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i i P 5 B O R PR T M 5T

B kT XNEE B WM OkEE
MhE MERT ZaET
(P EL B AR I T, EREWIRE B SR, JLE 100093)

i E [HHN] ASEFEEER RER TR I hES, AR 5HR LR 56 & PCR A
Xt 5 At NS 2 K7 i BB Bombus terrestris =TIV 4 FheH 23 2B -1 7R E PR PP, sk 1 i g
S AR DG R 3R GR e IR I BN S N L [ ik ] ASBESE 4T X GenBank $iHis e rh M RE 8% Actin5C, PLA2

(WEBERG A2). S18. S28. EF-1a (JEARETF ) 3t 5 Mk NS B E M RR T 51 TH I i (L e e ks 1 45
FRICRIRIAL L 7 ()RR e T | e RN Mg , ik (B JrUge B4 5%, A3 J0IE L, 3. 5. 7 FN 10 H iUy k | BREL
FE A RAGERE S 4 A2, IREUE RNA; 5% PCR bl NS HE A B DL TA SRRt NS
FER B et T 48 & A NS IEFE R B T R LWy Bk, VBB, @it et & PCR,
AR N S 3 B (3 18 S A SF e il At N S 3L DO S 34 AOAR T R 26, 76 3R 1 I 7 3k oy S 2k
K7 h RE e = UM 4 AU ik &, FF L NormFinder, BestKeeper. GeNorm. ACT LA RefFinder 5
FRARAE PPN i 8 P S 3L PR 7E = R0 4 PR i ResE v [ R | ASIRI A0 i 6 P 2 6 R 1 R e P HE P
HA—®25, Ll RefFinder ZEA AT A R N, M TR . T MMM AER . TN b
REMNSEESN PLA2, W% TINEM THLTE R E NN SEE R Actin5SC; B TIEMWART EF-1a i
FasE s MEMefRs b R RE NS S18. [ 48 ] RENE N S0k DR I e M M e e 9 80 IR A0 40T 5. PRI
TEHAT AR IGAH JCHE R FRIB WS I 5 B AR FE AR IR BB R E N S, LIS 45 A AT i
XEIR  MREN; NSIAE; LETE; SLRTOLE R PCR; BRE ST

Screening and stability analysis of internal
reference genesin Bombusterrestris

XIA Zhong-Yan" LIU Fu-Gang YANG Fan ZHANG Zhi-Hao
YANG Jun-Hao YANG Hui-Peng”™~ LI Ji-Lian™ "
(State Key Laboratory of Resource Insects Institute of Apicultural Research, Chinese

Academy of Agricultural Science, Beijing 100093, China)

Abstract [Aim] Selecting appropriate internal reference genes is crucial for the analysis of gene expression in insects.
Using real-time PCR, this study assessed the expression stability of five candidate reference genes across four tissue types in
bumble bees, aiming to identify the most suitable reference gene for quantitative gene expression analysis. [Methods]
Specific primers were designed for the five candidate internal reference genes of Bombus terrestris, including Actin5C, PLA2
(phospholipase A2), S/8(ribosomal protein S18), S28(ribosomal protein S28), and EF-/ (elongation factor 1 alpha). Newly
emerged workers, queens, and drones were labeled and reared in their original colonies. Total RNA was extracted from
samples of the head, ovary, ventral nerve cord, and seminal vesicle taken at 1, 3, 5, 7, and 10 days of age. The fragments of
candidate reference genes were cloned into a pMD19-T vector before being verified via sequencing. The amplification
processes were then optimized and the standard curves established. The levels of candidate internal reference genes in queen,

worker, and drone tissue samples were quantified using real-time PCR. The expression stability of the internal candidate
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internal reference genes was analyzed using NormFinder, BestKeeper, GeNorm, CT, and RefFinder. [Results] The

expression stability of the candidate reference genes depended on the method of analysis used. However, results from a

comprehensive analysis using RefFinder showed that PLA2 had the most stable expression level in the head of queens and

drones, ventral nerve cord of workers and drones, and ovaries of workers. Actin5C was most stably expressed in the ovaries of

queens and workers, whereas EF-1 had the most stable expression level in the ventral nerve cord of queens. Finally, S/8 was

the stably expressed gene in the seminal vesicle of drones. [Conclusion] These findings indicate that the quantitative

stability of internal reference genes varies among castes and tissues of bumble bees. Therefore, it is crucial to select the most

stable internal reference genes based on the sample tissue type to ensure the reliability of the results.

