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Transcriptome Analysis of Gerbera delavayi Based on
High-throughput Sequencing Technology and
Differential Expression Analysis

CHEN Jing', ZHENG Wei*, WANG Tanxiao', WANG Wei*, XU Xiaodan®*
(1 Faculty of Modern Agricultural Engineering, Kunming University of Science and Technology, Kunming 650500, China; 2
Faculty of Architecture and City Planning, Kunming University of Science and Technology, Kunming 650500, China; 3 Faculty

of Art and Communication, Kunming University of Science and Technology, Kunming 650500, China)

Abstract:In the present study, two samples (abaxial leaves with and without penniform fiber)’s ¢cDNA
were sequenced based on Illumina Hi-Seq2500 to analyze the fiber development mechanism. The results in-
dicated that 108 694 unigenes were obtained. Then, 1 605 differential expressed genes (DEGs) were se-
lected. 830 DEGs were divided into 39 GO terms, 512 DEGs were assigned to 25 categories with COG da-
tabase. Function annotation against KEGG database obtained 315 DEGs. 10 significantly reliable enrich-
ment pathways were selected by enrichment analysis of 79 KEGG pathways. DEGs in “amino sugar and
nucleotide sugar metabolism” which control cellulose biosynthesis, DEGs in “phenylpropanoid biosynthe-
sis” which control lignin biosynthesis and DEGs in “plant hormone signal transduction” which control
auxin’s signal transduction were down-regulated. While those in “plant hormone signal transduction”

which control cytokinin and abscisic acid signal transduction were up-regulated. These results greatly en-
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riched genetic information of G. delavayi and provided basic data for function verification and genetic im-

provement of fiber traits in the future.

Key words: Gerbera delavayi ; transcriptome; Illumina Hi-seq 2500; DEGs; fiber development
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FERT Wm Z A AR Y . R H ik A Je BA
RUF R B . S48 KB, B RTT R I A B
BT 4 2 v 574 0 B R B G 2K R IR A ) R
KA LAT A B B0 R A R Y KR
LU ZEA 500 ZAEP1 L B9 g = g 44 A )1
B B . AR T R BT 4E R
2 U R e 3 o i 5 B 8700, S AR £F 4k vh
SR 2 R B i (90 V0 22 A BET P AR | [ 3] R Al A
2T A RH 22 A5 o R 8 4 R T 5 1 it 9 8 6 2 4
BABRGF ATy, R0, H2F 4 (K8 a0
e R (A i 4 7 ANl I/ NP2 i N R S B
it Jo B AT B R B 2 T3 1]

WEFE R B X £F 4 & AH OCE H I IR A B 58 A7
B TeF e s fe ol R 3R TR 4k i BT . il an A AL v
GhPRP5 ¥ N 2 35 v i 47 £F 4 A5 K, ng| g
LTRA W HE B iaaM )8 & 3R 3K 7T 46 = A 2F 48 4
R R TR TR R T R R L LA
Wh L e 5 H AR T B B R 2R 4R kA DG Y R
ST T AT 3 — 20 3 ok B PR 5 B 5 D BB 9 IE L O A
SEPLE AL R T R B AT AR R R R .

40T 5 56 v, 3 ok AR A B SR BRSO 6-BA K&
NAAFFEEFR N TS TR IR AR T &
L BGRAE IR AL AE 0 R F RS AL TR AF X A
B, AWFSEA Ilumina Hi-seq 2500 /=518 & 9 7
B HEATI B T S RS Sy B S R T R e
T H B LT 4 H A G HY D RE B I L AR A A M O
DR [ It B R A K T R R A B O R 2k
S DR 9 B B L 2 e E A st A 2 R 4 B A A

