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Abstract: The flavonoid content in immature leaves was significantly higher than that in mature leaves of
Myrciaria cauliflora. In order to understand the information of differentially expressed genes related flavonoid
synthesis in M. cauliflora, the transcriptome of 2 kinds of leaves were sequenced by Illumina HiSeq method. The
results showed that there were 59 321 Unigenes obtained from young and mature leaves, among which 32 912
unigenes were annotated by 8 databases. There were 77 Unigenes related flavonoid anabolism, and 6 genes were
down-regulated significantly in mature leaves, including two CHIs, one CHS, one F3H, one 2-hydroxyiso-
flavanone dehydratase gene and one ANS. The RT-PCR verified results of five differentially expressed genes were
agreed with the transcriptome sequencing. So, it was suggested that there were a large number of family genes
related flavonoid anabolism in the leaves of M. cauliflora, but the decrease of flavonoid content in mature leaves
was due to several down-regulated genes.
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K, Bt NIRRT ) (0 T R, AR R VI A
W IBOR T AR 5| PR 5 B WA & — R 2
UOFTE, (ARSE P IE T ERKNE, ERE
BOEETW B R 4 B WA AR SR
R AT 9 — R 42 51 R AR FRE, T HL
EREFER. 22, M BRI E &R
TEER B, BAPUEA . Prat. PriE R
JOE ] P A e o I T 5 22 b D R U -91 s 2R B I 2 Al
Vb 2 By R AR P R0, 32 B R gy L AR
il . BEbel . BB, el —SBEE . B R
Jo AR 1 A1,

KE W& AR s R 2 s
/R B & B (chalcone synthase, CHS). %% /K i 7+
¥ (chalcone isomerase, CHI). kel 3-F% 1k i
(flavanone 3-hydroxylase, F3H)( =% & i B & i K
flavonol synthase, FLS). X% 3'-#2 1R (flavonoid
3-hydroxylase, F3'H)(Ei2E# M 3- 5145 flavonoid
3-monooxygenase). ZE i 3,55 1L (flavonoid
3,5-hydroxylase, F3',5'H). S MilE 4-iF J5
(dihydroflavonol/flavone 4-reductase, DFR)~ il & %,
fiti (flavone synthase, FSI Al FSII). 5 3% i it 5 i
(isoflavone reductase, IFR). 57 % fild & 1%l (isoflavone
synthase, IFS)(&k 5 5 i ¥ L isoflavone hydro-
xylase) . ft & & & & i (anthocyanidin synthase,
ANS) (BTG 4 46 4 2 XU % # leucoanthocyanidin
dioxygenase, LDOX). £ 7 & 3-O-4# It # % i
(anthocyanidin 3-O-glucosyltransferase, 3GT)(&k &
R 3-O-H H£ 4 2l flavonoid 3-O-glucosyltrans-
ferase; o UDP-#i%j## UDP-glucose). Tt fii
16 5 (leucoanthocyanidin reductase, LAR). 1t
& J5 ¥ (anthocyanidin reductase, ANR)Z&[14-16],
AR, A W 4 B 7K 22 4 e R B
BRI PRI RO N L AE T T e, g
X B R 25 2 AR A ROAH DG 2 R IR T A OE R
WARIE . MR A A E S IEM, JUR S &
I 2021, [RIG,  ASHE FURE DUR R ) R A b 2
WX, DU e R, R v d
TR AT e s FL DI e, 38 I AN [F) B0 e v R
J& P AT ST W A A T I R Ok i g A
o 2, LU BRAT i v o S 58 B & s AR U A O 2k [
PIFhE, RIXERERBIEFELE, RIERNHFTH
] 2 B A AR AR ) 2R A AR B T
Henit .

1 MBI 75

1.1 #k

AR 2 A8 A R 2 5 T AT AROLBIF 7T BT R SR
PEYIR R B IR P, BXLS ads A A AR R
(Myrciana cauliflora ‘Shaba’) FH AR EH, 4
HONFERK 20 dN IR, Ot BN
30~60 difiHFr, WZkt. PR R bR S R %
b EHIE AR BR A A A TRNATR L, %%
ST 0 K 2 3 N 22 S 3R A S IR (K1 gRT-
PCREKHIESS .