Key words Bombus teresstris; internal-reference gene; gene selection; quantitative real-time PCR; stability analysis

SR PG fE PCRJ&— i H - 52 s i U
PCR JZ v fY$: AR ( Harshitha and Arunraj, 2021 ),
BARIFELENE . SRR R L
FARAETR . AR BAR . I LT SR A

(Bustin et al., 2005 ), SZHF9¢G5E 7 PCR MR E
Ho O B 05 AN 6] SR G Ry 46 %k 5 2 FAH R S B
(BEFIFXTF, 2020 ). HaxlE EZ I H]
TAYY . BB ARRAEYE AR GG, 1ER
W B R A e n BT B, AR
JE B U PH T TR A 27 R B RE S SR 2H ~p s, T
AW S rh AT I R AR AT, R R TR
JEARRRTIN 22 f 53R ( Chhalliyil et al.,
2020 ). AHX R H T 2 PN 2 5k DR R o RS A
T BEAN [R] ity SR i 22, 117 0 L D] ) s i
HATASIE 5 A% AT LUE 5| AN S5
O LB 7S i E R 8 NN S NPT QS
& 2024 ), HLREWE Bombus terrestris J& T Hii#
H Hymenottera 28} Apidae REMEJE Bombus
( Schmid-Hempel et al., 2007 ), J&iFZ %7
YIRNAAE Y00 B AR 4 B o, R 7 Uit R 1
v, REME R I 28 T Ak A LA S AR A AR T 0
(EF2%5, 2007 ). HAT, HbAEwEEL K 4107
L2 B, Ml B M T i 5 R A AT 5 0 HOR
PRAH L R B MR E L S ( Marshall
et al., 2019; Tian et al., 2021; Renard et al.,
2023), SRR NS LR RIBE ST A T2
91 o ABIFFEANPPAN AR PN 2 55 DR 7 1 B e — A e
) 4 Fh gl 2 rh ek i AR T , Tk i AR g S IR
Rk E /IR RAEN SRR

TEATRI L AR SHER RE AR 23K 1 2 ]
T H AR A AR Y P 2 LRI ( Bustin, 2002 ),

H A E s N 2 B KA L3 8 1 2
(Actin ), 3-BERR HIMEEN S ML ( GAPDH ).,
185/28S #Z MRS LN (18S/28S rRNA ),
HHEER (Tubulin) %5 ( Shakeel et al., 2018 ),
CAMRIRE, AR AT (B
THEALTARA A K R B B AR 28
AR ), VUl E Y Apis mellifera T 31H
SIRFFEALINE WP A. mellifera scutellata 1)
TP RIEAFEE (Buttstedt et al., 2023 ),
Sankar 5 (2022) 5K, AR AR 1
DK TE 8% R BRI A | O SRS [l i 2 2
S 3L R ) R A Fe e A —HE . Qin 45 (2021)
I E 8 AN HIN S BE e AR IO | 4y R
3MNRBBBIFRIAN O, FH AR E W T
fli, 15 RPLI3 Fil RP49 LB AR TF] % T B B fit
FUE NS (A [R5 B 4= G (it B 28 e 4
H, G5 REH, ache2. rpslS. B-actin. thp Fl tif
AT R as) 2R R (TAPV ) BT 7Y
T W RIBACEIE R AL, 10 actin B df MG
s H T2 ERR B B ( CBPV ) SR 5L 5,
rpll4. tif. rpsa. ubc M ache2 & F T HHE% %
A. cerana WHIERER Y HETE (CSBV ) BYLtR
AT BFREEH IR K P ( Deng et al., 2020 );
fifi A [) e 25 4k 31 35 K F) %5 9% A.mellifera
ligustica T3¢, W52 &I RAD1a F2WE HUPK | Hlk
I I ) 0BG 4 24 i A B vp B R i I N S L A
RPSI18 7Tt w5 58 2540 T 99 o S o 1) 26k
A, 1 RPSS 7EXT BREH o\ o S de b o 1R Bk 1A
(Kim et al., 2022 ), I, TEER B Aolygus lucorum
(Luo et al., 2020). H/Kit: Hermetia illucens
(Gao et al., 2019 ). WEKMK Athetis dissimilis
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(Tang er al., 2022) R RHHINSEER RIS
Fe e A Hi0E . NS PR3 Tk = 9 FR e TR e
SCRBE T BT REAS 1Y) 3% 22 e 7K 7 1 B /N AR A

