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Transcriptome sequencing characteristic analysis of leaves of
Ardisia crenata and Ardisia crenata var. bicolor plants
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Abstract: Ardisia crenata and Ardisia crenata var. bicolor plants have great ornamental value. To enrich the
genomic information of the two plants, mature leaves of 2-year-old of potted plants were used as materials. The
chromaticity value and pigment content were determined, and transcriptome sequencing analysis was conducted.

The results showed that there were significant differences in leaf color between A. crenata and A. crenata var.
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bicolor. The content of chlorophyll and carotenoids in the leaves of A. crenata were higher than that of A. crenata
var. bicolor, while the content of anthocyanins and total flavonoids (except anthocyanins) in the leaves of 4. cren-
ata were significantly higher than that in A. crenata. 549 625354 original sequences were obtained with transcrip-
tome sequencing, 84 070 unigenes were assembled, and 44 304 unigenes were annotated. Among them, 40409, 39 034,
27949, and 32 882 unigenes were annotated in the Nr, KEGG, KOG, and SwissProt database, respectively. A total
of 1558 significantly differentially expressed genes (DEGs) were identified, 610 were upregulated and 948 were
downregulated. Four pathways, anthocyanin biosynthesis pathway (ko00942), flavonoid and flavonol biosynthes-
is pathway (ko00944), flavonoid biosynthesis pathway (ko00941), and carotenoid biosynthesis pathway
(ko00906), are closely related to leaf color formation. The transcription factor annotation results showed that the
highest number of families were ERF (117 families) and bHLH (104 families). A total of 15282 SSR loci were
identified, and 39 867 pairs of primers were successfully designed for all SSR loci. Therefore, the expression
levels of C12RT1, CYP98A2, CHS, CCOAOMTI, CHS2, AOG and CYP707A41 were significantly down-regulated,
while At4g26220, TAT, CCOAOMT, Z-ISO and CYP707A42 were significantly up-regulated in the four pathways,

with may affect the color formation of A. crenata var. bicolor leaves.
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Table 1 Lab color space values of leaves in two plants
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Table 2 The pigment content of the leaves in two plants
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HA -1 -1 -1 -1 -1 -1
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RRPAR 0.39+0.17 0.18 + 0.08 0.57+0.25 0.07 £ 0.05 0.049 0.190
AR/ e 0.19 £ 0.08 0.11 £0.03 0.30£0.12 0.04 £ 0.02 0.146 0.210

& 1.768 1.56 1.705 1.163
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Table 3  Unigene related to leaf color formation
Unigene ID Pathway K ID E- P KRR PR B EAR/ B i ESTy 3 8/ T JHDEGs
Unigene0001397 ko00941 KO00588 At4g26220 0.07 34.21 A
Unigene0005763 ko00906 K14595 AOG 13.84 4.68 T
Unigene0006190 Ko00941 K13065 TAT 1.16 4.19 S|




%5 6 4] WA RDR BCLARRRLL s i S AL AR AE S A 9
gk 3
Unigene ID Pathway K ID FEF 2R KRR R FARGEOL NSy s B3 FiH/ T HDEGs

Unigene0007047 Ko00941 K00588 CCOAOMT 0.03 2.02 R
Unigene0017355 Ko00941 K09754 CYP98A42 4.80 0.79 T
Unigene0018449 k000906 K15744 Z-1SO 6.57 21.02 iR
Unigene0022295 k000906 K09843 CYP70742 0.53 2.58 i
Unigene0047031 Ko00941 K00660 CHS 7.99 0.46 T
Unigene0061209 Ko000944 K13080 CI2RTI 2.03 0.28 TR
Unigene0073357 Ko00941 K00588 CCOAOMTI 29.19 2.67 T
Unigene0077136 Ko00941 K00660 CHS?2 2.24 0.11 T
Unigene0077302 k000906 K09843 CYP70741 727 2.12 T

2.6 Unigene ¥ REF5H NAC. MYB. MYB related, bZIP, GRAS,

ABIEFE L 1 129 A~ B A i B Ry B s A1

(TF), /A 7E 554 TF K%, H ' unigenes %X
HXF 10 Zx8 K G290 (E 7). HEAHT
19 TF KM ZE ERF, bHLH, C2H2, WRKY .

