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Many studies have established that microRNAs (miRNAs) regulate gene expression in various biological
processes in mammals and insects including honey bees. Dancing behavior is a form of communication
unique to honey bees. However, it remains unclear which miRNAs regulate the dancing behavior in honey
bees, and how. In the present study, total small RNAs (sRNAs) in Apis mellifera foragers and dancers were
extracted and analyzed by a Solexa Sequencer to determine differentially expressed miRNAs. A small per-
centage (12.62%) of the unique sRNAs (the number of sequence types) were shared between foragers and
dancers, but their expression accounted for 92.92% of the total sSRNAs (the number of all sequence reads),
and the length of them centered around 22 nt. Out of 58 previously identified miRNAs, 54 were present in
both foragers and dancers and most of them were down-regulated in dancers. The fold-changes of ame-
miR-34, ame-miR-210, ame-miR-278 and ame-miR-282 were higher than 2. 86 and 104 novel miRNAs
were detected in foragers and dancers, respectively. Furthermore, two known miRNAs (ame-miR-278
and ame-miR-282) were confirmed, by qPCR, to have lower expressions in dancers. The target genes of
ame-miR-278 and ame-miR-282 were associated with kinase, neural function, synaptotagmin and
energy. These results indicate that miRNAs are substantially different between the foraging and dancing
stages, and suggest that miRNAs might play important roles in regulating dancing behaviors in honey

bees.

© 2012 Elsevier Ltd. All rights reserved.

1. Introduction

The waggle dance in honey bees (Apis mellifera) conveys both
direction and distance information, and plays significant roles in
recruiting new foragers to a food source (von Frisch, 1967; Michel-
sen et al., 1992). The waggle dance can also convey information
about food quality (Seeley, 1995; Thom et al., 2007; Afik et al.,
2008; Seefeldt and De Marco, 2008; Abbott and Dukas, 2009). In
the foraging process, honey bees can integrate visual, olfactory,
auditory and tactile information, and central projections of these
four sensory systems involved in honey bee dance have been iden-
tified by neuronal tracer studies (Brockmann and Robinson, 2007).
Recent studies have provided us with insights about the biochem-
ical and molecular processes underlying the foraging behavior of
honey bees. Octopamine is shown to initiate and maintain foraging
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behavior, affect the assessment of nectar profitability (Schulz et al.,
2002; Barron et al., 2007; Giray et al., 2007), and enhance appeti-
tive learning (Hammer and Menzel, 1998). Dopamine plays a vital
role in honey bees foraging, learning and motor behaviors as well
(Vergoz et al., 2007; Nomura et al., 2009; Mustard et al., 2010).
Since the publication of the honey bee genome, behavioral studies
have been carried out at genomic, transcriptomic and proteomic
levels. Foraging and dancing behaviors were affected by several
genes (Johnson et al., 2002; Oldroyd and Thompson, 2006). Wang
et al. (2010) analyzed the expression of the peripheral insulin
receptor substrate (IRS) in foraging honey bees, and found that
bees with reduced IRS expression foraged more for protein-rich
foods. Nicholas (2010) discovered that distinct spatiotemporal for-
aging memories showed different gene expression patterns,
involving nerve-related genes. Brockmann et al. (2009) found that
eight peptides changed dynamically in honey bees performing dif-
ferent foraging behaviors.

