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Abstract [Objectives]

conditions and analyze the quality of the resultant library. [Methods]

using the SMART technique. [Results]

To build a cDNA library to improve understanding of how honey bee workers respond to adverse
A cDNA library of Apis cerana cerana was constructed

The library’s capacity was 3.6x10° cfu/mL, the recombination rate was 97% and the

average length of inserts was approximately 1 000 bp. 306 ESTs were generated by ESTs sequencing. Additionally, 234

non-repetitive sequences were formed, including 207 singletons and 27 contigs after initial assembly. Using Blastx to query,

compare and annotate these sequences with those in GenBank, revealed that 141 sequences could be assigned putative

functions because they were homologous to known genes. Other sequences had no obvious homology, which suggests there is

potential for the discovery of new functional genes. [Conclusion]

for cloning, screening and gene function research in Apis cerana cerana.
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The construction of a cDNA library has important benefits



- 590 - Chinese Journal of Applied Entomology 53
Apis mellifera ligustica RNA cDNA
uL LD-PCR
cDNA 50 uL cDNA
Lietal. 2005 2 uL K 20 pg/ulL cDNA
2005 1% cDNA
80% cDNA 250
Ollerton 4 000 bp cDNA
etal. 2011 Gilletal. 2012 Garibaldi et al. cDNA Sambrook et al.
2013 1996

SMART Switching mechanism
at 5’ end of the RNA transcript

cDNA
1 MR57EE
1.1 #HR AR

- 80

pUC19

Construction Kit

Promega SMART™ ¢DNA Library
Clontech QIAquick PCR

Purification Kit Qiagen  Advantage 2
Polymerase Mix Clontech RNA
TRIzol Reargent Invitrogen DL2000
Marker TaKaRa
1.2 REHE
1.2.1 2 RNABJIEE TRIzol
RNA DNasel
RNA DNA
RNA OD 5uL
RNA 1%

RNA
122 JEDNAWEREANL  1ul  1pg

1.2.3 cDNA S5k EEK FRAMEL
SMART™ ¢DNA Library Construction Kit

T4 DNA ds cDNA
pUC19 50 ng/mL 4
200 uL DH-5a
1 pL
30 min 42 90 s
2 min 300 uL SOC
37 200 r/min 45 min
124 XEBEAMEALARNE
150 mm Apr-IPTG/x-gal LB
37
24
37°C 200 r/min 1 uL
PCR PCR 5 uL PCR
1%
MI13F MI3R
Sambrook et al. 2000 2004
Sambrook et al.
1989 PCR 94 3 min
94 30s 68 30s 72 1 min
36 72 5 min
125 XET#E5RE Sambrook 1996
1 puL 200 pL XL- Blue
37
45 LB/MgS0O4
37 8 10h
10 mL 4 16 h
4 2
800xg 5 min
7% DMSO



3 : cDNA ESTs - 591 -
1 mL I.5mL EP 1%
- 70 250~2 000 bp
1000bp 4
2 %%5 ﬁ*ﬁ GenBank
2.1 B RNAWRE
RNA M cDNA
1 1 28SrRNA 18S rRNA
1:2
RNA 7.69 g/L D260nm/ bp
ngonm 1.92 Dzﬁonm/Dzwnm 2.4 2 000
RNA
1 000
750
RNA cDNA 500

288
18 S

1 RNA HYZRBEHEREAR ik
Fig. 1 RNA agarose gel electrophoresis

2.2 W& cDNA BITRASHE B RZ R ik

5uL cDNA 1%
cDNA 300 4000 bp
1 000 bp
cDNA

23 MEERSEEMSH

Apr-IPTG/x-gal LB 3
24 1.5mL LB
37 2~3h

1uL PCR 5uL

250
100

2 cDNA HIZRREHEEE AT FR Ik
Fig. 2 c¢DNA agarose gel electrophoresis

150 mm

150 mm

3  Apr-IPTG/x-gal LB [E{KkiZ 7 &
Fig.3 LB solid medium of Apr-IPTG/x-gal

24 ESTHFSGRSH
cDNA 312

306 381
1 933 bp ( 5 27

Contigs 207 Singletons



-592 -

Chinese Journal of Applied Entomology 53

70

M1 23 45 6 7 8 9101112 131415 16 17 18 19 20 21 22 23 24

bp
2 000
1 000
0
500

250
100

El4 rhiEEiE cDNA XEMBA R R PCR &
Fig. 4 PCR analysis of the recombinant clones the cDNA library

M: DL 2000 marker 1~24 24  cDNA
M: Marker DL 2000 1-24: Randomly selected cDNA clones.