1.2 RNA {RE = E &7

K FH Trizol 1273 5l R 8 225 e R -
B RNA, % 3 1335 6 MFEA, SEAFEARI & 4% 5
IEEERAAR 1> RNA ., FEanitiras
Oligo(dT)REEk & 4 M F mRNA FE 31T BEHLFT 17
I FEROWEE cDNA BT A bR AR A= . I A
B Ja RN 3 Sk . PCR B SR 1l 4% I Fe SC %8 il

Ay
=

N Nlumina HiSeq M1 &, 1) 2k 2 -
R SEG, T HRBUHECEIE . s 5o
H 4 E i o U8 2 PRk T A A T B R DASR EL
RN TRERT . BT T TR A, &
J& 3R AT B A )RR B R v B i A R N R
(Unigenes) %

1.3 DHRRRE SR R R

B SR ZELIN 3R EBOR 6 s - AR OR B IS, 0l
AT A AL e 6 AV A R e B S U S Joi R v
fli, G JE I BAR AT RIEE 5. I BLAST
KA R250] B4 %) i BT A Unigenes TEAS [F1 £
BEAT DhRETERE, X HHE R B o B AR RO
J# (cluster of orthologous groups, COG). 7Rk 5t 3L K 5
F 41 H B4 (Kyoto encyclopedia of genes and
genomes, KEGG). % [Al 44 12 £ 4fz 7 (gene ontology,
GO). & A EA% A% % (euKaryotic orthologous
groups, KOG). & i J7 41| 4fz P (swiss-prot protein
database, Swiss-Prot). & 1) Z I EHRE Z (protein
families database, Pfam). B & [FY5 2K A TN RERE A
FIHEsr2E (evolutionary genealogy of genes: Non-
supervised orthologous groups, eggNOG)FIHETU 4 &
£ 4 £ (non-redundant protein database, NR). £
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iﬂ)ﬁﬁiﬂ“)ﬁ #t — B 1E Swiss-Prot il NR %45
AT B A O R FE R R & A, DAIERAR
Y81 5 I3 et R s Ay r 2 T G s TR R S A
RikE.

1.4 ZRFEEEK qRT-PCR 43 HTHHIE
JH 3t qRT-PCR Al 2 AN 8] 2] FEAS AR % S 2H

# 1 qRT-PCR 437t 5 NIEE A5
Table 1 gRT-PCR primers for 5 selected genes

Frh 22 R 05 ) 5 AN ER A ok SR R (R 1))
Tk B, WA YA EIC L ug RNA,
fi i} TransScript 11 All-in-One First-Strand cDNA
Synthesis SuperMix for gPCR (One-Step gDNA
Removal) (55 : AH341)iR7 &, HHERH &
P04 T S 5 cDNA S8 J5 R SYBRGreen
JektdtAT qRT-PCR f il 734, $BE 3 IKER.

4t 1D JE[H Gene 5|#1/F7%1 Primer sequence (5'~3')
C89846 N ZHLF Actin F: CCATAGGAGCCATGATTACC
R: CCTCTCTCCAAGTAGCATTC
C94118 AR EAG EE Chalcone synthase F: TGCTCTTGTACAATTCAGCTG
R: CGACACATCCTGACTCAGTC
C97204 1 FR 3-O-PEFE R0 Anthocyanidin 3-O-glucosyltransferase F: CGACGAGAGGCAGATGCTTG
R: CTTCTTCGTGGCTAAGTACTG
€91420 kel 3-¥21LE Flavanone 3-hydroxylase F: CTCGACGGACTTGGACTCC
R: TCTTCCAGGTCGTCAACCAC
c87717 2-F kS BER I K S 2-Hydroxyisoflavanone dehydratase F: GCGAGGCGGTGAAGGAGAG
R: GCAGCCAATCGCTTGATCAG
C87867 17 R A& Anthocyanidin synthase F: TGTCACTGCATGCTCATCTG

R: GCGGTGTGATGGAAGGCAAC

2 RS

2.1 JREAHT

41 2 5 3 3k45 59 321 %% Unigenes, Hi K E7E 1 kb
DL 17 623 25, fiTf5 Unigenes idiid COG.KEGG.
GO. KOG. Swiss-Prot. Pfam 1 NR Z£%4E 7 3t 47

Ik B A A A R BT R S AT Y VERRERXS, HEA 32 912 SkvERE, HLh K EETE 300 bp~
A 4%, 3L3R15 16.53 Gb ) clean data, #%5FF 1 kb [ Unigenes &y 17 592 %¢, 1K E AT 1 kb 1)
) clean data ¥4 % 7.30 Gb, Q30 Fili 3£ =92.83%. H 15 320 (3 2).
2R 2 BHRPEFE R Unigenes HE
Table 2 Number of annotated Unigenes by databases