There has been a surge of interest in recent years to determine
how non-coding genes affect biological processes (Jolly and
Lakhotia, 2006; Mercer et al., 2009; Grillari and Grillari-Voglauer,
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2010). One non-coding gene Nb-1 was found to be associated with
age-related division of labor in worker honey bees (Tadano et al.,
2009). MicroRNAs (miRNAs) are important gene regulators that
can regulate gene expressions both spatially and temporally. They
can affect gene expression and the development of plants, mam-
mals and insects by targeting mRNAs for cleavage or translational
repression, and are involved in various diseases in humans
(Wienholds and Plasterk, 2005; Zhang et al., 2006; Fiore et al.,
2008). There have been fewer studies into honey bee miRNA:
Weaver et al. (2007) verified the expression of some predicted
miRNA genes experimentally in honey bees, while Chen et al.
(2010) identified miRNAs in honey bees at different developmental
stages utilizing SOLiD sequencing. But the roles that these miRNAs
play in honey bee development or behavior have only been ex-
plored by three recent studies. Behura and Whitfield (2010) found
differentially expressed miRNAs in nurses and foragers, suggesting
that miRNA plays a role in regulating division of labor in honey
bees. Greenberg et al. (2012) found that some specific miRNAs
were not only associated with the transition from nursing to forag-
ing, but represented a more complex relationship involving both
behavioral states and colony conditions. Hori et al. (2011) studied
miRNA expression in different regions of the honey bee brain, and
found that some miRNAs regulate genes associated with neural
regulation. However, the identified miRNAs in honey bees are lim-
ited, and their biological functions remain largely unclear.

The mechanisms underlying how miRNAs affect honey bees
changing from foraging to dancing have not been investigated.
There is evidence that miRNA levels can be modulated on a short
term time scale (Schmitz et al., 2004; Wagner-Ecker et al., 2010).
Further, miRNA is implicated in playing a role in learning and
memory (Kye et al., 2011). In this study, we intended to identify
miRNAs that are involved in honey bee foraging and dancing. We
defined ‘dancers’ as the foraging honey bees dancing on the comb,
and ‘foragers’ as the foraging honey bees who have not had a
chance to exhibit dancing behavior, and are caught immediately
at the entrance as they return from a foraging trip. Our hypothesis
was that dancing foragers might have differentially expressed miR-
NAs compared to a general group of foragers, which have not had a
chance to exhibit dancing behavior yet.

2. Materials and methods
2.1. Honey bee samples

Three healthy colonies of “Zhenongda-No.1” (Chen et al., 2002),
a high royal jelly-yielding breed of Apis mellifera ligustica kept in
observation hives at Zhejiang University (30.272N, 120.191E),
were used in this study. Foragers and dancers (N =30 per group
for both) were collected from each of three different colonies, be-
tween 11:00 and 14:00. Foragers were identified as bees returning
to a colony loaded with same color and form pollen on their corbic-
ulae, and dancers were identified as pollen foragers performing
waggling dance on combs. Each forager or dancer was lowered into
liquid nitrogen with a pair of forceps immediately after collection
and stored at —80 °C until total RNA extraction.

2.2. Total RNA extraction and small RNA library construction

Ninety forager heads were pooled as the forager sample and 90
dancer heads as the dancer sample for RNA extraction. We used the
method for total RNA extraction described by Liu et al. (2011). RNA
extraction and small RNA library construction were performed.

For small RNA library construction, the total RNA was size frac-
tionated on a 15% Tris-Borate-EDTA (TBE) urea polyacrylamide gel,
and the 18-30 nt fraction was recovered. Small RNAs were eluted

in 0.3 M Nadl, precipitated and washed in ethanol, then dissolved
in ultrapure water. The gel-purified small RNAs were ligated to
the 5’ RNA adapter with T4 RNA ligase, the ligation products were
gel fractionated and purified before ligating to the 3'RNA adapter.
The final ligation products were purified and amplified by RT-
PCR. The amplification products were gel fractionated and purified
by electrophoresis on a 6% polyacrylamide gel in TBE buffer, and a
gel slice corresponding to the amplified library was eluted in 0.3 M
NaCl. Then the purified PCR products were precipitated and
washed by ethanol and resuspended in nuclease-free water. Final-
ly, the purified PCR products were sequenced on a Solexa Sequen-
cer (Solexa HiSeq2000, Illumina, Inc., American).

