR S8 WS I Py 3 B2 I S5 1) A 0 P A2 8 v L R X 57 L )
i 52 122, S50 IF RAP2.4 J7 41 [R5 i 16 M. truncatula WXP1 TERG DR E 75 h [RIFE R
T H B R i SR 23], MR AR 3 (sucrose synthase 3) 12 2 S AE YT T i aa e B ) i
2, LuZE NIRRT R L], BR1E 10% PEG 6000 T FAFR;, H ShSusy3 HEH 1Rk &
FESRHIN 12 /NI RREE B R4, [mREHD, KEZ 1) HySus3 FERIZET S MBS 10 K50
M, REE BT 4652, 16hh, Chen HEANKIBE IR, ETFPHAZKMAT, #INM
CsSus3 FER Fik L, AU T RS BERENE, et 7 Ol R, X —J 6
g AE) AR K ATE FRIE T (ROS) R 95 28 NI HT 56 /)20, 64 Alpha-dioxygenase
TR RR AT AR A T, AT CR I A 2 23 6 52 WAL R OR 40 i AE T2 BT, 1] EARLY
FLOWERING like 22 5V FERY, Au 700y BiR R FLEHT R Dy sed it 18
FIRLA -

44 8

4 4 M oRb A, X Bk Bk (4. valvata ) ‘DIY-DE-1” Hit R BE 1 & 5
TRINITY_DN11629 c0 gl ( Ethylene-responsive transcription factor RAP2-4 like )
TRINITY DN257031 c0 gl (Sucrose synthase 3) - TRINITY DN3814 c0 gl (Protein EARLY
FLOWERING like) A1 TRINITY DN16120 cO gl (Alpha-dioxygenase) 25 H iRl FE,
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