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Transcriptome Analysis of Anthocyanin Synthesis Related Genes
in Purple Bud Tea Plant
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Abstract ;In order to identify the candidate genes that are involved in purple color of tea plants,three tea geno-
types consisting of purple bud ‘Zijuan’ ,green bud ‘ Yunkang No. 10’ and ‘ Fuding Dabaicha’ were used. We deter-
mined the contents and compositions of anthocyanin and catechin by high performance liquid chromatography-mass
(HPLC-MS) , and also analyzed gene expression of synthesis-related genes by RNA-sequencing ( RNA-Seq) and
quantitative real-time( qRT-PCR). HPLC-MS analysis results showed that the contents of anthocyanin in ‘Zijuan’ ,
*Yunkang No. 10’ and ‘ Fuding Dabaicha’ were 5.05 mg/g,0.08 mg/g and 0. 15 mg/g,respectively. The anthocyanin
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content was significantly different in purple bud vs. green bud tea cultivars( P <0. 05). Whereas the catechin con-
tents of three tea cultivars were 15. 12 mg/g,19.52 mg/g and 15. 09 mg/g, respectively, no significant difference
was detected. By RNA-Seq, a total of 255079 reads was obtained and assembled into 166118 unigenes. Of that,
54446 were assigned to GO terms,30666 were assigned to KOG categories, and 20336 were assigned to KEGG path-
ways. DEG-Seq analysis revealed 434 differentially expressed genes between purple bud vs. green bud tea cultivars,
belonging to 38 metabolic pathways. 15 of 112 genes in anthocyanin biosynthesis pathway were differentially
expressed between purple bud vs. green bud tea cultivars. Out of that, PAL ( cluster-1850. 70337 ) , CHS ( cluster-
21971.0) ,ANS( cluster-1850. 80848 ) and UFGT( cluster-1850. 77163 ) were up-regulated in purple bud tea culti-
var, while no significantly difference between green bud tea cultivars was detected. In addition, FLS ( Cluster-
1850. 81068 ) genes were up-regulated in green bud tea cultivars, possibly associated with the catechin accumula-

tion. Therefore , this study revealed a set of differentially expressed genes that associated with the anthocyanin syn-

thesis of purple bud tea plan,and particularly , PAL,CHS ,ANS and UFGT genes may play central role.

Key words: Tea plant ( Camellia sinensis (L. ) Kuntze ) ; purple shoot; anthocyanin ; transcriptome ; differentially

expressed genes
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oA B oA AR B — 28 56T KA UM DG REEIA
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mL 0. 1% R /KIEW) , i UEHE (0. 45 wm) , Agilent
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HEL (3500 V)

R FH RO A 4 3% 5 ( HPLC High Performance
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Agilent 2100 #5ill RNA 523 ¢cDNA SCEMH S
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Hlumina Hiseq 2500 U5 °F £, 159 21 7 45 5277 ( Raw
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le-3 21 T 5 KEGG %4l o HEAT HLXT, 3R 153 KEGG
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a3 47 b5 fE AL 4L L, R ] DEG-Seq 7E Qvalue <
0.005 H.llog, (fold change) | >1 £ X 2% F 2L [H
PEAT 22 5 3RIBOHT
1.5 SER%SEEE PCR &l
NI P R A 1) 22 S e Rk A R o BERILBR B 9 A4
AT 52 B 2% 96 %2 ' PCR ( Quantitative Real-time,
qRT-PCR) Ml 5E . K CTAB-LiC1 B:#EHUE RNA,
$i B8 Fermentas 7\ H) ) RevertAid First Strand ¢cDNA

Synthesis Kit 545G 1 cDNA AR 7 r 15 )7 51)

Table 1 The primers used for real-time quantitative PCR

JEE X I AR 2 371 , di B Primer5. 0 Fcf4-1% 155 it
PeE = PCR 5149, LA GAPDH ( GE651107. 1) 3 [H
VERWNS IR (R 1) SRATICACEE L ] 22T ik
FHRFERAE N LR & X IR (=950 10 5) i B s
SERYAE R SR IR D 1, SERFPOEE B PCR B SOV
KRR K FEFZS W Fermentas 23 F]AY SYBR Green mas-
ter mix YL, SLHIK 3 N EE

