o 2 R 2024,41(3): 426-435

Journal of Fruit Science

DOI:10.13925/j.cnki.gsxb.20230499

FREFEMMIZE R LS
B HERERRE T
EOW L EREYE ELE BLKEALE FLRFLURA"

CliZRE W E TR AT, IR G 265500 ;2 3 FH T B HE H- 8 JpF b R g5 &
HRg5 e, INAZERE 265200 A E AL K2, Jb 3T 271018)

5 ZEAERINE 2001 & L L HZFR R RIS & 2 i SR8 i K AE T 1A A SR R Rk K 2 5, AT & oA
FRPE N FORVEHE T RSSOy 0 T R B 6 AL SR AR B S O SR I LR A 2 & K 2001 & R
SN, 0 HER MO S8R 14 d 5 SRS S AR R S TS B A R S R IA AP T I E L R 1S
2001 & LA EL , 2528 SR ES & 9L SR U F JUTRT LB AT 6 d, B TE 2 SRS 0 6 d s SISO B 88 14 d ) , AN & 5y
0,28 R RS T 1 S 3 A AN A i 1 I & =48 B2 & T 2001 & 1 0 3 s i & S SRR 4R 208
78 RSN TE ST T RSO B U 14 d )G 2w RS AT iE v B 4 A R C A K R EL B 2 v T
2001 & 1, (HE & AT 8 IR & i R T 2001 & s — 2 SR AR B L i 3 0 A SR SO R S Y T B 3 E R 10
TET B BROC R 45 R R DR B 5 AN S DR T 28 I 42 FE DR AN (R RR B2 (1 £ s, DB 45 M 2 R MdC4H W MAANS - MdUFGT
T S R F-H R MAMYB10-MdMYB11 - MdAERF3 3215 5 % 34 42 w51 L4538 IR XV 14 d J7 , 2L BB A2 E 1
B SEIE LAH M RS R & CEIS R 25T 2001 &+ 28 RnlE e 4iE R C & K R LG B e e,
A E R S 2 B PG B E R P e TR K 3 PO I 1 & A0 0 2 5 v A6 1 B RO G 28 W 2R R R 3%
e PSR E e EeS

SERRIR) L SR ORI R R R

FE 5SS :S661.1 RRFRRRAD: A N EHRS:1009-9980(2024)03-0426-10

Analysis of fruit quality and expression of genes related to anthocyanins

synthesis in apple bud sport Zhenfu
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Abstract: [Objective] Fuji 2001 apple has been widely planted since it was introduced into China from
Japan in 1993. Zhenfu is a red bud sport of Fuji 2001, and it passed variety registration on August 24,
2021. The peel of Zhenfu shows more obvious red color than that of Fuji 2001. This mirable advantage
in peel color has attracted the attention of apple growers. However, whether there are differences in fruit
quality, anthocyanin compositions and contents, and expression of anthocyanin synthesis-related genes
need to be further clarified. These results will provide reference for production extension and a research

