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ABSTRACT

The aim of this study was to investigate the gene expression profile and find the important genes in the differentiation and
evolution of the queen, worker and drone honey bee at Stage 5 Larvae. Therefore, transcripts (total mMRNA sequence) of 15
samples of Italian honey bee (A. m. ligustica) including 5 drone, 5 worker and 5 queen bees were aligned to the reference
enome of the honey bee. In gene expression analysis of RNA-Seq data, 15962 genes and 31297 isoforms were identified.
n our differential gene expression analyses, 465 genes between drone and queen bees, 495 genes between worker and
queen bees and 764 genes between drone and worker bees, were expressed differently (P <0.000005). The largest difference
in expression of genes was observed between drone and workers were for GB45614 and GB42053, with log2 fold change
that was -10 and 11.5, respectively. In drone and queen bees comparison, GB45614 and GB48020 genes with log2 fold
change 7.11 and 8.11, and In queen and worker bees comparison, GB43508 and GB42053 with log2 fold change 6.6 and -9,
had the largest difference in gene expression, respectively. The analysis of the gene ontologly (GO) and the pathways
involved showed that the function of many of these genes has yet to be found. However, a Targe number of the genes
expressed defiantly in drone and queen bees were related to integral component of membrane, calcium ion binding,
carboxypeptidase, cholecystokinin receptor, chitin metabolic process, chymotrypsin inhibitor, haemolymph juvenile
hormone binding and pupal cuticle protein, while differentially expressed genes in queen and worker bees comparison were
related to metabolic pathways, enzymes metabolism, Pyrimidine metabolism, lipid metabolism, protein kinase, ATP binding
and nucleic acid, intracellular cholesterol transport, chitin metabolic process, nitrogen compound metabolic process,
hydrolase activity and chitin binding. The genes expressed at different levels in worker bees and drones were related to
structural elements, the metabolism membrane and transfer of amino acids, calcium-ion-bound, ion-binder, intracellular
cholesterol transport and chitin metabolism.
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Figure 1. Per base sequence quality related to "SRR157171" sample, In this test, samples with Phred scores over 28
as a high quality sample, Phred scores between 20 and 28 as a medium-quality sample, and samples with Phred
scores below 20 are also examples that need to trim.
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Figure 2. Gene exprssion scatter plot in three treatments (Q: Queen, D: Drone and W: Worker) (The lower level FPKM in
this chart, indicated lower level of the genes expression and the Closer to the middle line of the genes in the two groups,
indicate the lower difference in expression).
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Figure 3. Differential gene expression in drone vs worker (Horizontal axis represents genes with difference in expression in

both drone and worker groups. The vertical axis of the expression of genes is based on the 10 logarithm of FPKM, and in
this chart the genes expressed in only one of the two treatments are males and workers also specified).
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Figure 4. Differential gene expression in drone vs queen (Horizontal axis represents genes with difference in
expression in both drone and worker groups. The vertical axis of the expression of genes is based on the 10 logarithm
of FPKM, and in this chart the genes expressed in only one of the two treatments are drone and queen also specified).
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Figure 5. Differential gene expression in queen vs worker (Horizontal axis represents genes with difference in expression in

both male and worker groups. The vertical axis of the expression of genes is based on the 10 logarithm of FPKM, and in this
chart the genes expressed in only one of the two treatments are worker and queen also specified).

2Ol ol g oad Gl JsBRB (e 4y asle jo o
clad o] s o b i 5y SIS s
S prns aiojls 45wl o aSlo a5 BB (608 050
el 5500 lojlad & S oAty Sl
SIS 5 a8k 3l iy w5 o 53 GBA2TIT o5
59 b odigd J S eign b badre g Sl oad Lo
ol ol e ol el bYs 5 S sl e allyg,
pelaS sl 0 ol @ e Sl 5 sleyes; oS
2yl b yles plos as Cnd 093 e adgs cdled

s Atan 1oy cud gl ool bt ;5o
oL o Apis mellifera ligustic ol lue s
MK085892.1 5 b o,leis L NCBI _sledlb
o9a8) partial cds & ygoa 5 ol ol bl e
3 05 o)l e (G cadaslin ol LG
ond a5 Tl 080 5l 5 as slalis 3 e
MN586260 5 Gl o les L 5 Attari 2 o5 el
a Sl oL ol o aSle 955 58 JT3L YEY L
bngh owyp Cwwd [0 o2 Attar 3 5 e, S
S el e (6995 4 g Sl oS

