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Effect of bagging on expression of crucial structural genes of anthocyan-

in biosynthesis in ‘Tianyuanhong’ kiwifruit based on RNA-seq
LI Yukuo, FANG Jinbao, LIN Miaomiao, LI Zhi, SUN Shihang, QI Xiujuan"

(Zhengzhou Fruit Research Institute, Chinese Academy of Agricultural Sciences + Key Laboratory for Fruit Tree Growth, Development and Quali-
ty Control, Zhengzhou 450009, Henan, China)

Abstract: [Objective] The aim of this survey is to explore the effect of bagging on expression of crucial
structural genes of anthocyanin biosynthesis of different parts of kiwifruit fruits in different stages of
growth and development and provide evidence for the impacts of illumination on anthocyanin synthesis.
[ Methods ] Full red—flesh fruits of kiwifruit ‘Tianyuanhong’ were selected as materials for bagging treat-
ments. According to the RNA-seq, 12 differential expression genes (DEGs) were screened. These 12 se-
lected DEGs were conducted to analysis on the expression rule in the seven stages using quantitative real—
time polymerase chain reaction (JRT—PCR). Finally, the crucial candidate genes were confirmed based
the results of qRT-PCR and cluster analysis. And then the relative quantitative analysis of expression lev-

el of the crucial candidate genes in different treatments, different periods and different parts of fruits was
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conducted by the qRT-PCR, and furthermore, the correlation analysis between expressions of genes and
anthocyanin contents was also conducted. [ Results ] The expressions of 12 structural genes presented regu-
lar change rules although their expressions were different. The expression levels of F3H, LDOX and F3GT
110 days after full bloom (DAFB) when the flesh turned to be red were higher than those in other stages.
The results of cluster analysis showed that LDOX and F3GT were respectively clustered into one class and
were obviously separated from other genes. The expression level of LDOX of epicarp of treatment 1 dis-
played an increase trend and reached peak on 110 d during the growth and development of fruits. While
the levels of LDOX of epicarp of treatment 2 and treatment 3 were lower than that of treatment 1, especial-
ly on 100 d and 110 d. This indicated that bagging treatment and bagging—debagging treatment could de-
crease the expression level of LDOX in epicarp when the flesh turned to be red. The changing rule of
LDOX expression level of sarcocarp of treatment 1 was similar to the trend of epicarp. As the developing
of fruit, the expression level of LDOX increased and reached its maximum value on 110 d and it was evi-
dently higher than those in other stages. While the expression level of expression LDOX of treatment 2 and
treatment 3 was obviously lower than that of treatment 1. This phenomenon suggested that bagging treat-
ment and bagging—debagging treatment could decrease the expression level of LDOX in sarcocarp. There
was no obvious changing rule for the expression of LDOX of columella of treatment 1 and treatment 2.
However, the expression level of LDOX of treatment 3 was higher than that of treatment 1 and treatment 2
on 110 d, which hinted that bagging treatment promoted the expression of LDOX in columella. The expres-
sion level of F3GT in epicarp of treatment 1, treatment 2 and treatment 3 displayed a similar changing
rule during the period of growth and development of fruit. The expression level of F3GT increased from 90
d to 110 d, but the expression level of F3GT of treatment 1 was higher than that of treatment 2 and treat-
ment 3, especially on 110 d. And the expression level of F3GT of treatment 2 was higher than that of treat-
ment 3. These phenomenon indicated that bagging—debagging treatment could increase the level of F3GT
in epicarp. The expression level of F3GT in sarcocarp of treatment 1 displayed an increase trend and
reached peak on 100 d, which was the same as the expression level of LDOX in sarsocarp. The expressing
of F3GT in columella of treatment 1, treatment 2 and treatment 3 had no obvious rule. The expression lev-
el of LDOX in sarcocarp of treatment 1 and treatment 2 and the expression level of LDOX in columella of
treatment 3 had a very significant correlation with anthocyanin content. And the correlation between ex-
pression level of LDOX in epicarp and sarcocarp of treatment 3 and anthocyanin content was statistically
significant. The expression level of F3GT in sarcocarp of treatment 1 and the expression level of LDOX in
columella of treatment 3 had a very significant correlation with anthocyanin content. And the correlation
between expression level of LDOX in epicarp of treatment 3 and the expression level of LDOX in sarco-
carp of treatment 2 and anthocyanin content were also statistically significant. [ Conclusion] LDOX and
F3GT might be the crucial structural genes of anthocyanin biosynthesis in the fruits of ‘Tianyuanhong’ ki-
wifruit. Bagging treatment inhabited the expression of LDOX in epicarp and sarcocarp, while it promoted
the expression of LDOX in columella. Bagging—debagging treatment promoted the expression of F3GT in
epicarp while it suppressed the expression of F3GT in sarsocarp, which was consistent with the expression
rule of LDOX in sarcocarp. Bagging treatment had no obvious impact on expression of F3GT in columella.

