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Transcriptome analysis and gene function annotation of
Bambusa emeiensis shoots based on high-throughput
sequencing technology

Yupeng Chen, Ying Cao, Shanglian Hu, Yan Huang, Xueqin Lu, Gang Xu,
and Zhijian Long

Engineering Research Center for Biomass Resource Utilization and Modification of Sichuan Province, School of Life Science and
Engineering, Southwest University of Science and Technology, Mianyang 621010, Sichuan, China

Abstract: Bambusa emeiensis is one of the preponderant species of sympodial bamboos in Sichuan province of China, and
has excellent fiber length and quality as raw materials for papermaking, textile and other industries. In this study, with the
application of Illumina HiSeq™ 2000 platform, we analyzed transcriptome in B. emeiensis with different heights of 10, 50, 100
and 150 cm. A total of 69.28 M reads were obtained, and a sum up of 111 137 bands of Unigenes were acquired following de
novo stitching, assembly and clustering, among which there were 63 094 bands that had been integrated in the COG, GO, KEGG,
Swiss-Prot and Nr databases using annotated methods. These Unigenes not only had general functions, such as transcription and
signal transduction, but were also involved in sucrose transport and metabolism, secondary metabolites and cell wall biosynthesis.
There was significant difference regarding the expression of cellulose synthase gene in B. emeiensis at different heights, relevant
genes were found that might be responsible for the regulation of the growth and development of B. emeiensis as well as the
biosynthesis of cellulose and lignin. Our findings could provide some elementary theories for breed improvement of B. emeiensis.

Keywords: Bambusa emeiensis, transcriptome, high-throughput sequencing, function annotation
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134 13.98 Gb
NR Swiss-Rort 69.28 M (reads) (1)
“GenelD” 10 50 150 cm
“GenelD” 4 Gb reads 20 M GC
MeV 4.9.0 52.78% 53.12% 52.21% 100 cm
7829716 reads GC
0
14 Z£5FiAEE QRT-PCR Wik 49.49%
0 < () >
primer premier 5.0 (N%) <0.03% =30
Tublin  gRT-PCR (Q30%) >80%
1Q Multicolor Real-Time PCR Unigene
3 111 137 Unigene
20 L Tublin 200 bp-300 bp Unigene 41 814
5 AACT 37.62% 1 000 bp  Unigene 21 518

19.35% ( 1A 1B)
S HEE/
2 HREM 22 EEMETE

21 MEFEIESERSIT 2.2.1
Illumina HiSeq™ 2000

x1 NFEESET

Table 1 Statistics of sequencing data

Samples Total reads Total nucleotides (bp) GC (%) N (%) Q20 (%) Q30 (%)
10 cm 20 125 331 4 062 680 957 52.78 0.01 89.12 80.27
50 cm 20 823 597 4200 352 710 53.12 0.02 89.08 80.35
100 cm 7 829 716 1 579 745 023 49.49 0.03 92.01 87.12
150 cm 20 504 408 4 137 822 934 52.21 0.01 89.12 80.35
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Fig. 1 Distribution and percentage of Unigene length from Bambusa emeiensis.
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Unigene 16 151 Unigene
COG 52 872  Unigene GO
11 032  Unigene KEGG
44 552 Unigene

Swiss-Port 62795  Unigene

Nr ( 2
2.2.2 COG

COoG

(2] Unigene COG
16 151  Unigene
COG

x2 EBVMEREADRIR

25
4221

Unigene 2 701

2.2.3
GO

GO

Table 2 Transcriptome function annotation of Bambusa emeiensis

3 00=Length<I 000 Length=1 000

Database Annotated number
COG_Annotation 16 151
GO_ Annotation 52 872
KEGG_Annotation 11 032
Swissprot_Annotation 44 552
Nr_Annotation 62 795
All_Annotated 63 094

5991 8 640
23 297 19 361
4315 5066
19 210 18 551
28 348 20 587
28 491 20 599
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Fig. 2 Unigene of COG function categories.

http://journals.im.ac.cn/cjben

JAKLBDYVTMNZWUOCGEFHIPQRS i

J Translation, ribosomal structure and biogenesis

A RNA processing and modification

K Transcription Lo )

L Replication, recombination and repair

B Chromatin structure and dynamics L
D Cell cycle control, cell division, chromosome partitioning
Y Nuclear structure

V Defense mechanisms .

T Signal transduction mechanisms .

M Cell wall/membrane/envelope biogenesis

N Cell motility

Z Cytoskeleton

W Extracellular structures . .
U Intracellular trafficking, secretion, and vesicular transport
Q Posttranslational modification, protein turnover, chaperones
C Energ% production and conversion

G Carbohydrate transport and metabolism

Amino acid transport and metabolism

F Nucleotide transport and metabolism

Coenzyme transport and metabolism

I Lipid transport and metabolism .