S JEH 1D FiE5 14 TES I FEYITE (bp)
Gene Accession No. Forward primer(5'-3") Reverse primer(5'-3") Product length
PAL Cluster-1850. 70337 AGAAAAACCGCTGAAGCTATTG TTTGGCGACTTGGCTAACA 141
C4H Cluster-1850. 63303 GTTCATTTCCGACCATCCTG CGTCCAATCTTCTTCTCCCA 74
4CL Cluster-1850. 118690 TTCTCCTCCAGATGGGTGTTT TGGTAGACCCGTTGTTCCTG 130
CHS Cluster-21971.0 GTGCCATCACATTACAACTTCG TGAAATGCCTCCACCAAGAT 109
FLS Cluster-1850. 81068 AGTGGTTGTCATTAGGGATTGG GGTCTAGGACATGGTGGGTAAT 112
DFR Cluster-1850. 18936 GGACCGATGTTGACTTCTGC GGATGAATGGCGACGAGAT 130
ANR Cluster-1850. 82756 CGCTGTCAATACCAGTGTTCC CCCATACTTGAAACTGAATCCC 157
ANS Cluster-1850. 80848 CGTCCCCAACTCCATTATCA GCCCACGAAATCCTCACTT 120
UFGT Cluster-1850. 77163 ATTTGGGAACTTAGAATCAGCC CGTGGTGGTGATGTGAGGTT 183
GAPDH GE651107. 1 GATAGTGTTCACGGTCAATGGA GCAGCAGCCTTATCCTTATCAG 188
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2.1 BFERMILFRAELR

MEEIH BT 10 5 FVRR Sl R 1 2% b AR AG T 3 8
FIAETT R A3, 7300 R {4 3K ( Delp, delphini-
din) " KAHEFL-3-0-F ZLFE 1 ( D3Ga, delphinidin-3-0-
Galactoside ) . KIHEH-3-0-(6-FF 5B -2 F LB (DC-
ZGa, delphinium-3-0-( 6-p-coumaricacyl )-galactosi-
dase) R A3 R-3-0-FEFLHH 1T (C3Ga, cyanidin-3-0-
glucoside) | K 4 4§ R-3-0-( 6-F &) ->F FL 4 1F
(CCZDGa, cyanidin-3-O-( 6-p-coumaric acyl ) -galacto-
sidase) \ K22 2% (% FK ( Pelar, pelargonidin ) | K& 3%_3-
O-H M (P3G, pelargonidin-3, 5-diglucoside ) A5
2% (Peon ,peonin) , SR SRR SABR Delp 4b
() 7 B sy, Horb DCZGa & Bl iy, i AET R B & i
(¥ 43. 56% . H K& CCZDGa, 16 H R B & &

K2 ARFMRMAETRESRSE

29.70% o =410 SHEMR A E A Delp Pelar
DCZGa Ml CCZDGa 55 4 FAET R4 53, #5240 53 & &
PRk, FIBMAET R D55 (5.05 mg/g) 40l iE
ZHL 10 5 (0. 08 mg/g) HY 63 75 Al 4 K H 2%
(0.15 mg/g) W34 £, BRI E (K 2), ILARA
IR 3 DR R R IR T ILR R K
B FRlE ( EGCG, epigallocatechin gallate ) F13% JLA%
EHE TR (ECG, epicatechin gallate) 7 1 45 & ,
JLZEZE (C, catechin) , & JLZE & (EC, epicatechin ) Fl1
FTEE T LA E (EGC, epigallocatechin ) 7 & ¥4
X, BILA R & =250 15. 12 mg/g . 19. 52 mg/g
FN15.09 mg/g, ZZF AR (F3), & aF AL
REGEHIEAET RT3 15244 7550 101
1o RUITEEZF AR 27 2Bl & R AR AR T
REAET RHAULA R RS R MW 2 A7 R L
KRBT RHER,

