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Abstract [Objectives] To screen the whitefly Bemisia tabaci (Gennadius) genes that respond to infection by Beauveria
bassiana in order to further elaborate molecular mechanisms underlying the immune response to fungal infection. [Methods]
High throughput sequencing technology was used in the transcriptome analysis of Bemisia tabaci 4th instar nymphs that were
either infected, or uninfected (control), with B. bassiana. Differentially expressed genes (DEGs) and their functions,
classifications and signaling pathways were analyzed using bioinformatic tools. [Results] 232 554 non-redundant Unigenes
were identified, among which N50 and N90 were 1 153 bp and 260 bp in length, respectively. The average length of all
Unigenes were 674 24 bp. Among the 1 166 DEGs (P<0.05) identified, 474 were up-regulated and 692 were down-regulated,
and 405 are known to be involved in insect immune response. The identified Unigenes were enriched in 156 biological

processes (66 402 Unigenes), 89 cellular components (27 645 Unigenes) and 154 molecular functions (73 417 Unigenes) by
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GO analysis. KEGG pathway analysis indicated that 1 145 DEGs were mapped to 309 distinctive pathways, and were enriched

in 76 pathways. [Conclusion] Four hundred and five genes that are possibly involved in the immune recognition and defense

of whitefly nymphs against B. bassiana infection were sequenced. The results provide a bioinformatic data base for using

entomopathogenic fungi as a biological control for whitefly.

Key words Beauveria bassiana, infect, Bemisia tabaci, transcriptome

Bemisia tabaci (Gennadius)

Brown etal. 1995

Wang etal. 2010

Faria and Wraight 2001
Beauveria bassiana

Weraight et al.
1998 2000 Liuand Stansly 2009 Liuetal.
2010

GZGY-1-3
1x10’ /mL 4
88%
Xia et al. 2013 ,
Byren and
Bellows 1991
Faria and Wraight
2001

1 RS

1.1 HiARBfEE

26 L D=12 - 12

GZGY-1-3
CGMCC  No. 9254
0.05%  -80  1>=10°
12 ATHFEIFNERF&E
10 25 cm
24 h
15d  85%
4 4
2 0.05% -80
10 s 1108
10's 30
min 1%
26 L : D=12
D12 48 h
4
RNA
2 000
2 1 1

gRT-PCR



- 49 -

1.3 RNARE. 2. fi{L 5 cDNA XEHE

Trizol Invitrogen USA Total
RNA Qubit RNA Assay Kit Total
RNA Bioanalyzer 2100 RNA-6000
Nano Kit Total RNA 4 g
Total RNA
poly-T RNA
poly-A  mRNA 94 8 min
mMRNA
SuperScript
RNA cDNA
AMPure XP beads

cDNA

1.4 FFEMFEFRKILE Digital gene expression
profiling, DGE 3CFERIHIEE

cDNA IHlumina
Raw reads
1.5 MEFEREFEREAE
Raw reads Adapter
reads N 10% reads
reads clean reads clean reads
50 clean
reads Nt Blast
clean reads Trinity trinityrnaseq_
r2013 08_14 paired-end de novo
clean reads
clean reads
All-Unigene
1.6 Unigene BYThRE T 1
All-Unigene NR SWISS-PROT

TrEMBL CDD PFAM KOG GO KO
BLASTX gene

1.7 ERFKiEEHE DEG HikEKk GO. KOG

BEESh
P<0.05
GO KEGG
GO
P<0.05
2 HER59H
2.1 DGE XERHE
YF-1
YB-1 Raw reads 63 905 804 64 022 454
reads N reads
reads 56 394 738
54 328 376 clean reads
5451 458 277 5220 859 673 1
22 RERMNREAR
50 clean reads Nt
Clean Reads
1 A B
20
clean
reads YB-1 clean
reads de novo
232 554 Unigene
N50 N90 1153 bp 260 bp
674.24 bp 1

2.3 EBRGSRERE

232 554 Unigene
NR SWISS-PROT TrEMBL CDD Pfam
KOG GO KO
30% e<le-5
Unigene
2



-50 - Chinese Journal of Applied Entomology 52

24 ERFIZEME DEG fiERK GO, pathway GO terms 416 P<0.05 156
BEEMR Biological processes 89
Cellular component 154

Molecular function

P<0.05
1166
474 692 G0:0005975
7> (G0:0009060 “ 77 GO
GO 1 166 0042593 “< ”7 GO
DEGs 623 GO terms 0006869 “~ 77 G0: 0035725
F1 MERA YF-1 FAIELE YB-1 [AMEGERERE
Table 1 Summary of control (YF-1) and treatment (YB-1)transcriptomes
YF-1 YB-1 *
Summary Control (YF-1) Treatment (YB-1) All*
Raw reads 63 905 804 64 022 454 -
Total number of raw reads
Clean reads 56 394 738 54 328 376 -
Total number of clean reads
Clean nucleotides nt 5 451 458 277 5 220 859 673 -
Total number of clean nucleotides
Clean reads bp
96.67 96.10 -
Average length of clean reads (bp)
Transcript _ B B 342 186
Total number of transcript
Unigene _ B B 232 554
Total number of Unigene
Transcript N_50 _ _ 1841
N50 of transcript
Unigene _N50 _ _ 1153
N50 of Unigene
Transcript N_90 _ _ 319
N90 of transcript
Unigene _N90 _ _ 260
N90 of Unigene
Transcript _ bp _ _ 917.66
Average length of transcript (bp)
Unigene bp _ _ 674.24