$¥& 2 Database Unigene 300~1 000 bp =1 000 bp
COG 11 600 5119 6481
KEGG 11790 5621 6169
GO 14 667 7822 6845
KOG 17181 8038 9143
Swiss-prot 19 832 8487 11 345
Pfam 25769 9933 15 836
eggNOG 29712 14 914 14798
NR 32652 17 368 15284
S Total 32912 17592 15320

2.2 KRR REER 51
2.2.1 AR A R B A

BT 32 912 2% Unigenes j& 1T chalcone (7 /R i)
SARIAR R, AR NR A1 Swiss-Prot 23 72 2 #r, 3
AT 9 ANEREE AR EE R (R 3), 4R 3 A4
CHI 1 6 > CHS JE[K] o 72 7 R IA M 2. 2 T 1 ) 2 A
A 34, AHE 24> CHI (WY c93272 H1 c86311) 1 1

AN CHS FE[H (405 c94118), iX 3 MNEE/REAH A% 0
FE DR 7E B 20 4l R ) FPKIM B B 2 1 T Bl
Fs [AIEF, 3R 9 4% Unigenes 78 NR $idf FE UG AL
YRt £ B E A% (Eucalyptus grandis, 6 4%), TMifE
Swiss-Prot 45 = VL AC P A 40 F5 5T (Arabidopsis
thaliana, 2 2%)F1Z5 # (Camellia sinensis, 2 2k)%5 7 F
EL/R



36 M RADSTAR TS [R] R R A I b S I B SR A B R A A 705
3 9 MNALIRER A AR SR 2 A
Table 3 Nine related genes of chalcone synthase
FPKM NR Swiss-Prot
il
t S
o S VCREAF FEH VLR
oung Mature ; . . .
Gene Matching species Gene Matching species
leaf leaf
93272 246.75 1079 AJRIA- 3 Hel 5 4 B Et% R - 28 e T R PN RS
Chalcone-flavonone isomerase  Eucalyptus grandis Chalcone-flavonone isomerase  Arabidopsis thaliana
86311 324.91 25.26 A IR - Jre T S A il Eiti IR IH- 3 e R e A L
Chalcone-flavonone isomerase  E. grandis Chalcone-flavonone isomerase ~ Camellia sinensis
62863 0.20 0.97 A IR - 3 Jre R S A il i P IR IH- 3 e R e A ENEERS
Chalcone-flavonone isomerase  Brassica napus Chalcone-flavonone isomerase  A. thaliana
94118 289876  184.35  F/REALHG eeLi] TR B & P
Chalcone synthase Punica granatum Chalcone synthase C. sinensis
53140 66293 21805  fREEH Eit% EWIN ey K&
Hypothetical protein E. grandis Chalcone synthase Hordeum vulgare
91200 3.90 446 H/RERAHS # b R A B BT
Chalcone synthase Raphanus sativus Chalcone synthase Sinapis alba
120343 0.20 020  H/RERAHE Et# Py ARE
Chalcone synthase E. grandis Polyketide synthase Rubus idaeus
€100299 0.20 181  H/RERAHS Et# R A B k=]
Chalcone synthase E. grandis Chalcone synthase Vitis vinifera
105512 0.20 095  #I/RERAHE Et# R & B E[REs]
Chalcone synthase E. grandis Chalcone synthase Gerbera hybrida

2.2.2 A R A

B flavonoid (3 35 il ) S B Rl A &, AKHE NR
J% Swiss-Prot #4250 #r, $L3RA5 6 DNSEEHAHOC
FER(FK 4), BF5 34 F3'H M 34 F3',5'H 3R, X

Fo L, PRSI R AR A A A e

Fik. 6 2 Unigenes 7£ NR £4 FEUUAC (4 R a2
Ef%, TWifE Swiss-Prot 4 FE ULAC (V) M A He A 4
(Petunia hybrid, 5 2k)#15ii¥ (Solanum melongena, 1

L6 L RIE 3 ) 4l R PR B Z R AR ).
4 6 A EINEA A
Table 4 Six related genes of flavonoids
FPKM NR Swiss-Prot
Yl i B
b o B DLARAR i PLARH
4 Gene Matching species Gene Matching species
leaf leaf
89999  516.35 12162 #fH 3-4 4 g Bt 3l 3- N4 R
Flavonoid 3-monooxygenase Eucalyptus grandis Flavonoid 3-monooxygenase Petunia hybrida
€91045 10.36 2427 T 3- 50 Ef# 3l 3- N4 fRaEd
Flavonoid 3-monooxygenase E. grandis Flavonoid 3-monooxygenase P. hybrida
€91045 6.91 814  fEEN Et JEHE 3- 4 JEA:
Hypothetical protein E. grandis Flavonoid 3-monooxygenase P. hybrida
93743 209.11 7040 i 3,5 FR L EE Ef# B 3,5 FRAbmg fRaEd
Flavonoid 3',5'-hydroxylase E. grandis Flavonoid 3',5’-hydroxylase P. hybrida
€92395 82.00 5285 R 3,5 FelbHE Et U 37,5 FRALE i
Flavonoid 3',5'-hydroxylase E. grandis Flavonoid 3',5'-hydroxylase Solanum melongena
91311 2013 11897  7-24AFE T K-O- K Et U 37,5 FRALE JEA:
7-Ethoxycoumarin-O-deethylase E. grandis Flavonoid 3',5'-hydroxylase P. hybrida