1 AEREIT
1.1 R34y

PRI MS JEA B 3R BE v 55 3% 20 d 0 2F A 46
AR AR T RAES A (B 1, A, b 4k
B) LA FEIE MS+2 mg « L7'6-BA+0.1 mg
« L'NAA 3588557 20 d A ZF A K T &
it B (B 1.B. R L4 LB » 4 B B i i
A 50~100 mg.
1.2 A &
1.2.1 SEBENFRHBEAHE KM Trizol ik
B2 S8R T BOFE A 19 58 RNA, K I RNA K
il B2l BE A B S8 A A L A cDNA SO, 9F
Xof SCE ot AT A I, 45 G % S, ) Tllumina Hi-
Seq2500 BEAT =y 8 2 I )L W R 3 KO PE125, 18
3| 5 GA B 5 . #% Reads Hr il FE 5 14 L33k 25 A
T8 I 5 R AT 5 A B4 I A B A RO (clean
data) , J§ Trinity %t clean data #1774 40300,
1.2.2 EERZEFTREFREEAME XK
FH Bowtie ¥ £ K i il J7 45 3 (19 Reads L X 3 f
R 5, 153 Mapped reads, #R 4f b % 45 5, #F
1335 & K P Al it Al FPKM  (Fragments per
kilobase of transcript per million mapped reads) , Hfi
B H A Reads H1k [ X 2] 5 — 58 5 45 T 2 <
JE ) Fragments 8 H , 278 %F 0 A B 356 B e 271 36 35
FHE . i ] EBSeq #1722 57 K38 40 H1 . R JH Ben-
jamini-Hochberg 77 ¥ % It A {1 15 K 30 75 21 () b 3%
P P AAE#ATIOE  F R AR AKIE G 89 P A, B FDR
(False discovery rate) /i 252 57 % ik 3 A (Differen-
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Fig. 1 Transcriptome detection samples
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tially expressed genes, DEGs) #7219 ¢ gl 35 b5,
TE % o F2 b, FDR <<0. 01 H 2% % %% FC
(Fold change) =2 £ i vEbr i , Hop, FC FRIn M
RS () 6] FPKM {8 A9 HE(E .

1.2.3 £RRZERNIETBEMEESH
H Blast™" #4245 22 5 35 B Y Unigene 751 5
NR,Swiss-prot [ KEGG,COG FI GO % FE # 47 I
XL AREILIIRR R, N T R
WIAE AN AR A A DL B 3 e I R ) 1Y ) e
W25 R IR I X ] KEGG 30 g, 15 5] 2 7 3%
IKFEP Y Pathway J5 456 & 400 #0155 2F 4k
KA AR e 22 S R R

2 AR5

KJERT 2000 bp B4 5478 55,5 0. 13% . FH K
67.86 bp, N50 ¥ 61 bp, i J¥ %I & & #F 41 3
204 3524 FARIEF], SFE K 918. 79 bp, N50 K
1 660 bp, HIH;RATHI4145 H 108 694 2k 3L
JE5] 1K 593,90 bp, N50 K 912 bp, B 5 K
BE EFAS AR AE 200~2 000 bp, & 94. 95% , K kK
T2 000 bp B4 5 496 45,5 5.06%,
2.2 DheeiEE

i Blast #5444 50 5L P 51 7 511 5 NR,
Swiss-prot \ KEGG,COG #l GO M4, 15 5] H i B 15
BGR3DVE R IR TE 108 694 S5 HAELH P41, A

®3 BEEFIERSEITR

Table 3 Unigene functions annotated

A YA B R A R 4 [ERigi4
2.1 MEEIE~ Hj M QH% pr g ! z}f ++ Bioinformation database Unigene annotated  Percentage/ %
1 WoR, gad )y i ar ], 2845 5 11, 13 Gb COG 11 369 10. 46
A RCEE AR Q30 Bl 3L 4y FL IR /N 88,402 GO 21 378 19. 67
22 B 7 Ec e AT SR T R T ORI T KEGG 8078 7.43
Xf 2H B 25 R AT e 3t 45 By 41 # & (Con- Swiss-Prot 25 905 23.83
tig) » % 5 A< ¥ %1 ( Transcript) 1 8 3% A JF %1 (Uni- NR 39 559 36. 39
gene) K HE I3 A1 6 (3R 2) JTEJF S S RED L BT o5 LL A5 JATEFE HLIE PR 7 91 4 5
All unigenes annotated 40 915 37. 64
B ARHE 0~300 bp, A 4 161 013 45,15 98.18%;
1 HmBEREETG
Table 1 Statistics of clean data
#EZA Sample %5 Number 8 Read B 3 Base GC % & GC content/ % Q30/%
B4t B () e rqe - -
Abaxial leaves with penniform fiber A 24 356 692 6 136 154 059 44.82 88. 57
T LT 4 A (ND
Abaxial leaves without penniform fiber B 19825 172 4994 320 337 45.10 88. 40
X2 FIEEHR HERAFINMBERRFI &S HEE K G
Table 2 Number and percentage of length distribution of contig, transcript and unigene
K X 1] 73 T S R o SRS R B B B IR 3

