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Transcriptome analysis of mandibular glands from worker bees
(Apis mellifera ligustica) with different functions at the same age
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Abstract In order to reveal the molecular mechanism related to the synthesis and secretion of royal jelly in the
mandibular glands (MGs) of nurses, specimens (3-day-old worker bees(3 d), 10-day-old nurses(10 dN), 10-day-old
foragers (10 dF), 21-day-old nurses (21 dN) and 21-day-old foragers (21 dF)) were collected from an established bee
colony. The content of 10-hydroxy-2(E)-decenoic acid (10-HDA) was detected in the MGs of worker bees with five
different functions by high-performance liquid chromatography (HPLC) and genes closely related to the synthesis and
secretion of royal jelly were analyzed comprehensively in the MGs at the transcriptional level. The results showed that:

The content of 10-HDA in the MGs of worker bees increased gradually with the increase of age. The content of 10-HDA
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in the MGs of 21 dN/F were both significantly higher than that of 3 d (P<C0.05), but 10-HDA content of foragers was
higher than that of nurses with corresponding age; RNA-seq revealed that the expression of 46 differentially expressed
genes (DEGs) in the MGs of 10 dN was significantly higher than those of 3 d, 10 dF and 21 dF, and also those DEGs in
the MGs of 21 dN was significantly higher than that of 21 dF; GO and KEGG enrichment analysis showed that up-
regulated DEGs were mainly enriched in fatty acid metabolism and energy metabolism., suggesting that the MGs of
nurses might increase fatty acid metabolism and energy metabolism to stimulate the synthesis of related fatty acids
during the production of royal jelly. In summary. the variation trend of 10-HDA in MGs of worker bees with different
performances was determined without the influence of age, and 46 DEGs associated with the secretion of royal jelly
were identified. which provide a great deal of valuable information for further elucidating the molecular mechanism
underlying the production of royal jelly, and also will provide a new perspective for studying the function of MGs in
hymenoptera insects.

Keywords Apis mellifera ligustica ; nurses; mandibular glands; synthesis and secretion of royal jelly; 10-HDA; same
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Table 1 Primer information

GenBank (5'-3"
Gene GenBank accession number Primer sequences (5'-3")
: CTACCCTCCTATCCCACAGA
ACSF2 NM 001206973. 2 )
R: TGAAACATGGTCAACAATC
: TGACATACATTACGAAGGAGTCCA
Mrjpl NM 001011579.1
: ATCCGAAGAAGAGAACGCCA
: CGTCCAATACCAAGGATCCGAA
Mrj p2 NM 001011580. 1 ) ) ) e
: ACAAGTCCGACGAAGAGGAC
: TGGACAGATGGCGTGATAAGAC
Mrjp3 NM 001011601. 1 ,
: GAGGTCCACCTTTGCCCTTT
: AGACAAAATATCGATGTCGTAGCTC
Mrj p4 NM 001011610. 1
R: TGCCAGATTGTGGAACGTTTT
: AGAAAATACCGATATGGTCGCC
Mrjp7 NM 001014429, 1
: CAATAATGACGATATGTGGGAGCA
: CCTAGCACCATCCACCATGAA
actin NM 001185146. 1

: GAAGCAAGAATTGACCCACCAA
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Table 2 Overview of RNA-seq data from 15 libraries in MGs
99.99%
( /%) ( /%) ( /%) /%
Sample Raw reads Clean reads Clean map Unique map Multiple map 99.99% base
(mapping rate) (mapping rate) (mapping rate) accuracy
3d 1 37 292 859 36 661 357 63 922 541(87.18) 62 206 080(84. 84) 1716 461(2. 34) 89. 74
3d 2 33 633 640 32 994 785 54 188 549(82.12) 52 960 904(80. 26) 1227 645(1. 86) 88.73
3d 3 31 440 911 30 941 913 48 963 621(79.12) 47 664 067(77.02) 1299 554(2.10) 89.58
10 dF 1 29 999 903 29 097 212 50 815 542(87.32) 49 734 709(85. 46) 1 080 833(1. 86) 90. 24
10 dF 2 24 267 439 23 630 634 41 251 537(87.28) 40 329 745(85. 33) 921 792(1.95) 92. 45
10 dF 3 28 535 351 27 991 906 49 243 885(87.96) 48 088 591(85. 90) 1 155 294(2.06) 90. 86
10 AN 1 23 430 622 23 059 696 40 533 529(87.89) 38 779 174(84.08) 1 754 355(3.80) 88. 31
10 dN 2 2 6724 571 25 910 505 46 966 723(90.63) 43 049 179(83.07) 3917 544(7.56) 93.35
10 AN 3 22 543 596 22 179 142 39 126 499(88.21) 38 187 395(86.09) 939 104(2.12) 92.10
21 dF 1 24 859 154 24 303 946 43 202 631(88. 88) 42 256 301(86.93) 946 330(1.95) 92.62
21 dF 2 29 856 499 29 391 545 52 258 724(88.90) 51 052 089(86. 85) 1206 635(2.05) 92.19
21 dF 3 32 289 467 31 859 457 56 442 923(88.58) 55 410 701(86. 96) 1032 222(1.62) 92.48
21 dN 1 22 749 016 22 305 023 38 490 504(86. 28) 36 726 744(82.33) 1763 760(3.95) 87. 80
21 dN 2 4 4741 657 43 875 367 67 116 890(76.49) 62 962 821(71.75) 4 154 069(4.73) 92.85
21 dN 3 20 559 535 20 246 273 35 871 395(88.59) 33 750 635(83. 35) 2 120 760(5. 24) 88.67
:3d 1~3 3 3 ;10 AN 1~3 10 3 10 dF 1~3
10 3 521 AN 1~3 21 3 ;21 dF 1~3 21

3
Note: 3 d 1—3 represent three biological replications in MGs of 3-day-old workers, respectively; 10 dN 1— 3 represent three biological
replications in MGs of 10-day-old nurses, respectively; 10 dF 1— 3 represent three biological replications in MGs of 10-day-old
foragers, respectively; 21 dN 1—3 represent three biological replications in MGs of 21-day-old nurses. respectively; 21 dF 1—3

represent three biological replications in MGs of 21-day-old foragers, respectively.
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Table 3 Analysis of significance of 65 DEGs in MGs among 5 groups of honeybee samples

/ 10 dN vs 3 d 10 dN vs 21 dF 10 dN vs 10 dF 21 dN vs 21 dF 10 dN vs 21 dN

46 ) A 0 1 ns
11 v v v v ns
6 i v v v ns
2 v A 0 A ns

:3d 3 ;10 AN 10 ;10 dF 10 ;21 AN 21
;21 dF 21 N “ ¢ ” ;u % RRXTRE) ;“HS” 2

Notes: 3 d represents MGs from 3-day-old workers; 10 dN represents MGs from 10-day-old nurses; 10 dF represents MGs from 10~
day-old foragers; 21 dN represents MGs from 21-day-old nurses; 21 dF represents MGs from 21-day-old foragers; “ 4 7

»

indicates genes were significantly up-regulated; “ ¥ ” indicates that genes were significant down-regulated; “ns” indicated that

there was no significant difference between groups.
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