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Silk Protein Related Genes in Bombyx mori
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Abstract In this study, the expression level of seven commonly used reference genes (Actin3, GAPDH,
28SrRNA, RPL3, o-Tubulin, UBC and TBP) were detected at different development time points and in response to
treatment with 20-Hydroxyecdysone (20E) according to MIQE. The expression stability was analyzed using geNorm
and NormFinder program. Significant variations were found among normal tissues and between experimentally treated
tissues. We found that the most stable reference genes were different among the different tissues and between the dif-
ferent treatments. The selection of reference genes is critical for expression studies and depends on the experimental
system. For this purpose, seven candidate reference genes were investigated. Furthermore, we used the RT-PCR tech-
nique to measure the transcriptional level of Fib-H, SGF-1 and Ser-1 in the posterior silk gland, middle silk gland and
fat body of Bombyx mori°™ instar larvae fed on mulberry leaves that were immersed in ecdysone solution. Through the
comparison of the transcriptional level between the tissues, we analyzed the expression regulation characteristics of
silkworm larvae tissues and the Fib-H, SGF-1 and Ser-1 gene in molting hormone metabolic process.
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20 pLo PHAVEPCRYHGFEF: 50 °C 2 min; 95 °CHil
AP ming 95 °C 15 s, 60 °C 31 s, 45 MEH . A

FEME I E3 N

124 AFEd &A1 FIER dctn MR AN R
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Table 2 Standard curves equation for genes

HEA et il 2 5 EES [EEES 4
Gene The equation of standard  Slope Regression
curves coefficient
Actin3 y =-3.259x+34.805 -3.26 0.998
GAPDH y =-3.182x+33.010 -3.18 0.995
28SrRNA y =-3.224x+34.242 -3.22 0.986
o-Tua y =-3.464x+35.832 -3.46 0.997
RPL3 y =-3.391x+32.693 -3.39 0.986
UBC y =-3.317x+35.545 -3.31 0.986
TBP y =-3.552x+36.006 -3.55 0.997
Fib-H y =-3.087x+36.828 -3.09 0.999
SGF-1 y =-2.917x+35.071 —2.92 0.997
Ser-1 y =-3.329x+37.100 -2.90 0.997

F1 LR ESEPCRIENERFIASBEREAS|H

Table 1 Primer pairs for real-time fluorescent quantitative PCR to detect transcriptions of target and internal reference genes

FER R AR FIFHI(5—3") s T

Target gene Chinese name Primer sequence(5'—3") Accession number Amplicon size

Actin3 WEhiE A CGG CTA CTC GTT CAC TAC C U49854 147 bp
CCG TCG GGAAGT TCG TAA G

28SrRNA 28SEZHHARNA CCC AGT GCT CTG AAT GTC AAC AY038991 150 bp
AGA TAG GGA CAG TGG GAA TCT C

GAPDH - H MR TGT TGA GGG CTT GAT GAC NM_001043921 150 bp

e ACC TTA CCC ACA GCT TTG

RPL3 AR L3 GAA GAT GAT CCG CTACTG T AY769270 231 bp
TAT CCT TTG CCC TTG GTG

o-Tua o- Pl L CTC CCT CCT CCA TAC CCT NM_001043419 186 bp
ATC AAC TAC CAG CCA CCC

TBP TATAZ 4RI GGT TGT GCC TGG GAC TGT NM_001043594 179 bp
CAC TCA CCC GAA GTT TCC

UBC RRAGEA GTG TCC GCA CTT TGT CTT AF308163 115 bp
ACC TTC CCT TCG CAT TCT

Fib-H 22 K AEIE N ACA AGG TGC AGG AAG TGC NM_001113262.1 155 bp
AGC AAT TCA CAC AAG GCA GT

SGF-1 2N F-13EK TAC CAG TCG CCG CTG TA NM_001043864.1 149 bp
AGA TTG TCG GGT TGT GC

Serl 22 3R -1 CAC TTT GAT TGC GTT GG NM_001044041.1 160 bp

CTG CTC TAC GGA CTT GG
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Fig.1 Stability of candidate reference genes was determined in normal tissues using geNorm and NormFinder
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Pairwise variation (Vuu+1)) was used to determine the optimal number of reference genes for an accurate normalization. The cut-off value for such sig-
nificance is 0.15. In 3 tissues (middle silk gland, posterior silk gland and fat body) under different development time points, two reference genes might
be enough to normalize expression values of target genes.
E2 geNormH it HERAKRFESEASEELYE
Fig.2 Pairwise variation to determine the optimal number of reference genes by geNorm analysis
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Fig.3 Stability of candidate reference genes was determined in treated tissues using geNorm and NormFinder



428
0-18 7 ] Middle silk gland
0.15 - [ Posterior silk gland
é Fat body
:‘é 0.12
s
>
5 0.09
£
s 0.06 1
[=%
0.03
0 )

Pairwise variation(Va )& 7848 51 RAL, RGPS IE N SHEE HH .