Key words: ‘Tianyuanhong’ kiwifruit; Red—flesh; Bagging; Anthocyanin; Structural genes; Gene expres-

sion

BEBAE SRR T BRI R (Actinidiaceae) BRIERE  SEHY A BURAIEZ — , XS KSR B R it (R G o 244
J& B A T5 A 80 B 540, 214 o BRIBERER BTG 2R 2R, (H AR AR dh
AR oA T RIE A S2 AR, SRABIEAE R MO0k A 2R ER A R SERBFBE (A, chinensis var.



124

BER, 55 BT RNA-seq LN RIFLL HRIBE AL SE AL 6 G OCEEE F 5 X A 152 i 1511

deliciosa A. Chevalier) Fll 85 {0, ol A N 5 f7 SRy 21 (0, 5
A HP SRR (A. chinensis Planchon)®, & TR
PRAELE 2R CO2RIA S bR MBI By T
Y BIFFE AR DGR IE ", 1B K 22 400 3 46 1 R
BE AR R Bk, 9F HAEAE A & S5 R
R 5T BRI 22 b D ZE R R p R,
it A i 38 LA A 1B BRA A S i p AT AR O (7
T BIF 521 6 T B 480 2T BRI Bk AE (L H
T3 BILTE W 8 RH DG T 5 BE 2 b 2 b KRR
217 & NP AR ARk b 280 A AR IERD IR & Y
AT RURRAGERR T ot o, G SR e R AR
LA, PR HMURR %) SR S (R R TR 32 ek &
HIH bR

B SR 2R A S e R — R B B Bk )
AEIR N e ORI RNA B4R, RNA-Seq Fl]
JH e 38 B 0 B A A Sl 20 L R AT RNA B e
ST Y cDNA SCEESEA T Y | 38 35 48 114 OC reads
B AR RNA 3R 3K, R I 1 i s AR
RNA-Seq {E WA Y D e SE R 20 2 58 i B 2 - B,
AT RB EE A AR, Gnfe R 58 &
(ERSTI0 NI 20 A=W & S E A8 i)l S L DYV g
T AT RNA-Seq AR FARAE"

Ve AL O & R BN A B N 2 —,
JEHRREREHIHAL (21 5 ml A vh G BHRE PR 1 e 3ok
A EH AR R, BAER N TR S
TG — PR T B, il A O R A K &
BB LA A YA R R IR IR IR A
AT, PR FEA P2 I b, & 2R AKCOR I B 48,
AR AR e e RSN BT L, B anAE SR
A E AR EOR AP NCE R FIA L
TERFARIFR 2 o AR SR K (9 52 ) 2 G AR DCHGE
20 SERE AN JE HAR BN RE A LA £
K BRSO S om A R R B A8 6 Y

RS G DFSEAR IR A B4 RN R E 6
WA FHSCHRAA , 4N Espley SEPMHF 5 T 6 BE X210 (A 3
RECR W, 25 SFEPE T T EAAE PR LT
MR EIE M2 . 2B BT T B484) 2
PR RIS B 2T R Btk SR S8 L 5 ), e % 81
EASAR XS RPE LT R 5 M 2 AR PSR
B R Z SR Y SE B/ N BRI Z A6 2B
RN, LRSSk RURLL Brpepk R
TAHMR R RN Z AR R AT, B2 m TR

WAz AT DRI R AR A E G, —HE
ASPH S RIRLL RS AL AT A U R 2
. XL ST R AR EE TR R AL 3 A [R]
BBAE SN I I SR S AR AR A (B L
A AE T B i) I B o, A X SR s 45
X FAEMT BT TYRLT R R Rt T b
L AR BRSSP (R0 TR BT L REXT AL (B 5
3 FHLEI R MR A AE— 2 1 R B, Rt , 255 LA
CRIRZL SR, A S AL P45 5L, i 1 e
FEIH WFFEA [ 8 ' A B R S AR ] 08 7 i 1o
(RN FEIR , A BT G BRI AE BR 1 PR BRI B
Wa w0 N L0 AL I 7o S A RTTEE 8
1 MR
1.1 HAAREFMLLE