( Shakeel et al., 2018 ), HHIH F A5 HT 5 R 3R
BRREMEMN T HFEZA GeNorm ( Vandesompele
etal., 2002 ). BestKeeper ( Pfaffl et al., 2004 ).,
NormFinder ( Andersen et al., 2004 ). ACT

( Silver et al., 2006 ) F1 RefFinder ( Xie et al.,
2012, 2023 ),

H i, BEE Hh AR el S 1 28 B 3l s A1 AE 284K
i BT OR, OG- HbRE I %) RH DG ) E L PRI AL A5

Hid 2, WS AR AN Y F B 5 45 58 ]
SEMERRAR . ASAIETE R SERT 282 2 PCR HR,
3 ATANTA] H S Y M 8 B e | T AR B T
ko ONE (EEEAITEE ), GEREEE (e ) i
JEARALU Actin5C. PLA2 (BEGEHEEF A2 ).
518/828 (18S/28S 1M1k RNA ), EF-1a (FEff
) 5 MEsE NS EE R RREE, ik Ag g
FER IR mAFR W RN S

1 #MREFEZE

11 HEEXEE

A5 5 F 114 AE 8 vy v 1 ROl Bl 2 B 2 e
W5 T A% A9y B H 2 5 02 00 1 T A 1L, e
MBS (2014) B EFEFHFTIRE
(26£1) °C, FHXREE (60%+5% ) (1) RIS IREL
H, AR 50% K FIAERS

A B rh Pk e > R I B w6 B A s 1e O
WCEERE, AT 1. 3. 5. 7 A1 10 H A EUE
PEMAERE A (SR 1 Hig ). 75 R
BERAREIL . MR, IR (B EMTE)
FMigG 8 (HEvERE ), i A2 A 1.5 mL
0% (RNase-free ), 6 kIEMHLURE |
ARER, BAEES 3 MEYEER, 3L 135 4
RS, 1T - 80 °CUkAR#H .

1.2 3 RNA =E#1 cDNA &8

K H Trizol PP HURE 5L S RNAL M
- 80 °CUKFETP L CRAFBIRE L, I AR R 2k
F1 200 uL Trizol, 7EAHZIMFEELLHLL 60 Hz 44

RS 1 min, FIRFE 2 min; HIA 200 uL &
15, Fe 4], S I EHE 2 min, 4 °C 12 000 r/min
B0 15 ming B EWEW, A 500 uL SN REE,
BA, EREE 10 min, 4 °C 1 200 r/min Z.0>
10 min; 3 E#, WA 1 mL75%Z 85, #iEdE,
4 °C, 9 000 r/min, Z.0>5 min, FF L. Vi
Myt TS5 s TC R KA, - 80 °CARAFEE
f# FH§ NanoDrop2000 Jll it RNA ¥ J& FI4li i

#% B8 PrimeScript™ 1II 1st Strand cDNA
Synthesis Kit ( 6210A, TaKaRa) j3i%% ik &
VLI 54 B —%% cDNA, %R & il ) i 5%
it TT AR G- i 300 ) 28 RNA F 25 g 455 ¥ R s 7%
B AR R PSS A, A T cDNA & BUSCR A
BT, [FIEF IR RE A AR . AR A e R
U1 cDNA, BLifF &8 BB A4 il s 5
IR B R 2R A AR R S A A, ORAF T - 20 °C
S, HTIRSENSILH R BrokE, H1EB kL
B .