5l oolaxwl L pathway  JUl

http://amp.pharm.mssm.edu/Enrichr/enrich

ol o
plexd
03ls sl 955 ;0 1 da o Ml Il 51 (6 lomn 45 0

Ol ) eadimens O ygon | bl @S g e g ol

J“"l‘ S oy Ao g 5 sbles awlie o
Lo lizl plo s Lontsn oddss ) loataslis
59> 3l P B ple Slis adls Jolo slae b
GBABIN (slory; 4 olsie 45 widls olis
5 aSke §| i i lows o 45 GBAGG63 5 GBA4B148
GBAI0LT (slayy Lol 390 o)Ll 592 00 oy 5,15
o e Lid i3l b Lasje oa o] 45 GBAS613
Dolis a5 39 00k ol § g I 5l i aSde oS
5 bl £ oy oplail glas Jdoas oyl le

Lo a5 GBBASEA 5 il o oIS 0 Sy o i
S i 5 lesd 0 el 0ynbd JoS3sS (g b
F S p g e ol dds culoads o T8 4 asle
OF wlge 55 g aSle 4 S o s o3l (y0g:
sifoil ol sadabls i« GB49509
ool Hlo 5,1 5l ien aSle 10 bl oo (e FgesS
a5 GBS1373 ()5 wiliee oo 5 led ;o ol ol s
S i 5 0l A il b b e ozl 5o
g oodbd o1 Y 5l (S5 g cl eas ol aSle
P38y O g bl oo aSle 4y G 5 j585 (i
2955 4o b s Sz slp 5 oo xSz Byo
@ 890 b nled Culy 8y 5 ool ol bl 5
D9 (65 b
Sdglie layee b Las,e a5 GBA1O4S 5



") VAR liasli o 5L B+ 8,58 el ol psle

@bobid (5 0% 039, ¥ 5 ¥ 5 slagy o ol oolis
b bl VAN aslle o 5 5 V)R SIS 0

po Sl 5 (2016) Wu et al. gagh o
T opkd 5l Sb 4 a5 asle 5 5 sleye;
aslie 3y50 ;5005 b g o] &l jles b wlons
GO 5JUT 5l eolial b igs oyl j0 28,5 18
Sloanl Sl slaclé s s sl
Glsle SlaSy 5 Sojslsn @laanls (Jslo
)b aSle Lo g Al asle e o (Jsbe
sl low 5 Wog oud lu Oglaie cadalgie
OseMyshed BSTs s el GeeSl
Sy Bpathway - o iege Olyiedy geilaens]
Gt o pol Ghagh b dwlie (o a5 aad
vy Gty ple b oludl 4 by o lapathway
drsgi 5 3, b L e aSlnilyl 53 GO LT gl
o 9)Y 0 Syl iagh Loy baplail g lacdly
drogi 9 8y 50 $9)Y e Grpeie 3 Se 450
PSS 5 mls g cel anglie BB asl o el
isled oo ML L

Sdbl b alwgas 55 S5 Coeple LT
50 ol mls a5 o bl https://david.nciferf.gov
RO VS S G R P PRCS

dulie jo a8 ols yles 5T ol ases . cdl colw o
Sore oS15" dapathway (o iesge 5 g aShe Lo
s o3lal" MY easT (6 lew w0 Ml Ml a8 g
aSlo o amolio 4o Moo Sl i gloge! Mady o
A oSl Tpsile slusessn TSN
sla JUs™ Ml jo Cawgisl S pled 4o o ygkenlS
g ale slojlos amslio jo g "oladl o e Jll
iy’ 5 s anwgi ,0 OSX s MIRNA" (515
Lapathway - ags 51 "(SIDS) ololigs SWSL 5 5o
O aSke p3 (Jg 0)la s 9055 aSbulil sy,
Al go Coenl Sl s pathway o )ls 3924

oslazwl L (2015) Doori Park et al. iags o
de novo g, 5 peis oS b Jlg sleesls
o5 VeFOY ailes A cerana ;o assembly
L aS ol dlllae b anglia o a5 oS Slbs |,
O3 VOPY 5wl plonl poi S 5 b Jlgs (b,
ol (6 yaS Slar s plulis

Y sleg,Y (2017) Xu-Jiang He et al.  jiagy o
RNA- skeosls 5l oolal b SIS g aSle 5 55, § 5
S5 5059, ¥ g0, ¥ oslag)Y wad (o) SEQ
sl aSle @ Cad GiAd o5 oo by
g-value<0.01 4 log2 (foldchange) Lo L  yuizes

P g aSho 09,5 55 10 oudley Sglite (slays cwlid S SIUTY Jsu
Table 1. GO analysis of genes differentially expressed in queen vs drone

Gene Process

Description

GB48190 integral component of membrane,
GB49809  calcium ion binding,
GB51783  carboxypeptidase Q-like(LOC410149)

