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Effects of sun shading on anthocyanin components and the expression of

genes related to anthocyanin synthesis in Marselan grape

FU Dongyan"’, WANG Lei"?, ZHANG Longsheng’

("Yinchuan Industrial Technology Research Institute, Yinchuan 750011, Ningxia, China; *Ningxia Helan Mountain East Wine Industry
Technology Innovation Center, Yinchuan 750011, Ningxia, China; *Mengniu Terensu (Yinchuan) Dairy limited Company, Yinchuan
750021, Ningxia, China)

Abstract: [Objective] In order to improve the structural stability of anthocyanins in wine grapes, avoid
rapid color fading during berry ripening, and enhance the color stability of grapes and wine, we selected
Marselan (Vitis vinifera L.) grape as the experimental material, one of the main wine grape varieties
grown in the eastern foothills of the Helan Mountains, and investigated the effects of shading at differ-
ent veraison stages on anthocyanin components and the expression of synthesis-related genes in wine
grape. [Methods) Using the wine grape Marselan as the test material, the top of grapevines was shaded
from the beginning of veraison to the harvest stage, and this treatment was T1. The top of the grape-
vines was sun-shaded from the complete veraison stage to the harvest stage, which was referred to as
T2 treatment. Vines that grew normally without shading served as the control. The shading net adopted
a black single-layer shading net with a shading rate of 50% and a specification of 10 meters wide and

25 meters long. All three treatments were designed as a single plot with three biological replicates.
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High-performance liquid chromatography (HPLC) was used to qualitatively and quantitatively analyze
the contents and components of anthocyanins. RNA transcriptome sequencing technology (RNA-seq)
and real-time quantitative fluorescence PCR technology (QRT-PCR) were used to investigate the expres-
sion levels of genes related to anthocyanin synthesis. [Results] Sunshade can significantly reduce the
soluble solids content during the ripening period of grape berry, treatments at different stages can in-
crease the titratable acid content of harvested berries, and shading the vine during the complete veraison
stage can promote the accumulation of reducing sugar content and total anthocyanin content in the ber-
ries. The 16 types of anthocyanins detected in each treatment were consistent, indicating that shading
had no effect on the types of grape anthocyanins. Simultaneously, shading treatment increased the modi-
fication ratio of grape acylated anthocyanins, increased the stability of anthocyanin structure, and fur-
ther improved the color stability of anthocyanins. After shading treatment, the contents of delphinidin
(Dp), cyanidin (Cy), petunidin (Pt) and peonidin (Pn) anthocyanins were significantly reduced, while
shading treatment during the complete veraison stage significantly increased the content of malvidin
(Mv) anthocyanins, indicating that shading had different effects on anthocyanins at different stages. The
synthesis of anthocyanins was influenced by both external environmental factors and the expression of
key enzymes involved in the internal regulatory synthesis pathway. The study showed that the expres-
sion levels of functional genes related to anthocyanin synthesis were different after shading at various
stages. During the initial stage of veraison and shading during the harvesting period, the expression lev-
els of CHI, DFR and OMT genes were upregulated compared to other treatments, with DFR and OMT
reaching significant levels during the harvesting stage. During the complete veraison stage and shading
during the harvesting stage, the expression levels of PAL, CHS3, F3’ H, F3’ 5’ H, UFGT, GST4 and
MYB90 genes were upregulated compared to other treatments during the harvesting stage. qRT-PCR
analysis revealed that among the 15 screened genes, the expression levels of CHI, F3H, F3’ 5’ H, F3' H,
DFR, LDOX, UFGT and OMT showed inconsistent trends with transcriptome sequencing in each treat-
ment, while the changes in other genes were consistent with transcriptome sequencing results. [Conclu-
sion] There was no significant difference in the effect of shading during the initial veraison stage and
the complete veraison stage on berry quality. The complete veraison stage shading increased the tran-
scription level of anthocyanin synthesis related genes, promoted anthocyanin synthesis, increased the to-
tal anthocyanin content of grapes, and significantly increased the content of Mv class anthocyanins. At
the same time, complete shading during the veraison stage increased the modification ratio of acylated
anthocyanins, and enhanced the stability of anthocyanin color, which provided a theoretical basis for ef-
fectively alleviating the problem of rapid color fading caused by unstable anthocyanin structure in
grapes and wines. F3” H and F3’ 5’ H played a crucial role in the biosynthesis pathway of anthocyanins,
and the ratio of Cy class anthocyanins catalyzed by 3’ H to Dp class anthocyanins catalyzed by F3’ 5’
H affected the color of berry peels. This study found that during the early veraiosn stage, when shading
and harvesting, the expression of 73’ H was up-regulated and the expression of 73’5’ H was down-regu-
lated. During the complete veraison stage of shading, both £3’ H and F3’ 5’ H were up-regulated during
harvesting. However, the Cy and Dp anthocyanin contents with the shading treatment during the initial
veraison stage were significantly higher than those with the shading treatment during the complete ve-
raison stage. Perhaps due to the significant positive correlation between CHI expression level Cy and
Dp content, and the significantly higher CHI expression level with shading treatment during the early
veraison stage compared to shading treatment during the complete veraison stage, the Cy and Dp con-