Solenopsis
60
S0 Camponotus Bombus
g—g 40 Nasonia Drosophila
& E 30 Tribolium castaneum 6
w0
HE
10
<500 500-600 600-700700-800 800-900 >900 59.6%
EST K& 141
EST length (bp)
5 ESTs BHIKEST unigene 106 45.3% unigene
Fig. 5 The distribution of ESTs length GO 93
234 unigene 234  unigene Blastx 39.7% unigene
NCBI nr 141  unigene ESTs

100

HRIEEE
The number of annoration number

OJ. . l_‘_‘

R BEE | KBUR | SRR ER 4/

Other species Apis mellifera  Solenopsis Componotus Bombus Nasonia

ALY Relative species
6 UniGene [EREFFIHIRIES T

Fig. 6 Statistics of homologous sequence



3 : cDNA ESTs - 593 -
cDNA 5' SfilA  Sfil
cDNA
2009 cDNA
234  unigene GO Gene ontology cDNA

Biological processs
Molecular
KEGG Kyoto

Cellular component
function 87  unigene
encyclopedia of genes and genomes

7

n3

4

7 ESTs {kBRINGED K
Fig. 7 Distribution of ESTs by functional classes
1 2 23% 2 4
4.6% 3 7 8% 4
20 23% 5 22
253% 6 32 36.8%

1: 2 for nucleotide metabolism (2.3%); 2: 4 for amino acid
metabolism (4.6%); 3: 7 for cell recepror signaling
pathway (8%); 4: 20 for sugar metabolism (23%); 5: 22 for
Oxidative phosphorylation (25%); 6: 32 for cell structure
and motility (36.8%).

3 g

SMART cDNA
PowerScript
cDNA RNA
c¢cDNA Chenchik ef al. 1998
50~1 000 ng RNA
cDNA
2006

2008

Wellenreu et al. 2006

RNA cDNA
RNA 7.69 mg/LL. ODygonm/
2goNM 1.92 RNA
ds cDNA
250 4 000 bp 1 000 bp
cDNA
cDNA cDNA
2002
2004 mRNA
1x10° cfu/mL 2001
cDNA
3.6x10° cfu/mL 97%
400 2 000 bp
1 000 bp
cDNA
EST

Maeda et al. 1997 Ryo et al. 1998
RACE Rapid-
amplification of cDNA ends RACE

cDNA
RNAI
Tamura et al. 2000

RNA RNA interference

Fireetal. 1998

BE#Ek (References)

Chenchik A, Zhu YY, Dlatchenkd L, 1998. Generation and use of
high-quality ¢cDNA from small amout of total RNA by SMAR



- 594 -

Chinese Journal of Applied Entomology 53

TPCR//Sieber PD, Larrick JW (eds.). RT-PCR Methods for Gene
Cloning and Analysis. Natick, MA: Eaton Publishing. 305-319.

Fire A, Xu AQ, Montgomery MK, 1998. Potent and specific genetic
interference by double-stranded RNA in Caenorhabditis elegans.
Nature, 391(6669): 806—811.

Garibaldi LA, Steffan-Dewenter I, Winfree R, Aizen MA,
Bommarco R, 2013. Wild pollinators enhance fruit set of crops
regardless of honey bee abundance. Science, 339(6127): 1608—1611.

Gill RJ, Ramos-Rodriguez O, Raine NE, 2012. Combined pesticide
exposure severely affects individual- and colony-level traits in
bees. Nature, 491(7422): 105-108.

