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W ZE: NIRFREIEHE( Celastrus orbiculatus Thunb. ) fBF B & B W B H il W BT & A R R R X 2 7, &
SCHEHL 3 ANRELE T B CRAE I . TR AE AN gl ST ) 0% R e e k4K R SIS AL, MEE 3 4 cDNA U, Sl it
lllumina HiSeq™ 2000 - & #EAT#E 4RI, F£3k45 87 600 4~ unigene 41, XK 453 bp, N50/N9O Lt
B0y 4.64, @it 3ANAFLE W BIEE 25 RA M LR ROIBE R E£001, %8 H 16 DE2E G s , H
8 MILH MRS E S 51 7 NI BACHALE . WHE T 528G AR 7 A 5% N F 5005 10 i B 50
DL B AR ik B m LA
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Differentially expressed genes analysis of terpenoid biosynthesis
related to aril development in Celastrus orbiculatus Thunb.

Zu Kui-Ling, Dong Shu-Bin, Li Jian-Xia, Xu Shen-dian, Zhao Liang-Cheng*

( College of Nature Reservation, Beijing Forestry University, Beijing 100083, China)

Abstract. To research differentially expressed genes (DEGs) related to terpenoid biosynthesis
in the developmental process of aril in Celastrus orbiculatus Thunb., three cDNA libraries from
three stages (full blooming, flower senescence, and young fruit) were established and then
sequenced by lllumina HiSeq™ 2000. RNA-Seq was assembled into 87 600 unigenes with a
mean length of 453 bp and N50/N90 of 4.46. By differential expression analysis of pairwise
comparisons and functional enrichment, 21 DEGs were confirmed to have highly differential
expression related to terpenoid biosynthesis. Among them, eight genes regulated the
metabolism of seven terpenoid synthetases. We also identified seven transcription factor
families and high expression genes associated with terpenoid synthesis.

Key words: Celastrus orbiculatus Thunb.; Terpenoid biosynthesis; Differentially expressed
genes; Transcription factors
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BB T AT % B B B & A2 St BHF D
( Amomum villosum Lour.) 52 TR % & B Lk 25
HRUE TSR], e A R S A, M
PR B AT AR W RN R 2 i 28 A B B R B b I
B AN, BFSE R B SR I T B 5 R s 26
M4, WATE K H4E ( Catharanthus roseus (L.)
G. Don) . #l® 7+ ( Arabidopsis thaliana ( L.)
Heynh) Z& k45 b & B8, AP2/ERF. WRKY . %¢4g
% 1 (Zinc Finger Protein) . bZIP 2525 i 55 [
T AR R FEEERY . 5855 A R
FHIE A 5 SR PR AR AR KRR S U T il R g i) 28
RIRIFFRIBNOFE R SR, i, 565
LRPIHELE I WRKY # 5t 7 GaWRKY1 25
T A (Gossypol) 4= W1 & Bk 42 1" HE
( Artemisia carvifolia Hance) 73 i B30 5 5
FIRN) AP2/ERF % 5% K+ AaORA ] fi i # 15
FHEYA R UTAER, bl T I R
1)K, WHEER H IES % 3 47 5 A P s %
AT R, 7oA T e, 2T
SRAM R, Y & E BG4
NIRRT A

FE I ( Celastrus orbiculatus Thunb.) & TLoF
P} ( Celastraceae) p i ik J& 1Y 7% M A 5t i A A6 40
TE N PESR, TEREMRERAL 25 ISR T B A
7, HeE | B ok ERCR S B R L
Wi, JUHJR A R ST 25 S IR A e iy 21
A il Ko gt b, 5 6 T 4R Y 2R B2 B s 5 B %
Foo TEZ5H b, REwe iR h K BEMEAE 1Y) & T 2
WIE AL, XFP R — R E R O —Tr
T, TP RS s i B je e I 5| 5 25
HAEAERRE , AR TR FRERES, X hRiE )
AE S MEAE & A I AR TP R B 0 A URR R T RE R
AWM HET, N AR I i i BF
REFEEPIERG A GHMEF L
PRAF o o i 2 R AR A 2R A T, X HEAE
BB SR 2 A SRR B AT HILAR A AR O
L AR WARIE