2.2.3 S AH I

JHIT flavone (BEHEH)CHEEA AT R, KHE NR A&
Swiss-Prot 4 FE 4 i1, L3R4S 10 AN R AH oG E A
(%5), G35/ IFR. 44 IFS A1 1 A~ 3-O-Fk

FEFAL M RE TR o 3K 8 JE DR £ 0 78 2] ZJ R B3

TR RIEANRE, (HIX LB FH K 1L 41
FPKM R 3 % T #4t. 1X 10 2k Unigenes 7E NR
K e VEIC P 32 B B AR (7 5%)s T E Swiss-
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Prot #4522+, 3 A~ IFR i [K UL FC i AA (Olea euro-
paea), IFS J:[K 737l ULHC H #(Glycyrrhiza echinat, 2)
FIE 7% (Medicago truncatula, 2).
2.2.4 T B A SR

IS flavanone (GEAEHH) SRR ZR, KPE NR
A Swiss-Prot £ #s RS, FL3RAT 11 >3 e
FHOGFEH (3K 6), ELHE 4 /> F3H. 6 /> 2-F2 L 7 bt
Pl J5t 7K BN 1 A SR BE ] BR 2SR RS B[R] . X ek
DRI 5 B8 71 26 40 0 RS I 1) 22 e A AR R 35 R
WA 24, 4399008 F3H (4sfiY c91420) A1 2-F5 3L 57
B o B K B IR (G AY c87717), oAtk [R 2 7k
IEANE . X 11 % Unigenes 7£ NR %04 2 DU 1)
Yk EENERE(9 45), TMAE Swiss-Prot 4 FE UL it
FIPAh A K (Glycine max, 2 £5) LE 7T (2 ) FiH
FE(2 2%) 55 8 FiE
2.2.5 TN A OCHREA

i flavonol (& B ) S EERES 2, P8 NR K&
Swiss-Prot #ifs PEVERE 73 #r, 3£3K45 9 4> DFR & [A]

# 5 10 MHEEIAEHER

Table 5 Ten related genes of flavones

GR(R 7). XU DFR FEE 7EAR ] 4] 4y F Rl
A2 R RIEIAHE,, BRYnhd c82886 [1IIE A 4h,
HAth DFR ZE I TEH) 1) FPKM 38 (1% T e 24 o
[, 1X 9 2% Unigenes 75 NR £ 2 VT BC P Fh 45
2, B R EARFARARYIE 7 B, M Swiss-Prot
HH VT T 14 90 Bl 00 R I (4 %) R K 7 (Oryza
sativa, 2 %)% 4 FPHEY) .
2.2.6 16 FAHKCIHK

i1t anthocyanidin (FE75 ) FIAH G JE DA 45 5 i
KR, AR NR A Swiss-Prot £# v E R #r, 3L
AT 32 MET R ARG B (3K 8), fF5 18 ME
BRI BB 4 MET R CHE 2
5> ANR F1 4 A~ ANS JE [ H i fE 5 2 SO %
B R R 13 /> 3GT fil 5 NMEH &K 5,3-O-F
RN fEE TR E R 3 MEE
# 3-O-Fidk 6-O-M L B 1 ML R
Mg SR D] o X SO AE T 2 AH OGS DR 7 AR 7 225 407 Dl
I (1) 22 S 3R B 2 35 T R U 4nhY ¢87867 1)

KikE NR

A FPKM Swiss-Prot
ity -
It It
N it K DL HH PCA
oung Mature - . : .
Gene Matching species Gene Matching species
leaf leaf

94129 58.7 4526  EISREEEA Eit% S R T il SRR} 1A
Cleft lip and palate transmembrane Eucalyptus grandis Isoflavone reductase Lupinus albus
protein

c86513 5098 13431 (M i SR S I
Hypothetical protein E. grandis Isoflavone reductase Olea europaea

95833 1455  27.89  RisfiLlE Eif SHRIE S5 G
Isoflavone reductase E. grandis Isoflavone reductase O. europaea