P Inorganic 1on transport and metabolism )

Q Secondary metabolites biosynthesis, transport and catabolism
R General function prediction only

S Function unknown
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%z 3 Unigene BERZ MW 5 MBHIBEERSF4%
F. KRFZEME BHEXB RS

Table 3 Top five metabolic pathways and the
metabolic pathways of cellulose and lignin
biosynthesis involving Bambusa emeiensis Unigene

Number of Percent
Unigene (%)

Name of metabolic pathway

RNA transport 408 5.47
Plant hormone signal transduction 407 5.46
Ribosome 404 5.42
Spliceosome 371 4.98
Protein processing in endoplasmic

reticuluII:l ¢ ’ 345 4.63
Starch and sucrose metabolism 257 3.45
Carbo.n fixation in photosynthetic 189 ) 54
organisms

Phenylpropanoid biosynthesis 118 1.58
Phenylalanine metabolism 110 1.48
Photosynthesis 105 1.41

2.3 Z&Fr Unigene 5 H A # BT LLE 5 47
Unigene Oryza sativa

Phyllostachys edulis Brachypodium

Zea mays Sorghum  Unigene
4 Unigene
52.46%
50.41%

29 591, 46.90%——>
With hits to Oryza sativa
and Phyllostachys edulis

4 ZE47 Unigene S/KTEFMEMRILLE S

F 4 ZEf5 Unigene 5H 4 FhaY LB 9 47
Table 4 Analysis on Unigene between Bambusa
emeiensis and other species

Number of Percent
Unigene (%)

With hits to Oryza sativa 28 666 50.41
With hits to Phyllostachys edulis 29 831 52.46
With hits to Brachypodium 27 106 47.67
With hits to Zea mays 25 662 45.13
With hits to Sorghum 27 046 47.56
With hits to all above 21 524 37.85
With no hits to all above 23 062 40.56
4 Unigene
Blast

E-value<le-10 63 094

Unigene 34 127 (54.09%) Unigene
33 685 (53.39%) Unigene
29 591
(46.90%) Unigene 4536
(7.19%) Unigene 4 094
(6.49%) Unigene
Unigene
Unigene
(G

<4536, 7.19%

Only with no hits to Oryza sativa

<4094, 6.49%
Only with no hits to Phyllostachys edulis

<« 24 871,39.42%
With no hits to Oryza sativa and Phyllostachys edulis

Fig. 4 Analysis on Unigene between Bambusa emeiensis, Oryza sativa and Phyllostachys edulis.
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24 AKER. KREEVMENEXERSH 21 (an
ft 49 % bb Xt 53 #7 Swiss-Prot 7
241 24.2
Swiss-Prot 188
Peng
t 5 Swiss-Prot Phenylalanine ammonia-lyase (PAL) 4-
Cellulose synthase (CesA) A 4-coumarate-CoA ligase (4CL)
CesA 9 A Cinnamoyl-CoA reductase
Cellulose synthase-like (CCR) Cinnamoyl alcohol
protein (Csl) 76 dehydrogenase (CAD) 7
11 ( 6) Swiss-Prot
Swiss-Prot 7 Laccase (LAC)
Csl Sucrose synthase (SuSy) 17 32 20 20

x5 BMAERENBIDIRERSKE. EWE. EK. SRMENHILER
Table 5 Bambusa emeiensis functional Unigene of cellulose biosynthesis comparison with Oryza sativa,
Brachypodium, Zea mays, Sorghum and Phyllostachys edulis

Gene Oryza sativa  Brachypodium Zea mays Sorghum  Bambusa emeiensis  Phyllostachys edulis *
CesA 21 10 21 17 9 19
SuSy 21 11 7 8 7 -
Csl 18 7 10 13 11 76

The results were cited from Peng et al. !/,

®6 BMARZEMBIDIGERERSKE. EWE. EK. SRMENHILER
Table 6 Bambusa emeiensis functional Unigene of lignin biosynthesis comparison with Oryza sativa,
Brachypodium, Zea mays and Sorghum and Phyllostachys edulis

Gene Oryza sativa  Brachypodium Zea mays Sorghum  Bambusa emeiensis  Phyllostachys edulis ®
PAL 7 4 5 3 5 8
4CL 26 0 0 0 13 6
CCR 45 24 0 0 2 3
CAD 18 10 10 21 10 1
LAC 23 32 20 20 17 -
CCoAOMT 10 0 0 0 3 2
COMT 10 0 1 4 2 1

*The results were cited from Peng et al. !/,

® 010-64807509 K cjb@im.ac.cn
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CCR A-O-
Caffeoyl-CoA O-methyltransferase
(CCoAOMT) /5- -O-
Caffeic acid-O-methyltransferase (COMT)
45 10
10 COMT 2
PAL 8
Peng (]
2.4.3