140 |

120 |

oy 100 ¢

?ﬁ 80 |

3 60 |

&40 |

20 |

0
@O’Q* %viﬁz} &K
$

C3H. 4iREW, 2MHY R PRy TF 28 5
&, Al REAEH T U S DA TG 3 v e 4
VEFHO

R

Fek T RI%

7 EREFZ K unigenes H =
Fig. 7 Unigene number of each TF family

2.7 SSR | #r 5| ¥i&it 56k
ARG Iy 20 26 J5 i 3845 19 84 070 4% uni-
genes #F 17 SSR v/ 5§ 2, 3L 12 682 4% unigenes
( itk 15.09%) 8 K% T SSRA &, it 15
282 A4, ALFE N AT R B A% T IR Y HE AN
KA (K 8), Hrh, “EHMRELE M HAKZE,
o7 HUATR S 73.08%, f14E AC/GT (7.66% ). AG/
CT ( 45.83% ) . AT/AT ( 19.59% ) 3 F & & It
Py HRCOh = EmRER A8, HHmEN
14.62%, & AAC/GTT ( 0.62%) . AAG/CTT
( 2.53%) . AAT/ATT ( 3.04%) . ACC/GGT
( 1.06%) . AGC/CTG ( 1.60%) . AGG/CCT
( 1.69%) . ATC/ATG ( 1.99%) . CCG/CGG
(2.09% ) 8 FiEE & H s FRURCH DUAZ H R B & A
A, b M %l 471%, 5 AAAG/CTTT
( 0.56% ). AAAT/ATTT ( 2.25% ) . ACAT/AT-

GT (1.90% ) 3 FhE & HF; A% iR & & AL
A7 HEATR AN 0.39%, 75 AAAAT/ATTTT —Fp &
ISP 7.2% N H AR E G I P, 7ER I E Y
T A EZ I H, SSRGS ik 21 3 Fi L)y
kN AC/GT ( 7.66% ) . AG/CT ( 45.83%) .
AT/AT (19.59% ). i BAS U s 20 D B 4 &%
) SSR KM EH, S Kz,
AHI 5T Ry it — 25 T e R T AR A AR K AR Fofr )
SSR, & H Primer3 X £ I i (1) SSR o7 s 1% 31731
¥y, 3t 9 798 4 unigenes 3% 39 867 Xt
19y, P¥E R 0 K /NFE 100 ~ 285 bp Z [H]
(% 6), B, BEHETEEIFH GATCT ( 5*5)
(265 bp). GA (2%¥9) (212 bp) . GCATAA
(6%9) (171 bp) . ATT ( 3*10) ( 164 bp) .
AGCT (4%6) (157bp ). GGCTC (5*6) (142bp ).
AG (2*12) (117 bp) F1 GAA (3*7) (112 bp)
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o1, TR Eh T T PCRIGIE, WK 9FF  5l¥.
N, BRFES) TC (2%7) 4, HA4519¥ 00T H

80

73.08
70
60
50
S
540
X
30
20
10t
253 304 106 16 1.69 1.99 2.09
0
AN I S S N C S N C S C S R N N N O R
SRR O SO SIS0 SR I e
L I OIS SIS QS R ST S RGP S R A e
R A A R A S S A FF NS
@‘Q - <& Yoo Cf‘b Ygngf‘\ d
& & &
Ve VY,
7 7 - I
i ¢ S
BRIl

8 AREERBEFF SSR RS HITER
Fig. 8 The frequency distribution of different repeating types for SSR loci

M I(CK) 2 3 4 5 6 7 8 9
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50 bp