2.3. High-throughput sequencing and sequence analysis

After filtering out short (<18 nt), low quality and contaminant
reads, the remaining reads (clean reads) were used for statistical
analysis and length distribution comparison between the foragers
and the dancers. The clean reads were mapped onto the Apis melli-
fera version 4.0 genome with the Short-Oligonucleotide Analysis
Package (Soap, http://www.soap.genomics.org.cn/), and only per-
fectly matched tags were used for analysis.

To identify known miRNAs in each sample, we matched all the
genome matched reads to non-coding sequences from NCBI Gen-
bank database (including rRNA, tRNA, snRNA and snoRNA), Rfam
database (Rfam9.0), and known miRNA hairpins of honey bee in
the current release miRbase (miRBase13.0).

Because one sRNA (small RNA, RNA with 18-30 nt) may have
two or more different annotations, all SRNAs were annotated in
the order of rRNAetc- > known miRNA- > repeat- > exon- > intron
to ensure that every sRNA has one unique annotation. The unanno-
tated distinct small RNAs were used to identify novel candidates
(sequences that have not been identified previously) with canoni-
cal hairpin structure by “Mireap” software (http://www.source-
forge.net/projects/mireap/).

2.4. Confirmation of novel miRNAs

Stem-loop RT PCR was performed to confirm the existence of
novel miRNAs. Reverse transcriptase reactions were employed by
using the ReverTra Ace qPCR RT Kit (TOYOBO, Japan) according
to manufacturer’s instructions. The miRNA-specific stem-loop
primers were designed according to Chen et al. (2005). All of the
stem-loop RT primers and gene-specific PCR primers are listed in
Table S1. Each reaction (20 pl) containing 2 pg total RNA, 4 pl
5 x RT Buffer, 1 ul RT Enzyme Mix, 1 pM stem-loop RT primer,
and nuclease-free water, was incubated in a Gradient Thermal Cy-
cler (My Gene Series, LongGene Scientific Instruments, Co. Ltd.,
China) in a 96-well plate at 37 °C for 15 min, 98 °C for 5 min, and
then 4 °C for holding.

The cDNAs were diluted 1:10 to perform real-time PCR by using
the THUNDERBIRD SYBR qPCR Mix (QPS-201) (TOYOBO, Japan) fol-
lowing manufacturer’s manuals. The PCR mixture included 10 pl
THUNDERBIRD SYBR qPCR Mix, 5 pl cDNA template, 8 pM forward
primer and 8 pM reverse primer and nuclease-free water added to
a final volume of 20 pl, amplified in Line Gene K PCR system (Bioer
Technology Co. Ltd., China) at 95 °C for 1 min, followed by 45 cy-
cles of 15 s at 94 °C and 40 s at 60 °C. The melting curve was drawn
from 60 °C to 95 °C at a rate of 4 °C/s, 0.5 °C increase per step. The
melting curve for each PCR was carefully monitored to avoid non-
specific amplifications. The qPCR products were detected by elec-
trophoresis with 3% agarose gel containing Gold View and
photographed by an Electrophoresis Image Analysis System
(Shanghai Peiqing Science & Technology, Co. Ltd., China). Because
this experiment was meant to confirm the presence of miRNAs,
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we measured only one sample per miRNA and only the presence/
absence of each PCR product was noted for confirmation.

2.5. Validation of differentially expressed miRNAs

We validated the differentially expressed miRNAs between
dancers and foragers by qPCR. Thirty foragers and thirty dancers
were collected from three other ZND No.1 colonies; see Section 2.1
for detailed methods. The heads of foragers and dancers from three
colonies were analyzed by qPCR. The qPCR method is the same as
that described in Section 2.4, except that triplicates were used for
each miRNA, and quantification data were obtained. All primers
used are given in Table S1. In the qPCR, U6 snoRNA was used as
a control gene (Mount et al., 2007). The threshold cycle (CT) for
each gene was read under the default parameters. Relative quanti-
fication of each miRNA expression was calculated by 2-24¢T (Livak
and Schmittgen, 2001), and expression in foragers was used as the
baseline (i.e. expression level of each miRNA in dancers was nor-
malized to that of foragers in each colony).