Length Range/bp Contig number

Transcript number

Unigene number

200~300 4 161 013 (98.18%) *
300~500 38 003 (0. 90%)
500~1 000 21 760 (0.51%)
1 000~2 000 11 783 (0.28%)
<2 000 5478 (0.13%)
¥ Total number 4 238 037
B K JE Total length/bp 287 572 789

N50 K JF N50 length/bp 61

YK Mean length/bp 67. 86

61 631 (30.16%)
42 862 (20.97%)
38 189 (18.69%)
36 714 (17.97%)
24 956 (12.21%)

204 352

187 756 722
1 660
918.79

48 114 (44.27%)
28 386 (26.12%)
16 578 (15.25%)
10 120 (9.31%)
5496 (5.06%)

108 694

64 553 876
912
593. 90

T KRG IR AR TR X ] 0~ 300 P4 47 7 5 1 00 A A0 20 1L

Note: * means contig number and percentage of 0—300 length range
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Table 4 DEGs GO annotation

Wi H Item LK %)) 80 Number of unigenes
AN 43 Cell part 302
4l fid. Cell 301
A #% Organelle 206
il Membrane 202
M B3R 4> Membrane part 109
Cellu%ﬁ%é&nﬁonem 4 853 53 Organelle part 82
K4y F 5 A% Macromolecular complex 57
g 4h X Extracellular region 19
A1 fE Cell junction 26
20 g 4hJE T Extracellular matrix 1
4 L A0 3 BT 4> Extracellular matrix part 1
T AL 3% P Catalytic activity 197
1454 Binding 368
92 1% Pk Transporter activity 73
i, 7 3k /K 36 P Electron carrier activity 31
YA L1 Antioxidant activity 15
IS F e 2544 43 F i P Structural molecule activity 13
Molecular function W IR 45 5 % 55 N F 35 ¥ Nucleic acid binding transcription factor activity 13
g 95 15 %% 35 7 Enzyme regulator activity 9
O F I 5% % Molecular transducer activity 7
B ME Nutrient reservoir activity 3
W H 45 A 55 R T 3% P Protein binding transcription factor activity 3
ZAKTE PE Receptor activity 1
R B Metabolic process 585
4l g ik 72 Cellular process 447
B MUK 2 Single-organism process 437
Jil 3% 2 B Response to stimulus 192
EYES Biological regulation 158
E N Localization 143
20 M 2H 4y 2H R 8% A= M) FE i Cellular component organization or biogenesis 103
He g2 1ot R % B 11 2 Developmental process 72
Biological process L WA LM B Multicellular organismal process 18
5 i #E Reproductive process 39
Z A3 WL 2 2 Multi-organism process 30
{55 Signaling 28
K Growth 15
5 Reproduction 38
% R 400l A Immune system process 6
H: M) &5 it Biological adhesion 3

40 915 ZL B E PR 91 ARAS VE R T B D P S B8 A 25 905 ZREAE IR R AN R E] T RNR E A o B A
[ 37.64% . 5345 67 779 S5 KRB TERE , b7 BLIL K 7 41 F 5 B 23.83%,

S 62,36 %, A T RE R FT AL, HLIE N T ) 2.3 ERRFEEMFBESIHEEER

5 NR $¥ vt 4583 39 559 4RI EFES . o5 Bk 38 b0 2% S e Gk KRR Y O R L 2R 4R 1 605 A
N7 51 B 81936, 39% . 5 Swiss-Prot B4 i L X 22 FIRFED o 755 SR IAERE A A (uﬂﬂ%
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AUk LE, 850 M IEFERE S B (| G 4R
4B I 1. o DEGs [ 83 P 51 5 NR,
Swiss-prot . KEGG.,COG 1 GO % ¥s JF b #, — 3k
A 1450 5 BIE N P A B0 R H R E GO i
PFEIAT 838 &5 1B F| COG iR EMA 512 4.4
315 ZcEEHERBR T KEGG £l 7
2.3.1 E£ERFXZEEEMH GO PEEER GO %
Gt WoR . 22 R R IR NG 5 o T IhREAAE
WeEad 3 KA & 39 Mg/ (R O, H
A Sk — 28 v, 22 5 3R 3k 3k R 40 R 43
FAIM 53X 2 AT BE /N2 v i o 1 L 49 s 8 5 40 1
gk — 28, 25 5 3R 3k Bk R 7 Tl A Abag 42 7 R B
FI456 73X 2 A TRg /N B b (9 Lo A1 e s 5 A 2
PR —JE 25 5 R R B R TE AR AR A
AR A LA R I 3 ST RE/NE T T S
M H B R (R 4 XSG S XML T R
1 RNA FF 915 5% 241 1 43 A 45 J 3 AR — 3,