M, Marker; 1 (CK), X%fM; 2, GATCT J¥%1 (265bp); 3, GAJ¥5I (212bp); 4, GCATAA % (171 bp); 5, ATT ¥
%] (164bp); 6, AGCT ¥4 (157bp; 7, GGCTC ¥4 (142bp); 8, AG [¥31 (117bp); 9, GAA J¥51 (112bp ),
B9 4imE<4 PCRIIE
Fig. 9 PCR validation of A. crenata var. bicolor
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Table 4 SSR primer sequences in leaf of A. crenata and A. crenata var. bicolor (partial examples)

x4 KWRSLRLMHFE SSREIMFES (75 RH])

GiVFE SRy LUESI (5-3) TSI (5-37) PR

TC (2*7) TTCAACCTCTCTCTCCTCACC AGGTTGGGGTTGCACAGC 280
GCT (3%*5) AGATTCGGATGAAATCGTCG CCAATTTCTCCTCCTCCTCC 278
GATCT (5*5) TGTATCCTCCTCCTGCTGCT CAGAAGGCAGACACCCTACC 265
TTTTTG (6*4) CCAACCACCTGGTTTGGTAG GGTTGGACCCATATCCCTCT 259
TTTC (4*4) TTTGTGGAGGAGTAGGGTGG GGACAATTTTCTCTCTCTCTCTCTC 242
TGC (3%6) AGGCATCATCAGAGCCTTGT TGGCTATACTAGCGCCACCT 233
ATTTT (5%4) TATGGGGGCATTGCTCTAAG TTGTGCACCAGCTACTCACC 229
GA (2%9) GGGCCAGAGAAAGACAGAGA TCGTCTCCCCTTATTTCACG 212
GGC (3*5) TCGGACCAACACATTACCCT TCAGTTCTTTCAACGGGGTC 207
GGAAGA (6*5) TCCATTACGAGGCACTCCTT CACCAACATCATGGACAAGC 196
AT (2%5) AAGGGCCAACTAAGCTCGAT GGGTTGTTTCGTAGTTCGGA 183
GCATAA (6%9) CGCTATACATAGCTGTGCCG TGCTCGTTTAGGAAGGGAGA 171
ATT (3*10) AATATGCTGCCGACAACTCC CCCGAGATTTGTAAGGAACG 164
AGCT (4*6) GGGTTAAAGGGTGGTTTTGA ATATCCGTTTTCAAGTGCCG 157
GGCTC (5%6) GCCGAGGGTGTATAGCATGT TTGTGTTCTGGGTGCACAAT 142
AAAGAA (6*4) GTGCGCTCACCCTTTACCTA TGTCGTTCTTTTCTTTTCTTTTCTT 138
AG (2*12) AGGCTGCTGCAGAGAGAGTC ATTCGCAATTGGCTACAAGC 127
GAA (3*7) AAATCGAAGGATGGGGAAAG GAATTTGACAACGGGAGTGG 112
TAAA (4%5) CGGTTGCTATAGTGACGCAA TTAGGTCCCGTGTGAAATCC 105

TCACC (5*5) AAGGGTAAAGTTGGGCGTCT AGAATCGGGACCAAAGACAA 100

3 @RSt

I 6 8 2 R LA ) i R ) B R 22
— o LS Lab Bl B{E ST, AUULA
FER R, [RIEFERE X 4 H AL ( Acer spp. ) #H
AT € P ) S R, A AT U OB I £
TARAEP, AW 5T BRI S R A S R
e (E 1, £ 1), FIRWELRS @200
SE R Lab Bt %S M {H—8, AP EER
O/ UFE Chl, Car FIfET R, Hrhsg@nt 5
M FRERAY TSR, Ot EER A
PIBURISE S N R 2B, Mt i
FEREAY T AT R, AR P PR
MR R REARTEARGIRA, Sk
S5 RN FROKOP FUESE T BT, Ho R AR i
H %) Chla, Chlb. Chl Hl Car & f 25 T40 50
A, ML AR B AR T R ALS IR (BRAET
FAN) SR ES TR (p<005), XN
Ji St S LI P A3 BT B T R A AR AL SRR