J L RRRUNRIT 1) 7, 24> Y kIR L8 REAC A S0 T

SBEERNIG SE 00150 W RS SRR, =R 4L 2 R

Pairwise variation (Vum+1)) was used to determine the optimal number of reference genes for an accurate normalization. The cut-off value for such sig-

nificance is 0.15. In 3 tissues (middle silk gland, posterior silk gland and fat body) under 20E treatment, two reference genes might be enough to nor-

malize expression values of target genes.

El4 geNormHRHIHHLRAKIRESEANSERLE
Fig.4 Pairwise variation to determine the optimal number of reference genes by geNorm analysis
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A and B are mRNA transcriptional activity variations of Fib-H gene under normal rearing and by induction of molting hormone in posterior silk gland,
C and D are mRNA transcription activity variations of SGF-1 gene under normal rearing and by induction of molting hormone in posterior silk gland.
BlS Fib-HFNSGF-1EEmRNATE R 4 iREE TR LT
Fig.5 mRNA transcriptional activity variations of Fib-H, SGF-1 in posterior silk gland
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A and B are mRNA transcriptional activity variations of Ser-/ gene under normal rearing and by induction of molting hormone in middle silk gland; C
and D are mRNA transcription activity variations of SGF-/ gene under normal rearing and by induction of molting hormone in middle silk gland.
El6 Ser-I1FNSGF-13EmRNATE P ERL4 fRet FiE 1T 1k,
Fig.6 mRNA transcriptional activity variations of Ser-1 and SGF-1 in middle silk gland
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A and B are mRNA transcriptional activity variations of Ser-/ gene under normal rearing and by induction of molting hormone in fat body; C and D are
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Fig.7 mRNA transcriptional activity variations of Fib-H, SGF-1 in fat body

3 itie

FEAH XS 78 i — ORI & Rl AN A 1) A X 2k A
120 WIS BRE ERTEAT A OE, F R 25 BRAN [ AR A7
RNAW ™= i LA R R s bl ReAEAE ) 22
ol e BRARUPR) A5 SR BE DR W A 25 A S B BRI 46, %
TR R A 23 sl 4 i b B 1 e ik . AR, KEE )
WSS KW, NSRRI TEATRE, AT —Ff
B G DA ) PR e IR 8 A SR T R 41 i
BESEEG RZAE R A Y e . A R A i
IARHEAC AL BE, & H HAE F — Rl ZIERE A N2,
AIREFEE R R R R IR, B, U K
B2 FMIQEHE | v FH geNorm FINormFinder ¥ {4 i
ATHREAL 3BT, T 50 R A E 9 2R R, DAAf £
FI PR RIS 0 &5 SR PR m FE D160,

AL ) o A i A S 5 R AE AN [R] kB I
WIRUAS [R) R A T Rk Re e Yk AT 0 A e N
TEANFI AR, AR SRR, RIAAX T E
(RN Z LR ANTRI IR, A 26k DR o AR 4 5 A4 1 52
B 2 LAIE %, e £ AN [A] 1) N 2 A5 BRDGS H I 2k A
HEATAZIE, JERI R IR S AR X A, R H AT

i 326 HH (R AR R AR S BE DR DA 1A 23 R R H R RT3
ITIEIE, HRZERE RIS GAE AT, W E R
ISARE R S NS R, B IR RIS
LSRG

WG FIGFib-H. Ser-ITEJa i 22 It ik«
i P PR 2R TR S AT A R B R B AR, DX BIAE T IT 46
HH I B S ARG R T ) A [, 3R B A K ARSI 4
B BE AN £ W 57 B K T Fib-HF Ser- 1113
AT SE PAMEIE ] o SGF-13 PR 10 18502 WU 7
Je i 22 M Hh R 22 i rh R 2 0 AR A3 S AE AN [ I
i) i BT T, 3R B AR ) W B B3 N T SGF-1
LA Rk A I R4 A, AR DSE 52 3 v] DU adk
SGF-13:A ik, HEMmiAELE A& k. 2%
BN R IE A A 2 T BT, 8T R85 1)
HORM A TE— Do, RN R, 2%
FEPRIR T BEAE SR 4y HRW 5 3B 22 iR R Rk Ab, 7E A
A Z3 e R 22 IR0 i 0 A b A — e R R S R
i, IR R R AL R R S AN 0 A

ASON H N 2 55 R AN R 52 56 45 AN ) 41
2 R g YEEAT 20 M, R ILAERT-PCR A Y S 2L K]



=

BN

T AR P 5 DR R AT S 2 A K DR T R T 5 431

PR AR B, 5 H AL A SRR N 2
H IR R IA R R T . RN IRR K A D EdE
DA ST 8 BTk de T — 2 e T

X

S E 3k (References)

Arya M, Shergill IS, Williamson M, Gommersall L, Arya N,
Patel HR. Basic principles of real-time quantitative PCR. Expert
Rev Mol Diagn 2005; 5(2): 209-19.