tent with shading treatment during the early veraison stage was significantly higher than that with shad-
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ing treatment during the complete veraison stage. There may be differential expression of other key

genes, leading to differences in Cy and Dp contents, which requires further research.

Key words: Marselan grape; Sunshade treatment; Anthocyanins; Gene expression
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Table 1 Primer sequences of real-time quantitative PCR

S 475 FAl5 I3 #(5-3) B 5191 (5'-3)

Gene name Accession No. Forward primer sequence (5'-3") Reverse primer sequence (5'-3")
PAL JN858957 ACTGCTGTTGGGTCTGGC GAGGGCGTATCGGTCTTG
4CL KJ013409 TGAGGCCCTTCTGGTGAG TTCCCTGATGGTGACTTTGG
CHI KP658975 GGCAAGACTGTGGAGGAG TCTGAATACTGGCGACCC
CHS NM_001280950 AAGGAAAGGGCACCACAG AGCAGCCATTCCCATCTT
CHS3 AB004547 ACACGTCTTGAGCGAGTATGG GTGAGCCCTGGTCCGAAA
DFR MT198808 TATTGAAGGGATGTTGGG AGAGTCGGTATGATAGTGATG
F3H 0Q263176 AAGTTGCTGGAGGTGTTGT CTTGAGTCCGAGGGTGAG
F3'5'H MH618646 AACGGCTACTACATCCCA CCAGCACTATTCCCATTCT
F3'H MT198816 GGCGGGTGATGTTAGGCA ACGCTCGGAACCAGCAGA
LDOX MW752104 TCCACCTCATCTTCCCTG CATCCCACCAACTTCCTT
UFGT LN736329 CGGAAACCTAAACTCGCTCTT TGTCGTGACGGTGCCAAA
MYB5b NM_001280925 TCCGAGAACCCATAAGCC GGTGCCACAGTTAAGGTCA
MYB90 ON009062 GACCCAAGAAGAGGATGT CTACCCGCAATCAAGGAC
oMT NM_001281118 AAGATGGCAAGTATCACGG CCAGAGGGTGTTGTCGTAG
GST4 NM_001280940 TGGAGGAGAAAGCGGTAG GATGACTCAGATCAGCGAGA
GAPDH XM 002263109 TTAGGAACCCAGAGGAGA GCAAGGCAGTTTGTAGTG
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Table 2 The effect of shading treatment at different stages on the soluble solids content of grape %
LB 15 B ] Time after anthesis/d
Treatments 57 64 71 78 85 92 99 106
IR CK 14.00+0.29 20.80+0.08 21.30+0.00b  24.83+0.47b  27.67+0.05b 27.23+0.05b 29.90+0.00a 31.47+0.05a
T1 11.93£0.65 17.47+0.05 20.43+0.05 ¢ 22.63+0.06 ¢ 24.60+0.08 ¢ 24.50+0.00 ¢ 25.83+0.05¢  27.53+0.05 ¢
T2 - - 21.90+0.00a  25.77+0.09a  28.47+0.05a 27.43+0.09 a 27.70£0.00 b  29.13+0.05 b

T [ I EVNG P REROR 2 5k

F R KT (p<0.05). K.