BT ERATRER oz, A0y
S0t A e e AR R SR SE A TR S 2 AT, TEIL
St b AT b e e AR K B AR R S S R DR
BRI 22 S RIBIEOL, LA AE )6 A OG0 e
SR, DA Ry ik — 2D R ] e e e B R B 85 1)

LA e LR
1 #MB5E7F%

1.1 &

SEEISRA R} P s e P AR MR VR T R 2 e A
YT, FRATRTIC X e e M AL R LR T
BRI AR T T A5 2 AR BB 28 & R
FRIEIER . ANBESE4351F 2015 45 H 3 H, 8 HA
21 H R R e e [l — AT MR S AR 3] (FE 58 2 e HHH
BRI, WAL RY) . B AL (16 83 I AL 4
Z2) RN A (B fe e B OB ) B EAE, 280K
FUHE Y R SR A 80 CUK AR IR AT . &,

1.2 RNAREL, cDNA X ERHERIFE

K RNA $2EGRG & (AL RURAR) 70 51l 32 B
YT BAC AL | IR R B 5 AL S B R 5
RNA, cDNA SCEMETE: k. RAHA Oligo(dT)
HIREER & 4 mRNA; il A fragmentation buffer
mRNA FTHW R R B, LAFTHTS 19 mRNA AR,
FHISTRAEREHLT | W& B3RS — 4% cDNA i, Bij5
IMAZE i . dNTPs, RNase H #il DNA polymer-
ase | & W45 — 4 cDNA 4%; & H AMPure XP
beads 4fifLX Lk cDNA, KE2lfLAYXLEE cDNA #E4T
HKufEE . A BIFESN T, - H AMPure
XP beads #1417 F Bt K/ #¢, /547 PCR 9"
B RWRRT K. 95°CTHIAEM: 10 min; 95°CAE M
10 s, 60°C Bk 30 s, 340 AMEH; Sk 3 Ik
# . % AMPure XP beads #lifk. PCR =¥ }
Qubit 2.0 ¥ 1, Wi BESCFE R 1.5 ng/uL, Bl
JE i F Agilent 2100 A= 9 43 1A% SCJE Y insert
size TR £FA WG, I Q-PCR J7 ik Xt
SCIE A R0k FE IR AT HE B 2 e (SO A ROR E >
2nM), R SCEERTR, AEAF I SO R A Hlu-
mina HiSeq™ 2000 M /¥ {3347 I ¥ ( 3k 5% v R 2
7).

1.3 MEFEHEREITHS5EIE

DA™ A 1 i s B 8 22 base calling #%
M F ) B (raw reads) o AR IEAS B4 BT R
=, Xt raw reads dEATId €, ZBR4Ek (adap-
ter), N(FR/RTCIEHE ISR ) LB R T 10%
) reads L} it reads (i { Qphred < 20
A ILE 5 A reads 50% LA 1), g I A5 4l
% reads(clean reads), FTJG%ese.
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1.4 FIIA%ER unigene TheEiERE

SFFRELE clean reads 2k Trinity (r20140413p1)
B HEAT R A DR, A9 B 5 SR AR P 8 (tran-
script), fERIGLLH TS H TS, LR SREN
T I A unigene, AT IR SE0 T, R
AT A A B S REAR B, 4Bl i BLASTX #%
unigene 415 2 FH AE 22 Nr (NCBI, non-redun-
dant database) ., Swiss-Prot, KEGG ( kyoto en-
cyclopedia of genes and genomes database)
KOG (clusters of orthologous groups of proteins)
BT, FI A BLASTN ¥ unigene %51 5 % ik
B E Nt( nucleic acid database) #4757 Hexf, 15
25455 unigene EA & & 7 S AR 1 56 A 5%
FH, MR EGZ unigene YR G 3 K A2 14 2
RETE RS B MRS Nr JERA(S B, i1 Blast2GO
53] unigene 1 GO( gene ontology, http: //
www. geneontology. org/) £ B {5 B, X rf
unigene i GO TIRE & 04T,
1.5 ERFRIEEENIFIEFINEETRE