2.6. Statistical analysis

To assess the differential expression of miRNAs of 21, 22 and
23 nt and miRNAs of other lengths between dancers and foragers,
the ratio of expression levels in the two groups (dancer/forager)
were calculated and T-tests were used to compare the average ra-
tio in each condition to an equal-expression ratio of 1. Differences
in distribution patterns in miRNA lengths between foragers and
dancers were compared by contingency table analysis, and Chi
Square statistic was used.

For known miRNAs expressed jointly in the two samples, the
expression of miRNAs in the two samples was normalized to the
same order of magnitude. We then compared their expression dif-
ferences using the method described by Xin et al. (2010). We fol-
lowed Xin et al. (2010), and considered the difference between
expressed miRNAs to be significant only when the absolute value
of fold-change (log2 (dancer/forager)) was higher than 1, and the
P value was less than 0.01. In the validation of differentially ex-
pressed miRNAs, T-tests were used as described above to deter-
mine if the differentially expressed miRNAs are significantly
different.

2.7. Target prediction

For miRNA target gene prediction, we downloaded full-length
sequences of Apis mellifera from the NCBI UniGene database
(ftp://ftp.ncbi.nih.gov/repository/UniGene/Apis_mellifera/), then
used PITA program (Kertesz et al., 2007) to predict miRNA targets
under default parameters. We selected and analyzed the target
genes with ddG < —10 kcal/mol from the initial results.

3. Results
3.1. Raw data and sequence analysis

Solexa Sequencer obtained 18,368,010 and 17,966,807 reads
from foragers and dancers, respectively. After filtering out short
(<18 nt), low quality and contaminant reads, we were left with
15,320,541 and 15,254,864 clean reads from foragers and dancers,
respectively, which were used for further analysis.

The small RNA unique reads (the number of unique sequence
types) and total reads (the number of all the reads), that were
shared between foragers and dancers, and that were specific to
each, are presented in Table 1.

Table 1

Statistics of sSRNAs from foragers and dancers.
Class Unique % Total %
Total SRNAs 2168,058 100.00 30,485,405 100.00

Shared between
dancers and foragers

Dancer-specific

Forager-specific

273,705 12.62 28,327,244 92.92

807,640 37.25
1086,713 50.12

892,204 2.93
1265,957 4.15

The majority of the trimmed tags in the 10-30 nt range were
concentrated in 21-23 nt (Fig. 1). The percentage of 21, 22 and
23 nt length sequences in dancers was higher than that in foragers
(mean * SE of dancer/forager ratio = 1.13 + 0.04, compared against
1, t=5.08, P=0.037), while the percentage of other length se-
quences in dancers was lower than that in foragers (mean * SE of
dancer/forager ratio =0.78 + 0.12, compared against 1, t=—5.85,
P<0.01). The difference in distribution pattern between foragers
and dancers was further supported by a significant distribution dif-
ference between the two groups when all data were analyzed to-
gether (X? =322,737, df =27, P < 0.0001).

In both foragers and dancers, U was the predominant nucleotide
at the first site of 20-24 nt length miRNAs in both samples, while A
was the key nucleotide at other positions. Additionally, the A, U, C,
G utilization preferences at each position were similar for foragers
and dances (Figs. S1 and S2).

Sequence analysis showed that 6694,038 reads (43.95%) in for-
agers and 8385,290 reads (54.97%) in dancers mapped to the gen-
ome and the total sRNAs fell into three categories: known miRNA,
rRNAetc (including rRNAs, tRNAs, snRNAs and snoRNAs) and Unan-
nsRNA (unannotated sRNAs).

The distributions of SRNA among the three different categories
in foragers and dancers are listed in Table 2. Fifty-four known con-
served miRNAs and 58 known hairpins were identified as shared
between foragers and dancers. In foragers, 1270 unique reads with
3448,464 total reads can match the known hairpins, while in danc-
ers there were 1394 unique reads with 4949,830 total reads. No
miRNAs* (complementary miRNAs) were found in our two samples
(Table S2). The percentage of expression levels for each known
miRNA in foragers and dancers is shown in Table S3.