¢ B2 1 PCR & I s 7 PrimeScript™
RT reagent Kit with gDNA Eraser ( Perfect Real
Time ) ( RR047A, Takara ) iAF) &L 1 ug
& RNA R, Sk cDNA, T s
SEARAR A B RNA e 5 A7 3L 4] DNA 5R
T2 84T DNase I ZbHH, 17 b Ab ¥ T 24742 2y
PIaifb e, 2335 R RNA FRfgFde , %t
B IR ERR LN DNA 5288, 1 HACE
Joi PIRE S AN TR AL ERAE , W DL B A T S 0 5k
KN, #ES T RNA BEfERIEUR, RAFT - 20 °C
#H, HTREgNSERER,

13 RENSEREMIERS W

M GenBank %4l 22 s B & 4 AL 50 28 1
Atin5C. IEARHF EF-1a. Bil§HE PLA2 . B
K RNA (828, S18) 5 A-NSHEFIRIT I ,
FHNCBI Ml EFEZ5 |9yt 72 Primer-BLAST

( https://www.ncbi.nlm.nih.gov/tools/primer-blast/ )
VO R R D 1, JF R A YA R
ovE (dbst) Bl ARSI E A E R
PCR J 1.2%BBaEEE I HL vk, Ay 34 =M iy
FESRIE, DTG 328 50 2 o 12 1) b B e e P 2 05
Ao (£ 1),
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R 1 HEBEENSERESIMFT
Tablel Sequence of the primersfor candidate reference genesin bumble bee

FEH GenBank J¥51%5 51975 (5-3") T E (bp)
Gene GenBank ID Primer sequence (5'-3") Product length (bp)
Actin5C XM 003396942 .4 F-ACAGCCGAACGTGAAATTGTT 81

R-GGTTGCCATTTCCTGTTCGA

F-GAGAAGTGCGCCGCTAGT 94

R-AACGCGAATTAAGCGGATGC

F-AGCGTGCTGGAGAATGTTCA 179

R-TCGTTCCAAGTCCTCACGAAG

F-AGCGCGGATATCTTGGACTG 83

R-TCAAGACGGGTCCTGAGAGT

EF-la XM _012314816.3
S18 XM_003400778.3
528 NW_025963548.1
PLA2 XM_003400908.4

F-TTGCGATGCGCATGACATTT 114

R-ATCGCAGCCGATTGATACCC

14 EErERAERIRERLZLE

PLE—%E cDNA AR , #% 18 25 L PCR 4"
HRZR . EWESI9 1 ul (10 umol/L ), FiF514
1 uL ( 10 umol/L ), PrimeSTAR Max Premix ( 2x )
12.5 uL, ®FE/K 7.5 uL, ¢cDNA 1 uL; PCR JZ )i
¥ : 94 °C. Smin ( FAEM: ); 94 °C. 30s (A8
P£), 60 °C.30s(1BK ), 72 °C. 2 min ( ZEf1 ),
PEFR 30 ¥K; 72 °C. 10 min, F%MR TIANgel
Purification Kit FEASHHEENR DNA [AICAH] &
(DP219-03) BiHAF ML PCR /=4, ™)
i/l pMD™19-T Vector Cloning Kit ( 6013,
Takara ) #E47 TA ke, =¥ 5 A Trans-T1 32
A4 (CD501-03, dtmeXEEYHAAR
ONHE)), AT A BERT R . PREEBHPEERE, BRI,
{81 F§ TIANprep Mini Plasmid Kit JFokz /M5 2
( DP103-02 MEHUTHL, 3% B AL R A Pl .

DLy 1E 8 04 SRR BEAR, ) bR VR B
1x10° copies/pL, &I 1 : 10 BEEERR N 7 ik
¥ J5 #E4T qQRT-PCR S W A i b v i 26

15 RSERRZESH

fd ] FQD-96A %5 1t 58 4 i B s 1y A il
R (HUN IS HRHCA BRA T ) R ik i 2 2
P Fikh . qRT-PCR AR A 20 uL: TB
Green Premix Ex Taq II ( Tli RNaseH Plus ) ( 2x )
10 uL. E3#5149 0.8 uL ( 10 pmol/L ), FilE5 |4

0.8 uL ( 10 umol/L ), AzE/K 7.4 uL, cDNA 1 pL

(AH4F 10 ng RNA Byiife 584 ), BAFE
3AEM . RBIEE: 95 °CL 30 s (TR );
95 °C. 15s(Z8¥: ), 60 °C. 30 s (1B K FHfLEM),
40 M K fE 2 N 60 °CE] 95 °C, %5 0.3 °C
BEHCHIE 15 s,

