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Abstract [Objectives] To further understand the molecular mechanisms underlying the overexpression of the Ras!
oncogene in the posterior silk gland (PSG) of Bombyx mori and how this improves silk yield at the transcriptional level.
Transcriptomic data from differentially expressed genes (DEGs) in the cell cycle pathway of Rasl“-overexpressed and wild
type PSG were analyzed and verified by quantitative real-time PCR (qRT-PCR). [Methods] Deep RNA sequencing of
silkworm PSG was carried out and KEGG pathway enrichment analysis was conducted on the DEGs. The DEGs in the cell
cycle pathway was selected to be verified by qRT-PCR. [Results] RNA-Seq revealed 2 636 DEGs in RasI“’-overexpressed
PSG compared to wild type PSG. There were 42 DEGs distributed in the “cell cycle” pathway, including cyclin dependent
kinases (CDKs), cyclins and transcription factors. Consistent with the transcriptomic data, qRT-PCR verification of the
selected genes; cdkl, cyclinD1, cyclinD2, cdc7, cdhl, dp-1,2, indicated that all of these were significantly upregulated by

RasI“!. [Conclusion] Transcriptomic analysis revealed that there are a number of DEGs in RasI“!-overexpressed and wild

* Supported projects 31201747 12ZR1452500
2012KIP305

o First author E-mail maqian0927@126.com

HAE Corresponding author E-mail kaili@bio.ecnu.edu.cn

Received 2014-04-29 Accepted 2014-05-23



2 : RNA-Seq RasI“

- 391 -

type PSG. Rasl“-overexpression upregulates some DEGs in the cell cycle pathway that benefit silk gland growth and fibroin

synthesis. These results advance our knowledge of the molecular mechanism underlying how Rasl“-overexpression in the

PSG improves fibroin production and silk production.

Key words transcriptomics, transgenic silkworm, RasI! overexpression, cell cycle genes

Bombyx mori
20

Talebi and Subramanya, 2009

PiggyBac
2000 Tamura et al.,
2000 GAL4/UAS

Imamura et al., 2003

Ras1“* Ma et al., 2011
Ras1“
Ma et al., 2011
DNA S
G M
Zimmet and Ravid, 2000 5
DNA
Zhang et al., 2012
DNA
Cyclin Cyclin
dependent kinase CDK
Pines, 1995
Ras Raf-MAPK

PI3K-AKT

Orton et al., 2005

,2012

Wang et al., 2009

Ras1®
Ma et al.,

2014 Rasl

Raf-MAPK PI3K-AKT

Ras1“
PCR gRT-PCR
RasI™
RasI“
1 #MRE5RE
1.1 #MHEMEERF
25 80%
14 h

Fil-GAL4/UAS-Ras1*

TRIzol Reagent Invitrogen M- MLV
RRI TaKaRa
PCR SYBR-Green Realtime PCR Master
Mix TOYOBO
1.2 RERTLREFHEBESHT
Illumina
RNA 20
ug Oligo dT 94

5 min 100~400 bp



-392 - Chinese Journal of Applied Entomology 52
cDNA 12 000 r/min 10 min 1 mL 75%
3 A paired-end RNA 4 12 000 r/min
[llumina Hiseq 2000 5 min RNA
Solexa 1~4 ng/ul.  DEPC -80 RNA
A Ajgo/A
1.3 BIESH 260 260/43280

TopHat http://tophat.cbcb.umd.edu/
Cufflinks http://cufflinks.cbcb.umd.edu/

FRKM Fragments per kilobase per million reads
Unigene
KEGG Kyoto

encyclopedia of genes and genomes GO

abundance unigene
Geneontology
Microsoft Office Excel 2010
SPSS 17.0

1.4 RERIBLEE RNA £H

RasI“
EP
Trizol RNA
1 mL Trizol
200 puL

5min 4

1.5 mL

5 min

12 000 r/min 15 min

10 min 4

1.5 c¢DNA &8

TaKaRa
cDNA
cDNA 10
PCR

M-MLV

>

1.6 LR AETEE PCR(Quantitative real-time
PCR)
GenScript
1
BioRad IQ5 PCR USA

200 bp

cDNA
Template 1.0 uL 10 ng

Realtime Master Mix 10 pL  Primerl 10 pmol/L
I uL Primer2 10 pmol/L 1 pL ddH,O
20 uL 95 I min 95