K H FPKM (fragments per kilobase of tran-
script sequence per millions base pairs se-
quenced) AT I Kk Y R TMM 4k
4 (trimmed mean of M values) X read count %
PHATAR AL AL 3, {0 DEGseq 3 4F i 17 22
S8, BR{EBE R g-value < 0.005 H. log2 (Fold
Change) > 1, i i i WG P AR A [R] (1) 22 53 32 ik 3
[A ( differentially expressed genes, DEGs), ¥
Jii A 2= 5B EFAE GO Bl E I KEGG %4l 2
(http: Z/www.kegg. jp/kegg/) k1T Ih e &
G310,

2 HBRENH

2.1 BRENFERREERSE

WX GC 7 i 4 A s 36 4 1) i 1 B4R
&, AWF5E 3 4~ cDNA SCEEM P AE 3R L GC M
AT Ei A5, HAE A DT o f AR e AR,
AL (BN ), LB B, JRinEdE s
o E Ay W 3kiE 5.2, 5.35, 5.56 G 1 clean
reads, 2 45 R B /R, & EH Q20 F ¥ N
94.11%, Q30 )N 88.73%, JFHIHi% GC &
YA 44.01%, BRFEEE TR A 0.04%, K

DU 5 o o R v, AT R S S T E A Y SR
(£ 1),
2.2 HRAARREFINGEERE

bt B W, transcript #1 unigene K
JERYF-EME 53508 1101 bp #1749 bp, Kife A
A BN HE T IR SR I A 5L A, BEIME A
Bk A HIREEER) 50% (N50) F1 90% ( N9O) Hif
unigene 1 N50/N90 B H 4.64 (3K 2) , ix(H
K, RBARGEINK B, RO 8T,
SLEAE IR R A A R, AT T IR S
i B4 T/, BRI 87 600 4~ unigene £ 7
REAE PEh e T D RE TR, 7 Nr 25 7 91 448 1
IRAFTE R unigene i 31 971 4%, 23k
BRZERE, e RTIM 36.49%; H
W2 GO il SwissProt Bl (32 3) .,
2.3 EifXAaRMHEXHNERERRZEIRINEESE
S

IR 3 AN ]  F I 0 2 SR AL B A T
PR B T EE s A, A% 1T 5SS & A
KRR i, Kb, F2W &3 Tk
FE 7/ N S A I R P ST
M, 16 MEFTE 3 MRk BT RBEBRE AR, K
c27995_g1., ¢43496_1., c35366_g1., c31090_
g1. c42602_g1. c40417_g1 fil c42148_g1 7£ %
AEIBIAR N 2% 3K 8 o iy, 1 FE 2 R R AR BRI
c72891_g1, ¢35784_g1, c40261_g1, ¢33369_gl.
c36117_g1. c40486_g1. c39661_g1. c40777_g1 Fi
c3899_g1 7E4N RN Kk it di s (& 2) o
2.4 FEteRETERYRE KA RNHE