AR FE R TR B K T R A AR P i A
SEMFATE Y R AR D REFE IR A BT I B BEX 4, ik
AN TR R A W2 e T v A0 e AR X — T BN Y

ZRRIFEHNEZ WS 6-BA ¢,
2.3.2 ERFIEEFER COG HaeiEH ik
COG %4l FERY 512 5% 22 5 3R A B #E AT B & R U8
SRR BRI 23 NGRS HP R (—
M re D S R H &2 HikE G (oK
k&Y AR L (BEH EA. BE) K
) Q QR A=W & 1 1z i A3 ) UL Je E
(IR iz fA ) T (IR 2K ¥ ARH . T (fF
SERHLED . F5 LR X — D) 5e 2\ A AT g
& T A b BRZH B0 09 oS g s (3R 5) .
2.4 ERFRIZEEEH KEGG i8
2.4.1 EZRRZERFKEGGRGEELHT N T
YE R BB (5 5 0 b W R BRI 22
SRR R B B KEGG B8 . 15 3 1 315 43
B SRR 79 RACHTE R, R RINEN
HERP A2 1 10 5400 B o . 38 M A E e AL
W ARG T 2 RN 6 . 2 5
FAZ H R A AL A5 (3R 6)

ABIF ST VEBE S A 4k K AR AR G HL 2% S Rk B
TR P 9 55 2 1) S Wl A% 1B AR B A2 R N e

x5 ERFEERECOGIEEER
Table 5 DEGs COG annotation

COG it % Function classification A i?is
RNA i T.#11&4f RNA processing and modification 14
Ye {4, Jii 45 ¥4 1 3h /1 2% Chromatin structure and dynamics 16
C BE 4 77 A F i 4 Energy production and conversion 35
D 20 1 R 3 A 2 L e A (R 43 iR Cell cycle control, cell division. chromosome partitioning 25
E G4 FE R % iz AR Amino acid transport and metabolism 44
F K% H 12 ¥4 1z AR Nucleotide transport and metabolism 5
G i K AL Wy %% 35 F{C i Carbohydrate transport and metabolism 66
H i i %% 3z A Coenzyme transport and metabolism 9
1 Mg 25 5 3z MR Lipid transport and metabolism 43
J BH I A R 45 48 F1 4 P Translation, ribosomal structure and biogenesis 2
K % 5% Transcription 51
L &l E 4] F1 154 Replication. recombination and repair 58
M 20 it BE / 5/ 9% 5 A2 J5 Cell wall/membrane/envelope biogenesis 23
N A iz 3 Cell motility 1
(0] TR S 1B 38 S e LR 1B 28 1 Posttranslational modification, protein turnover, chaperones 31
P TCHLES + ¥4 3z FL i Inorganic ion transport and metabolism 38
Q WA A= ) A I 38 i A1 43 fi# Secondary metabolites biosynthesis, transport and catabolism 48
R — I HEFH M General function prediction only 113
S K13 fE Function unknown 18
T 15 5% S HL#I Signal transduction mechanisms 42
U 20 M P Az By L 0 W T8 M 5 58 Intracellular trafficking, secretion, and vesicular transport 4
A\ Bli # L Defense mechanisms 12
Z A B 42 Cytoskeleton 19
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Table 6 Differential expression genes KEGG function annotation