15s 55 10s 72 20s 40

rp49 3
2 HERE5HH
2.1 FHFREHIEMN KEGG BESH

[llumina paired-end

R1 KIIRAEE PCRMERFANSRERRSY
Table 1 Primer pairs for qRT-PCR to detect transcriptions of target and internal reference genes

Target genes

Primer sequences

rp49 F:5'-CAGGCGGTTCAAGGGTCAATAC-3'; R:5'-TGCTGGGCTCTTTCCACGA-3'
cdkl F:5'-CAGAATGCTAAGAACGCCAA-3"; R:5'-TCAGTCCGGGAGGTAGTTTC-3’
cycDI F:5'-CCGTAGATTTGCTGTGTGCT-3'; R:5'-AAGTTAAGGTGAGGGCGTGT-3'
cycD2 F:5'-TACGTGACCGTTCGGATAAA-3'; R:5'-CTGCACAGTGCCGAAGTAGT-3’
cdc7 F:5'-GCACTCGTTCGGTGTCATAC-3"; R:5'-TGAGAGGTCAAGTGCGAGTC-3'
cdhl F:5'-AAGCTCTTCGTTTGGTCGAT-3"; R:5'-GGTTCTGTGAGTAGCCGTGA-3’

dp-1,2

F:5'-AATCAGGTGGCTGGGTCTAC-3'; R:5'-TTCCGCTTCCTTATTTCGTT-3’
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Solexa Ras1“ 2 636
RasI® 2
6 962 6 429 2 636 20
Differentially expressed 51 [ 25
genes DEGs KEGG Kyoto encyclopedia 25 Ma 2014
of genes and genomes Pathway ] 6
®2 GFERFEEAM KEGG @Y%
Table 2 List of KEGG pathways involves mapped DEGs
Pathway Pathway type DEGs

k000230, Purine metabolism Metabolism/Nucleotide metabolism 67
ko03040, Spliceosome Genetic information processing/Transcription 52
ko05200, Pathways in cancer Human diseases/Cancers 49
ko03013, RNA transport Genetic information processing/Translation 47
ko05166, HTLV-I infection Human diseases/Infectious diseases: Viral 44
k000240, Pyrimidine metabolism Metabolism/Nucleotide metabolism 42
ko04110, Cell cycle Cellular processes/Cell growth and death 42
ko04510, Focal adhesion Cellular processes/Cell communication 38
ko04910, Insulin signaling pathway Organismal systems/Endocrine system 35
lggli)zr()}looii,e:{ibosome biogenesis in Genetic information processing/Translation 35
ko05016, Huntington's disease Human diseases/Neurodegenerative diseases 34
ko04146, Peroxisome Cellular processes/Transport and catabolism 34
ko00561, Glycerolipid metabolism Metabolism/Lipid metabolism 32
ko05010, Alzheimer's disease Human diseases/Neurodegenerative diseases 32
ko04010, MAPK signaling pathway Environmental information processing/Signal transduction 32
ko04111, Cell cycle-yeast Cellular processes/Cell growth and death 32
ko04144, Endocytosis Cellular processes/Transport and catabolism 31
1;;?04521;(13(12 tlsreltgulation of actin Cellular processes/Cell motility 30
i(se(zgggﬁ,sr(jlycerophoSpholipid Metabolism/Lipid metabolism 29
ko05169, Epstein-Barr virus infection Human diseases/Infectious diseases: Viral 29
ﬁggﬁgﬁ;glycme’ serine and threonine Metabolism/Amino acid metabolism 28
ko04120, Ubiquitin mediated proteolysis dGeegnrzt‘iiztiir(l)flormation processing/Folding, sorting and 28
ko04113, Meiosis — yeast Cellular processes/Cell growth and death 28
ko03010, Ribosome Genetic information processing/Translation 25
ko04145, Phagosome Cellular processes/Transport and catabolism 25
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43 2 (Table 2 continued)

