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Analysis of highly expressed genes in Apis cerana cerana workers’
midguts responding to Nocema ceranae stress
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Abstract: To ascertain the expression profile and role of highly expressed genes (HEGs) in the midguts
of Apis cerana cerana workers responding to Nocema ceranae stress, normal A. c. cerana workers’ mid-
guts (Ac7CK, Acl0CK) and midguts treated by N. ceranae stress (Ac7T, Acl0T) for 7 d and 10 d were
deeply sequenced followed by bioinformatic analysis and molecular validation. A total of 1 809 736 786
raw reads were yielded, and 1 562 162 742 clean reads were obtained after quality control. In Ac7CK,
Ac7T, AclOCK and AclOT groups, 2 074 HEGs were shared; the number of specific HEGs was 89,
283, 156 and 78, respectively. The specific HEGs in Ac7T and Acl0T were associated with 35 and 28
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GO terms as well as 39 and 37 pathways, respectively. The confirmation of eight common HEGs was

verified using RT-PCR. The results indicated the host’s material and energy metabolism, as well as cel-

lular and humoral immune were activated to varying degrees, and there was a close interaction between

A. c. cerana and N. ceranae. These findings revealed the expression profile and potential role of host

HEGs in responses to N. ceranae stress.

Keywords: Apis cerana cerana ; Highly expressed gene; Nocema ceranae; Midgut; Stress

1 5 5

R AR P A B B AL e AR
VR Rk B A B B T ey 22
GEAAE S E. 2 et e —Fh s B AR S R
B TR ST Ry R I % 2 A I 5 SN FH
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pressed gene, HEG) #4741 537 . $8 75 T 3451
HEG 235 1% XA E Y AR A THumi-
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XF 1 0 HEG #EA TR AT LUITHE 6 S 4K F-
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2.1 RIEHRE

rh i T I A AR AR OR 2 S R 2 2R B e
SE B I% ) s N, ceranae fiF f AR A AROR
afifpel,
2.2/ ik
2.2.1 FFsi BABRERATHFR  N.cer
anae 1 RPHAR AN AL D70 R : (D M N. cera-
nae JEYL ™ (1) 5 M M A ST T TUBRCO T B e T
SRR B A BRI K 8 4 I L 22 B 0 e
Fi VR SEAKGE IR U TE AR B 2 IR = B0 A &
R4 0T, K45 2 096 BBV #5 BR 1 = 10 Hefsilm
ATHKG5265] 1.5 mL KFE I EP 4,4 °C,
3000 r/min #.0 5 min, W& FIEBUER 5 B M
WEMN1%,4°C,1 200 r/min B0 3 min; (2) 4
SIECH] 25%0.50%0.75%.100 % 1 percoll 4lifk .
S URBE R percoll HR 200 p L F¢ B %5 FE M 5 K
(e BEAR IR 325 31 T 1) EP A b s B A 250
JEBIEM R .4 °C, 14 000 r/min B.0> 30 min; (3)
W T TR T S A/ NGO W IR Sk A AFL A B
R il o w7 N 201 s ol N 7 R

S IEAR S S T O g S o iED T HEA T e
T A R e AN AR 3 (D) HiE R A8 T 1Y
50 %0 (w/ VO BEK  FFHREE SR 2X10°/mL; (2) #EHL
AR ) B 36 - AL R 2 S0 00 5L A
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34+0.5 °C, (60%~70 %) RH K5 3348 . B Wil Hi 53
I KR 1 SRR (AL D ) 3T FL LA XL
30 H/8D KA 50 % (w/v) TG B BE /K 1) 1 IR 2
AABDET LI (OF T B Kidh 0 d,
3420.5 CHEFE 24 holg b rpbge T 0 Sk [ 53¢ I
PURAL R 2 b, Kb FZH T8 2R 1 p] M5 6 A R K
5 pll, X BRZH T mp HUBRIIEEAS 5 AT K 5 s
(4)24 h J5 B0 R & f - K, B H T 40
K B bt ¥ B 1 ROME 7K Y T 0 JL A0 25 ) T e, &
SO K 9 T8 F 5 225250, F 50 20 (w/v) B K
Tl ML T 0 5 B AR AR & 10 d. AL B AL AR IR 4
BWaE 3IANAEYFEE BHEEAE 9 H T ]
. EEAMAMEE 7 d L A BRH R 9 BT
iz, 4 A 3 A4 EP & ZIR AR IE N AcTT
(ACTT-1.Ac7T-2 . Ac7T-3) ; X HRZH Y 9 W T i rh
5, 53 BB 3 A EP 48, iZIR A FE M iE A Ac7CK
(Ac7CK-1,Ac7CK-2, Ac7CK-3) ; B IRBUEETE 20 s
P HGH TR AU - TGRS 31— 80°C B AR T vk A
PRAE#5 . 10 d B A BRRN X6 R 2 v figp 5 4 R
IR T R AT BORE AR AE, 43 e A AclOT
( Acl0T-1, Acl0T-2, AcloT-3) I AcloCK
(Ac10CK-1,Ac10CK-2, Acl0CK-3).
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DNase I Z<Br5% 8 15 K 20 DNA. #:3 F H Olig-