basis for disclosing the peel pigment mechanism of Zhenfu. [Methods] Traits of fruits, internal quality,
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composition of anthocyanin compounds and expression level of the genes related to pigment synthesis
of Fuji 2001 apple and its bud sport Zhenfu fruits were measured and assessed. The maturity of apple
was determined by the starch-iodine staining method. The vertical and horizontal diameters of each fruit
were measured by the syntek electronic digital vernier caliper. The single fruit weight of each fruit was
measured by an electronic balance. The flesh firmness and rupture force were measured by TMS-PRO
texture analyzer. The content of soluble solids was measured by PR-101a refractometer, and peel bright-
ness (L") and saturation (C") were measured by CR-400 colorimeter. Titratable acid was determined by
acid-base titration. The contents of vitamin C and soluble solids were determined by 2, 6-dichloroindo-
phenol titration and PAL-1 digital refractometer, respectively. Solid/acid ratio was expressed as the ratio
of soluble solids to total acid. Peel sample of 1.00 g was grinded into homogenate in liquid nitrogen, dis-
solved in 5 mL of HCI-methanol (0.5:99.5, v/v) solution, extracted for 24 h at 4 °C under dark condi-
tions, centrifuged at 12 000 r-min™ for 10 min at 4 °C, and filtered through 0.22 pum organic phase mem-
brane. 1.5 mL supernatant was transferred to an automatic injection bottle and detected by Waters
HPLC high performance liquid chromatography to determine anthocyanin contents. The total RNA of
fruit peel was extracted by trizol extraction kit. RNA was reverse transcribed into cDNA using the first-
strand cDNA synthesis kit. The first-strand cDNA was applied to analyze gene expression levels by step-
one fluorescence quantitative PCR. [Results] The fruit harvest date of Zhenfu was 6 days earlier than
Fuji 2001. In terms of external qualities, both apple peels set red stripes, but Zhenfu peel showed more
obvious red color. At the day of harvest and 14th day after storage, L" value of peel brightness and C*
value of peel color saturation of Zhenfu were significantly higher than those of Fuji 2001. Three kinds
of anthocyanin compounds, including cyanidin-3-galactoside, cyanidin-3-O-glucoside and anthocyanin
rhamnoside, were detected in the peels of both Fuji 2001 and Zhenfu. Among them, the content of cyan-
idin-3- galactoside was the highest, and was the main anthocyanin component in the peel of Fuji 2001
and Zhenfu. At the day of harvest, the contents of cyanidin-3-galactoside, cyanidin-3-O-glucoside and
anthocyanin rhamnoside in Zhenfu peel were 2.21, 1.98 and 1.60 times higher than those of Fuji 2001
peel. The total contents of anthocyanins in Zhenfu were 2.18 times higher than those of Fuji 2001. After
14-day storage, the contents of 3 kinds of anthocyanins and the total amount of anthocyanins in Zhenfu
were still higher than those in Fuji 2001. There was no significant difference in fruit quality and fruit
shape index between them. In terms of internal quality, the contents of soluble solids, vitamin C and sol-
id acid of Zhenfu were significantly higher than those of Fuji 2001. The titratable acid content of Zhen-
fu was significantly lower than that of Fuji 2001. However, there were no significant differences in
flesh firmness and rupture force between the two varieties at the day of harvest and 14th day after stor-
age. Some key structural genes and positively regulating transcription factor genes in anthocyanin syn-
thesis pathway showed higher expression levels in Zhenfu than those in Fuji 2001, especially MdC4H,
MAANS, MdUFGT, MdMYB10, MdMYB1I and MdERF3. [Conclusion)] At harvest and 14th day after
storage, peel brightness L value and peel color saturation C value of Zhenfu were significantly higher
than those of Fuji 2001. The titratable acid content of Zhenfu was significantly lower than that of Fuji
2001, and the soluble solids content, vitamin C content and solid/acid ratio were significantly higher
than those of Fuji 2001. In addition, the total amount of anthocyanins in the peel of Zhenfu was signifi-
cantly higher than that of Fuji 2001. The key structural genes in the anthocyanin synthesis pathway of
Zhenfu and the related transcriptional regulatory factors were significantly up-regulated in the peel of
Zhenfu.
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Table 1 Harvesting date of Fuji 2001 and Zhenfu apple
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Cultivar Harvesting date  Fruit development period/d
2001 :E.?:tFuji 2001 2023-10-31 188

2% Zhenfu 2023-10-25 182

1.2 7%
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99.5, W, 4 °C S IS 26 N HREL 24 h, 2R )5
1 4 °C%A 5,12 000 r-min™ &-C» 10 min, Ffid 0.22
um A B JEIE ¥ 1.5 mL b3 & [ sh bRt
i, 3 [ Waters HPLC &5 28080H €8 3% 44 )
60 K 530 nm, K35 35 °C, W # 1.0 mL - min™', i3
FES uL, 56 B et , 70 A CFH D FIA B (10% HH
FRAKVED o P26 E U R : 0 min, 6T A 17%, %
B 83%; 1 min, TR A 17%, %7 B 83% ;8 min, %
A 35% , ¥ B 65% ;25 min, I A 37%, 57 B
63%;:30 min, &R A 17%, B 83%.