Pathway Pathway type DEGs
ko04114, Oocyte meiosis Cellular processes/Cell growth and death 25
k004270.’ Vascular smooth muscle Organismal systems/Circulatory system 25
contraction
ko04972, Pancreatic secretion Organismal systems/Digestive system 25
k000040’ Pe?’t"se and glucuronate Metabolism/Carbohydrate metabolism 25
interconversions
ko04142, Lysosome Cellular processes/Transport and catabolism 23
ko05164, Influenza A Human diseases/Infectious diseases: Viral 23
k000980, Metabolism of xenobiotics by Metabolism/Xenobiotics biodegradation and metabolism 23
cytochrome P450
ko00190, Oxidative phosphorylation Metabolism/Energy metabolism 23
k004914’ Progesterone-mediated oocyte Organismal systems/Endocrine system 23
maturation
ko05145, Toxoplasmosis Human diseases/Infectious diseases: Parasitic 23
k000620, Pyruvate metabolism Metabolism/Carbohydrate metabolism 22
ko04141, Protein processing in Genetic information processing/Folding, sorting and 2
endoplasmic reticulum degradation
ko04540, Gap junction Cellular processes/Cell communication 22
ko05146, Amoebiasis Human diseases/Infectious diseases: Parasitic 22
k005202, Transcriptional misregulation Human diseases/Cancers 2
in cancer
ko04530, Tight junction Cellular processes/Cell communication 22
k003018, RNA degradation Genetic 1‘nf0rmat10n processing/Folding, sorting and 71
degradation
ko03015, mRNA surveillance pathway Genetic information processing/Translation 21
ko05222, Small cell lung cancer Human diseases/Cancers 21
ko04062, Chemokine signaling pathway  Organismal systems/Immune system 21
k000869’ Porphyrin and chlorophyll Metabolism/Metabolism of cofactors and vitamins 21
metabolism
ko04724, Glutamatergic synapse Organismal systems/Nervous system 20
ko05168, Herpes simplex infection Human diseases/Infectious diseases: Viral 20
ko00071, Fatty acid metabolism Metabolism/Lipid metabolism 20
ko00500, Starch and sucrose metabolism  Metabolism/Carbohydrate metabolism 20
ko04310, Wnt signaling pathway Environmental information processing/Signal transduction 20
42
22 RIAHERE S Cyclin
Cyclin dependent kinase CDK

Cell cycle [PATH

ko04110] 42  DEGs
CDK4/6 CDK2

Cell division cycle Cdc
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Table 3 The differentially expressed genes in cell cycle pathway
BGI
DEGs BGI No. Map name Definition

BGIBMGAO10110-TA  Smad4 Mad , ,

Mothers against decapentaplegic homolog 4
BGIBMGAO001661-TA Mizl ) . .. .

Zinc finger and BTB domain-containing protein 17
BGIBMGAO008275-TA APC/C . ! )

Anaphase-promoting complex subunit 1
BGIBMGA013134-TA CDK1 !

Cyclin-dependent kinase 1
BGIBMGAO005147-TA APC/C . 2 )

Anaphase-promoting complex subunit 2
BGIBMGAO002070-TA Abl . Lo

Proto-oncogene tyrosine-protein kinase ABL1
BGIBMGAO006899-TA E2F4,5 ..

E2F transcription factor 4/5
BGIBMGAO012496-TA ORC2 .. DN,A, i 2

Origin recognition complex subunit 2
BGIBMGAO001887-TA Madl o . ! .

Mitotic spindle assembly checkpoint protein MAD1
BGIBMGAO008277-TA APC/C . ! i

Anaphase-promoting complex subunit 1
BGIBMGAO005370-TA Chk1,2 ) / . Lo

Serine/threonine-protein kinase Chk2
BGIBMGAO003747-TA CycB ) B

Cyclin B
BGIBMGAO012734-TA Mad2 o . 2 .