16 RENSEEREESH

A Excel 2019 1 fFXT qPCR Jithfh Ct (I
frgsitab s, AR Ct H. i GeNorm,
NormFinder. BestKeeper., ACT %1 RefFinder
TELE T HS3 0 73 1 RE AN TR R | AN [] H 10
AFAL RN S e . GeNorm # il it
BN SR RTEE (M) RAIMN S
MRIZREERRE, M HB/NRRNSBERUE .
NormFinder i i+ 41N AL AR R, H245 3R
HIFMUEIEN S EEE (M), M HsE
ISR R IREAFEE o BestKeeper T SL
RIS 5 2 (CV)| il 2E (SD) FIAHR &R
B (r), MR BEF TR E VR, AHOC R EHOR,
T WAl 22 1722 S AR B0/, R DI AR E T A 5
SD>1 B, FEHFRIBAFE . ACT iR bR
T 22 R B L DR R 1, Pt 258N, KR
[H 221k k4 2 . RefFinder & — M4 7EL T A,
BRLLE 4 TR R BE R E TR R AT
ZEA TR, i GeNorm ., NormFinder |
BestKeeper. ACT4 FpH{: X T4~ Jk PRI RS e Pk
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KR UAF- S0, 1530 N 2 5L DR PR e
Hi44 , JURTP- SB35 B e P s
i 1 PN 2 5 PR 114 36 38 K P R E M HE P 45 R AT
A GraphPad Prism 8.0.1 #X{4F1/EK

2 ZER59WH
21 (BENS WS RS EE

WHL PCR F=M12 1.2%B EHHEE I HL Tk AG:
W, 5198 R B E S WO S —8, BHiW%k
W —, JCARRE ST RS 1 Rk (B 1),
TR P 25 R 28 e 5 B A R Be— 3, JeiE R
A% qPCR 55 W, Ak N 2 3L PR ) s i
2k 5 s — Mg (18 2), L CT B AR,

AR FR R AN 2 DR A %5 (10 ), HRIVERR
HERNER , BT 519 AP R IE 90%-110%, 2%
PR RIF R?>0.995 (% 2). LI E45FIEW 5]
Yike SRR, YrROR S, AU TRt .

DL2000
DNA maker Actin5C S18

S28 PLA2 EF-la
bp
250

100

B 1 ZENSERE PCR F=HIhs 55 B ik E
Fig. 1 Agarose gel electrophoresis of PCR products of
candidate reference genes
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B2 &iENSERE qPCR &k
Fig. 2 Meélting curve of qRT-PCR of candidate reference genes

F2 MBS MEENSERNEAERFANS
Table2 QPCR standard curves of five candidate reference genesin bumble bees

S PHBCR (%) 2 % e

Gene Amplification efficiency (%) Slope of amplification curve Linear correlation coefficient
Actin5C 98.59 -3.3561 0.998 7

S18 102.07 -32732 0.998 4

S528 104.68 -32146 0.999 1

EF-la 95.34 -3.4387 0.999 6

PLA2 98.08 -3.368 6 0.998 6




- 964 -

R HEE 2R Chinese Journal of Applied Entomology

61 &

22 EENSEEREKESH

qPCR 4551 CT {Hikm, FHFak fAL,
5 AN N S Ik R 2R3k 7 RE I 1) AN W) % 7Y
(F3: A-C) MIRRLZ (K 4. A-D) W
BB A, YN 528>S18>Actin5C>
EF-l1a, CT{HAT 9.71-28.23; S28 WY IARTE
it e, CT FMEA 11.22; EF-1a W3R

SRR RS B PR, CT FI4ME N 25.83; I
H AR FR AR E , S18 AR PR 1L
TERAS S /N, CT (HA T 20.41-21.41; EF-1a
EME Eh iy RBAKEEMR K, CT HH
22.45-27.98 (3, Kl 4),

