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Anthocyanin accumulation and related anabolic key genes in fruit of
Pingyuanhong Kiwifruit (Actinidia chinensis)

WANG Haozhe, QIAN Haizhen, YOU Hongyan, YE Zhenfeng, JIA Bing, ZHU Liwu’

(Anhui Key Laboratory of Horticultural Crop Quality Biology, Anhui Agricultural University, Hefei 236400, Anhui, China)

Abstract: [Objective] The kiwifruit (4ctinidia chinensis) exhibits a diverse array of pulp colors during
its developmental stages, ranging from light green, red to purple. The variance in red pulp coloration pri-
marily arises from differences in anthocyanin and proanthocyanidin levels. Hongyang kiwifruit, re-
nowned for its red fruit core, faces challenges of discoloration or lightening under high temperatures or
low elevation conditions. Conversely, Pingyuanhong kiwifruit, a novel cultivar derived from the open
pollination population of Hongyang, demonstrates resilience to such environmental influences. This
study aimed to elucidate the molecular mechanisms underlying the red coloration of Pingyuanhong ki-
wifruit and provide insights for breeding new cultivars resilient to environmental variations, particularly
suitable for low elevation or high-temperature regions. [Methods] The experimental materials consist-
ed of fruits harvested from 5-year-old Hongyang and Pingyuanhong kiwifruit trees on 4. delicious seed-

ling rootstock. Both cultivars were cultivated under identical soil conditions and management practices

ks B #A:2024-03-15 5 A#A:2024-05-11

BEEWMAB : 208 & S 7RI (1804¢07020177)

PEE N E85, 0 AT AL, B 007 1 D9 SRR R BT U8 53R % B . E-mail : 1255894867@qq.com
*JB{51E& Author for correspondence. E-mail : zhuliwu@ahau.edu.cn



81

FIEE S P IR AE T AR AR B S A S B 2k R A Fi 1535

at the Wanxi Kiwifruit Research Institute, Huoqiu County, Anhui Province. From May to September
2020, the fruit samples were collected every 30 days using random sampling principles, each sample
consisted of 10 fruits and replicated three times. Upon sampling, fruits were wrapped in damp gauze,
stored in ice boxes, and transported to the Provincial Key Laboratory of Horticultural Crop Quality Bi-
ology, Anhui Agricultural University. The fruits were then peeled, mashed, and thoroughly mixed be-
fore being flash-frozen with liquid nitrogen and stored at —80 °C until further analysis. Anthocyanin
content in the fruits of Pingyuanhong and Hongyang kiwifruit was assessed using high-performance lig-
uid chromatography (HPLC) on 30, 60, 90, 120, and 150 days after full bloom (DAFB). The dynamic
changes and increments in anthocyanin accumulation during fruit development were analyzed. Simulta-
neously, the total RNA was extracted from fruit samples at these five stages for transcriptomic sequenc-
ing using an [llumina HiSeqTM 2000 next- generation sequencer at BGI (BGI Co., Ltd., Shenzhen,
Guangdong, China). The identified key genes were subsequently validated using real-time quantitative
PCR (RT-gPCR). [Results] No anthocyanin was detected on 30 and 60 DAFB in either Pingyuanhong
or Hongyang fruits. Subsequently, the anthocyanin contents in Pingyuanhong fruits on 90, 120, and 150
DAFB were 3.34, 2.15, and 3.97 times higher than those in Hongyang fruits, respectively, and the antho-
cyanin mainly existed as cyanidin 3-O-galactoside, only a little amount of the cyanidin 3-O-glucoside
was detected on 90 DAFB in the fruits of Pingyuanhong fruits. The significant elevation in anthocyanin
content in Pingyuanhong compared with Hongyang fruits was attributed not only to increased anthocy-
anin synthesis but also to a notable reduction in degradation rate within Pingyuanhong fruits. The tran-
scriptomic analysis identified 2230 differentially expressed genes (DEGs) and six differentially ex-
pressed transcription factors of the MYB family on 90, 120, and 150 DAFB in both Pingyuanhong and
Hongyang fruits. The Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGQG)
enrichment analyses indicated that these DEGs were primarily associated with functions and metabolic
pathways related to anthocyanin synthesis, transportation, and storage. Two key DEGs, Acc23647
(Acc4CL) and Acc23632 (AccDFR), consistent with the observed changes in anthocyanin content in
Pingyuanhong fruits, were identified in the anthocyanin metabolic pathway. The validation results ob-
tained through RT-qPCR were in concordance with the findings from transcriptomic analysis. [Conclu-
sion] The anthocyanin forms mainly existed in the form of cyanidin 3- O-galactoside in the fruits of
Pingyuanhong and Hongyang kiwifruit, and the anthocyanin content of Pingyuanhong fruits was hier
than those of Hongyang fruits. The up-regulated expression of 4-coumarate-CoA ligase (4CL) and dihy-
droflavone alcohol-4-reductase (DFR) genes would promote the anthocyanin synthesis in the fruits of
Pingyuanhong kiwifruit. The six transcription factors of MYB family would be involved in the anabo-
lism of anthocyanin in the fruits of Pingyuanhong kiwifruit.