PSR 2 Z&i&4eH (1D: ko00900) ,
H R R (MVA) 342 1 2-C-H JE-D-JR B i -4-
Iz ( 2-C-methyl-D-erythritol-4-phosphate, MEP) i&
7 8 /1~ unigene 5 7 AR L R (K
3), HH, MVA &2 BILe 3] 4 SR A,
53R Bk 21 CoA i fif: 1 (acetly-CoA acethy!
transferase, ACOT) (c44448_g2) . 3-#%-3-H
He % Bt CoA & il ( 3-hydroxy-3-methylglutar-
yl-CoA synthase, HMGS) (c40417_g1). 3-%
F-3-H L Ik CoA i J5fiff ( 3-hydroxy-3-meth-
ylglutaryl-CoA reductase, HMGR) (¢c18757_g1,
c40544_g1) FTH F2 I B2 # ( mevalonate kinase,
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ik #rreads L1917 % Position along reads %t frEreads L [{47# Position along reads
‘ Type
50 C : A
: T
G
. c A: REAEHI(CO1); B: ¥&4EMI(CO2); C: 43HI(CO3),
0 N X %l 1=, 1~125 bp 143 read 1 MBHILMIE; 125~240 bp
{3 read 2 MYBEEEN B . BRERA B AL, AL T il
s BHAES, G, C MANAES,
2 ¥ A. Blooming stage (CO1); B: Fading stage (CO2); C.
8 Young fruit stage (CO3). On the x-axis, position 1-125 bp
$ | represents read 1, and 125-240 bp represents read 2. The
3 20 i A curve nearly overlapped with the T curve, whereas the G
& | curve overlapped with the C curve.
fant . " R
1 1 3N ERRAHIEEEER
10 | Fig. 1 Base composition of raw reads
‘ in three samples
0 !
20 40 60 80 100 120 140 160 180 200 220 240 (bp)
i3 A reads L [{{7 & Position along reads
F1 ERENFEERE
Table 1 Summary of sequencing data quality in Celastrus orbiculatus
A JE A AR HRAE (%) Q20 Q30 GC it (%)
Sample Number of raw reads Number of clean reads Error (%) (%) GC content
CO1 44 577 992 41 560 806 0.04 94.15 88.79 441
CcOo2 46 188 934 42 789 340 0.04 93.88 88.34 43.99
COo3 47 586 654 44 496 748 0.04 94.31 89.07 43.93
*2 PEKESHERL
Table 2 Distribution of splice length
B R/ME FHE rhE) (A RAE SR
Data Min length Mean length Median length Max length N50 N90 Total nuclectides
(bp) (bp) (bp) (bp) (bp)
Transcripts 201 1101 557 18 305 2093 408 140 083 075

Unigenes 201 749 390 18 305 1328 286 65 593 438
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%3 7TANEEERIBER 300, M fokm (CO1)
Table 3 Summary of annotations in seven I @ fpkm (CO2)
public protein databases 250 O fpkm (CO3)
B R unigene ¥t H HorH(%) é 200 I M
Protein database No. of unigene hit Percentage a2
£ _
NR 31971 36.49 g 150
NT 24 585 28.06 E
& 100
KO 11 957 13.64
SwissProt 25 693 29.32 50, [’|‘
PFAM 25 259 28.83 I]m I ﬂ I .ﬂ L
Go 25 914 29.58 °s \7\97\;-{1;{1\;\7\ 5 '\;li]ﬂi &
/\qu S P VRIS @&%’\ '\0509’\/(\ %099
KOG 14 394 16.43 PR LV 08 0 (A o0 [T N S B
Total 87 600 100 K Gene
CO1: BE4EH]; CO2: ¥&4Llll; CO3. %y,
g Y . CO1. Blooming stage; CO2. Fading stage; CO3. Young fruit
MK) (c30657_g1) ; MEP #4535 ke 5] i S8 A Bl - stage.
5-W R 451 ( 1-deoxy-D-xylulose-5-phosphate syn- 2 SiEXAMMEENESERRESH
. Fig. 2 Differently expressed genes related
thase, DXS)(c43496_g1) . 2-H JEaREEf-2,4-34 to terpenoid biosynthesis

— Wi B A M ( 2-C-methyl-D-erythritol 2,4-cyclo-
diphosphate synthase, MCS) (¢31090_g1) fi1 4-  Ylbut-2-en-1-yl diphosphate reductase, HMBPP)
;é%_s_EﬁgT%_:@?ﬁﬁﬁ%%( 4_hyd roxy_3_meth_ ( 0421 48_g1 )3 /l\/f_%igj‘,fj)\li o

| MEP/DOXP &1
Acetyl -CoA

MVA &2

g 3-hydroxy-3-methyl -glutaryl-CoA

1.1.1.34 (|1.1.1.88

b4 Mevalonate 2-phospho-4 (cytidine 5'-diphospho)-2-C -methyl-D-erythritol

Mevalonate-3P © Mevalonate-5P 2-C-methyl-D-erythritol 2,4 -cyclodipphosphate

Mevalonate -3,5PP 4.1.1.99 4.1.1.33] 17.7. o 1 -hydl’OXy-2 -methyl-2-butenyl 4-diphosphate
Mevalonate-5PP