Note: Different small letters in the same column indicate significant differences (p<<0.05). The same below.
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Table 3 The effect of shading treatment at different stages on the titratable acid content of grape (g-L')
b 1€ J5 5 [8] Time after anthesis/d
Treatments 57 64 71 78 85 92 99 106
X CK 19.00+£0.23  8.25+0.15 4.19+0.09 ab 3.75+0.08 b 2.5940.04 ¢ 2.88+0.09 ¢ 3.7240.04b  3.06+0.09 a
Tl 19.56+£0.09  8.81+0.15 4.38+0.09 a 4.03+£0.08 a 4.09+0.04 a 3.94+0.15a 4.00£0.09a  3.19+0.15a
T2 - - 4.00£0.09 b 3.41+0.04 ¢ 3.06+0.09 b 3.38+0.15b 3.13£0.09¢  3.16£0.04 a
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Table 4 The effect of shading treatment at different stages on the reducing sugar content of grape (g-LD
VoL A6J5 5] [H] Time after anthesis/d
Treatments 57 64 71 78 85 92 99 106
X CK 115.38£0.91 190.48+0.99 197.15£0.61 b  198.98+4.08a  248.72+10.48 a 240.01£1.57b 226.47+3.49a 243.27+231b
T1 120.03+1.96  167.95£2.49 198.96£3.56b  193.68+5.10a  234.46+4.49a  234.44+4.00b 219.58+3.74a 214.47+6.26 c
T2 - - 220.86+1.02a 203.43+2.82a 249.74+4.66a  248.30+2.41a 222.43+6.73a 259.02+2.62a
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Fig.1 Sugar acid ratio of shading treatment in different
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Table 5 Anthocyanins detected in grape

e Te iy REES T TET
Peak Anthocyanins Parent ion/(m/z)  Daughter ions/(m/z)
1-1 163 &K -3-O-H B Delphinidin 3-O-glucoside 465.2 303.1
1-2 1675 &-3-0-F % FH Cyanidin 3-O-glucoside 4492 287.1
1-3 FH L8 58 3-3-0- 71 4 BB ¥ Petunidin 3-O-glucoside 479.2 317.1
1-4 FH 6T 21 -3-0-% % B 1 Peonidin 3-O-glucoside 463.2 301.1
1-5 B R K -3-0-4 4 B T Malvidin 3-O-glucoside 4932 331.1
3-1 TE3R 2K -3-0-(6-0- LIk -4 % BT Delphinidin 3-0-(6-O-acetyl) glucoside 507.2 303.1
3-2 LT 3 -3-0-(6-0- LIk -8 % B ¥ Cyanidin 3-O-(6-O-acetyl) glucoside 491.2 287.1
3-3 FHEAE 32 25-3-0-(6-0- L) i 41 B Petunidin 3-O-(6-O-acetyl) glucoside 521.2 317.1
34 FHIEAE T 27-3-0-(6-0- L) Fi & B 11 Peonidin 3-0-(6-O-acetyl) glucoside 505.2 301.1
3-5 B 2 -3-0-(6-0- L) i 4 BE T Malvidin 3-0-(6-O-acetyl) glucoside 5352 331.1
4-1 163 3-3-0-(6-0-77 5180 i & B 1 Delphinidin 3-0-(6-O-p-coumaryl) glucoside 611.2 303.1
4-2 ET K -3-0-(6-0-7 5B # £ Fi ¥ Cyanidin 3-0-(6-O-p-coumaryl) glucoside 595.2 287.1
4-3 AL 3R K -3-0-(6-O-75 ELIBE) # & B 1 Petunidin 3-0-(6-O-p-coumaryl) glucoside 625.2 317.1
4-4 AL T & -3-0-(6-0-7 LB H & i 17 Peonidin 3-0-(6-O-p-coumaryl) glucoside 609.2 301.1
4-5-¢ ZHIFE R -3-0-(6-0-FF 5.1 1 & B F Malvidin 3-0-(c-6-0-p-coumaryl) glucoside 639.2 331.1
4-5- ZHIRE R ER-3-0-(6-0-%F 7 5D 3 & B Malvidin 3-0-(t-6-O-p-coumaryl) glucoside 639.2 331.1