3.2. Differential expressions of miRNAs between dancers and foragers

The expression levels of 54 miRNAs in dancers relative to forag-
ers are presented in Table S4. Thirty-two of the 54 known miRNAs
were significantly differentially expressed (with P value < 0.01 and
an absolute value of fold-change >1). All were down-regulated in
dancers. The fold-change (absolute values) of ame-miR-278,

30
DOForagers

25 W Dancers

20

15

Percentage

10

5 r.n.[IMI “ﬂﬂnuﬂﬁ

------------------

10 12 14 16 18 20 22 24 26 28 30
Length (nt)

Fig. 1. Length distribution of the trimmed tags in 10-30 nt range in foragers and
dancers.
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Table 2

Distribution of small RNAs among different categories in foragers and dancers.
Category Foragers Dancers

Unique (%) Total (%) Unique (%) Total (%)

Total sRNAs 1360,418 (100.00) 15,230,541 (100.00) 1081,345 (100.00) 15,254,864 (100.00)
miRNA 1270 (0.09) 3448,464 (26.64) 1394 (0.13) 4949,830 (32.45)
rRNAetc 283,211 (20.82) 6046,224 (39.70) 222,063 (20.54) 4249,302 (27.86)
Unann 1075,937 (79.09) 5735,853 (37.66) 857,888 (79.34) 6055,732 (39.70)

ame-2
ame-4
ame-6
ame-8
ame-9
ame-10

ame-1
ame-3
ame-5
ame-7
ame-11

ame-d1
ame-d2
ame-d3
ame-f1
ame-f2

Fig. 2. Expression confirmation of novel miRNAs identified by cloning from foragers
using stem-loop RT PCR.

ame-miR-210, ame-miR-282 and ame-miR-34 was over 2 (2.3-fold,
2.2-fold, 2.1-fold and 2.1-fold respectively). Ame-miR-iab-4,
133,13b, 2, 277, 317, 10, 92a, 124, 87, 14, 252, 33, 125, 929,276,
137,100, 190, 316, 1000, 927, 932, 7, 263b, 219, 981 and ame-ban-
tam had a fold-change (absolute values) greater than 1 and less
than 2.

3.3. Prediction and confirmation of novel honey bee miRNAs

Mireap predicted 86 and 104 novel miRNA candidates in forag-
ers and dancers, respectively. There were 13 and 14 novel miRNAs
with the total reads >1000 (TPM) in foragers and dancers respec-
tively. Among these, two miRNA candidates were specific for forag-
ers and three were specific for dancers. Eleven common and five
specific novel miRNA candidates were chosen to perform Stem-
loop RT PCR for confirmation and quantification. All the 16 novel
miRNA sequences are shown in Table S5. PCR results showed that
all of them yielded PCR products (Fig. 2), which indicated that
these novel miRNAs were expressed in both foragers and dancers.

3.4. Validation of differential miRNA expression by qPCR

Solexa sequencing results showed that most of miRNAs were
down-regulated in dancers. We selected the top 4 miRNAs with
significant differences in expression (the absolute value of fold-
change was larger than 2) for validation by qPCR. Two known miR-
NAs, ame-miR-278 and ame-miR-282, were significantly down
regulated in dancers compared to foragers (t=-8.89, df=2,
P<0.05, and t=-15.66, df =2, P<0.01, respectively, the average
ratio of dancer expressions/forager expressions compared to an
equal-expression ratio of 1) (Fig. 3).

3.5. Target prediction

We used the PITA program to predict the target genes of ame-
miR-278 and ame-miR-282, each with thousands of targets. We
selected potential targets taking both ddG < —10 kcal/mol and the
related functions into consideration. High-probability targets of
ame-miR-278 and ame-miR-282 are shown in Table 3. Targets
of ame-miR-278 included Apis mellifera protein kinase C
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Fig. 3. Validation of specific down-regulated miRNA genes in dancers compared to
foragers in three new colonies.