Key words: Kiwifruit; Fruit; Anthocyanin; Transcriptome
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Table 1 Peak area corresponding to different
concentrations of anthocyanin standards

REH-3-0- L3 RIEH-3-O- I HET

Cornflower 3-O-galactoside Cornflower-3-0-glucoside

pl(ug-mL™") U R Peak area p/(pg-mL™)  UE[fi A Peak area
1.56 9.203 1.56 11.902
3.13 21.582 3.13 30.078
6.25 50.329 6.25 72.581

12.50 113.717 12.50 151.076

25.00 219.552 25.00 299.466

50.00 480.146 50.00 649.902

DAFB #/R {65 R4 HY. £LF0;PYH. L. T,
DAFB indicates the number of days after full bloom. HY. Hongyang; PYH. Pingyuanhong. The same below.

Bl 1 FRAMLIPAZIEHAIE R AR RBIRSAETIE

Fig. 1 Cross-sectional view of the fruits of Pingyuanhong and Hongyang kiwifruit on different days after full bloom
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Table 2 Sample grouping settings

Y R

fﬁ)% Group  Time after iﬁfpl% name
name full bloom/d

1 PYHS 30 PYHS_1A,PYHS 2A,PYH5 3A
2 PYH6 60 PYH6 _1A,PYH6 2A,PYH6 3A
3 PYH7 90 PYH7 1A, PYH7 2A,PYH7 3A
4 PYHS 120 PYHS 1A, PYHS8 2A,PYHS 3A
5 PYH9 150 PYH9 1A, PYH9 2A,PYH9 3A
6 HY5 30 HY5 1A, HYS 2A, HYS 3A
7 HY6 60 HY6 1A, HY6 2A, HY6 3A
8 HY7 90 HY7 1A, HY7 2A, HY7 3A

9 HYS8 120 HY8 1A,HY8 2A,HY8 3A

10 HY9 150 HY9 1A, HY9 2A, HY9 3A

WE:HY. ZL8H ;PYH. ~F 54T,
Note: HY. Hongyang; PYH. Pingyuanhong.
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HY7 FRLLPALEIS 90 dsPYH7 F7R T RIS 90 d.
HY?7 refers to 90 days after full bloom of Hongyang; PYH7 indicates 90 days after full bloom of Pingyuanhong.

El2 BRREMEREEFTENEREESENSTURHEERIES T

Fig. 2 Anthocyanin content in kiwifruit fruit at different days after full bloom determined by

the high performance liquid chromatography
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Fig.3 Anthocyanin content (A) and increment (B) of kiwifruit fruit at different days after full bloom

ZRTLFH 70.7% I B Al 26 (&1 3-B)

2.2 FRMRBESRSE R EERIAE KRB FLE

221 TR#ASEZFEAZXER HE30d4d, HA
A SR DA P 22 e i DR B B /D 16 S 60,90 A1 120 d,

DEGs %t H Z A K EH PR EFERNZ T LR
Z SN A6 )G 150 d, B N K 2 DEGs 802 5
A R Z (R 3D,
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R3 BRBRMIRAEAR DEGs 2%t

Table 3 Statistics of the number of differentially expressed genes in kiwifruit fruit samples

bR 2 S L H
Up-regulated differential
expression genes number

=5
Differential groups

L= sre Yok
Down-regulated differential
expression genes number

Total differential expression
genes number

HYS vs PYHS 2390 2676
HY6 vs PYH6 4126 4114
HY7 vs PYH7 3997 4787
HYS8 vs PYH8 3963 4158
HY9 vs PYH9 5553 4814

5066
8240
8784
8121
10367

T “HYS5.6.7-8.9” KR BHBEMR AL S 30.60.90.120.150 d; “PYHS5+6+7+8-9” TP IR LB HETE S5 30.60.90.120.150 d.
Note: “HYS, 6, 7, 8, 9” means 30, 60, 90, 120, 150 days after full bloom of Hongyang; “PYHS, 6, 7, 8, 9” indicates 30, 60, 90, 120, 150 days after

full bloom of Pingyuanhong.

KEGG %5 #1  1£J5 60 d, A~ i i DEGs 2 EH & 5
T AR A AR S A RS, B S RNA S &
SR FIETESE S T UIRR S5 A0 MR A L 48
M e ia AR TR 46 /5 90 d DEGs ¥ 2 5 1
1 L VRV S A LS 7 5 L A% B IR R B A
5 BB T B TS I KRS T R B TR A
S FUie, Z 5/ AU A HLRAUT R IR A

SRR AR)E 120 d DEGs 25 5 7 41 i i ik
AL, BN T A HBRAS G  WER R K A
B 1 S T 1 55 ) 1 2 e, 2 5 A HLIRAR
U R IR AT X R I8k i 7 55 A )L R 5 e SR
150 d DEGs EEZ 5 1 A5 5 4 L -2 A SR 4 A
5y, R IR K B e M T A 5 5 0 T I RE, 5
5 7/ AR A LR AR R (B 4)
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in the anthocyanin synthesis pathway
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