Fo6 TEABDZ=HELEHSMELERRIENSE
Table 6 Relative content of various acylation modified
components of anthocyanins in different treatments of

Marselan grape %

FEMAR BB

Ab T LB . SIS
Coumarin Total .

Ttreatments Acetylate . . Non acylation
acylation acylation

8 CK 16.43 19.63 36.06 63.94

T1 18.70 24.02 42.72 57.28

T2 16.77 27.12 43.89 56.11

FH ] 2-B W], A SR S AN A €8 28 SRR, TR AR 3R
(Dp) & & 2P B, B Dp & =AM S
O diEF K E, N02mg- gL LTI & T
248.44%, L T2 /& 1 13.20% , 7= 457k B2 /K T1
TEAESE 71 AR IE B f% &, 9 0.08 mg - g, bExt R BFAIK
T 21.90% , tb T2 FEAIK T 57.07% , H 7 518 & 3 K
VT2 fE4E )5 85 dikF f 5, N 023 mg-g', HDp &
B EE T AT, I & T 159.77%, EE T
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Flfe i, N 0.06 mg- g, LT IR T 16.22%, EE T2
0T 19.23%, H 2 ik /K T2 5465 85 d
i Pn &8l Bl i, N0.14mg-g', EPn & &R
BT BB ORI T, B X MR E 114.06% 5 B T2 &
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T1.T2 ) Pn & &, UL BEEA , JEERH B 240 F| 7 Pn &
AL E, H T2 b T1 B4 F 58 2 3%

I R O RO, —HIER R M S &
BN CE 2-F) , XTI T1 A T2 i My & B E G
99 diEF ik, HAHER My S B, N1.59 mg- g,
EE T1 HI My & 551 55.57%, bb T2 151 14.19%, 2 544
IEENE K AR, %A B My Y
AR, T2 My & &5 TABATI M & &,

HAEREER ANRATI LR %2R
2.3 ERLEXNDSE=ZEE %G EERENTI
7 Illumimna Novaseq 6000 ¥ & 5 B | £ J5

71 d FIFESE 99 d fRI0HIE VT1 A T2 3 6 ANFE S 1 56 57
HoHT, N T RIEEE R &, 7215 B 0 Hr an xd R 2R %k

PiHE 4T i 4% 5 1 € J5 1) Clean reads 7F 44 236 559 Fll
48 151 904 2 1], Q20 7£ 96.35%#1196.73% 2 ] , Q30
1F 93.94%7H194.39%_2 [i] , Clean reads 3= % 1A
T6J5 71 d B REREAS, B /D (R 848 5 99 d R T
FEAR(R D .

Z TGt , 165 99 d i, X JE R AR 1) To-
tal mapped it % , i5 1 43 804 344, T1 FEA I /D,
A 40 408 372 > . Multiple mapped Lt 15 2.74%~
3.58%, 46 J5 99 d B HEFEA B /N, 16 f5 71 d 1 T2 £
A K, Uniquely mapped £ 7F 39 043 793~41 759

®7 MNFHE2FER

Table 7 General situation of sequencing data

e g N i _ GEGEAE D0 g g TS EHREXT R G
GRR RE RNEE R e e o S g pagn RS
Time after %K Wk EHE BokEE PR E B B o TEREE RNERR Lo
anthesis/d Sample Rawreads  Raw Bases Clean Reads  Clean bases AR Q20/% Q30/% BAIEH 73 L