124 RNA # B 42 cDNA % — &4 & m K
Trizol 42 B 1) & 42 B 56 3% L 3L 7 19 &L RNA.
DA 2 P A ) RNA SABEAR , 48 FH 25 — 5% cDNA & i

X 77 £ (RevertAid Premium Reverse Transcriptase)
(Thermo Scientific™ EP0733) ¥ RNA J # 5% ik cD-
NA, H TR £ 7t

1.2.5 314p% 3 % qRT-PCR >R H Step-one 7% )
7€ & PCR 1Y (ABD , )R B & % ¥ SYBR Green qP-
CR Master Mix 10 puL, cDNA #4% 2 pL, £ R 75
Y14 0.4 uL,ddH,0 7.2 uL; ¥ 8254 95 °C ARt
3 min; 95 °CAF % 75,57 °CiE K 105,72 °CIEff 15 s,
A0 MEH . SEIRAETH 3G A OG5 R MdPAL
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Table 2 Primer seqnence used in qRT-PCR

LR A F 2% 30k UESIGT-37) FUESIMIGS-37)

Gene name Reference Forward primer sequence (5"-3") Reverse primer sequence (5°-3")
MdPAL [5] GTGAGGGAGGAGTTGGGAGGAG CTCCTCCCAACTCCTCCCTCAC
MdC4H [5] GGATTGCTTGAAGGAGTGGAATG ATTCGTAGAAGATCCAGTACAATGC
Md4CL [5] ATGGGAAGAGCGCCATGTTG CATCATGACAGAAGCCAAGCG
MdCHS [6] TTGGGATTTCGGACTGGAA CACTTGCCTTGTTGCTTCT

MdCHI [6] CGGGTGCCTCTATTCTATTCA ACTGTCTCGGAAAGTAGTTTGT
MdF3H [6] TGTCCATAGCCACATTCCA TTCTCCAAGTCCTGCGATT

MdDFR [6] GATAGGGTTTGAGTTCAAGTA TCTCCTCAGCAGCCTCAGTTTTCT
MdLDOX [19] CCAAGTGAAGCGGGTTGTGCT CAAAGCAGGCGGACAGGAGTAGC
MdANS [6] GTGTCATGCACCTTGTGAACC GTAGTCCTCCCACTCAAGCTG
MAUFGT [6] CCGCCCTTCCAAACACTCT GAGCTCTATGTCCTCCTGCG
MdMYBI1 [11] GAAAGAGCTGCATATCCCAG CTATTCTTCTTTTGAATGATTCC
MdIMYBI10 [8] GGAAACAGGTGGTCATTGATTG GGCTGAGGTCTTATCACATTGGT
MdMYBI1 [9] TCTTGTCTTCCGTCTCTG ACCTTGCCTATCGTGATT

MAERF3 [16] TCTGGCTCGGCACCTATGACA TGGAAGCGGTGAAGAGGATGGT
MdbZIP44 [15] AGCAGCACCTGGACGATCTGACG GGTGAAGCATGTCGGCAGTGGCC
MdActin [4] TGACCGAATGAGCAAGGAAATTACT TACTCAGCTTTGGCAATCCACATC
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F DPS 18.10 347 2% 5 & & 0t » & EER P[] /N
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Jo CHEE R BT 3 UE S J 7 B RE A% 18 I i
B RAZAN, B2 E R SR LE R B
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A. Fruit appearance of Fuji 2001; B. Fruit appearance of Zhenfu; C. Fruit of Fuji 2001 in the field; D. Fruit of Zhenfu in the field.
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Fig. 1 Fruit appearance and colour comparison of Fuji 2001 and Zhenfu
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Fig. 2 Peel brightness and saturation comparison of Fuji 2001 and Zhenfu
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Fig. 3 Single fruit mass and fruit shape index of Fuji 2001 and Zhenfu
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Table 3 Comparison of anthocyanins contents in peel of Fuji 2001 and Zhenfu apple (mg-kg")
SR [ Byl wORFFIRB3-FAMEE)  wOREHR3-0-HERH)  wERRPRE) wCRETH )
Storage time/d (ujnultivar Cyanidin-3-galactoside Cyanidin-3-O-glucoside Anthocyanin rhamnoside ~ Sum of anthocyanins
g content content content content
0 2001 &+ 254.92+7.02 b 2.39+0.09 b 10.28+0.08 b 267.59+6.99 b