R RER A T A 28 EL G & KR
ANy 03 YAy S: W N b BN 1 SR ST A
7 a(4F) | Bili AR R P AR BRI AR Gl R, 45 B F
o PERE 6 RIBEALIAM , 2 MR A AR —3, 2
PR TSN, 3RE R o A AT b3 . b3
1, REAE TR s AbHE 2, #8530 d iE 7T R 4%
16J5 70 d 48 AbBE 3, 78 )5 30 d FA T FR AR 4% B
RN FAE, AREER B BA M BUZ AN B4R
48 (rp [ AL B2 B FR N SR BRI 5T T, KRR AT4S) .
BEE AT ShAS RAERT ] AL B 1 AR AE S5 30.50.70
80.90.100, 110 d 37 4~ 5 Ab 3 2 Fiib # 3 S 2%
1£J570.80.90.100. 110 d 3t 54 AHY . AERCRE
FERRA/NX SR A T 328 (/e P8 At 407 ) £ 3
AR 12 R, A A vk CR R AR I
£F , AT [0 S0 5 A TR 53T o

HR A RO AN [R), T T R 43 S R
21 AR K R (R + R ) RO B R
e R b, A RES T 510y (b BR 128 21 453, kb3
20150y PR3 R 15 40) o AR DI IS 37 B
TR, AT T -80 CUKFAML 5 W1 4E (A HEHURI
M
1.2 Ak
121 % RNAFI HRNASRBCR R &L
PRYTIETES, BARERAE AR - FH5ERL K] CTAB %
& .8 mol - L LiCI ¥ AL 24+ 1 A5/ 57 1%
., CTABL /7:2 g CTAB,2 g PVP . 1.211 g Tris.
0.931 g EDTA(Na,) .11.7 g Nacl, DEPC /K & 25 % 100



1512 KW

EE ¢

EIRVES

mL;8 mol+ L™ LiCl1 it /7 :33.912 g LiCl, DEPC /K & %%
2100 mLo (1) VR A BEFE i Ry A, AT JE 1Y) e 4
A, W PR G PO RE A S B 25 2 mIL UG RNA i Y 250045
H5 (2) A 1000 L CTAB 150 pl. B—%ii 3k 2. %
PRV FE2) 3~5 min; (3)65 C/KIA 15 min, WA IR %1%
513U 5 (4) 7K a BUH I A 600 L &5/ 5 I B , 4
V%L 1~2 min; (5)4 °C, 12 000 r+-min ' &5.0> 10 min,
800 pL _LyEwF 79— 1.5 mL .05 45
VEZETERL, )R AN B B [B] 1) 82 12, A 500
wL &5/ 5 B, IR F5 2] 1~2 min; (6)4 °C, 12 000
remin”' #5010 min, B 550 wL 35 T —F %) 1.5
mL B0, AN 150 pL LiCLIREA), -20 CHLHE 8~
16 h; (7)4 °C, 12 000 v+ min™' B.0> 30 min, 59 15
W, A DTIE BN 5 (8) A 500 WL 75% .1
YEV,4°C,12 000 r-min B0 5 min J5 8145, #E vk
B 11K;(9)4°C, 12 000 remin™, 25 550 1 min 545
JEE AR AR AAR W IR T34, B T-1TUE 8~10 min, fifi £, 1
SEAHE %5 (10) A 44 pL DEPC 7K fi# 2 5 min;
(11)1#i f] TaKaRa 23 & 1Y) DNase 1 #E4T RNA f4lifk
BEAT TR A9 RNA 568 2 PCRAF 1, IIALS L 10X
RNase— Free DNase Buffer, 1 wL DNase I (RNase—
free) , BRI IR IR 2T, IR R B0 5 (12) PCR A
37 °C 30 min; (13) 45 FE AR A2 22 1.5 mL B LA,
FA 550 wL DEPC /K, 5264040, A 600 L {5/
SR, Y735 5] 1~2 min; (14)4 °C, 12 000 r+ min™
5.0 10 min, 0400 wL_F3E W, BT A o SR HGE
TR BT — YA, PRI I I RR AR AN
ORI 1 T ] B 2R 2 A 800 L oK £ 1, Hi