BARRAR S5 2 5D i b B A . 25 FH L

FOULE B IS A AR 7], (H =35 () it €8 47 76 B g 22
Sl Sl g A W T BOR N BURIR B — 35 i
i MR 2E S A RORTE . ARBERN &M
PEAT R SR MT , R T RENAYHER, 1T
W I A W AR OGS M B A R A5 AL
AR TS . ThEEHE 248 | sl ZAEME o i ST
RAIFHRFR AR, SR, THREHREPILAT 39766
% unigene A IR, HEDN AT B S F S MR L
JEZi % RNA (ncRNA) J7 581, 5 3 2 1 BTl AR SR
S P AP ] fE S R 41 234 1Y unigene 3 81 K
Tt 2 DR DX, B e o v A R (R R 22
SRR TR,

MR R, e (Zanthoxylum bungeanum) %%
@, EERAEYE BOCH LK ANS £ik & T+
Py LA e A A 2 0 P ke E AR AR
B S A W AT e SR TR E 4 A 2% (Camellia pete-
loti) 160,22 1 R E R EPY; B8 MR AR
A R BESENS 5 RPN,
AT A B, AR AP AR RN 2L s i e S
KEGG i ix 4 Z&il % (& 9) #UTASC, Hrb
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B R R A ) A G B Y CI2RT T, S ¥R A=
Y & i 8% B CYP98A2. CHS. CCOAOMTI .
CHS2 e A% b R AW & WE % 1 A0G,
CYP707A1 FKiK T W2 T, MR AY &
I B At4g26220. TAT. CCOAOMT }e 251 85
NEAYE OB B Z-ISO. CYP70742 ikt
B L (R 5), M e 1Y s~
FEAR T 2B LT o A B A, 3 B 3R TR Y 3R
5, AR ARFGE R B 2T it (o AL S (A
IR, AT AT KR (6] B 22 R g
FAG BN T2t 4704, A4 5L K ny B AR fig
AR — 2 BHIE

et FAERE K LR H RL, 2
Z5BYERKER . EIESEK . WEEhiam
WMEGFRNEED, 5 RW, ERF # R+ 3
FOE A ME T AR EFEERE (W GRFS)
K= ( Populus tremula ) WM R IEAS =Y 5
bHLH J&Z4%2 % ( Hybrid Cymbidium ) 4 5 )
B T2 —B NAC Hl MYB 224 52 2% i (5,46
Ky B3, MYB-related %% 5% [H ¥ RADIAL-
IS-LIKE3 ( OsRL3) TR #E/KFE ( Oryza sativa) TR
ot i S Sk WRKY32 @5
=L S B Ay YFTI KL K 9 RS 3 7 45 X
W-box il W-box-like J&JF 454, W IR ( So-
lanum lycopersicum ) F 5B IIE iP5 bZIP #%
KA F HYS AT S & CRYla LT 24
Y& mCT; C2H2 FEAE % 5% T OBV W] 1E [0 75
g G RN A= R Eh 1 (P 2 IS
MYB ( VwMYBAI 1 VvMYBA2 ). bHLH. GRAS,
NAC F1 bZIP AJ R # % ( Vitis vinifera ) 55
AR R EA EEAIH AR, C3H #3% N
TRAMMEZE PASO T —01, SAREREDA K
AR YISO, LR HE S P AE A 5T 45 S
Bt fEm, Hh ERF M bHLH SR % (K110),
P ok Lo A SR - W] B S 5 i (0 B AR
0 A G i S R R s, AR BRI A 24 T R
AR —

A, AR RE T 15282 4 SSR i i,
55 m i HZ T =AM ( Bougainvillea glabra
'Elizabeth Angus') " ZERE Y0t |55 A1 Br 25 1%
J5feh, BP SSR v R N FEw HAam )
v, B —EWN AR R M EAERE . [
BF, XFETA Y SSR AL s B it 39867 XI5 |4
(#%£2), AT TEHEUE (B 11), Rit—
T mi s . s 2. PR

B o TR B A AR LR R o R, R ERRL T
M7 FBL IR ASZ I (A D RE Sk
PRI s A e RS B L 2 a2 R DR
PR LA, AR T A B W AL I i Bk — 2D
HR.

(& % x W]
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