23 FENSEERZIREES

51l GeNorm , NormFinder , BestKeeper

30r A 30r B 30 - ¢
27 + 27 + 27
824} 224t é 8 241 é
g g g
5N = I Ll =
&) &) &)
am 18 | o) 18 m 18
515} G 15t 515
12 é 12F 12 - %
9 I I | | | 9 | | | | | 9 | 1 1 1 1
Actin5C PLA2 S18 S28 EF-lo Actin5C PLA2 S18 S28 EF-1 Actin5C PLA2 S18 8§28 EF-1
F A Gene F A Gene A Gene
B3 AEEHBEENEENSERREBR
Fig. 3 Candidate reference gene expression in different caste of bumble bees
A. ¥%F; B. T.0; C. ¥, A. Queen; B. Woker; C. Drone.
30 TA 30 - B
27 27 +
Q Q
24 +— 24 |- l—l
E = 3 -
i 21 + e 21+ T
O 18 L I @) 8L E=
im i
Si1st 5151
2] 2] %
9 | | I I | 9 | L L |
Actin5C PLA2 S18  §28 EF-I Actin5C PLA2 S18 828 EF-1
FH Gene A Gene
30 - -
C 30 D
27 |- ‘ 27 + -
Q (] .
% 24 - _Z 24 -
721k T 21k =
18 | 18-
£ g
oI5k O 15k
12 é 12+ T
9 Il Il | | | 9 Il | | | |
Actin5C PLA2 S18 S28 EF-1 Actin5C PLA2 S1 S28 EF-1
FH Gene A Gene

B4 FARAAPERIEASEERREER
Fig. 4 Theamount of candidate reference genesin different tissues

A, JEMZE; B. BUE; C. 3k; D. fifki%. A. Ventral nerve cord; B. Ovary; C. Head; D. Seminal vesicle.
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ACT 721 RefFinder X 5 Mk P 2 3 R 1E AN [FH]
RARIVL KA R ZH B R PR A T AT o

GeNorm AR ¥ F R EN NS AN
Actin5C F1 828, 1M T MRl de rh R AR Y A 2
Nk PLA2 F1 S18; NormFinder 113545 H % £
T W S18 IARsE , e P N2 PLA2 IRASGE 5
BestKeeper T PLA2 J& 3% T 1 T W Hh fe R 22 1)
WS EEN, (B PLA2 TEMEE h i AN FRE , M

ka2 NS Il S18; ACT 43Hr 453 R
FERE T | 0GR 06 v B AR I P S 3 1R 43 1) 2
S$28.518 F1 PLA2.RefFinder Z5-5 0 Hrés B B,
i PN 2 B R B e PR HE I AE AR TR 28 TR oA —
FE 225 e T RREEHET N S28>S18>Actin5C>
PLA2>EF-1a( 52 3); T4k SIS>PLA2>S28>
EF-1c>Actin5C (3% 4); It A PLA2>S18>
Actin5C>S28>EF-1a (% 5 ),

* 3 AEHRGMEEFNSERNREEHF
Table3 Sability ranking of candidate reference genes using different softwarein queen

HE4 Rank GeNorm NormFinder BestKeeper ACT RefFinder
1 Actin5C/S28 (0.252) 818 (0.095) PLA2 (0.513) 528 (0.376) 528 (1.57)
2 Actin5C/S28 (0.252) 828 (0.126) 518 (0.778) S18 (0.405) S18 (1.86)
3 S18 (0.306) Actin5C (0.217) S28 (0.971) ActinSC (0.429)  Actin5C (2.45)
4 PLA2 (0.387) EF-1a (0.537)  Actin5C (1.092) EF-1c(0.584) PLA2 (3.34)
5 EF-1a (0.485) PLA2 (0.603) EF-1a (1.217)  PLA2 (0.633) EF-la (4.23)

R4 FERHGEXTEHRNSEERNREEHF

Table4 Sability ranking of candidate reference genes using different softwarein worker

HE4 Rank GeNorm NormFinder BestKeeper ACT RefFinder
1 PLA2/S18 (0.299) S18 (0.077) PLA2 (0.493) S18 (0.457) SI18 (1.19)
2 PLA2/S18 (0.299) S28 (0.255) S18 (0.728 ) $28 (0.513) PLA2 (1.73)
3 S28 (0.38) PLA2 (0.46) $28 (0.811) PLA2 (0.586) $28 (2.45)
4 EF-1a (0.497) EF-1a (0.507) EF-1a (1.086)  EF-1a (0.638)  EF-la (4.00)
5 Actin5C (0.579) Actin5C (0.602 ) Actin5C (1.208)  Actin5C (0.703)  Actin5C (5.00)

R5 AR EEPRNSERNTREEHF

Table5 Sability ranking of candidate reference genes using different softwarein drone