otex mRNA Kits Midi X} 4l #& /9 & RNA # 17
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Million mapped reads) B ki E I L L, A
5 FPKM = Total exon fragment/[ Mapped frag-
ment (millions) X exon length (KB) |, ## 8 FP-
KM > 15 (1) b5 #E A BIr A 3% 36 5 0 3 1
HEGM. filHEZ T. B F 4 OmicsShare Chttp://
www. omicshare. com/tools/index. php/Home/
Index/index. htmD X} i € t (1) 245 Je F¢ 5 HEG
#47 GO 7336 2 KEGG pathway & 4 70 #5545
EYE B
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Tab.1 Information of primers for RT-PCR

FEF 2 ik 55157 —3") T Be K/ /bp
e S
T TR QU e G
sowmimosaman PR ST
wsemssnsows 7L STOTIOTGTIOCn
GRS
e e R o




194 w)Il K FFRCH R F ) % 57 %
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Pearson fHC ZEHAE 0. 872 8 K LA (] D). I
IR S BH I ot P T S P A 0 A 1) o
A R 2D BT
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RNA-seq B4 19 AT SEME N 4 20 rp iz B i iy 3
# HEG % FEHLIEER 8 4~ HEG #17 RT-PCR %
TE. AR A Fik 8 AL 8741, # H] Primer Premi-
er 5 WHRERAET W) ZIEAR N ER A W HAR A TR
a1 A B AR OCE W P SIE B3R 1R
JR F) & AxyPrep™ Multisource Total RNA
Miniprep(AXYGEN 2 &l i D 4l 2 ik 4 41 h
ke S S RNA.L DL B S RNA AR R 5ids , F)
iR & HiScript 1st Strand ¢cDNA Synthsis Kit
(Vazyme 25 w), HED #4752 % 5% 0 26 R 42 IR
VLB 53E 17, PCR Jz i 76 T100 #4437 4X ( Bio-Rad
oEl S ED BEAT ) RN AR R ALHE : Mixture 10 pl,
ddH, O 7 pL, BTG 1#)4% 1 pl, DNA £ 1 L.
FN 542 94 “CHIASPE 5 min; 94 “CASPE 50 5,60 °C
Bk 30 5,72 CHEf 1 min, 3t 34 MEH; i) 72 °C
FEAH 10 min, 4 “CHAFE. PCR =% 1. 5 %0 i bE
U I FEL VAT DN o A% R R SE AN C 113537 v D R
AR
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3.1 SBEENFEERR

AR T3 i A LTI AT 1809 736 786
2% raw reads, Z8 "% T PEAH 2] 1 562 162 742 F%
clean reads , ¥4 X EAXBEAAZHE ) clean reads
W B 4 B e L A, Ac7CK Ac7 T Ac10CK &