95833  10.97 2826 SIS g Eiti 7 T ks
Isoflavone reductase E. grandis Isoflavone reductase Solanum tuberosum

98269 0.39 052 fE&H Eit B RIE S5 R
Hypothetical protein E. grandis Isoflavone reductase O. europaea

c7258 0.50 044  O-HIME3L 0% 2T KM 75 0 5 2-55 (L B
O-methylsterigmatocystin Termitomyces Isoflavone 2-hydroxylase Medicago truncatula
oxidoreductase

95194 0.20 10.63 R 2-12 4k Btk Y (3% P450 R
Isoflavone 2-hydroxylase E. grandis Cytochrome P450 M. truncatula

€100771 020 186  fEEA AN ST 2-F2 A0l HE
Hypothetical protein Exophiala Isoflavone 2-hydroxylase Glycyrrhiza echinat

aquamarina

c52401 020 113 gjuazs PASO Fif A 2L i
Cytochrome P450 E. grandis Isoflavone 2-hydroxylase G. echinata

52618 0.20 091 M 3-O-Fi AL i TR 3-O-F Sk e o i R IT
Flavone 3-O-methyltransferase Brassica napus Flavone Arabidopsis thaliana

3-O-methyltransferase
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Table 6 Eleven related genes of flavanones
FiEH FPKM NR Swiss-Prot
éﬁﬁ% It J Z5h [T -
S 3 LA aht Wt
Young Mature - .
Gene Matching species Young leaf Mature leaf
leaf leaf
91420 317.76 323 B 3-FafLEs Et# HGE 3-FR 1k I EAL
Flavanone 3-hydroxylase Eucalyptus grandis  Flavanone 3-hydroxylase Citrus unshiu
90553 7.93 9.45  FYH 3-FElLEG Et# WA Fe?* XU 4 B
Flavanone 3-hydroxylase E. grandis Fe(l1)-dependent dioxygenase Papaver somniferum
84372 2.18 206  FELEH 3-FLlLEG Et HGE 3-FR b Fea i
Flavanone 3-hydroxylase E. grandis Flavanone 3-hydroxylase Eustoma exaltatum
72196 0.14 133 kel 3-12 1L i Al Bz XU 4l E
Flavanone 3-hydroxylase Brassica napus Naringenin dioxygenase Matthiola incana
87717 81.39 5.82  2-FR Rk S B K Al itz - B e I K HH
2-Hydroxyisoflavanone E. grandis 2-Hydroxyisoflavanone Glycyrrhiza echinata
dehydratase dehydratase
82951 58.39 4219 2-Fdk R o i K i [EL4 2-FR I S T e R it K HE
2-Hydroxyisoflavanone E. grandis 2-Hydroxyisoflavanone G. echinata
dehydratase dehydratase
86714 15.87 1757 2-3HE 5 v b i /K il [EL;4 PR R TR EPNER
2-Hydroxyisoflavanone E. grandis Carboxylesterase Arabidopsis thaliana
dehydratase
86714 5.53 8.10  2-F Kb 5 B i i K Al itz FRIR G ARIFF
2-Hydroxyisoflavanone E. grandis Carboxylesterase A. thaliana
dehydratase
72842 1.13 6.33  2-F2 Kk R el K g itz 2-F I S B P 7K K&
2-Hydroxyisoflavanone E. grandis 2-Hydroxyisoflavanone Glycine max
dehydratase dehydratase
118940 0.00 0.61  JRILNERG Ef% 2-F 5 S e P /K PN
Carboxylesterase E. grandis 2-Hydroxyisoflavanone G. max
dehydratase
93094 0.32 6.44 TP R AEE AL G ik VU LLAERE R e R il HEF
Flavanone rhamnosyltransferase Vitis vinifera Crocetin glucosyltransferase Gardenia jasminoides
R 9IRS AE A
Table 7 Nine related genes of flavonols
FikH FPKM NR Swiss-Prot
i -
b gt Fe T JEI DLl R DL
Young leaf  Mature leaf Gene Matching species Gene Matching species
82886 375.05 69.16 TR 40 Bhz R TR 48 R %]
Dihydroflavonol 4-reductase ~ Rhodomyrtus tomentosa Dihydroflavonol 4-reductase  Vitis vinifera
90359 13.96 13.12 THRHEER B Ef# TEERRT 4-30 SR EeE]
Uncharacterized protein Eucalyptus grandis Dihydroflavonol 4-reductase ~ Callistephus
chinensis
73095 1.33 0.20 TR 48 R Et% T ARE 430 TR URIIT
Dihydroflavonol 4-reductase  E. grandis Dihydroflavonol 4-reductase ~ Arabidopsis
thaliana
¢105787 0.51 0.67 AR -3 )5 b T AR 438 5 T
Dihydroflavonol 4-reductase ~ Raphanus sativus Dihydroflavonol 4-reductase  A. thaliana
82208 0.20 4.03 AR A-1L 5 HW PIEERE G A IR B KFg
Dihydroflavonol 4-reductase ~ Capronia coronata Cinnamoyl-CoA reductase Oryza sativa
70965 0.20 3.25 TEUE AR A-L R ALERR /Y P D 3 i T
Dihydroflavonol 4-reductase ~ Coniosporium apollinis Tetraketide pyrone reductase  A. thaliana
19008 0.20 1.16 TR 48 R FrEERR PIEEREAE A 15 R KHE
Dihydroflavonol 4-reductase  C. apollinis Cinnamoyl-CoA reductase O. sativa
c115287 0.20 0.78 AR A4 5 JoH T AR 438 5 RITF
Dihydroflavonol 4-reductase  Brassica rapa Dihydroflavonol 4-reductase ~ A. thaliana
114959 0.20 0.59 AT A AN - -