GB51373  cell wall inte%ri%%ri()j stress response component 1-

like(LOC10057 )
GB45613  cholecystokinin receptor-like(LOC410654)
GB45614  chymotrypsin inhibitor(LOC100576444)
GB49509  Trypsin Inhibitor-like, cysteine rich domain,
GB42797  circadian clock-controlled protein(LOC726981)
GB41428  defensin 1(Defl)

1-like(LOC552

GB49017  facilitated trehalose transgorter Tretl-likeBIZ%C412007)

GB48020  flocculation protein FLO

GB54554  pupal cuticle protein G1A-like(LOC100576182)

GB46224  odorant binding protein 15(0Obp15)
GB48492  take-out-like carrier protein(JHBP-1)

GB41097  trypsin-7(LOC724565)
GB41707  tubulin beta chain-like(LOC410559)
GB46663  uncharacterized LOC410375(LOC410375

GB53618  Protein phosphatase 1, regulatory subunit %SA/B, C-terminal

GB48148  integral component of membrane,

GB54508  Protein of unknown function DUF227, Protein kinase-like

domain, CHK kinase-like,

chitin metabolic process,

gastrin receptor activity,

Haemolymph juvenile hormone binding,
defense response to bacterium, innate immune
response, o
transmembrane transporter activity,

Pheromone/general odorant binding protein,

integral component of membrane

1. Excessive hairiness

2. Role of Osx and miRNAs in tooth development WP3971

3. Sudden Infant Death Syndrome (SIDS)
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Table 2. GO analysis of genes differentially expressed in queen vs worker

Gene Process

Description

GB41948  cytidine deaminase-like(LOC724183)

GB50415 diacylglycerol kinase theta(LOC408809)

GB42053  epididymal secretory protein E1-
like(LOC724386)

GB43508 lipase member H-A-like(LOC727193)

GB42287  peritrophin-1-like(LOC100577577)

GB50026 transmembrane protease serine 11G-
like(LOC725250)

GB43311  vanin-like protein 1(LOC100578995)

GB40614  vitamin K-dependent gamma-
carboxylase(LOC551869)

Pyrimidine metabolism, Drug metabolism - other
enzymes, Metabolic pathways,

Lipid metabolism / General function prediction only,
intracellular cholesterol transport,

chitin metabolic process,

Ubiquinone and other terpenoid-quinone biosynthesis,
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Table 3. GO analysis of genes differentially expressed in drone vs worker

Gene Description

Process

GB53306 integral component of membrane,

GB45983  Amino acid transport and metabolism,
GB49809  calcium ion binding,

GB51783  Peptidase M28,

GB45613 integral component of membrane,

GB45614  Trypsin Inhibitor-like, cysteine rich domain,
GB41361 heme binding, metal ion binding,

GB42053 intracellular cholesterol transport,

GB49017 integral component of membrane,

GB44871  glycine N-methyltransferase activity,

Niemann-Pick C1 protein-like(LOC408992)
alpha-methyldopa hypersensitive protein-like(LOC410639)
calmodulin-like(LOC408690)

carboxypeptidase Q-like(LOC410149)

cholecystokinin receptor-like(LOC410654)

chymotrypsin inhibitor(LOC100576444)

cytochrome b5-like(LOC724654)

epididymal secretory protein E1-like(LOC724386)
facilitated trehalose transporter Tret1-like(LOC412007)
glycine N-methyltransferase(LOC552832)

GB51223  defense response to bacterium, innate immune response,  hymenoptaecin(LOC406142)

GB46224  odorant binding,

GB43510  extracellular region,

GB42287  chitin metabolic process,

GB53911  chitin metabolic process,

GB49639  Reeler domain,

GB45855  serine-type peptidase activity,
GB50026  serine-type endopeptidase activity,
GB41097  serine-type endopeptidase activity,
GB54159 integral component of membrane,
GB48148  integral component of membrane,
GB41912  oxidoreductase activity,

GB43311 nitrogen compound metabolic process,
GB43310 nitrogen compound metabolic process,

odorant binding protein 15(Obp15)

pancreatic triacylglycerol lipase-like(LOC551268)
peritrophin-1-like(LOC100577577)
peritrophin-1-like(LOC725725)

putative defense protein 3(LOC726072)

putative serine protease K12H4.7(LOC410729)
transmembrane protease serine 11G-like(LOC725250)
trypsin-7(LOC724565)

uncharacterized LOC552735(LOC552735)
uncharacterized LOC725175(LOC725175)
uncharacterized oxidoreductase YrbE-like(LOC552024)
vanin-like protein 1(LOC100578995)

vanin-like protein 1(LOC724312)
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