2.7.4.26
. .5.£0)
Isopentenyl-P

O O Isoprene
Rubber Isopentenyl-PP |

s e I={ Zeatin biosynthesis,

3 TEEMRE A HHE S AT
Fig. 3 Metabolic pathways of terpenoid biosynthesis
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2.5 SiEYMREREXNEREF

it FH ITAK 1453 BT e ik 20 B 08 45 20 BT A 2 5k
R A5 8., i 25 2 v LA 21 i 2
ARSI FE R, M S S A B DG 1Y)
7 AR F KR, XL ZER unigene R4 H
I35 R AP2-EREBP Z % 117 (25%) ; WRKY %
B 71(15%) ; bHLH X% 83(17%); bZIP Kk
64(13%); C2H2 Kk 128 (27%); zf-HD K&
14(3%) (&l 4), [FAEF, FIH FPKM Fik ™ 1144 3
MR B BE N R IA R RS SN 5%
% A 2R 8 R 1 R, Horh WRKY40
3N KRB EI AR AR E, BRI
Tk, VTR R TR B, AR
AR B G (R 4) o

3%

] AP2-EREBP
l WRKY
bHLH

O bzIP

O C2H2

M zf-HD

17%
4 SiERMRE AR XK F R E T 5K & A b5l

Fig. 4 Percentage of transcription factor families
related to terpenoid biosynthesis

3 itig
VRN BRI 2 LW TR, rateik H ATk

Sz FEFATE SRR, B d RS T xRS
it pz 45 FE B AL B 2 A0 R B HLIE S DI Re IR A Y
ARSCR] FH 3% s Ll e 14 Jr i, 3k4% T 87 600 A4~
unigene, BT KE R 749 bp, N50/N90
HH 4.64, ULHIA YOEHE 41 2% M ROCR B by, st
175 5o {7 B b =2 0 B e S E R A Y 24
TR RFERE
MRIGATIHLUR A 2R T 45, F g e A6 %
TS AR R 0GR B RIS, T 40 SR R B e
AR RE R B AR K e e
WMEAE & B AHSCI L HEAT T Re e ke, JEFRIH FP-
KM X} 3 AR TR & & B 0 Bie 2017 T 25 S L
FERAATT L AR BR T 3 R R AN Y e 22 S X
RNFXREFREIE )G, FPKM 3k B, Fi
TR A1 SR 301 5 0 28 U DG 118 i 25 3308 1) 25 S R R
HEZ, BN AEREZENSS TIEEY RN
G, REBR R R BA N H B S
Hop, YA R 2 &iEfed, HMGR 1
K MVA & 25— B, O 7E S8 ( Solanum
tuberosum L.) . ¥iJ& ( Gossypium) Z5 %) 15 5
s, UERLAERE A G a AR bl )
PR AHIR G 75 7 I A o AG T ) 3% 6 e
IR Rk e, RUIMRLARE, w2k
MG BRI, X S5 EMENAEREE SRR,
SRR Tl S A G 2R A BGs R T 2 SR Y
ik, AIARUAR SEOCHE R G Gs e,
PR A R, BET, SRR AR
YitE W& AR E B AP2/ERF F1 WRKY 2544 55 [H 1
KA A R PR B s E Y, M S
il AW i AR SC ) % s [, unigene %4 H i
LWk C2H2 FK ik, Hikk AP2-EREBP K%, X

R4 DOEHEXEHBEXHNEREERAN

Table 4 High expression genes associated with terpenoids biosynthesis

FEH 1D FEH A FR FPKM FPKM FPKM FERKE (bp)

Gene ID Gene name (CO1) (C0O2) (CO3) Gene length
c41912_g1 SAP11 33.88 45.17 48.98 1973
c35307_g3 ERF113 244 .54 192.04 47.84 1924
c37658_g2 BPE 176.75 96.99 14.64 2087
c37054_g2 WRKY40 344.76 131.81 213.07 2060
c29281_g1 OBF1 105.57 146.09 56.29 1581
c41021_g1 ZHD6 12.46 12.32 17.12 2023

TE: CO1, BEFEH]; CO2, v&4Edi; CO3, %k,

Notes: CO1, Blooming stage; CO2, Fading stage; CO3, Young fruit stage.
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