% 2 RNA-seq H#R{E B4t
Tab. 2 Summary of RNA-seq datasets

Hext B2 99.9%
b JE IR BB AREBE O BEEA BT
/% R/ %
Ac7CK-1 111 825 446 109 984 026  77. 46 94. 77
Ac7CK-2 117 584 438 115737 872 76.77 94.97
Ac7CK-3 143 240 604 140 128 034  73.10 94. 07
Ac7T-1 152 978 518 150 634 504  53.90 95.12
Ac7T-2 154 074 074 151 669 178 55.44 95. 07
AcTT-3 217 047 504 213 300 500 55. 68 94. 68
AclOCK-1 110 841 204 109 120 786  78.99 95. 07
AclOCK-2 87 175480 85 637 280 76. 33 94. 69
Acl0CK-3 99 075 680 97 538 734 79. 06 94. 98
AclOT-1 205 810 628 197 162 092 51.18 93. 34
AclOT-2 264 871 994 261 559 618 28.59 95. 40
Acl0OT-3 145 211 216 142 990 618 52.80 95. 01

AclOT 45 41 i - 24 b X R &y 75. 78 %6.55. 01%

Bl vHIdHEAHRNRRA AN T ELNG
Pearson #8 % P&
Fig. 1 Pearson correlations among different biological re-
peats within each A.c. cerana worker” s midgut
sample group

3.2 HEG #J Venn ©#7

4 FPKM > 15 145 e, 70 5 Ak Ac7CK,
Ac7T.AclOCK J AclOT Wikt 3 162.3 311,
3 305F0 2 463 > HEG. Venn 23745 5 B /8 U 2H
eSO HEG 4 2 074 4>, % F HEG 23514
89.283.156 A1 78 4~ ([ 2).

Acl0CK

B2 Wb At HEG 8 Venn 547
Fig. 2 Venn investigation of HEGs in every A. c. cerana
worker midgut sample group
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g HEG W 28 4~ GO 4 H. ER &R RS
SRR (71) (2545 (63) LBl UHERE (59) AT
R (58) AL M (5 D).
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Fig. 3 GO categorization of the shared HEGs
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MR HEG & 45176 37 58 I & RS BUR 2 1
I 4 L5312 N 5T 2 1 I T2.(8)  PIBK-Akt 75
(T Wt {555 % (6) Fl TGF-B {5 5l (5).
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EE
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AT MU Collecting duct acid secretion{ @
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Fig. 4 KEGG pathway enrichment analysis of the shared
HEGs

The size of the circle indicates the number of enriched genes in

Bl 6 FERERR 2 1L Pentose and g o I

a certain pathway, the bigger the more; the color of the circle indi-
cates the significance of enriched genes in a certain pathway, and
the redder the color, the higher the more significant
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B 5 8AiA HEG # RT-PCR %t

ARG A HNEEB R tret] GuiBIER s B JRBE A -1 %
I s Co ZBNEEF Al WAL s D K5 2R B W 3L X1 4w
M E: 2 o BRE A3 i3 H; F. 10S BHHAE A S15 4ifid
HH; G JYEBRIKIE IS IE ; H: BT & 1 lethal (2) 4
5L

Fig. 5 RT-PCR verification of eight shared HEGs

A facilitated trehalose transporter Tretl-like encoded gene;
B: trypsin-1-like encoded gene; C: phospholipase Al-like encoded
gene; D: arginine kinase isoform X1 encoded gene; E: trypsin al-
pha-3-like encoded gene; F: 40S ribosomal protein S15 encoded
gene; G zinc carboxypeptidase-like encoded gene; H: protein le-
thal(2) essential for life-like encoded gene
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3.5 HEG B RT-PCR I&iE

M4 AFESL LA 1 HEG HEPLBEE 8 4~ it
7 RT-PCR BiiE. fLIK A5 R WoR 8 XF 51 Y4 RE ™
FEAF S WU H RS (B 5D WIAPIESE T A
FEHIN A HEG ELS Rk,

