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Large-scale development of SSR primers for Apis cerana cerana larvae

based on its RNA-seq datasets

XIONG Cui-Ling® ZHANG Iu" FU Zhong-Min WANG Hong-Quan HOU ZhiXian TONG
XinYu LI Wen-Dong ZHENG Yan—Zhen CHEN Da-Fu** GUO Rui** ( College of Bee Science
Fujian Agriculture and Forestry University Fuzhou 350002 China)

Abstract: Apis cerana cerana is a subspecie of Apis cerana and it’s also an unique honeybee specie in
China. In the present study SSR molecular markers for A. ¢. cerana were predicted based on the
transcriptome datasets of A. c¢. cerana larval gut previously obtained. Further we performed infromation
analysis of SSR loci and development of SSR primers. First MISA software was used to search 43557
unigenes assembled from RNA-seq data of eastern honeybee larval gut and a total of 13448 SSR loci
were found which distributed in 7763 unigenes. Among these SSR loci the main repeat types were di—
nucleotide repeats ( 58.03%) followed by tri-nucleotide repeats ( 28.23%) and finally tetra-nucleotide
repeats (9.72%) . The AT/AT motif was the most abundant ( 30.4%) in di-nucleotide repeats. In
total 21627 pairs of primers were designed from all SSRs. 48 pairs of SSR primers were randomly

selected and used to amplify the SSR loci in A. ¢. cerana larva gut samples from five different regions in
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China and 15 SSR primer pairs could amplify the target fragments with expected size. Our findings

suggested that large—scale development of A. ¢. cerana larvae’s SSR primers on basis of transcriptome data

is feasible additionally the 15 SSRs primers developed here can lay a foundation for study on molecular

genetics of A. c. cerana.
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Fig. 1

Frequency distribution of SSRs based on motif types in Apis cerana cerana larval gut transcriptome



1 : RNA-seq SSR 71
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Table 1 Frequency of SSRs based on the number of repeat units in Apis cerana cerana larval gut transcriptome

Number of repeats (%)

Repeat type 4 5 6 7 8 9 10 11 12 13 14 > =15 Total  Percentage

- - 2320 1609 1203 874 595 335 122 14 98 634 7804 58.03

Dinucleotide
- 1553 797 579 168 176 260 22 49 44 38 111 3797 28.23
Triucleotide
667 325 94 120 46 11 16 9 7 3 2 7 430 9.72
Tetranucleotide
216 53 44 3 8 2 5 4 1 - - 3 26 2.53
Pentanucleotide
133 47 2 3 6 2 5 - 1 - - 2 201 1.49
Hexaucleotide

Total 1016 1978 3257 2314 1431 1065 881 370 180 61 138 757 13448 -

%
(%) 7.56 14.71 24.22 17.21 10.64 7.92 6.55 2.75 1.34 0.45 1.03 5.62 - -
Pertancage
2.2 SSRs ( 2
Primer Premier 5 SSR ( 2 31.25% -
7209  unigenes 21627 RNA-seq SSR
SSR 0 48 5 SSR
PCR o
15
B MSLFJGMSLFJGMSLFJ G
500 bp
250 bp
100 bp :
SSR 10 SSR 11 SSR 12
E MSLFJGMSLFJGMSL FJ G
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Fig.2  Agarose gel electrophoresis for PCR amplification of 15 SSR loci in Apis cerana cerana larval gut samples from different regions in China
A-E SSR SSR ;S ; L
 F 0 0 G
; M DNA marker; SSRI -15 15 SSR 2, Note: A -E Agose gel electrophoresis for

PCR amplification of SSR loci in each A. c¢. cerana larval gut sample using different SSR primers; S A. ¢. cerana larval gut sample
from Sichuan province; L. A. ¢. cerana larval gut sample from Liaoning province; F A. c. cerana larval gut sample from Fujian
province; J A. c. cerana larval gut sample from Jiangxi province; G A. c. cerana larval gut sample from Guangdong Province; M

DNA marker; SSR1 - 15 represent 15 pairs of SSR primer and the sequences are shown in Table 2.



72 Journal of Environmental Entomology 39
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Table 2 Characterization of selected SSR primers
Unigene ( bp) PCR
No. ID Primer sequence Product size Motif and repeat PCR amplification
F: CATGGCAAAATACGAACACG y
1 1943 251 (CTCTC), (TC), S
R: GCCTATCGAATCATCGGAGA
F: TCGACGGCCTGTACAACATA )
2 1965 269 (GAG) s (CAC), S
R: CTCCTCCATCTTCACGTTCC
F: TCCGTTTTCGAAACGAAGAT
3 2000 173 ( GAAA) , S
R: AGCACATATCGCATCACGAG
F: TCTGTAATAGGAAGAACGCGAA
4 2047 139 ( TCG) 5 S
R: TCCTCTCCCCCTGTTTTTCT
F: CGGAATCATCGTCATCCTCT
5 2069 183 (TCC) 4 S
R: GTTGCTGTTGTTGAGCCTGA
F: TAAGGTGGATCTCGTCGGAG
6 2071 22 (AG); (AG), (GA), S
R: TAGATCCGTCGCGATTTTTC
F: GCCAAGAAGAAACGGAACAA
7 2194 207 (ACG)¢ (CAG),, (GAA), S
R: GCCCTTCCTCTTCGACTTCT
F: ATTCGTTACGGTCAATTCGC )
8 2358 229 (TCC) 4 S
R: AATTCCGTATCCACATTGGC
F: CAGCCTGCAATTGCCTATTT
9 2042 139 (TC) 4 S
R: TACGAGTGCGAGAAACGAGA
F: GAAAAAGGCAAGAGGCGTAA
10 2242 280 (AT) 4 S
R: GGAATCGTCGAAGAATGGAA
F: CGGTGAGTTGCCATTCTTCT
11 2522 163 ( CTTC) S
R: ATCCGCGCGATATACGTAAC
F: AAATGGGAATATCCGGGAAG
12 2686 220 (CA) S
R: ACGTCGAACTCGAGAAGGAG
F: ATTTCCTCGTACGACGTTGC
13 3249 185 ( CGAC) 4 S
R: AAGTCGGTCAGTTGGTCGAT
F: GTTCGCATGTTGATTGGTTG
14 4155 126 ( TTCCA) , S
R: GATGACCGATGACGATGATG
F: TTGAGCTCGATCGGAAATCT
15 2043 111 (ATT) 4 S
R: AAATCGACCAATTCCTCCAA
SSR
Tenebrio molitor ( 2013)
RNA-seq Phenacoccus solenopsts ( 2014)
Galeruca daurica ( 2016)
13448  SSR ; Eucryptorrhynchus
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