Mitotic spindle assembly checkpoint protein MAD2
BGIBMGAO001344-TA CDK4,6 ) . 4

Cyclin-dependent kinase 4
BGIBMGAO011989-TA Mizl . . . .

Zinc finger and BTB domain-containing protein 17
BGIBMGAO002762-TA MCM4 . . 4 . 5,4_ . )

Minichromosome maintenance protein 4 (cell division control protein 54)
BGIBMGAO007036-TA ATM/ATR ) / . Lo

Serine/threonine-protein kinase ATR
BGIBMGA006232-TA DP-1,2 L.

Transcription factor Dp-1
BGIBMGAO006210-TA APC/C . > )

Anaphase-promoting complex subunit 5
BGIBMGAO013453-TA CDK2 ) . 2

Cyclin-dependent kinase 2
BGIBMGAO008625-TA MCM2 .. . 2 .

Minichromosome maintenance protein 2
BGIBMGAO013084-TA Cdc45 o 45 )

Cell division control protein 45
BGIBMGAO005856-TA Chk1,2 /

Serine/threonine-protein kinase Chk1




-396 - Chinese Journal of Applied Entomology 52

43 3 (Table 3 continued)

BGI
DEGs BGI No. Map name Definition
BGIBMGA001250-TA CycD1 . D
Cyclin D
BGIBMGAO009588-TA DNA-PK DNA Lo . .
DNA-dependent protein kinase catalytic subunit
BGIBMGAO011028-TA Cdc20 . 20
Cell division cycle 20, cofactor of APC complex
BGIBMGA004270-TA Orc6 .. DN,A, . 6
Origin recognition complex subunit 6
BGIBMGAO003351-TA MCM7 L ) / . 4.17‘ . .
Minichromosome maintenance protein 7 (cell division control protein 47)
BGIBMGAO001198-TA CycD2 . D2
Cyclin D2
BGIBMGAO000828-TA MCM6 . . 6 i
Minichromosome maintenance protein 6
6

BGIBMGAO013609-TA APC/C . .
Anaphase-promoting complex subunit 6

BGIBMGA004646-TA Bub3 .
Cell cycle arrest protein BUB3
BGIBMGAO001251-TA CycD . b2
Cyclin D2
7

BGIBMGA007979-TA Cdc7 . .
Cell division control protein 7

BGIBMGAO003403-TA E2F1,2,3 L
E2F transcription factor 1/3

BGIBMGAO002754-TA Orcl .. DN,A, . !
Origin recognition complex subunit 1
BGIBMGAO001550-TA CDK7 . . ’
Cyclin-dependent kinase 7
DNA 5

BGIBMGAO014215-TA Orc5 .. . .
Origin recognition complex subunit 5

BGIBMGAO013227-TA Espl

Separase

/
Serine/threonine-protein kinase TTK/MPS1

20
Cell division cycle 20-like protein 1, cofactor of APC complex
14

Cell division cycle 14

BGIBMGA007634-TA Mpsl1

BGIBMGA007924-TA Cdh1

BGIBMGA004493-TA Cdcl4

G1-S-G2-M
CDK  Cyclin Cdc MCM
Smad
Mad  Bub Mizl 23 MRERERERRALEN GRI-PCR
E2F DP-1,2 APC Abl Chk o E
ATM/ATR Esp Mps DNA-PK rp49

ORC 1 6 cdkl cyeDI
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Fig.1 The cell cycle pathway from KEGG

qRT-PCR

The shaded parts are differentially expressed genes in cell cycle pathway, genes in the circle are choosed to

be verified by qRT-PCR.
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Fig. 2 Verification of differential expression of DEGs
in cell cycle pathway by qRT-PCR
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* and ** indicate the difference of DEGs expression in cell
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silkworms is significant at 0.05 and 0.01 level, respectively.
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