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Abstract: To probe into the mechanism of GA,( gibberellin A;) and CPPU( forchlorfenuron) inhibiting the tiny red-
dish-brown blotches on the surface of grape berries, the floral clusters of Shine Muscat grape was treated with 25 mg/L GA,
at full blossom, and 25 mg/L. GA, combined with 10 mg/L. CPPU 2 weeks after full blossom. Water treatment was set as
control. Two pericarp samples at critical period for fruit russet-genesis were subjected to transcriptome sequencing using 1l-

lumina RNA-Seq system. Approximately 55 314 986 clean data and 1 186 differentially expressed genes ( DEGs) were i-

dentified. Gene oncology (GO) functions annotated to 30
%5 H 87 . 2017-04-06 functional groups belonging to three categories: cell
HEEWH . HEIA 4 7= B AR K R H (CARS-30) ; HH components, molecular functions, and biological proces-

“948” T pi T H (2016-X19) ; TLFR A FHE T B A% 14 F i ses. A large amount of genes were enriched in the biologi-

7 e WO FE BT AR ST 5 0 I H ( BE2014326) cal processes ‘ carbohydrate metabolism’ and * biosynthe-
BN S W (1992-) %, INTHIE IR, Bt 2R A 2 sis’. Analysis of KEGG metabolic pathways demonstrated
O THABIE, (E-mail)478710492@ qq.com that most enriched EDGs were associated with ‘ metabolic

BIIEE I, (E-mail ) jm266@ sina.com pathway’ and ‘ phenylpropanoid synthesis’ out of 126 to-
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tal pathways. QRT-PCR assay results for 9 selected DEGs showed that the expression levels of 9 genes were consistent with

the data obtained by RNA-seq. It was indicated that GA, and CPPU treatment might have inhibited the gene expression and

enzyme activity of ‘ phenylpropanoid biosynthesis’ and ‘flavonoid metabolism’ pathways which in turn reduced the produc-

tion of secondary metabolites, the precursors of reddish-brown blotches, thereby inhibiting the skin browning of grape fruits.
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R1 FEESSIMET
Table 1 The primer sequences for qRT-PCR

R 1D FHe K 24 51YIF51(5'—3")
100232838  MYB FHSCH KT F:CAAGCCTCAGGACAGAAG
(VoMYBA2)

R:CAGAAGCCCACATCAAATG
100241377 RNARMGAMHEE ~ F:ATAAGCCACATAGCCAAGA
R:GTTCAGTGCGTGTTCTAC
100232999 ZHGH 3 FRAUEESEE]  F.CATCCAGCACAGTAGAGT
R:GCAGGTCCAAATCAGTTAC

100240945  HEFRE A RLK1  F:GGCACAGATTGGATAAGC

|
R:GCACAGGAACTTCAACAA
100232938 ST EL A F:CCGCCATTACCATTCTTATC
R:CTCGTCTTCTCCTTGTTCA
100854997  KNEEIFABMIEHN  F.GACTTCTACAACAATGGACTG

R:AGGAGTTCACATCTTGGTT
100854106 BN 3-XUNMEBFEER  F: ACTATTATCCGCCGTGTC
R:CATCCTTGAGAACTTGAAGAC
100245184 S5 BT I R F:GATGACATTGGCACCTATAC
R:GGCTTCTTGGATGTTCTTC

100245465 Al (e P450 77A2
FEH

F:GTGAAGACGCCGATATAAC

R:CTTGCCAGCATTAGGTTC

2 4 R
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Table 2 Statistics of transcriptome sequencing results of pericarp of grape Shine Muscat
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Fig.1 Gene ontology classification of differentially expressed genes ( DEGs) of grape pericarp
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Table 3 Significantly enriched pathways of grape fruit russet-related DEGs

KO01110 WA= A i 286(24.11%) 8.22x107" 85 201
K000945 TIORCIRIE TIPS IR ALY A 58(4.89%) 5.29x107'8 14 44
K000940 HRE A R 50(4.22%) 1.07x1077 9 41
K000360 KRR 20(1.69%) 9.43x107 2 18
K004075 ik e e L 123(10.37%) 6.06x107 35 88
K000941 FEHETR A % 36(3.04%) 2.41x1077 5 31
KO001100 AnVipeges 352(29.68%) 1.60x1072 111 241
K000592 o-MERRIR AR 16(1.35%) 2.31x107* 4 12
K000903 Fr A FHTIR 1 ot fie 21(1.77%) 2.14x107? 3 18
KO00040 SRR R B R A 31(2.61%) 1.60x1072 16 15
KO00500 TER B 45(3.79%) 1.62x1072 20 25
K000520 IR IR BRIE L 22(1.85%) 2.55%1072 8 14
K000073 P, AR RN 5 AE WA 13(1.10%) 2.92x107? 1 12
K000904 THREE YA R 14(1.18%) 3.14x1072 5 9
K000944 B BT A ) 17(1.43%) 4.15%1072 2 15