Dihydroflavonol 4-reductase

Phialocephala
subalpina
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Table 8 Thirty-two related genes of anthocyanidins synthesis

FPKM NR Swiss-Prot
B A I LA o PR
oung Mature G - . . .
leaf leaf ene Matching species Gene Matching species
80496 175.13 4091 {EiH & 3-O-WiHL iR Et% UDP-#l i H #2 5 AR
Anthocyanidin3-O-glucosyl- Eucalyptus grandis UDP-glycosyltransferase Arabidopsis thaliana
transferase
91501 144.53 37.16 L& 3-O-WhIL R HG Eitk 16 F 3-O-Wi A5 iy i
Anthocyanidin3-O-glucosyl- E. grandis Anthocyanidin Vitis vinifera
transferase 3-O-glucosyltransferase
44283 26.66 333 WHE 3-O-FiEEY Bt - -
Anthocyanidin3-O-glucosyl- E. grandis
transferase
97204 2285  163.99 LE R 3-O-WH A Eiti 16 % 3-O-FE R 5 1ily X
Anthocyanidin3-O-glucosyl- E. grandis Anthocyanidin Fragaria ananassa
transferase 3-O-glucosyltransferase
96864 11.24 11.08 EHE & 3-O-WH AL i Eiti 165 % 3-O-FE R 4 1ily K
Anthocyanidin3-O-glucosyl- E. grandis Anthocyanidin Manihot esculenta
transferase 3-O-glucosyltransferase
91497 5.95 2925 fri R 3-O-WisiE Rl Et# 165 % 3-O-Wi AL iy RE
Anthocyanidin3-O-glucosyl- E. grandis Anthocyanidin M. esculenta
transferase 3-O-glucosyltransferase
97734 5.41 366 167 R 3-O-MEHEH B Eiti 16 # 3-O-FE R 4 fily X
Anthocyanidin3-O-glucosyl- E. grandis Anthocyanidin F. ananassa
transferase 3-O-glucosyltransferase
85595 4.18 1871 16 % 3-O-WilEi Rl Eiti UDP— AL 7% iy AR
Anthocyanidin3-O-glucosyl- E. grandis UDP-glycosyltransferase A. thaliana
transferase
85190 3.30 3.05 o~ ' Eiti T3 3-O-Fl I iy X
AR ?.*E%%%% E. grandis Anthocyanidin F. ananassa
Scopoletin glucosyltransferase 3-0-
glucosyltransferase
69331 1.04 020 1EH R 3-O-WEHE Eiti TEH # 3-O-FE AL il A
Anthocyanidin E. grandis Anthocyanidin M. esculenta
3-O-glucosyltransferase 3-O-glucosyltransferase
86928 0.19 253 HR 3-O-Wi iR Eiki UDP-Wli3 ¥ R i R
Anthocyanidin3-O-glucosyl- E. grandis UDP-glycosyltransferase Malus domestica
transferase
91374 0.20 1140 fEHEFR 3-O-WH AL iy Eiti TEH # 3-O-FE AL il A
Anthocyanidin3-O-glucosyl- E. grandis Anthocyanidin M. esculenta
transferase 3-O-glucosyltransferase
66255 0.20 118 &K 3-O-Wi LBk Et# - -
Anthocyanidin3-O-glucosyl- E. grandis
transferase
90448 8341 81.96 {LiH % 5,3-O-Hi Ll Eiti 167 % 5,3-O-W I Rl Uk
Anthocyanidin E. grandis Anthocyanidin 5,3-O- Rosa rugosa
5,3-O-glucosyltransferase glucosyltransferase
€92782 3.12 020 7675 % 5,3-O-HiSLfEFE Fif - -
Anthocyanidin 5,3-O- E. grandis
glucosyltransferase
75107 147 0.93 FEH R 53-O-MiL LG Btz 167 3 5,3-O-Wi A o 1 B
Anthocyanidin 5,3-O- E. grandis Anthocyanidin 5,3-O- R. rugosa
glucosyltransferase glucosyltransferase
¢101010 1.20 095 f675% 53-O-Mi I Fif UDP- i SRS A4
Anthocyanidin 5,3-O- E. grandis UDP-glycosyltransferase Stevia rebaudiana
glucosyltransferase
71615 0.20 6.01 fLH &K 53-O-Mi LB Btz - -
Anthocyanidin 5,3-O- E. grandis
glucosyltransferase
88788 50.82  128.37 f¢H K 3-O-Fi¥E 6-O-BEEHE Bk E3 iZ 3 H G Bl MFEIT
fi; Anthocyanidin3-O-glucoside E. grandis E3 ubiquitin-protein ligase A. thaliana
6-O-coumaroyltransferase
88146 2.05 568 1EH R 3-O-Hikk 6-O-MistiEfe Bk 1EHFK 3-O-H ik 6-O-IL ol MR IF
fif Anthocyanidin 3-O-glucoside E. grandis Anthocyanidin 3-O-glucoside 6-O-  A. thaliana
6-O-acyltransferase coumaroyltransferase
71582 0.33 6.42 1EH R 3-O-WiJk-6-O-Bihedt® Bk 1EH K 3-O-FE-6-O-BE e Ml PRI IF
fi; Anthocyanidin 3-O-glucoside E. grandis Anthocyanidin 3-O-glucoside 6-O-  A. thaliana
6-O-coumaroyltransferase coumaroyltransferase
46932 0.89 085 fE&EH Eit% 16T RMIEHF50E Anthocyanidin - 7T
Hypothetical protein E. grandis coumaroyltransferase A. thaliana
96078 166.21 3771 H RN Eit% 0T L SR G k]
Anthocyanidin reductase E. grandis Anthocyanidin reductase V. vinifera
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- FPKM NR Swiss-Prot
D ght e I VCRC 3 VLA
Young leaf Mature leaf Gene Matching species Gene Matching species