EIR2), -80 CYLIE 3~4 h; (15)4 °C, 12 000 r-min™'
B0 10 min, FE B3, DOTEH 75% L BEEVR .4 °C,
12 000 r+min"' B0 5 min J5 {8450, 8 & VE% 1K
(16)4 °C, 12 000 r-min™' %% B0 1 min J7 445 5 19 )
ARWARW IR ¥, BT UTUE 8~10 min, fifi £ 58 42
¥ % 3 (17) A 20 WL DEPC 7K 5 f# £ 5 min; (18)
T R s e YRS T BB A SR AR 4
J& i1 (Thermo Scientific, NANO, DROP2000) il] 1& #¢
B

122 R#HFA%EEZPCR HRHECAMRE,
B 1 pg RNA 4% #8 RevertAid First Strand ¢cDNA Syn-
thesis Kit (Thermo Scientific ) &7 & #VE+58 7 47
FG 5 o 12422 S S5 R0 SE R ) P AR 8 5 S 21 8K
PEARAT, RN 2 EEERGER . A
NCBI B ) Primer—BLAST 7E & 1% i1 51 % (i I
YRR B R A PR\ A ), PLBRAE B Actin®
YE NN Z 3, 51 % TGCATGAGCGAT-
CAAGTTTCAAG, T i 51 ¥ & TGTCCCATGTCTG-
GTTGATGACT, Z T A i ™, i ¢ V' i &=
PCR VAR 2 R FEF . 10 pL98%5E 7 PCR R4
Z M :2.5 pL ddH,0,5 pL SYBR Green I Master (As-
bio Technology, Inc.),0.5 wL _EiiE5197,0.5 pL T iiF
5197,1.5 uL ¢cDNA. PCR W F2JF 4 : 95 CHAS 4
5 min, 95 °C 105,60 °C 205,72 °C 20 s,45 PMEH
BN S LABRBERE LN 2 1 Actin NS5, 3
W E . fli H LightCycler480 Software release 1.5.0
XTEHE AT AR 2 5530 . R Excel 2010 #4742
)8

®1 SHBEEEGHEXERERNERE

Table 1 Annotation of differentially expressed genes on anthocyanin biosynthesis

P ID
Gene id

NriFFE

Nr—annotation

¢130230_gl
126583 _g2

Phenylalanine ammonia-lyase[ Daucus carota]

Cinnamic acid 4-hydroxylase| Camellia chekiangoleosa]

PREDICTED: probable caffeoyl-CoA O—methyltransferase At4¢26220 isoform X1 [Vitis vinifera|

¢123355_gl 4~coumarate:CoA ligase [Petuniaxhybrida)
c114683_g2 Chalcone isomerase |Camellia nitidissima)
cl10715_g4 Flavanone 3-hydroxylase [Actinidia chinensis]
¢120031_g4 Leucoanthocyanidin dioxygenase [Actinidia chinensis]
c117486_g2 Flavonol synthase [Camellia sinensis]

¢118500_gl Flavonoid 3"~hydroxylase 2 [Camellia sinensis|
c128188_g2 Unnamed protein product [Coffea canephora]
¢120091_g5 Hypothetical protein JCGZ_10726 [Jatropha curcas)
¢130006_gl

c108941_g2

Flavonoid 3—0-galactosyltransferase [Actinidia chinensis|
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Fig. 5 Differential expression of F3GT in different tissues of ‘Tianyuanhong’
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Table 2 Correlation analysis between anthocyanin content and expression level of LDOX

LDOX 1 LDOX 2

LDOX 3

LDOX4  LDOXS LDOX 6 LDOX 7 LDOX8 LDOX9

A1 The anthocyanin content  0.656 -0.52

0.958%*

0.998%*  0.998%*%* 0.926* 0.365 0.814 0.979%*

A RIRTE 0.05 KV EBE ;#+FRTE 0.01 KV EEBE . 1~3 FRAFE 1~3 SMR I FREKT-,4~6 FRAbPE 1~3 FR I RIEK

W, 7~9 FORALEL 1~3 O IRIE K. TR,

Note: * indicates significant difference at 0.05 probability level, while ** indicates at 0.01. 1-3 indicate the expression level of in epicarp of treatment

1-3, 4-6 indicate the expression level of in sarcocarp of treatment 1-3, 7-9 indicate the expression level of in columella of treatment 1-3.The same be-

low.
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Table 3 Correlation analysis between anthocyanin content and expression level of F3GT

F3GT1 F3GT2 F3GT3

F3GT4 F3GT5 F3GT6  F3GTT F3GT8  F3GT9

AL 5 i The anthocyanin content -0.522 0.781 0.989%*

0.977%* 0.919%* 0.839 0.802 0.689 0.999*
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