HE# Rank GeNorm NormFinder BestKeeper ACT RefFinder
1 PLA2/S18 (0.249) PLA2 (0.145) S18 (0.295) PLA2 (0.435) PLA2 (1.32)
2 PLA2/S18 (0.249 ) Actin5C (0.175)  Actin5C (0.515)  Actin5C (0.447) S18 (1.86)
3 Actin5C (0.274) 528 (0.435) PLA2 (0.525) 518 (0.549) Actin5C (2.21)
4 528 (0.443) S18 (0.47) 528 (0.875) 528 (0.583) §28 (3.72)
5 EF-1a: (0.54) EF-1a (0.61) EF-1a (1.096)  EF-1a (0.684)  EF-1a (5)
TERRME R AR L2 ﬁijﬂf%%lém%ﬁi S3 AT 45 F N s 7 Sk R0 BR SLh BR RSUE I N S

P A, ZiA KA, GeNorm 7rHr4h

N, Sk BRELRERS P R R E E’Jli]?"%%ly@
PLA2 F S18, TifEMM AR Pt NS5
KA PLA2 Fl Actin5C (B 5: A); NormFinder

Actin5C, BARENNSEERNE EF-1a (#5:
B); BestKeeper #1 ACT 2538 B /s P 8 i A
FaE NS R EF-1o( K] 5:C,D ),RefFinder
ZRAA VAL 25 3 1 7 Sk i i T 2 B DR AR e M HE
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Fig. 5 Stability ranking of candidate reference genes using different softwarein different tissues

A. GeNorm; B. NormFinder; C. BestKeeper; D. ACT.

¥l S18>Actin5C>PLA2>EF-10>S28; W NZ
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EMARNSEENHIT R : PLA2>S18>Actin5C>
EF-10>828 ; MEWE A hG 46 N 2 B R R e Ve HE Y
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K it —2 T e — A E RN SR
PR M A S T A e () G R AR A T % AR AR
F RefFinder 4347 1 = RISk fE#h22%, LU
TS R T 1) B e i e P 2 PR RS E
SRR, 0% T RE N Y S R R B N S 2
& PLA2, TWerpfae e 2 NS N Z
S18, HAEMNS IR Actin5C, 1 Actin5C
R F RS A TR E (B 7); 7R EIEME
i, RBEEMHNSIFEE EF-1a, KK
Actin5C, 1 T4 MM IS M 2 R D ERFa g 1
NS ELN PLA2 F1 S18 (8 ); T R Hirp i
PN ST E N BMRHET A PLA2>Actin5C>

S18>S28>EF-1c, TifETIEUNE T dctin5C &
EMEMT PLA2 (I 9). B4, ] RefFinder
XIATR] B # RE 4 1 N S 3R e AT HE Y, 455
KW, & HBERRENNSERNIY R PLA2, &
AEAEMNSHEF IR EF-1a, H4 3 MNSEK
RS HEHET S50 H i R A28 E (6 ),

3 #FHit5itig

NS 5L R B 35 A L TR 3R 8 o BT it 52 v ke
B FECELEWEH , IR R &L H A
E NS, Bers 205 s g H bR =
iK1EM (Kozera and Rapacz, 2013), HH#
(1) PN 2 ik PR o 2 — S Rl D\ A B A 4 2 A
ST, 1 HAEAR R R BRI R A E
R Ra e Kk, BN Actin, Tubulin VA X AN
& RNA %5 (Joshi et al., 2022). Mok i)t
R, NS EH PR IIFE S g R 51



53] H P ge A AR I N S E IR B4 7 B AVAS GE TS - 967 -

41

il

S18 Actin5CPLA2 EF-lo S2
F[F Gene

<=Most stable genes Least stable genes=>

MI{E M-vlaue

6_c

M{H M-vlaue

il

Actin5C S18 PLA2 S28 EF-la
FH Gene
<=Most stable genes Least stable genes=>

M{E M-vlaue

MI{H M-vlaue

6r B

O 1
PLA2 S18 ActinSCEF-la 828
E[F Gene

<=Most stable genes Least stable genes=>

6—
D

S18 PLA2 8§28 ActinSCEF-1a
FH Gene
<=Most stable genes Least stable genes=>

B 6 RefFinder MEIENSEFEARARPHNESHF
Fig. 6 Stability ranking of candidate reference genes using RefFinder in different tissues