€53490 0.20 1.59 I R P A4 I 1 BEE 15 RIL R &
Methylglyoxal reductase Zymoseptoria brevis Anthocyanidin reductase V. vinifera

81302 0.20 2.50 BEEH EEEIRIFE 15 RIL G &
Hypothetical protein Mycosphaerella eumusae  Anthocyanidin reductase V. vinifera

120842 0.20 114 BEEA | LT 2RI 5 i %
Hypothetical protein Leucosporidium Anthocyanidin reductase V. vinifera

creatinivorum

105495 0.20 142 BEEA JBUE s AR TETH 2RI 5 i %
Hypothetical protein Hortaea werneckii Anthocyanidin reductase V. vinifera

87867 688.83 6.17 TH R G Et# 16T R A ENEERS
Anthocyanidin synthase E. grandis Anthocyanidin synthase A. thaliana

92975 317.35 66.30 BT 25 Eit% TETH 2 & G BRI L
Anthocyanidin synthase E. grandis Anthocyanidin synthase Desmodium

uncinatum

92506 15.31 19.29 T R G Et 2-J 1% — R U 4 Bty ENEERS
Anthocyanidin synthase E. grandis 2-Oxoglutarate dioxygenase  A. thaliana

88487 8.33 10.21 BT 25 Eit% TETH 2 & G BRI L
Anthocyanidin synthase E. grandis Anthocyanidin synthase D. uncinatum

76157 0.60 1.29 T R G il Er 16T R A ENEERS
Anthocyanidin synthase Brassica napus Anthocyanidin synthase A. thaliana

ANS FE[K] . 27 4 Unigenes 7£ NR %3/ [ UL Bt (4
PN EAZ(R A 4 4 ANR FIT 1 AN ANS VCEE A4
Fl)s TifE Swiss-Prot 4, 167 R AHCHEIL
F& I I R VLI (1) P F0 - K 3 (Manihot esculenta) . %
#i(Fragaria ananassa) fI{U\Fg 7+ 55 7 B, 4 ME
T2 A ST I % B Il 25 R UG T ) 4 R 350 U F
5 /> ANR ULPC P A0 %) 9 % (Vitis vinifera), 5>
ANS ULHC 0 A 00 77 (3) AAR I L 1 42 (Desmo-

dium uncinatum, 2).