Tabel 2 The compositions and contents of anthocyanin in different tea cultivars

i (mg/g) Contents

i e — -
3 =hi10 % [ELIPNER S
No. Compounds
Zijuan Yunkang No. 10 Fuding Dabaicha
1 KIEFL A FE Delp — 0.02 0.03
2 RIEEL-3-0-(6-7F 5L LR T DCZGa 2.20 0.03 0.06
3 RIEFGR-3-0-(6-F 5B L FLHE T CCZDGa 1.50 0.02 0.04
4 KAAFEADZ Pelar 0.02 0.01 0.02
5 TKAHERE-3-0-LFLIE T D3Ga 0.52 — —
6 RIEFHR-3-0-LFMH C3Ga 0.73 — —
7 KAFE-3-0- A AT P3G 0.06 — —
8 A2l & Peon 0.02 — —
B3t Total HEESR Anthocyanin total 5.05a 0.08b 0.15b
“—" AR AR ] AR FFREFRRTE 0.05 K FEF R, R
“—"1indicates not detected. By a different letter are significantly different at 5% probability level. The same as below
£3 AEFEMRMILZREASREE
Table 3 The compositions and contents of catechin in different tea cultivars
P (mg/g) Contents
A= &) T — o
£ ZH10 5 (EETPNEPS
No. Compounds
Zijuan Yunkang No. 10 Fuding Dabaicha
1 JLZEE C 1.51 3.74 2.48
2 FILHEK EC 1.22 0.56 0.53
3 FWAEFILAE EGC 0.69 0.52 0.34
4 FILEREE TR ECG 4.31 4.03 3.13
5 REETILEREE TR EGCG 7.39 10. 67 8.61
ST Total MILZEE & & Catechin total 15.12a 19.52a 15.09a

A A FREERRTE 0.05 /K F FEFARDE

By a same letter are no significantly different at 5% probability level
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XTEEME =B 10 SHIFRA RS 1 3F 1 HifFfr
ek Wy, & KBRSk N FUR T & P
(Reads ) , 73 %] 35 15 72009220 4%, 75068850 4% Fil
53594152 4 T4 F (Clean reads) , 45K i f 55
ZH B FERLS 591 4 10. 80 Gb . 11.26 Gb F1 8. 04 Gb,
RGP H M Q20 fH¥ K F 97%, Q30 ¥ K F
93% ,GC S KT 44% . FIF Trinity % T 5%
J¥ ( Clean reads) 4T de novo B, Z2HEE JG1E 3 4>
FE S I3RS 255079 Z5 5 SR AR (Transcripts ) JF 31
B S R IR e K ) e SR AR A Oy AR PRL | S
166118 FRFRELP 7%, o KK 29300 bp, £
/INKBE R 201 bp, “F K B 914 bp, NSO K
1344 bp, X5 SA S BAIE R 5 0 B2 43l g it O
WAL R R /N T 301 bp B9 23895 4%, 5 B
14.38% , 301 ~500 bp [ YA 43412 5%, i S8y
26.13% , 501 ~1000 bp [EF 50617 7%, 5 S
30.47% , 1001 ~2000 bp [ FA 31673 4, 5 B4
4 19.07% , KF 2000 bp A 16521 2%, 5 BEH
9.95% (Fl 1),

90000 85979
72000 68094 BTN R
u Unigene
o 52780 ek
f:; 54000 - 50617, Transcript
2 43412
z 31740
36000 - 3167
23895
18000 I 16521 16522
<301 301~ 501~ 1001~  >2000

500 1000 2000
X 8] Length interval

E1 #HHEERAS Unigene EEFIKE S HE

Fig. 1 Statistics between transcripts and unigenes
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S BB L R 5 545 B, 1 Blast B2 741
BT B LR S NR UNT KO |, Swissprot ,PFAM |
GO 1 KOG 4§ 7 P&l FEHEAT LU X, BT A B 5L A
WA, HApE GO IIRE 2RIk R, f 54446
5(32.77% ) FIE GRS 2] T 1 B, w4 e 2
283476 4% GO s H T, Al 43 AWy 78 (135829) |
YL 5y (83742) F4r T UIHE (63905) 3 KM

56 NURE RN, FEAEW L AR AT, 4 M it AR
(30672 4%, 22.58% ). At i «f F2 (28540 7%,
21.01% ) FIEAT P R (22355 £5,16.46% )3 4~
Wb M BB R 2 . TR A 70 2500 T, 48
Mo (16467 2%, 19.66% ) . 40 M8 &6 4> (16462 45,
19. 66% ) FIZI A (11059 £45,13.21% )3 45080 K
MHIERFE R 2, £ T IR T , 454 (30049
2% ,A7.02% ) FIHEAL TG P (23983 4%,37.53% ) 5143
HELET 80% LU LRI (E 2) .