Error rate/% GC content/%
71 KHECK 48764414 7363426514 48151 904 7058 024 800 0.026 5 96.73 94.39 46.82
T1 46948334 7089 198 434 46357 361 6802202525 0.0269 96.49 94.09 46.91
T2 46891903 7080677303 46306 554 6781976975 0.026 9 96.48 94.09 46.95
99 JHECK 48110892 7264744692 47601 669 7019012211 0.027 1 96.35 93.94 4591
T1 44732797 6754 652297 44236 559 6469 707 661 0.026 6 96.65 94.33 46.41
T2 45291173 6838967073 44776 131 6544765155 0.026 5 96.66 94.34 45.89

11 : Error rate (%) —f7E 0.1%LL T :Q20(%) : HERIZEAE 99% LA L HIBHIE T i F1 73 L s Q30(%) - HEWHZEAE 99.9% LA L HBIE T o5 B 70 EE e
Note: Error rate (%) is generally below 0.1%; Q20 (%): Percentage of bases with an accuracy rate of over 99%; Q30 (%): Percentage of bases with

an accuracy rate of over 99.9%.

326 2 I} , Uniquely mapped [ tb 51 y 86.70% ~
89.29% (% 8).

WEEARR R (B DK, LB LM E T
Ja 71 dFIAEJ5 99 d, & AbHE A7 B[R A 14394 /N, 16
J& 71 d, X HE T T2 R 25 R 23 30l R 160 4> 741
34N, 4605 99 d, X IR T T2 K5 K 4 591 N 177
A 45451934

AN TR Ak 5 ) R L G, i R R 08 B 2 S 1] 4
B, SR (6 )G 99 dvs T1(HEJE 99 d) T FE K F1
FIAERBE Y ERZ, K, T IRERIE S 1393
A, BIAFENIEF] 979 4, MR (FE )5 71 dDvs T1(HE
J& 71 & N FIE R 5444, L E R 220 4N, X6 HE (FE
Ja 71 dvs T2 )G 71 O FRZERE S 7404, LI

FE[R 83 /M. XHIR (FE S5 99 d)vs T2(4£)5 99 d) L f
FE[R 2894, N UREE [ 330 1.

A [ 88 B Ak 4 (1 2 DR B 40 BT 181 S, % R CHE S
71 Dvs TIESE 71 D XFRESE 71 Dvs T2(HE S5
71 d) ()5 99 dvs T1(HE )5 99 DAl XF 18 (FE
J& 99 dvs T2(f6 )5 99 d) 2 [a] 3145 FE K] 36 4> 5 % [
(FEJ5 71 Dvs TIAE)GE 71 DFIXR (LG 71 Dvs T2
(FEJ5 71 D LG FE [ 428 4, XF B (FE )5 99 dDvs T1
(FEJ5 99 &) F S5F FE (AL S5 99 dDvs T2 (FE )5 99 ) 3
IR 4424 RS 71 Dvs TIESE 71 D%E
A HEH 208 4, X HR(FE 5 71 Dvs T2(E S5 71 DFE
AEH 2314, XRS5 99 dDvs TIHESE 99 dDFF
AR 16824, X HR (T2 99 dvs T2(FE )5 99 D FF
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Table 8 Comparison results statistics of sequencing reads

e J5 I 1] FEA W P4 2 1) 58 B FER 20 F 1 R E A=A0) ZH 4| LM
Time after ES Ja Iy BB gt Clean reads %1 {37 # 1] Clean reads %I H XA 1) Clean reads %( H
anthesis/d Sample Total reads Total mapped Multiple mapped Uniquely mapped
71 R CK 48 151 904 43 411 022(90.15%) 1651 696(3.43%) 41759 326(86.72%)

Tl 46 357 361 41793 154(90.16%) 1603 269(3.46%) 40 189 886(86.70%)