(NM_001134948, Pkc), Apis mellifera NADH dehydrogenase (ubi-
quinone) Fe-S protein 1, 75 kDa (NADH-coenzyme Q reductase)
(NM_001172404, Ndufs1), Apis mellifera synaptotagmin 20
(NM_001142561, Syt20), Apis mellifera mitochondrial ribosomal
protein L2 (XM_625016, mRpL2) and so on. The four important tar-
gets of ame-miR-282 were Apis mellifera protein kinase C
(NM_001134948, Pkc), Apis mellifera synaptotagmin 20
(NM_001142561, Syt20), Apis mellifera Tie-like receptor tyrosine
kinase (XM_393849, Tie) and Apis mellifera neurogenic locus pro-
tein delta (XM_393831, DI). Most of the target genes were associ-
ated with kinase, neural function, synaptotagmin and energy.

4. Discussion

In this study, Solexa sequencing was used to compare miRNA
differences in foragers and dancers. The sequencing results showed
that the types of shared sSRNA (common small RNA unique reads)
in foragers and dancers were 12.62% of the total unique reads,
while their expression accounted for 92.92% of the total reads. This
suggests that a small number of miRNAs play fundamental roles in
honey bees for maintaining basic life processes common to both
foragers and dancers.

The specific unique reads in dancers were 37.25% of the total
unique reads, whereas their expression was only 2.93% of the total
reads (Table 1). The same trend was found in foragers. It is possible
that only a few miRNAs are needed to have high expression levels.
Many studies have pointed that one miRNAs could target hundreds
of mRNAs via imprecise base pairing (Bartel and Chen, 2004; Grun
et al., 2005; Bartel, 2009), so that a few miRNAs could have signif-
icant effects on post-transcriptional regulation. In addition, some
miRNAs can work together through synergism (Bartel, 2009).

Jagadeeswaran et al. (2010) found that the length distribution
of total reads is bimodal, with one group peaking around 20-
22 nt (miRNA) and another around 26-29 nt (piRNA). Our study
only found one peak with lengths of 21-23 nt in honey bees. The
first nucleotide bias and the nucleotide bias at each position of
both known miRNAs and novel miRNAs were similar between for-
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Table 3
High-probability targets of ame-miR-278 and ame-miR-282.

miRNAs Predicted targets
ame-miR-278 Pkc, Imd, Ndufs1, Dscam, Eyg, Syt20, LOC724697, Pfrx, LOC410662, ec, mRpL2, CUBN, Blimp-1, LOC408646, Atg2
ame-miR-282 Pkc, Syt20, LOC551139, LOC552057, LOC724697, Tie, DI, LOC552646, LOC408820, LOC409821, LOC725936, LOC724430, LOC412777

agers and dancers, indicating the stability of miRNA sequence
structures, a factor which is important for functional maintenance
(Khvorova et al., 2003; Girard et al., 2006). The first and the whole
nucleotide bias of novel miRNAs were different from that of known
miRNAs (Figs. S1 and S2). This indicates that these novel miRNAs
have different structures from known miRNAs, and may have dif-
ferent functions. Total SRNAs mapped to genome could be placed
in three categories, namely known miRNA, rRNAetc and the Unan-
nsRNA. Table 2 shows that in foragers and dancers, the unique
reads of unannsRNAs and rRNAs were much more numerous than
those of miRNAs, while the total reads of unannsRNAs, rRNAs and
miRNAs were almost equal. These data suggest that although miR-
NA unique reads only accounted for a small percentage of sRNA
unique reads, they compensated for this through higher expres-
sion. Furthermore, there might be important novel miRNAs among
the un-annotated sRNAs.

