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Analysis of differentially expressed genes associated with the behavioral
transition between nurses and foragers in Apis mellifera ligustica
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Abstract [Objectives] To examine the mechanism underlying in behavioral transition between nurses and foragers in Apis
mellifera ligustica, and identify factors that may be associated with that transition. [Methods] We analyzed 22 genes from
the heads of nurses and foragers of A. mellifera ligustica and extracted total RNAs from these two kinds of worker bees. The
Real-time quantitative reverse transcription polymerase chain reaction (RT-qPCR) was used to detect differential gene
expression between nurses and foragers. [Results] The results show that expression of the following genes; mrjp2, mrjp4,
mrjp6, mrjp7, LOC406114, Hbg3, Ef-la-fl, Obp3, Wat, Oal, and TpnT, was significantly different between nurses and
foragers (P<0.01). Other genes; mrjpl, mrjp3, Ache, LOC406142, Mblk-1, TpnCllla, Ant, CSP3, Dopl, Jhe, and Per, were
also differentially expressed, but the difference in their expression was not as statistically significant as in the previous group
of genes (0.01<P<0.05). [Conclusion] These 22 differentially expressed genes may play an important role in the behavioral
transition between nurses and foragers. These results help us understand the mechanism underlying this transition and may
help identify the transitional mechanism responsible for the division of labor in honeybees.
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Table 1 Primer sequences used for real-time RT-PCR

5-3

Primer sequence 5'-3'

Gene description

R:AGAATTGACCCACCAATCCA

E mrjpl F:TATTCCATTGCTTCGTTACTCG 1
=) R:TCTTGTCTTCTTTCATCGCTACC Major royal protein 1
% mrjp2 F:AACTGTACCTGTATGTGCTCCAAA 2
oy R:TATAGCTTGAACAGCCAAAGACAC  Major royal protein 2
g» mrjp3 F:CCTCTTCTTTCTCACGGTTTGT 3
g R:GTTCATTCACGCAGGCAATAC Major royal protein 3
mrjp4 F:AATGGTTGCTGTTGATGGTATG 4
R:CTTGCCTCCTTTCGTCGTTAT Major royal protein 4
mrjp6 F:TACAGCCCTCTCACTTCTCACA 6
R:CGACATTACTTTAGCAGACGATTG  Major royal protein 6
mrjp7 F:AATGACGGTTGAAGGTGAAAGT 7
R:TTTAGCGGTTGTTTGAGTGTTG Major royal protein 7
5 Ache F:GGTATCTTCCTTCCCAAGCATC
§ R:GTTCCCTCGTTCTCGTTGTTAC Acetylcholinesterase
% Ant F:CTATCGTGCTGCCTATTTTGGT ADP/ATP
Oé R:CATTGCCACCTTCTGTCTTGTA ADP/ATP translocase
§'~ LOC406114 F:GATTACGGGAACGAGGCTATCT -
g R:CCCAGTTTACCAACCATTTCAG Alpha-amylase
% Hbg3 F:CAGTTTCTGCTGGATTTTCCTC a-
” R:CGAGTTCTTGTCCTTCTTTTCA Alpha-glucosidase
LOC406142 F:ATCGTGTTGGTTCTCTTCTGTG hymenoptaecin
R:CGTCTCCTGTCATTCCATTCTT Hymenoptaecin
5 Dopl F:ATCGCTGTAGTGTGGTTGCTC 1
$ R:GGATGTTCTTCTTTGCTATCGTC Dopamine receptor 1
cg Wat F:TTCTACTGGTTTTCACAGTTCTGG
2 R:CATTGCTACCGCTTGCCTAATA Worker-enriched antennal transcript
o%h Jhe F:TTCCTTATGCGTTACCTCCAGT
U§ R:ATACAGACAATCTTCGGCACCT Juvenile hormone esterase
% Oal F:GCCAACTAAAATGCGAGAGC 1
R:ATAGACAGCGAGTATCACGAGCAC  Octopamine receptorl
Mblkl F:AACACCAAATACGACCCAAAAC mblk-1
R:CAACAGAGCCTTCTCCACTTCT A putative transcription factor mblk-1
Ef-la-f1 F:GCTCTTCGTTTACCGCTTCAG eEF-1 o
R:.TAACCACGCCTCAACTCTTTC Translation elongation factor eEF-1alpha chain
g CSP3 F:TGATGGATGAAGGAAGATGC 3c
U% R:CTTGTCTGGGTCGTATTTGTTG Antennal-specific protein 3¢ precursor
% Obp3 F:CCATCGTCATCCTACTTTTCAC 3
s R:TTATCGTTCATCAGAGCCAATC Odorant binding protein 3
TpnCllla F:GCCCGATTCTTAGTGGAGGA CIlla
R:GTTATGTAGCCGTTCCCTTCC Troponin C type Illa
TpnT F:AAAGAGCAAGCGAGCAAGAAG T
R:CGGTCTCCAGTTTGACTATGG Troponin T
Per F:CGGGATACAGAACGGAGACTAC
R:ACACTTCCTCGCTAATGTTGGT Period clock protein
p-actin F:TGCCAACACTGTCCTTTCTG

Reference gene
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