T2 46 306 554 42383 978(91.53%) 1658 983(3.58%) 40 724 995(87.95%)
99 X CK 47 601 669 43 804 344(92.03%) 1304 491(2.74%) 42499 853(89.29%)

Tl 44236 559 40 408 372(91.35%) 1364 578(3.08%) 39 043 793(88.27%)

T2 44776 131 41204 378(92.03%) 1233 056(2.75%) 39971 322(89.27%)

1 : Total mapped: fig 52 17 # 3£ K 2H 1) Clean reads 20 H , H 4 tb A Total Mapped/Clean Reads; Multiple mapped: H 43 [l >4 Multple Mapped/
Total Mapped ; Unique mapped: i 73t 24 Uniquely Maped/Total Mapped.
Note: Total mapped: The number of clean reads that can be located on the genome, expressed as a percentage of Total Mapped/Clean Reads. Multi-

ple mapped: The percentage is Multple Mapped/Total Mapped; Unique mapped: The percentage is Unique Mapped/Total Mapped.
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Ellipses of different colors represent genes screened based on expression levels in a sample, while numerical values represent the number of shared
and unique genes among different samples.
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Fig. 3 Venn diagram between samples
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Fig. 4 Statistical histogram of different expressed genes among samples
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CK(fEJ5 99 d) vs T2(4E)5 99 d

CK(99 d after anthesis) vs T2(99 d after anthesi
CK(HEJ5 99 d) vs TICIESF 99 d)

CK (99 d after anthesis) vs
T1(99 d after anthesis)

CK(EJG 71 D vs TICHESG 71 )
CK (71 d after anthesis) vs T1(71 d after anthesis)

CKUESG 71 d) vs T2((HEJF 71 D
CK (71 d after anthesis) vs
T2(71 d after anthesis)

AN IR B (RO RRR 14 AR AN [ PR 2 DR 5 BB ACFRAN ) 28 PR R [ A ARG AT R R A H

Ellipses of different colors represent different gene sets, and numerical values represent the number of shared and unique genes between different

gene sets.
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Fig. 5 Gene set analysis between samples using Venn diagram

AEEH 11814

KEGG & 57 i 1 B 5k 22 1 G (2 i (1
EERERNTEES 5NAHEENE SER. L6
T2 IE I R AU A e 2 AT A&
B iz e i E R ok (Bl 6 B’ 7. fEET71d
A I8 2% 11 KEGG & 570 it (B 6D, LA P-adjust<
0.05 s #EXF 199 PR LG PR A I8 B AT 18 45, X
BECIE)E 71 dDvs TIAESE 71 DFIRESE 71 Dvs
T2(HEJG 71 D, 7350 8 AN F 12 MR HE 2
EEE. MEAEE 71 Dvs TIGESS 71 D H R
() JLAS A i 12 4 - FLBE A (Galactose metabo-
lism) « 1 4 ¥ % 15 5 ¥ 3 (Plant hormone signal
transduction) - Jt; & 1 F - K 4k £ 1 (Photosynthesis -
antenna proteins) - ABC #% iz £& 1 (ABC transport-
ers) « i AE ) A il (Diterpenoid biosynthesis) < JE ¥
7 HEAX 4] (Starch and sucrose metabolism) - 5 /Il g
[% fi (Fatty acid degradation) « ¥ i 2816 &£ &
% (Flavonoid biosynthesis) » X & (f£)5 71 d)vs T2
(A8J5 71 & i B3 1 T LAMREHE AR D9 TR b Wik g
I e A P 4= ) 6 7% ( Tropane , piperidine and pyr-
idine alkaloid biosynthesis) « {8 4/) & % 17 {3 (Circadi-
an rhythm - plant) . 5 i 28 16 & ¥ 4E W) & B (Flavo-
noid biosynthesis) - )t & 1 FH - K £k & I (Photosyn-
thesis -antenna proteins) .k L2 5 R Pk K
22 19y 1Y A= W & B (Stilbenoid , diarylheptanoid and
gingerol biosynthesis) 479 J5i % H.{E (Plant-patho-
gen interaction) . - L K# 1R #f (galactose metabo-

lism ) 185 ) ¥ % 15 5 #% T (Plant hormone signal
transduction) - ABC #% iz &5 1 (ABC transporters) -
i 224 W) A il (Monoterpenoid biosynthesis) « 7 P %t
2 W4 1 (Phenylpropanoid biosynthesis) « &AL U
(Nitrogen metabolism) o