26 SXFARERBRELEMEREXERER
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REN T 51 A 5RNEE G AR 22 3 Ho |-
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FEA 254, BEEy 34, TR 22 4, A B K&
TR AR S 5T B BE 1, GAL+
CPPU Ab 3 & A T 2R N Jor B I BT 6 s AH O 35k
PRI 22 3K, R S0l J2 2R TR 24 T it 20 I ( LOC 100854997
LOC100251137 , LOC100240904 . LOC100241377 ) &

2 R Wi 4 BB ( LOC100263443 . LOC100258106 .
LOC100232843 ) J& [H e 3k 1 i F RFAK (3 4) |, 3kl
T AR B A
2.7 DEG WIERTEHEE PCR Wi

% IE RNA-Seq &4 4 1 v] ¢ 1k, Bl AL 2 B
LOC100232823, LOC100241377 . LOC100232999
LOC100240945 ., LOC100232938 ., LOC100854997 .
LOC100854106 ,LOC100245184 . L.OC100245465 3L 9
ANJED il qRT-PCR A7 HAE AR [ b BRAE
H K FIE K, 5 RNA-Seq (195 91 508 32 B 4T 1
B, H5RE RNA-Seq BT 455 5 qRT-PCR 1Y
SERAALT , A M RAF, gE— 2D U B A
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Table 4 The DEGs involved in phenylpropanoid biosynthesis and flavonoid biosynthesis

B3] A 1D RPKMyye ~ RPKMyy  logy( RPKM g/ RPKM g ) R

RNBERAEY A LOC100267863 775.21 19.51 -4.69 YA ZE P45S0 84A1
LOC100253077 36.82 0.00 -4.69 RE R D R -CoA 3 45
LOC100254698 1 061.81 30.66 -4.49 4-F HR-CoA 1R
LOC100241377 1 515.59 45.52 -4.43 RN AR A
LOC100854172 1 481.75 51.10 -4.24 WNMERR 3-0-F S5 R it
LOC100260786 25.87 0 -4.18 it fe & 3-0-H SEH
LOC100263633 253.76 9.29 -4.15 YL fa 2 P450 98A2
LOC100233087 171.16 6.50 -4.10 WHEBEARAG A O-F BEFL RS Il
LOC100251623 177.13 7.43 -3.95 XL T P il 6 T 0
LOC100262575 21.89 0.00 -3.94 L E AW 20
LOC100259314 128.37 5.57 -3.90 FAUAN M L3R P450 71A1
LOC100265990 10.95 0 -3.83 it & 3-0-H SEH
LOC100253493 2 425.14 111.49 -3.82 J K AR RR 4-BR i AU
LOC100244323 122.40 6.50 -3.61 (S &=xtd
L0C100245991 190.07 10.22 -3.59 4-FF HR-CoA L1
LOC100854997 192.06 11.15 -3.48 RN R
LOC100251137 206.99 12.08 -3.48 RN AR A
LOC100240904 63.69 4.65 -3.15 RN R =
LOC100248812 97.52 7.43 -3.09 UDP-HEIL A5 85A3
LOC100241575 157.23 13.01 -2.97 RN AR ARG
LOC100245997 298.54 25.08 -2.95 RN R = M
LOC100267215 1 096.64 100.34 -2.83 J R 4-PRJin Ui
LOC100251984 27.86 2.79 -2.70 UDP-HESLHE AL 87A2
LOC100265530 190.07 20.44 -2.59 FRILPIHERE CoA FEFIIR/ ¥ 54 PUAEIEFL RE i
LOC100261390 165.19 18.58 -2.53 RN R = R
LOC100250277 283.61 32.52 -2.50 Al (02 P4S0 84A1
L0C100266593 423.93 60.39 -2.19 RN RR =
LOC100256293 25.87 3.72 -2.18 RN A R A 2
LOC100253987 746.35 115.20 -2.07 T A D
LOC100249245 154.25 27.87 -1.85 BAHD BEEE: R DCR
LOC100854817 161.21 31.59 -1.73 AW 12
LOC100248810 31.84 6.50 -1.67 4L (5 % P450 76C4
LOC100242338 76.63 16.72 -1.57 i EALYIE 17
LOC100264063 1 756.41 386.49 -1.56 FRILPHERE CoA FEFLIR/ ¥2 5L PUARERER, L1
LOC100250514 62.69 13.94 -1.55 W E WG 64
LOC100263428 1 029.96 233.20 -1.52 UL 37 - B0 4
LOC100257005 3 704.88 844.52 -1.51 i A ALY 4
LOC100262607 608.03 144.93 -1.45 A RE Y PR S 6
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P 1D RPKMyyy  RPKM g logy( RPKM s/ RPKM gy ) LR R
LOC100243978 5551.84 1 330.42 -1.44 WNHEBEAE A A O-H LSRG
LOC100244875 37.82 9.29 -1.40 BLERR 7-0-F BT 2 7 - 0-B-L-BAEHE
LOC100262839 264.71 74.33 -1.21 T T - 414
L0C100242108 177.13 53.89 -1.09 MHMERR 3-0-H 55645 Bl
LOC100256632 1.335.47 415.29 -1.06 HEE A FAL IR CoA £ IS
LOC100257863 561.25 180.24 -1.02 WL ) 3 1 /8 3 D
LOC100247942 1197.14 1 586.85 1.03 2 (RS ATG A A AU Yngl
LOC100253488 422.93 702.37 1.35 T BT A TR
LOC100257320 314.46 585.31 1.52 BTG 11
LOC100243028 52.74 157.01 2.20 RBLR R & H IR =
LOC100260726 9.95 39.95 2.63 i ALY 43
LOC100261249 41.80 240.63 3.15 I A 31
LOC100241493 1.99 16.72 3.69 IV MR 5 2 K it 1l