A. 3k; B WA ER,; C IHE; D. k4. A. Head; B. Ventral nerve cord; C.Ovary; D. Seminal vesicle.

6 ") i F Queen BH T 4% Worker B/ Drone

Hl TR0 ) BT

Actin5C PLA2 S18 S28 EF-la
H# A Gene

B 7 RefFinder 3t F ., TN LER

HARIRENSIRESHF
Fig. 7 Sability ranking of reference genes evaluated
by RefFinder in the head of different castes
of bumble bee

N

ME M-vlaue
[\S]

(=1

Pr B

FIARAE = el i — 2 SR I 2 SRt il — R 5%
i ( Gao et al., 2019; Tang et al., 2022 ), Hit,
FERE PRI R IR R g b, (R E W EER NS
e SR NN - N S E TR =
SRRt SR A ] E A A PR ER A LR (X)L
Z¥5%, 2019), Sankar 45 (2022) RURfFGT4E R %

6 [T F Queen [ T # Worker IB## Drone

N

Hl TR

ActinSC PLA2 S8 S28 EF-la
#£H Gene

B 8 RefFinder 3figE, THEMMBIEEMHER
iRE NS EEHF
Fig. 8 Sability ranking of reference gene evaluated

by RefFinder in ventral nerve cord of different
castes of bumble bee

M M-vlaue
N

B 1 (S18, S28), SEHRT (EF-1a).
Wl A2 (PLA2) J&REMENE Tl A iR AR e P
RN S I, HIABOR L 4 NS5
AR NS E AR (ActinSC) MR fEk N2
FEIR, 000 2 1 AE e — TR e ol o B3 LA B A ) 4
2l 5 AMERE NS IL IR, T B B 4 Hh g e A



- 968 - R B 244k Chinese Journal of Applied Entomology 61 &

or [ 1%F Queen M T.¥% Worker
ENI
e

2L
il !

0 I 1 I 1 I

Actin5C PLA2 S8 S28 EF-la
FH Gene
B 9 RefFinder Xf#& F #0 T #% Ui & ch (%1% N
SEFRBEEHRF

Fig. 9 Sability ranking of reference gene evaluated
by RefFinder in ovary of queen and worker

K F PR F TR MY B Sl

AT KR, 75 5 MEENS I P IE LK
W 3H (EF-1a) fEORS P R E WL F
18S #Z B RNA A (S518), X5 Sankar 55
(2022) WIWFFELE AR, W] RESE R R A
ARk I FH 1 e Sk AN W] 171 3 1Y 25 5 . Buttstedt
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(Deng et al., 2020) DI R BFE T AFLL T
(Kim et al., 2022 ) NS IEHFEHEBAFE 2SR
TEEHL T Spodoptera frugiperda WIWEFE T &
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Bozek and Augustyniak, 2017 ), BE#AE R Al
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Table6 Sability ranking of candidate reference genes evaluated by RefFinder in different age of bumble bee

HE4 Rank 1 Hi#® 1-day-old 3 H i 3-day-old 5 H#% 5-day-old 7 Hi#& 7-day-old 10 H## 10-day-old
1 PLA2 (1.00) PLA2 (1.32) PLA2 (1.32) PLA2 (1.00) PLA2 (1.00)
2 S18 (1.68) S18 (2.06) Actin5C (1.86) S18 (1.68) S18 (1.68)
3 Actin5C (3.00) 528 (2.63) S18 (2.06) 528 (3.46) Actin5C (3.00)
4 528 (4.00) ActinSC (2.99) 528 (4.00) Actin5C (3.46) 528 (4.23)
5 EF-1a (5.00) EF-1a (4.73) EF-1a (5.00) EF-1a (5.00) EF-1a (4.73)

ARWFFEF]H GeNorm, BestKeeper, ACT i |
NormFinder fl RefFinder 5 Fh#kf4:, *JREdE =R
AR H 8 4 DL 5 ANk N2 2R Y
FRRFRE AT T SR on, B T Rk
BB AR IS R L T O R AR e Y
WSS PLA2, 1 T 5P SR T 08B e e
(NS ActinSC; B FEMARY EF-1a
HAE ; MM R TP RERREM NS SI8. A
9T 25 R 3R W B 06 N 2 56 D] A A e P 1R) E e 2
Y e ZHZRMNT 5 o PRI AE R AT RE M8 AH G L R e A
T EAR A R A B AR N S 3L A
DA DR 5 R i T R
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