P65 99 d AR I B% (1Y KEGG & &40 # (- 7D
L P-adjust<<0.05 Jyb X 5 P LG AR i 1 4R 1 3 2%
BEATEHE , % B (TR )5 99 Dvs TIHE)E 99 & Fx
(EJ5 99 dDvs T2(HESF 99 D, 43 5l 12 A1 104
RUHEEW RE L. MBALE 99 Dvs TIE)G
99 )& B B e o i3 IR ARG 2R T b IR e A
W A Wi A W) A B (Tropane , piperidine and pyridine
alkaloid biosynthesis) , K [ it 28 £ ) & Ji% (Phenyl-
propanoid biosynthesis) , 2 li 2 £ 4 & i) (Flavonoid
biosynthesis) , #& 4 B & 75 4 (Circadian rhythm-
plant) , 7K 4 & i A 1 (Phenylalanine metabolism) ,
ABC %12 % F (ABC transporters) , .78, 75 5
JBE 5t 25 RN 22 Ty 2 A2 W) A Ak (Stilbenoid, diarylhep-
tanoid and gingerol biosynthesis) , Y & 1 F§ (Photo-
synthesis) , - FLHEAC I (Galactose metabolism) , %2
TR AR 1 (Tyrosine metabolism) , 72 it Sz HoA 5 B 2540
& W) A W) A R (Ubiquinone and other terpenoid-
quinone biosynthesis) , 57 7 Wk A ) Bk AE 4 & B (Tso-
quinoline alkaloid biosynthesis) » X f (F£ )5 99 d)vs
T2 ({65 99 & & £ F 48 ¥ B 1% 717 4 (Circadian
rhythm-plant) , 2% P ¢ « R e AL IE AR 0B A= 40 & 1
(Tropane, piperidine and pyridine alkaloid biosynthe-
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Fig. 7 Enrichment of KEGG of 99 d after anthesis in metabolic pathway

S 2k K i QRT-PCR 23 M A X 3 /K 7, BAIE
B0 U B R e S . R 22 SRRk B
DK Th e & 46 A R IE 4 BT 1 7 1, DA 5 =2
BIHRRIE T 15N ST G A G 1) 2 Rk
R, VE AT E R IE S R (R 9) . LN ThAEIER
IINT, X FE R T BE SR T AR A A %,
W, B GAPDH( A Z) A, CHS3 ik Tt » GST4 1K
Zo

Xof 35 PR A %o 3Rk FE R AT 40 T, AS (7] B 3 388 o Ak
XTS84 R A e B R S DR ) M E
P 8 ] LA HY L s (0 S B A B i, 1 4 SR R et
A A I 7 2 IR, 3 AN TR R B 1 i 3Rk
Bt & H S RN, T1 AL FE ) PAL F3H F3' HF#: R %
B, BT RS BRI RS 71 d =4
BRI I B i T 5 i A S S AR T T R

PALFIF3’ HYEAE 5 85 d Wik B B/ ME , H ¥ 82K
TR T2 f 2L R R IA &, F3HEAE )5 92 d B IA 2]
e/ ME, HA5 0 FERI T2 (R R Rk i 22 5 35 5 Bl
SR SR, PALVF3H M F37 H 52K 35138 7
FEFEIE A 106 A TI I3 MR RIEEY
FART AR IE N R IL . T2 A FE 4CL 71 CHS
B RIE RN BN, CHI 25 FTHE T
AL e, 18 5 71~85 d, 4CLCHS CHI 3£ K% |
WFRIA, YITEAR G 85 d i Rk i e, HB 3 i %)
FBAIT1 AR I K, 78 )5 85~106 d, ik KV fr
T, BRIz, T2 18 4CL CHI.CHS #: K ik &
KB EAR TR . A5 71~106 d, T1 A3 R (1)
CHS3F1 F3’ 5" HZR R K240, B35 AL Sl 2T e
HRAW R, A F ) RIE KPR T RE- b
Th-F BRI S, CHS3 EAE G 71 d I &5 KT