(15] Swiss-Prot

7 MYB  bHLH

25 ERFTIEERESH

25.1
4
DESeq FDR<0.01 Fold
Change (FC) =2
10 50 100 150 cm
10 vs 50 cm
1828 10 vs 100 cm 1542
10 vs 150 cm 2 601
50 vs 100 cm 1224
50 vs 150 cm 1745

100 vs 150 cm 1231

(39

x7 EMHEREAFHIEERSKE. EWE. EX. SRMEMBHILER
Table 7 Transcription factor of Bambusa emeiensis comparison with Oryza sativa, Brachypodium, Zea mays

and Sorghum and Phyllostachys edulis

Gene Oryza sativa  Brachypodium  Zea mays Sorghum  Bambusa emeiensis  Phyllostachys edulis °
MYB 4 1 0 0 24 116
WRKY 133 82 119 100 47 116
NAC 120 71 101 87 23 125
bzIP 6 7 6 8 3 107
bHLH 54 168
HD-ZIP 0 0 0 0 0 51
MADS-box 97 87 79 78 23 16

® The results were cited from plant transcription factor database.

*8 IRMEFFTEEEKBESIT

Table 8 Summary of differential expression gene annotated

Combination types COG GO KEGG Swiss-port Nr

10 vs 50 cm 311 1171 192 111 1347
10 vs 100 cm 271 1 089 253 972 1254
10 vs 150 cm 587 1 881 457 1779 2 086
50 vs 100 cm 222 807 213 725 961
50 vs 150 cm 400 1188 348 1112 1332
100 vs 150 cm 268 799 255 720 919

http://journals.im.ac.cn/cjben
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2.5.2 CesA
CesA
(ADF) 4 RPKM 10 50cm
100 150 cm CesA
( 95 ( 6A ©6B) CesAl CesA5 CesAb6
CesA8 Unigene
6A 6B 4
40,00, ( )
£ 35.00} I CesA4 CesA7 CesA9 10 Unigene
2 30.00}
;:»‘ 25.00-
E 20.00 ( 6A 6B) Unigene
S 15.00} I
5 10.00} L GO GO
g 500 i
0.00
10 50 100 150
Height (cm)
%] \FIEEEMATHEES=S .
- S FRSEZMES E§E,E . ) KEGG 10 Unigene KEGG
Fig. 5 The content of cellulose in different height of
Bambusa emeiensis. K10999 ( YO 9

A B
10 50 100 150

10 vs 50 10 vs 100 10 vs 150

—CesA7

— CesA7

CesA6, CesA8

CesA4, CesA7, CesA9

=) 6

6 FEEKEEHZETFE R CesA BB RIEKTFE (RPKM B) MERFIEKTE (Log2 E)
Fig. 6 The relative expression level (RPKM value) and the differential expression level (Log2 value) of CeSA in the
shoots of different height from Bambusa emeiensis.
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Table 9 Annotation of cellulose synthase genes

Unigene KEGG pathway Annotation
CL10Contigl K10999 Cellulose synthase A catalytic subunit 9
T2Unigene23059 K10999 Cellulose synthase A catalytic subunit 7
CL1669Contigl K10999 Cellulose synthase A catalytic subunit 7
T2Unigene28744 K10999 Cellulose synthase A catalytic subunit 9
T1Unigene23998 K10999 Cellulose synthase A catalytic subunit 7
T1Unigene22002 K10999 Cellulose synthase A catalytic subunit 9
T4Unigene34723 K10999 Cellulose synthase A catalytic subunit 9
CL1525Contig2 K10999 Cellulose synthase A catalytic subunit 4
T2Unigene23060 K10999 Cellulose synthase A catalytic subunit 7
T3Unigene29112 K10999 Cellulose synthase A catalytic subunit 7

26 EFFIEEME qRT-PCR WHiE

CesA9 (T1_Unigene BMK.22002)

gRT-PCR 7 100 cm
CesA9 10 cm
9.5
S
S
g 12,
é 10+ I
M
o 8t
=
& 6}
=1
=
=2
Z o0 I
@) 10 100
Height (cm)

7 CesA9 (T1 Unigene_BMK.22002) & gRT-PCR

35 E
Fig. 7
(T1_Unigene BMK.22002) gene.
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Quantitative RT-PCR verification of CesA9
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MYB
MYB46
(0] MYB
[21]
10 50 100
150 cm
4
CesA Csl Susy 2
CesA
CesA
[231 Unigene
Swiss-port  Nr CesA
Unigene 49 33
Csl Unigene 36 27
Susy Unigene 14 7
CesA Csl  SuSy
CesA4 CesA7  CesA9
( 0

® 010-64807509

[24-25] CesA
(23] OsCesA4 OsCesA7  OsCesA9
OsCesA4 OsCesA7 OsCesA9
[26]
CesA4 CesA7 CesA9
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