KEGG e B KEGG function annotation

P E 5% H Unigene numbers i Percentage/ %

TE M FIEBEAR 3 Starch and sucrose metabolism 17 5.04
Y % (55 % Plant hormone signal transduction 17 5. 04
ASARL RN G 5 B2 A ¥ & B Biosynthesis of unsaturated fatty acids 16 5.08
KRB H 6 i Phenylpropanoid biosynthesis 13 4.13
A AR 1L Oxidative phosphorylation 12 318
KA BRI Phenylalanine metabolism 11 3.49
2 e & 1R AN A & R 18 i Cysteine and methionine metabolism 11 3.49
% B 175 Bl S R H.ZF Pentose and glucuronate interconversions 10 3.17
S LB AR R ML Amino sugar and nucleotide sugar metabolism 9 2.86
KB A W) A ) Flavonoid biosynthesis 8 2.54
x7 XBEEAMNERFEEBR
Table 7 Expression of the key genes
B Enzyme I\ﬁlﬁe Genﬁ Iflxi%rjision G%enlﬂe II% log, FC
2.4.2.24 KALLT 4 & A il Cellulose synthase-like (Csl) N8 Down ¢61335. graph_c0 —1.51
¢20932. graph_c0 —1.02
2.4.1.12 24 K & Cellulose synthase(Ces) T iH Down ;i;g%g ii:gE:;g :} 8§
¢25197. graph_c0O —1.21
c24824. graph_c0O —2.27
1.14.13.11 A2 -4- 72 L i Cinnamate 4-hydroxylase (C4H) T Down ¢63002. graph_c0 —2.40
¢63078. graph_c0 —2.27
AUX/TAA HRKZFHESHEH Anxin/ Indole acetic acid 8 Up ¢39986. graph_c0 1. 69
¢37813. graph_c0 —3.07
ARF H R 0 K Auxin response factor T4 Down ¢50728. graph_c0 —2.77
¢61957. graph_c0O —2.24
A-ARR A B A5 [ F A- Arabidopsis response regulator T & Down ¢53892. graph_cl —1.25
PP2C 2C BIZE H ¥ B2 i Protein phosphatase 2C T i Down ¢51077. graph_c0 —1.45

FKEYEBGERE AWM EGE SR SFEREENTA
AT AT TR R A B G K T o g
FERIN I ORI,

2.4.2 XBEEAMERRESHT hE7TH.A
FEBE AN R AR A AR L ST 4k A (CsD
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i Ji; PRl CARTF) 19 i DX 3R 3k 1 1 9], 0] 17 i 2R
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FE MG T Al LUl B 2 ARR 975 1. )
TR 00 1 90 £ 0 43 SRR R Y L R Rk
RS HE T R B A o R S i T 2C B
H AR (PP20O) JEHE F X ABA {75 19 R 4
A I SR 1 R 2 i T ABA RN,

3w

3.1 HAERTEMNEHEEFERENXBEER
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MEFEHRHXEER 4R Phh 36 &1,

A-B-D-7 SR Wh 4 AH B DL 2 A 8 i A ik 7 —
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98 %M A HRIE F W L AT 4 F B W) A AR HE Ces
G S AR I+ FKRE (4 B R 21 b 16 5 10 A4S Ce-
SAFER VR Z A 9 A4 CesA SEHT ek, Cls
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S B AR I B R R AR T3, CesA1 Fl CesA2 3
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SETEARZ AR AR i B rp HLAT W 22 /R
T 9% 00 A R T B A 3R T R TR ) Gk R, O 2
BRI o R Y R AN KN
B R T B2 A B ol R — 5 0 A A

BEAb B4 AL K TR 25 S 3R 1k 3 DRI R T e 2R AR
g fe , CAH P AR 8 0T R R R A K
X B LR TR A 5 K T R A I AR
. AR, CAH KPR B9 %% 5 2 % B4 5 Al
Y K R A A . R A X CAH
JE R 58 0 R T v ) R 4 AL AN i — 2B Y F
5 DT 35 B 27 4 1543 o R i H Y
3.1.2 BEFESESERPHXBER AR
FE T NAA F1 6-BA [T IS B T A 25 1 72
AL RN ST R EEA R EZH., MY E
Xt £F 2 % B R IR AR R — A R R 2 A B
BTS2 B 22 P R S ) R R 28 i A A . R
KR RER O3 R ER 55 0] BE X 2F 4k &
R AR HE A L T 4 A 3R R R T e X AT 4
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B A K - 25 2R (NAAD 2400 15 43 47 4k vk A4 4 i
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