42 E S I 1 Ha2%
#9 EFEKFTIEKFEST TPM E
Table 9 Distribution of gene expression level TPM value
1€ J5 1) [8] Time after anthesis/d
H:[H-ID - % R
Gene-ID Annotation
X CK Tl T2 X CK Tl T2
VIT_ 1350019204460 109.98 101.47 131.71 111.81 44.95 11531 PAL
VIT 1650039202040 26.60 23.80 33.50 30.53 11.29 23.50 4CL
VIT 1350067203820 272.00 259.98 352.75 375.63 279.04 397.44 CHI
VIT 1450068200930 255.77 230.43 353.15 322.96 125.27 27441 CHS
VIT 0550136200260 1 805.32 1 739.00 2 078.64 886.74 660.86 981.15 CHS3
VIT 0450023203370 275.36 219.12 297.59 264.30 137.14 292.70 F3H
VIT 18s0001g12800 145.10 164.38 183.79 587.97 325.18 569.99 DFR
VIT_02s0025g04720 354.15 235.89 301.81 166.60 117.33 206.95 LDOX
VIT 1750000207210 50.34 59.58 81.55 114.23 75.82 108.89 F3'H
VIT_06s0009202970 118.38 98.51 126.11 18.11 33.83 29.81 F3'5'H
VIT 1650039202230 220.50 167.81 235.00 68.21 60.05 83.03 UFGT
VIT 0350063200140 4.83 5.89 1.19 65.72 11.41 53.17 OMT
VIT 0450079200690 1177.52 1 190.33 1363.33 511.01 403.37 550.17 GST4
VIT 0250033200410 13.72 11.62 13.15 3.67 3.20 2.99  MYB90
VIT_06s0004g00570 22.26 26.97 28.13 42.58 33.23 38.56 MYBS5b
XM 002263109 1 806.75 1 814.64 1924.97 1567.17 1939.92 1632.07 GAPDH(NZ Actin)
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Fig. 8 The effect of shading at different stages on the expression levels of upstream genes involved in anthocyanin synthesis
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Fig. 9 The effect of shading at different stages on the expression levels of downstream genes involved in anthocyanin synthesis
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Table 10 Correlation analysis between anthocyanin content and related gene expression levels

H K4 e EH R HEREAT R FRETER R THITERER
Gene name Delphinidin Cyanidin Peonidin Petunidin Malvidin
PAL 0.119 0.154 0.168 0.129 0.015
4CL 0.425 0.439 0.379 0.396 0.185
CHI 0.489% 0.512* 0.431 0.447 0.206
CHS 0.366 0.428 0.309 0.344 0.034
CHS3 0.203 0.223 0.223 0.222 0.110
F3H 0.233 0.272 0.258 0.240 0.054
DFR 0.283 0.338 0.337 0.272 0.081
LDOX 0.223 0.233 0.220 0.227 0.068
F3'H 0.028 0.069 0.084 0.043 -0.016
F3'5'H 0.169 0.179 0.145 0.177 0.133
UFGT 0.274 0.279 0.251 0.277 0.153
OMT -0.290 -0.247 -0.243 -0.297 -0.323
GST4 0.372 0.441 0.317 0.362 0.128
MYB90 0.311 0.365 0.276 0.308 0.140
MYB5b 0.592%* 0.627** 0.559* 0.581** 0.420

VE 2 AE 0.01 A CRND R FHIE*. 75 0.05 K COUND F 82 AH

Note: **. There is a significant correlation at the 0.01 level (bilateral); *. There is a significant correlation at the 0.05 level (bilateral).
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