Kheirelseid EA, Chang KH, Newell J, Kerin MJ, Miller N.
Identification of endogenous control genes for normalization of
real-time quantitative PCR data in colorectal cancer. BMC Mol
Biol 2010; 11: 12-25.

Derveaux S, Vandesompele J, Hellemans J. How to do successful
gene expression analysis using real-time PCR. Methods 2010;
50(4): 227-30.

Bernard PS, Wittwer CT. Real-time PCR technology for cancer
diagnostics. Clin Chem 2002; 48(8): 1178-85.

Bustin SA, Mueller R. Real-time reverse transcription PCR(qRT-
PCR) and its potential use in clinical diagnosis. Clin Sci(Lond)
2005; 109(4): 365-79.

Bustin SA, Nolan T. Pitfalls of quantitative real-time reverse
transcription polymerase chain reaction. Biomol Tech 2004;
15(3): 155-66.

Bustin SA, Benes V, Garson JA, Hellemans J, Huggett J, Kubista
M, et al. The MIQE guidelines: Minimum information for
publication of quantitative real-time PCR experiments. Clin
Chem 2009; 55(4): 611-22.

Burns MJ, Valdivia H, Harris N. Analysis and interpretation
of data from real-time PCR trace detection methods using
quantitation of GM soya as a model system. Anal Bioanal Chem
2004; 378(6): 1616-23.

Burns MJ, Nixon GJ, Foy CA, Harris N. Standardisation of data
from real-time quantitative PCR methods-evaluation of outliers
and comparisonof calibration curves. BMC Biotechnol 2005; 5:

10

11

12

15

16

17

18

19

31.

Ellison SL, English CA, Burns MJ, Keer JT. Routes to improving
the reliability of low level DNA analysis using real-time PCR.
BMC Biotechnol 2006; 6: 33.

Burns M, Valdivia H. Modelling the limit of detection in real-time
quantitative PCR. Eur Food Res Technol 2008; 226: 1513-24.
Vandesompele J, de Preter K, Pattyn F, Poppe B, van RN, de Paepe
A, et al. Accurate normalization of real-time quantitative RT-PCR
data by geometric averaging of multiple internal control genes.
Genome Biol 2002; 3(7): RESEARCHO0034.

Kok JB, Roelofs RW, Giesendorf BA, Pennings JL, Waas ET,
Feuth T, et al. Normalization of gene expression measurements
in tumor tissues: Comparison of 13 endogenous control genes.
Lab Invest 2005; 85(1): 154-9.

Bustin SA. Quantification of mRNA using real-time reverse trans-
cription PCR(RT-PCR): Trends and problems. J Mol Endocrinol
2002; 29(1): 23-39.

Jiang HB, Liu YH, Tang PA, Zhou AW, Wang JJ. Validation of
endogenous reference genes for insecticide-induced and develop-
mental expression profiling of Liposcelis bostsrychophila (Pso-
coptera: Liposcelididae). Mol Biol Rep 2010; 37(2): 1019-29.
Ponton F, Chapuis MP, Pernice M, Sword GA, Simpson SJ. Eva-
luation of potential reference genes for reverse transcription-qPCR
studies of physiological responses in Drosophila melanogaster. J
Insect Physiol 2011; 57(6): 840-50.

PR, DIEE, ZF Sk, sk s B R EA R ARG R
P450 CYP305BIVIZE [N {355 T F 85 LA 7. 2 oAl A
2% (Lu Aicheng, Wei Zhengguo, Li Bing, Shen Weide. Induced
expression of cytochrome P450 CYP305 B1V1 gene in different
tissues of wild mulberry silkworm(Bombyx mandarina). Agricul-
tural Science & Technology) 2009; 37(12): 5400-2.
Vandesompele J, Preter K, Pattyn F, Vandesompele J, Preter
KD, Pattyn F, ef al. geNorm manual, last update on july 8, 2008.
Available: http://medgen.ugent.be/~jvdesomp/genorm/geNorm
manual.pdf

NormFinder Software. http://www.mdl.dk/publicationsnormfinder.
htm