The following miRNAs were the 5 miRNAs with the highest
expression levels (total reads) both in foragers and dancers: ame-
miR-1 (69.64%), ame-miR-276 (7.87%), ame-miR-275 (4.20%),
ame-miR-184 (3.14%) and ame-miR-996 (2.58%) (Table S3), and
these may be associated with fundamental vital functions. Some
studies found that miR-1 is involved in muscle development
(Nguyen and Frasch, 2006) and the Notch pathway, which is vital
for the development of the peripheral nervous system in Drosophila
(Kwon et al., 2005; Wheeler et al., 2008). Two miRNAs, mir-1 and
mir-133 were found to be highly conserved and co-located in adja-
cent gene locations in insects and vertebrates (Rao et al., 2006; Yu
et al., 2008), which is consistent with our data showing that both
were highly expressed in foragers and dancers. Ame-miR-276
was preferentially expressed in the olfactory lobes and the class |
and II small-type Kenyon cells (cells involved in learning and mem-
ory in honey bees, Szyszka et al., 2008) in the honey bee brain, and
ame-miR-276 and -1000 could target the neurally related genes
(Hori et al., 2011). Furthermore, it has been suggested that miR-
184 is involved in the central nervous system in Drosophila (Li
et al.,, 2011). These studies, along with our results, indicate that
the highly expressed miRNAs, ame-miR-1, ame-miR-276 and
ame-miR-184 may be involved in neural function and perhaps in
foraging and dancing behaviors.

Solexa sequencing data showed that the majority of miRNAs
were down-regulated in dancers, and we further confirmed that
the expression of ame-miR-278 and ame-miR-282 were lower in
dancers than in foragers, suggesting that the target genes of these
miRNAs are activated in dancers. Two studies revealed that in Dro-
sophila and the silkworm, lower miR-278 expression is associated
with a higher metabolic rate (Teleman et al., 2006; Jagadeeswaran
et al., 2010). The lower expression of ame-miR-278 found in danc-
ers, therefore, suggests that dancers might have a higher metabolic
rate. In target prediction, most target genes of ame-miR-278 and
ame-miR-282 were associated with kinase (such as Pkc and Pfrx),
neural function (such as Tie and DI), synaptotagmin (such as
Syt20, CUBN and LOC552057) and energy (such as Ndufs1 and
mRpL2), suggesting that these genes play important functions in
bee dancing behaviors. The functions of ame-miR-278 and ame-
miR-282 need experimental verification through further behav-
ioral studies. Some non-coding genes, such as Ks-1and Nb-1, were
shown to have a possible role in modulating honey bee behaviors
(Sawata et al., 2002; Tadano et al., 2009). MiR-8 has been found

to regulate neuromuscular junction formation (Loya et al., 2009)
and participate in the Wingless/Wnt pathway (Kennell et al.,
2008), which is associated with brain development in Drosophila.
Recently, a hypothetical miR-8 binding site was found in the honey
bee Wingless gene (Hori et al., 2011). These studies strongly sug-
gest that more miRNAs and more non-coding genes associated
with foraging and dancing behaviors will be found in the future.

In our study, we tried to find differentially expressed miRNAs
between foragers and dancers; naturally, these are groups of work-
er bees at different stages of the foraging process. In order to over-
come individual differences (including colony, age, genetics and so
on), we collected foragers and dancers one by one in turn from the
same colony at the same time and pooled samples from three col-
onies together. Thus, we established two representative sRNA
pools of heads from foragers and dancers, using a powerful new-
generation sequencing method. These sRNA pools contained all
sRNAs involving in foraging behavior and dancing behavior com-
pletely. Comparing the two sRNA pools, we found some differences
in miRNAs in the two behavioral groups, and confirmed the differ-
ential expressions of several miRNAs between the two behavioral
groups, using bees from three new colonies. The results showed
that miRNAs play important roles in the process of switching from
foraging to dancing. More studies are needed to discover the
molecular mechanism underling the dancing behavior in the
future.
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