1E KOG ¥, 47 30666 4% B3k [N £ 45 21
B, B BCE] 26 4 KOG Thfg2sa, Hod , — e vig
FER (5135 25,16.74% ) W & B IE R R e 22, LIk
SRR S B A T & A AR B (3556 4%,
11.60% ) . HAZEGN 0 3 R e 58 3= B #045- AS AH TRD
B RO R TE 3000 25 LA . R/l Sk 4 Jif
B SR 24 8 1, B R 3 o 15 2R 1
(K 3),

1E KEGG Bl )FE i, 47 20336 % B FL R R RS
TR, AR 5 AR 19 DI Z R & 130 ML
W, 5 KIZRAESE T SR (1265 %) IAEE(R
SBAbHE (952 2% ) L fE BALFE (5579 4%) HTEAR
(11505 25) FIAHLARSE (1035 2% ) , H e K B4y
JEEF AR, FE 19 AN AR i, B
(2346 %%) WK A PRI (2253 4%) ik S5 R
(1811 %%) EEFH (1692 4%) Mdfr & 2 FE MR A ( 1401
) HIRZA ISR GTT S AL, TE 130 R
H HERT 10 067 (9 A A% 8 AR (ko03010 ) | i 48 i
(ko01200) FE4 — 9% I HAE (ko04626) | IETR &
B (ko01230) | P J5 W 2 14 Ak B ( ko04141 ) | PEERA AR,
i ( ko00230 ) . 5Y 4% & ( ko03040 ) , RNA iz i
(ko03013) MM ZE A5 5 % F (ko04075) | VE H3 Fll
FEREACI (ko00500) S AR (ko04144 ) | H: BLJE
R 5] A 1041 45,1033 45,902 45,869 %% .681
2k 613 2% 596 % 587 4k 583 451543 ([ 4),
2.4 AEAFERMEHEERERRESWT

W 3 ANASTR) BB B B EL X, B 2R 08/ = Bt
10 5 IR/ K AL . =P 10 S/48 5K H 28
Ve FFIRIE XT3 UL E Tk A 25 R R IR LN
AR (E 5), RER fELIB/ mPT 10 5
HRAS 1248 Rz S RIR L, LR 36 R4 630 2%,
TR K BT 618 S5, AE SR/ AR R A AR R R G
1985 4522 SRR LA, L RIERIHL 1208 4%, T 3L
AL 777 4%, 1E BP0 10 S/48 5 K1 45 b 375
2182 4kZE S ARAHEA , LIHFLHEL 1276 4%, F AL
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Fig.2 Gene ontology annotation of differentially expressed genes
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JoT D) v T A 3 R TR AR | 2 TR R £ S R A
B, B A 2 e R RN R A R AR, A e
D B B T A FOBE SR A DR R QU , RNA FE
fife, H AR | 22 W AR A R A, i A A
B B AR A R, N A A AR 38 AR
i

ik NCBI £04f i 14T Blast HoXF, 20 % 51 5
B A W) 6 B AR A K FRIB IR A 112 4%, 452K
N & IR i ( PAL, phenylalanine ammonia-lyase )30
2% JAEEMR ¥ fL W ( C4H , cinnamate acid 4-hydroxy-
lase) 13 4% 4-F 5k CoA ¥4 (4CL, 4-coumarate ;
CoA ligas) 15 2% . 2x H-[i & A ( CHS, chalcone syn-
thase) 15 4% & /R B S5 #4) [ ( CHI, chalcone isomer-
ase) 2 2. ¥ i B 3-5% %L Ak B ( F3H, flavanone
3-hydroxylase) 2 2%, 2 ¥ il 3'-%% J& fb B (F3' H,
flavonoid 3'-hydroxylase)1 & JS¥[ 3,5 - 32 5L AL i
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