Li JH, Zhang CX, Shen LR, Tang ZH, Cheng JA, 2005. Expression
and regulation of phospholipase A2 in venom gland of the
Chinese honeybee, Apis cerana cerana. Archives of Insect
Biochemistry and Physiology, 60 (1): 1-12.

Liu WH, Dou KF, 2008. Development of SMART technology and its
application. China Biotechnology, 28(6): 129-132. [ s

, 2008. SMART . s
28(6): 129-132.]

Lu SHD, 2001. Modern Molecular Biological Techniques. Peking

Union Medical College Press, 2ed. 319. [ , 2001.
.2
319.]

Maeda K, Okubo K, Shimomura I, Mizuno K, Matsuzawa Y, 1997.
Analysis of an expression profile of genes in the human adipose
tissue. Gene, 190: 227-235.

Mao XG, Jing XL, Kong XY, 2006. Comparison of methods to
construct a full-length cdna library. Hereditas, 28 (7): 865-873.
[ , , , 2006. cDNA

,28(7): 865-873.]

Ollerton J, Winfree R, Tarrant S, 2011. How many flowering plants
are pollinated by animals? Wiley Online Library, 120 (3):
321-326.

Ryo A, Kondoh N, Wakatsuki T, Hada A, Yamamoto N, Yamamoto
M, 1998. Amethod foranalyzing the qualitative and quantitative
aspectsofgene expression: a transcriptional profilerevealed forhela
cells. Nucleic Acids Research, 26 (11): 2586-2592.

Sambrook J, Frish EF, Maniatis T, 1989. A Laboratory Manual. 2ed.
Molecular Cloning. New York: Cold Spring Harbor Laboratory

Press. 1231.

Sambrook J, Frish EF, Maniatis T, 1996. Molecular Cloning. 2ed.
Beijing: Science Press.399—-448.[Sambrook J, Frish E F, Maniatis
T, 1996. . 2
399-448.]

Sambrook J, Russell DW, 2000. Molecular Cloning. Cold Spring
Harbor Laboratory Press. 95-96.

Su SK, Chen SL, Zhong BX, Zheng HQ, 2005. Cloning and Sequence
Analysis of Cdna Encoding mrjp3 of Apis cerana cerana.
Scientia Agricultura Sinica, 38 (3): 612-618. [ s s

s , 2005. mrjp3 cDNA
,38(3): 612-618.]

Tamura T, Thibert C, Royer C, Kanda T, Abraham E, Kamba M, Kémoto
N, Thomas JL, Mauchamp B, Chavancy G, Shirk P, Fraser M,
Prudhomme JC , Couble P, 2000. Germline transformation of the
silk-worm Bombyx mori using a piggyBac transposon- derived vector.
Nat. Biotechnol., 18 (1):81-84.

Wang JB, Xu BY, Jin ZQ, Feng C, 2009. Constructing cDNA library of
litchi pericarp using SMART technology. Chinese Journal of
Tropical Crops, 30 (8): 1109-1112. [ N N N

, 2009. SMART cDNA
,30 (8): 1109-1112.]

Wellenreu TR, Schupp I, Poustk AA, 2004. The Germ an cDNA
Consortuml SMART amplification combined with cDNA size
fractionation in order to obtain large full-length clonesl BMC.
Genomics, 5(36): 1-8.

Xu L, Cai JP, 2004. Establishment of colony pcr method and its
comparison with conventional PCR method. Journal of South
China University of Technology (Natural Science Edition), 32(5);
51-55. [ , , 2004. PCR
PCR . : ,32(5): 51-55.]

Yan HJ, Huang XQ, Cheng ZQ, 2002. Advances of the studies on
construction strategy and analysis of cDNA library. Journal of
Yunnan Agricultural University, 21 (1): 1-6. [ s s

, 2002. cDNA
,21(1): 1-6.]

Zhao YH, 2004. Molecular Biology Tutorial. Beijing: Academic

Press. 22-25. [ , 2004.
.22-251]