Fuji 2001

& Zhenfu 562.61£9.10 b 4.74+0.19 a 16.44+0.61 a 583.79+£9.05 a
14 2001 &+ 267.26+10.05 b 2.49£0.14 b 11.35+0.23 b 281.10£10.20 b

Fuji 2001

¥'® Zhenfu 580.67+10.78 a 5.08+0.23 a 21.44+2.14 a 607.19+£10.49 a

W R E/NG FRERORZ 7 35 (p<<0.05). R,

Note: Different small letters represent significant difference at p<<0.05. The same below.

2.3 2001 E LB ERIAE MR

WE 4 FroR, RIS & B S0 a] ¥ 1 [ T2 4
TEAE S%/KP R T 2001 F 4 00 H AT E
R & B R E KT 2001 &L B E Rt R C
B N JE R EE 3 2 2001 B L 1.21.1.20 f% 5 1A
TR 5 —H R EER. W14 d)E,

TV T [ TR A 1 i BRI 8.06%+6.46% , (HES
B RS R TEE ) & R T 2001 E 4, B
HoTER & &R EMKT 2001 E & —HF 4 ER
CHEAEE R M2 E 22001 & 1) 1.41 1%
TEEER B T 6.66%.6.63% , 2 & 2001
BRI 12065 3 B R SRR, B

T4 2001 ELFBERIMRLR
Table 4 Quality comparison of Fuji 2001 and Zhenfu apple

WGBS ] o wCAIEVERTEYD  wCilERD  wEEER O IF 2 L R W7
Storage ?Z?lltivar Soluble solids Titratable acid Vitamin C content/  Solid acid Flesh firmness/ Rupture
time/d content/% content/% (mg-kg" ratio (kg-cm™) force/N
0 2001 & 1 14.52+1.04 b 0.26+0.02 a 23.97+1.31b 56.77+4.95 b 12.68+0.82 a 21.20+1.01 a
Fuji 2001
2% Zhenfu 14.71£1.02 a 0.2240.02 b 29.03+0.88 a 68.14+7.84 a 12.46+1.10 a 20.78+0.86 a
14 2001 &+ 13.35+0.67 b 0.22+0.02 a 16.74+1.72 b 60.82+5.45b 10.88+1.14 a 17.24+1.21 a
Fuji 2001
2% Zhenfu 13.76+0.86 a 0.19+0.02 b 23.56+1.44 a 72.98+8.58 a 10.62+1.15a 17.25+1.10 a
WEETE 7322001 F -H) 5.07 5.7.83 ff . 12.65 {5 (E 4.
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FR.MdLDOX 315 532 =M@ FE /N, 43 il /& 2001 &
+ K 2.34. 2.24. 2.80. 3.35. 2.78. 2.85. 2.45 f% ,
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R T DA S (1) 45 R SE DR b, B S DR AR B
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Fig. 4 Comparison of expression levels of key structural genes in anthocyanin biosynthesis pathway in Fuji 2001 and Zhenfu
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Fig. 5 Comparison of expression levels of transcription factor genes regulating anthocyanin biosynthesis
in Fuji 2001 and Zhenfu
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