KM AR 1.0C100232938 219.92 1.86 -6.26 BB B
LOC100263443 420.94 20.44 -3.74 IR A il
LOC100259799 84.59 5.57 -3.30 M SRG1
LOC100233112 223.90 14.87 -3.29 TeAa A6 20 R 2
LOC100258106 197.04 15.79 -3.02 IR A
LOC100263992 4 838.33 396.71 -2.99 HE T SRGL
LOC100233142 1 087.68 131.00 -2.43 To A0 ZE UM 4 il
LOC100254114 59.71 7.43 -2.38 4 E P450 76C4
LOC100248986 637.88 87.33 -2.25 4 E P450 76C4
L0C100233078 1 186.20 170.02 -2.18 IR TR S48 il
LOC100247586 82.60 13.01 -2.04 AIRENY NAD(P) H A8t 4 Ak ad SR ity
LOC100233079 293.56 54.81 -1.80 HELEI 3-FR AL
LOC100253950 13 220.33 2 612.54 -1.72 HERR 3-FR AL
LOC100854106 146.28 32.52 -1.55 HEE 3-FR AL
LOC100232843 1 414.08 367.91 -1.32 A IR A i
LOC100251201 60.70 15.79 -1.32 4 {5 P450 76A2
L0C100247063 635.89 175.59 -1.23 AT SRG1
LOC100255484 417.96 118.92 -1.19 S B A R R R )
LOC100254096 135.34 39.95 -1.14 HEE 3-FR AL
LOC100232891 77.62 23.23 -1.12 5 BUEAEIC ) P-450 i
LOC100266596 185.09 57.60 -1.06 1-E AT bi- 1 -FR R A L
LOC100263035 192.06 60.39 -1.05 AN P450 76C4
LOC100249316 30.85 88.26 2.14 i A S B KR 4 LA €9
LOC100245184 371.18 1 267.25 2.39 S B 340 i
LOC100260701 8.96 92.91 4.00 At E P450 82C4

RPKM ;5 F T DB ok A REE 45 TR A B2 A B I A

NN lumina HiSeq™ X Ten il it I /5165, #4  1 Ab 3

30 FIRH I 5 402 3 3957524 652 194 A1
UTAESR , RNA-Seq M FH AR Z I, HEAL 30 662 7924% Clean read, Q20 GC 75 2 25 1y /3 Hr 4%

HEST R TS G TR AR AR L SRR AR e TR A R R i A o 2 SR

AWFFELA GA,+CPPU AbFRIY P BOR A AR, BRI AR R

TEUR S A OGS (il 3 J8)) i 2R B AT 11- M 2] 22 5 5L ] GO T e v B 2 40 i 41
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