Average length of Unigene (bp)

*YB-1 YF-1  clean reads
* The results of mixed assembled clean reads form YB-1 and YF-1.
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Table 2 Annotation of Unigene in NR, SWISS-PROT, TrEMBL, CDD, Pfam, KOG, GO and KO databases

GO # KO %7 B £ 5%

Database

Unigene
Number of Unigene

Percentage (%)

NR
Annotated in NR

SWISS-PROT
Annotated in SWISS-PROT

TrEMBL
Annotated in TrTEMBL

CDD
Annotated in CDD

Pfam
Annotated in Pfam

KOG
Annotated in KOG

GO
Annotated in GO

KO
Annotated in KO

Annotated in all Databases

Annotated in at least one Database

Unigene
Total Unigene

59 844

36 432

59 185

28 143

50 557

25 750

46 249

28 037

7248

66 263

232554

25.73

15.67

25.45

12.10

21.74

11.07

19.89

12.06

3.12

28.50
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Table 3 Parts of GO terms which enriched in biological processes
GO GO P
GO term GO ID Total genes DEGs P-value
Energy metabolism
. . G0:0009060 41 2 0.0006029
Aerobic respiration
. . G0:0022904 34 2 0.0003455
Respiratory electron transport chain
ATI? . GO0:0006754 215 3 0.0112472
ATP biosynthetic process
. G0:0042593 18 2 4.94E-05
Glucose homeostasis
. G0:0005975 979 7 0.0450877
Carbohydrate metabolic process
cTP . G0:0006184 419 19 1.35E-08
GTP catabolic process
Glycerol-3-phosphate G0:0006072 45 4 8.40E-05
metabolic process
lon transport
L G0:0035725 28 1 0.005611
Sodium ion transmembrane transport
G0:0006811 1234 21 0.0070994
lon transport
. G0:0006820 28 3 0.0001634
Anion transport
. G0:0006825 26 1 0.0272922
Copper ion transport
. . . G0:0015672 11 2 0.0001515
Monovalent inorganic cation transport
. G0:0006826 27 6 6.99E-09
Iron ion transport
G0:0006813 192 4 0.0434996

Potassium ion transport
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453 3 (Table 3 continued)

GO GO P

GO term GO ID Total genes DEGs P-value
Transcription and translation

FRNA . G0:0006364 288 5 0.0011564
rRNA processing
. RNA . . G0:0033119 2 2 0
Negative regulation of RNA splicing

G0:0006417 99 2 0.0074761

Regulation of translation
Transcription and translation

. G0:0006412 1337 87 1.06E-75
Translation
. . G0:0006414 233 9 4.72E-08
Translational elongation
_ mRNA . G0:0000184 72 1 0.0338151
Nuclear-transcribed mRNA catabolic process
MRNA
Regulation of alternative mRNA splicing, G0:0000381 30 2 0.0032382

via spliceosome
Immune response

Negative regulation of protein tyrosine G0:0061099 4 2 2.53E-07
kinase activity

Positive regulation of proteasomal ubiquitin- G0:0032436 8 2 3.49E-06

dependent protein catabolic process
L . G0:0042423 29 2 0.0002142

Catecholamine biosynthetic process
. . . G0:0050765 4 2 2.53E-07

Negative regulation of phagocytosis
. G0:0045087 161 2 0.0271643

Innate immune response
. G0:0042742 48 4 1.49E-06
Defense response to bacterium
G0:0050832 33 4 2.17E-07
Defense response to fungus
MyD88 toll
MyD88-dependent toll-like receptor signaling G0:0002755 13 2 0.0002586
pathway
. . . G0:0043066 106 10 1.05E-08
Negative regulation of apoptotic process
G0:0006950 307 48 7.96E-43
Response to stress
G0:0009408 40 6 1.31E-07
Response to heat

G0:0043154 29 10 2.63E-15

Negative regulation of cysteine-type endopeptidase
activity involved in apoptotic process
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Table 4 Parts of enriched pathways in KEGG analysis
ID P
Pathway 1D Description Total genes DEGs P-value
ko00190 L . 413 8 0.0001104
Oxidative phosphorylation
ko03010 . 667 92 7.59E-114
Ribosome
ko04141 . L . . 658 34 1.49E-08
Protein processing in endoplasmic reticulum
ko03018 RNA . 385 17 0.0002292
RNA degradation
ko04020 . . . 349 12 0.0106157
Calcium signaling pathway
ko04612 . . . 177 24 1.82E-15
Antigen processing and presentation
ko00010 . / . 207 10 0.0013247
Glycolysis/Gluconeogenesis
ko03040 . 635 17 0.0379834
Spliceosome
ko00020 . 154 19 5.77E-12
Citrate cycle (TCA cycle)
ko05010 . . 514 23 2.31E-05
Alzheimer’s disease
ko03320 PPAR . 173 7 0.0128139
PPAR signaling pathway
3 1ig
2
48 h
Faria and Wraight 2001
2013 Liuetal. 2010
Unigene 232 554
2006 N50 N90 1153bp 260 bp
674 24 bp
2013 P<0.05 1 166
474
Xiaetal. 2013 692 405
GO 416 GO term
156 66 402
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