2.3 ERRIEXEFR qRT-PCR KHIE
P2 R RIS R EMN 5 AN E A A G K
[R3E1T QRT-PCR 24T, iX 5 M ER A LiREE R AL
T & 3-O-Fi L H AL B (gt C97204) LA K 4 > TN
A, a0 /KB A O (Gnis C94118). T AEHH 3-721k
A (4nhi C91420). 2-F2 5 5 e el i /K B (Y i C87717)

* 9 EFRIEFEFN gRT-PCR 4341

Table 9 qRT-PCR analysis of differentially expressed genes

AL T & A B R (Yn S C87867). 45 LW (R
9), b IR 7 A 4 B i B ) R IA AR
RSB T) SRE AN FLE Reevs, R
X ARSI 5 SR 22 S A A BOE A A

3 B HITTHS

T 3 v A B PR AT, AR ] &) e R A
F i HE3545 59 321 %% Unigenes, 7E 8 A% It
A 32 912 7% Unigenes 3R1SFDIREERE, NR ¥ v+
BT 32 652 %% Unigenes, L T-&E D 1 AT d HAh %
B, FRATERE NR s 2w & Fr 285 i A ik
FHORBEE AT 0bro T NR B R S bnifk Lt
BOERS, TUARER R, 1 Swiss-Prot HdE )
FAR ARG IR UE, R HERFE 23,
B, ASCiE SR NR AT Swiss-Prot $idf 22 3547 3 73

actin Ymhd 1D
C89846 c94118 €97204 91420 c87717 c87867
RNA-Seq %1 Young leaf (A) 5.42 2898.76 22.85 317.76 81.39 688.83
I Mature leaf (B) 5.06 184.35 163.99 3.23 5.82 6.17
A/B 1.08 15.72 0.13 99.30 13.98 111.64
gRT-PCR 41 Young leaf (A) 1.95 887.02 5.79 595.94 469.25 379.19
3 Mature leaf (B) 1.95 53.28 23.75 24.39 22.36 51.18
A/B 1.00 16.65 0.25 24.43 20.99 7.41
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o A R ER AR 3 R AL HE CHI A CHS; 2K 35 AH <
FERAFE F3'H R F3'S'H; SR AR I R B4 IFR,
IFS FIEe 3-O-Mt I FEF2 Mg : 2 bl AH OC HE R B0 4
F3H. 2-F2 Jk S5 o Jo ot 7 T A0 o e ) SR 2B b 5 75
filf; BEEABEANOCHE R N DFR; 167 A SR R A4
1 RAHSCHEIL FE AL/ . 1875 R AN TR I FE RS I
ANR 1 ANS. NR F1 Swiss-Prot $fz i vE R (1) 25 3
i &5 BB AR SSFE IR 15 60 A4S, NR il e b A5 17
% Unigenes 7% B NS B AHOCHEA] ;. Swiss-Prot
BiEFERA 5 % Unigenes KiEREFIEE, BE 12
SRV PR 9 2 B T A DG [

7 NR U8 PR R (1) 25 28 i 5 R AH 5% 2k ]
H, Bk DFR. Bl 3-O-Fh LRl . B el FR 2= H%
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B AERAH SR R 22 40 R - 7 Swiss-Prot £
Hh, SRR A BB DG RIUL RS IR AP iR %2 (2 F3H
KRR O LRC ()35 2 B A2, T ANR S5 R 53 UL AL
IR A, IXRIAIEAA F3H S R I 4
(1] ANR SIS RER AT T BN R A 7L

T o T BT R 2 4 R s s i S B A
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PG AE GRS R, 22 S RIS W 35 M2 R AT 6 4,
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KT £ 84 MYB. bHLH Al WD40 251291,
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PRI R A )RR R T, 45 SR IRE ) 283 A
MYB. 88 /> bHLH Al 246 > WD40 % =355 jli ik
RIS 7o, ZRRIANEZER 274 19, 6 F
6 o AR I R A R 2 R A A
BB B IE R AN ], X e 7 R R IA R 3 1) =

RIS T HIEAE 5 4 MYB. 14> bHLH 1 1 A
WD40 3t 7 AN i R, AR EARVE R TS
SR LSS T R 5 R A FRER AT 7

AT 5t AR ] 2 2 58 R A s A A D¢ Bl TR ik
0 5 A 22 mRIA AT qRT-PCR Bk, 45 R 5%
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