4 i it

rhge PR [ SR 2R 7 ) A — 2 K
AL e R T A AR SR e N cera-
nae [WJFIRE £, —H 2 KR Ph AL 2 AR
G N. ceranae ZF5FMZ Y4 O 9 7R 45 HL Y
VU B e, BT, 2T N. ceranae 5% ¥ H AE
5 THT A 5 32 A v e VY O B O i N X
g 5 N. ceranae W HAEIEAT T —LL0F 5%, (HAH
FWRICEi E  AH OGS B B = Chaimanee
LLUBASE N, ceranae {245 3. 6 #1112 d PE H &
W (Apis melli fera) TWeEATHFSY , il A0 4 Fp
PLRRIE A (de fensin. abaecin apidaecin Fl hym-
enoptaecin) | eater 3[R FNGP &% JR 25 H 4 15 3
(vitellogenin) B FE Ik IK I, BIL N. ceranae 13 4
X1 T AR Y G 92 i B T R A ). Sinpoo 45
Xof P4 7 B RN AR 5 B e AT T M A 1 ol
(Nosema apis) Fl N. ceranae 38 IEGLRIK . K I
T e P A I s R S R R A4 5 A DG R [
B0 2 bRk AHAR T S e b B An i 2 B B
SR AT B 92 /KT EL A S /D (1 1550 VR HE D
KT EWENT N. apis M1 N. ceranae 1] g B.75 T iR
AHEHT ). AT RNA-seq BN IEH S N.
ceranae JFHL ) g T 0 v i A TN Y L DA TE H 1
7H10 d T8 oy Bk 3 162 & 3 305 A4
HEG., )\ N. ceranae B ) 7 1 10 d T ¥ 1543
ST 3 311 K 2 463 4~ HEG. Ac7CK,Ac7T,
AclOCK #1 Acl0T 3 HEG %k 2 074 4~ #E
ik ety HEG e T b i A KA &
R E AL A, AcTT A AclOT (4547
HEG 53512 283 Fo 78 A~ Ui W Fifi 2 JBipa6 Bt 6] 11
HEK 1 BN B W REA HEG B2 T Rk 3 3
X4 HEG 7816 Wi N. ceranae 38 B AN [7) By
Bk 8RR IR AE AL A B 58 T, AcTCK, AcTT,
Acl0CK 2 Acl0T &2H 11 HEXf%h 75. 7874
55.01%.78. 13% il 44. 19%6, kb R 41 () F- ¥ L
AR AT XS B2, 5 HL D P K B rp R A
B R e e AL I RS S A R S TR
EHEE, PR R clean reads Joik XS 1 - 7 %

W) 225 SE A, $45ah 52 i 15 3 clean reads 9 L
XoJ 3585 17 X P2 v S A it ) 000 7 3R v 24 KR T
JotE A B 8, T clean reads Y b X #8480
1. BE—25 00T A B, A BELZH R BE 2 0 45 2] )
raw reads, DA S JEFER) clean reads, A4S 4b T+ 7] —
B, PO S S22 WA 257 53 B S i AR /.
AHFFEH AcTT F1 Acl0T K44 HEG 4y
AA 219 F1 71 ASERBRI M ERE , 210 Fi 58 NiE
BRI ERE . 189 Al 51 ANy B EEAL G . Bon
PEBE N. ceranae [/ AAZ , Hdé T v iz 18 38 R AR
TR 200 B A= i 37 2 A AN [T BE PR R (%
T 2 I D T 222 B A i SR A
1% B HUR 25 8 2] 7 = 200 0 0 92 VA Y e 28 1) B 5
WL, WA N EER AR B K E R R
FRAEF DA K AT B8 IR 1 B 15 R A5 AR 9% &
B, Ac?T Fil Acl0T W4 HEG 454 95 F1
68 N ETENIR N » 1 F1 1 AN B AE s R Geik
TR W b TUEXT N. ceranae 7742 T S N 2K
L 2B 7K - B Jofp A B 1a] %) B KA B R
ABFFEH . AcTT Fl AclOT (15 210 F1 58 M4k
4 HEG nIFERE 77 A1 39 29 AR 6 7%
KA S A R B S AR
P ARG 2 WA & i S A i — 20
Ui e T b g i ) A D N. ceranae 38
TR o (LIRS 7R R o 36 s [ 22 4 i R AR, i
g, 238 T e PR X W3 i 7 FD 10 H i
T ¥R N. ceranae 3 HEG #4770
BT 5 W B AR AR DG I R 08 B 2 A
43 25 ALF AR (15) OBHER M /0 S 2E (1D) VAL
WRIR AL (8) FIB IR ME iR 12 (5) 5, KB N. ceranae
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