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Abstract: [Objective] The objective of this study is to identify the hunger pheromone of honeybee queen and drone larvae
and its biosynthetic pathway, which would enormously contribute to understanding of the mechanism of communication between
adults and larvae in honey bees Apis mellifera. [Method] Two- and four-day-old queen and drone larvae and their food were
collected and divided into three groups: fed larvae, starving larvae and food. For the fed larvae they were lain on their relative foods
prepared in advance, and for the starving larvae their foods were totally deprived. All samples were immediately put into 20 mL

sealed glass bottles and were kept in an incubator under 35°C for 45 min. Afterward, a needle trap system was employed to extract
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10 mL gas from those bottles and the volatile chemicals were enriched in needles. The needles were injected into a gas
chromatography-mass spectrometry system and the chemicals were dissociated by a high temperature of 250°C for identifying the
hunger pheromone of honeybee queen and drone larvae. RNA-Seq was used for identifying the biosynthetic pathway of their hunger
pheromone and the expression of related genes. [Result] Nine and ten chemicals were identified in drone larvae and queen larvae,
respectively, in which queen larvae had one more chemical (2-heptanone) that was the highest royal jelly. E-f-ocimene was
identified as the hunger-signal pheromone of queen and drone larvae, since their starving larvae had significantly more E-f-ocimene
than related fed larvae. The E-f-ocimene released from queen and drone starving larvae was not significantly different at 2-day-old,
but queen larvae released significantly less E-f-ocimene than drone larvae at 4-day-old. Other eight chemicals were myristic acid,
palmitic acid, methyl palmitic ester, stearic acid, palmitoleic acid, pentadecanoic acid, acetic acid and ethyl acetate, but did not show
a clear pattern that significantly more amount of these chemicals were detected in starving larvae released than fed larvae and food
groups. Acetic acid and ethyl acetate were detected higher in food and fed larvae groups compared to starving larvae groups,
indicating that these two chemicals may be from their food rather themselves. RNA-Seq analysis showed that there was a de novo
E-f-ocimene biosynthetic pathway in queen and drone larvae via a mevalonate pathway. Nine genes such as Geranylgeranyl
pyrophosphate synthase-like and Farnesyl pyrophosphate synthase were involved in this biosynthetic pathway, but all these genes
were not significantly differentially expressed between starving larvae and their relative fed larvae. [ Conclusion] Honeybee queen
and drone larvae both use E-f-ocimene as their hunger pheromone for food begging, and they have a de novo E-f-ocimene

biosynthetic pathway. Further, nurse honeybees specifically use 2-heptanone to mark queen larvae for guiding other nurses. This

study will enrich our understanding of the biological characteristics of honeybees.
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The ion peaks and time of the main chemicals were presented. 1-Nonene was the interior standard substance and the siloxane was the column bleeding
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Total ion chromatogram of chemicals from 2-day-old fed queen larvae of A. mellifera by using VOC chromatographic
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The ion peaks and time of the main chemicals were presented. 1-Nonene was the interior standard substance
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Fig. 2 Total ion chromatogram of chemicals from 2-day-old starving queen larvae of A. mellifera by using DB-5 chromatographic
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Fig. 5 The biosynthetic pathway for E-f-ocimene in queen and drone larvae
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Table 2 The expression of E-f-ocimene biosynthetic pathway genes between fed and starving larvae in queen and drone larvae

HE R TRl 4y 4 vs LR 4 de FDR i 1g2 FC {H. FER R
Gene ID Fed larvae vs starving larvae FDR value 1g2 FC value Annotation
a4l Larval groups H# Day-old
GB47436 I T 4)) dOnf b4l 2 1 -0.088 Acetyl-CoA-C-acetyl transferase 1 [4. mellifera]
Queen larval comparison
4 0.067 0.470
Tt sy Bl 2 1 -0.009
Drone larval comparison
4 1 20.129
GB49784 W T4 ok LA 2 1 -0.107 Acetyl-CoA acetyl transferase, cytosolic-like [4.
Queen larval comparison mellifera)
4 0.954 -0.026
I 4 g LA 2 1 -0.054
Drone larval comparison
4 1 -0.205
GB44420 1 F 4 HOnf EL 2 2 1 -0.185 PREDICTED: Hydroxymethylglutaryl-CoA
ueen larval comparison synthase 1[A4. mellifera
Q P 4 0.422 0,253 Y 4. mellferal
Ifeige )y oot 41 2 1 -0.105
Drone larval comparison
4 1 0.039
GB51591 e S L1 NS 2 1 -0.006 PREDICTED:
ueen larval comparison 3-hydroxy-3-methylglutaryl-coenzyme A
Q P 4 0.459 -0.210 Y Y ,y gLy =
reductase[A4. mellifera]
Tt ] Bl 2 1 -0.010
Drone larval comparison
4 1 0.031
GB47666 1 E &) dons bl 2 1 -0.116 PREDICTED: Mevalonate kinase-like [4.
Queen larval comparison mellifera)
4 0.137 0.428
I 4 g LA 2 1 0.050
Drone larval comparison
4 1 -0.259
GB49221 1 T 2 dosf b4 2 1 -0.071 PREDICTED: phosphomevalonate kinase-like [4.
ueen larval comparison mellifera
Q P 4 0.192 -0.506 yera)
Ifeige )y ool L4 2 1 -0.191
Drone larval comparison
4 1 -0.028
GB44718 1 - %) O L AL 2 1 -0.042 Similar to mevalonate (diphospho) decarboxylase
Queen larval comparison 4 0.998 0.010 [A. mellifera]
Ifeige )y ool 41 2 1 -0.129
Drone larval comparison 4 1 -0.028
GB438898 U6 T %)) donf b4l 2 1 -0.062 PREDICTED: Farnesyl pyrophosphate synthase
Queen larval comparison 4 0.447 0201 [A. mellifera]
Ifeige )y oot L4 2 1 0.083
Drone larval comparison 4 1 -0.001
GB43964 I T 4)) dOnf b4 2 1 -0.037 PREDICTED: Geranylgeranyl pyrophosphate
Queen larval comparison 4 0268 0397 synthase-like [4. mellifera]
Ifeige )y oot L4 2 1 -0.150

Drone larval comparison 4 1 0.097
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