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Evaluation of endogenous reference genes in Bactrocera minax ( Diptera.
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Abstract; [ Aim] The Chinese citrus fly, Bactrocera minax , is a devastating pest of citrus. Our study aims
to screen out the stably expressed endogenous reference genes in B. minax under specified conditions to
assure the reliability of quantitative real-time PCR ( qRT-PCR) analysis of target genes. [ Methods] Ten
candidate reference genes were selected for qRT-PCR, and five softwares were adopted to determine the
stability of candidate reference genes in different developmental stages (low-instar larva, 3rd instar larva, 1
day-old pupa, 80 day-old pupa, 160 day-old pupa, male adult, and female adult) and body parts of male
and female adults (head, thorax, abdomen, and whole body) by analyzing the Ct value. [ Results] In
different developmental stages and body parts of adults of B. minax, the Ct values of candidate reference
genes were between 15 and 30. The disparity of the Ct value indicated that the expression levels of genes
were different. Based on the comprehensive analysis of stability ranking of candidate reference genes with
the five softwares and the optimal reference gene number calculated by geNorm, UBQ, GAPDH and GST
were recommended as the reference genes for different developmental stages, and TUB, GAPDH and GST
for different body parts of adults. [ Conclusion] To obtain the precise expression patterns of target genes
under specified conditions, the combination of reference genes is suggested to use. Our study is conducive
to investigating the target gene expressions in B. minax under specified conditions.

Key words: Bactrocera minax; endogenous reference genes; expression stability; gene expression
analysis; quantitative real-time PCR (qRT-PCR)
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AEAE DY )1 FEAS b DY AT 5, T A
AR B 6, XPALEAR 7 b it 1 K BEIR (L et all.,
2010) . Bk, AR OR S a5 BT 1z B E A

MR e S — e MR 4y, Wik 6 > JF
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FEALHRE ), (T IRATFRBIFE (Dong et al., 2013)

SEZEE E B PCR (qRT-PCR) BEPR I | =550
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al., 2005 ; Van Guilder et al., 2008) , MT#E) 12 #h
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[) 2541 1Y 748 S e/, DR T 30 1 e £/ Oy gRT-
PCR N2 3£ A (Suzuki et al., 2000) ,

EMTEAR R AT, &R 855N
EWFEFEIEEZ R (Van Hiel et al., 2009; Shen et
al., 2010; Ponton et al., 2011; Bansal ef al., 2012;
Paim et al., 2012; Su et al., 2013; Yuan et al.,
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Table 1 Information of primers of endogenous reference genes used for qRT-PCR

2SR

Gene name

SRS -3")

Primer sequences

PR E (bp)

Amplicon size

- F. ACAGTAACGCAAATAAGCC 105
R: CGACGAAGGTGGTAAACTA
F: AACCCATCCCAGTGCTAC
SDHA : 7
R: TCACAGCCGTTCTCATCG ?
CAPDH F. GCAAACTGTGGCGTGATG 136
R: GGTGTTGGGACACGGAAT
F: TCACTCAGCGTCGTCGTA
Act R: AGCTTCTCCCAATGTGGC 218
F. GCATCGCTACAAGGACTC
G6PDH T Nt 173
R: CGTAAGGTATGGGCTTCACT
F: TGATGCGTCCACGAATAG
UBQ : 151
R: CGTTCAATATCGTCCACA
F. CTGAACGCTGACTTACGC
TUB . . 198
R: GAGATAACGTCCGTGTCG
ST F: GCTACCGTTTCCACATTC s
R: AACCCTGCCAGTTCTCAT
P F. AGTGGAGGGCAAGTGTTT 64
R: CCATACCTGGTTTCAGGATA
R F. CGTGCCAAGTGTTGGATT 12
R: TCAATGGTGCGACGATGT

PR (%) i e RBC(R?)
Amplification efficiency  Coefficient of determination in standard curves
101.91 0.9981
98.19 0.9989
100. 66 0.9975
96.86 0.9987
97.44 0.9992
101.78 0.9992
96.74 0.9984
101.28 0.9979
105.38 0.9910
99.65 0.9977

SYBR Premix Ex TaqTM II12.5 pL, E. TSI
wl, ¢cDNA B 55 1 wl, JG RNA fiff{54¢ ddH,0 9.5
pLo PCR 4P : 94CAPES s; ARG H#AT
40 MIEFR: 94°CASPE S s, 60°C FEfH1 30 s ¥ fiFk iy
Zi: N 65CImIAF] 95°C , £F 0. 5°C I E — K HL
{59 . WAL E & PCR LA st 5345 Ay &4
JRE CUAE, B S AR 3 U, THEAR S Cr
{EAYFH4ME
1.6 HEFITEHH

TP BCE 3 MY ER . AFKRE
MrBem s, AR AR 2] 21 4> CofE T o0 s
XA RO &, AR 3645 2 24 4> Cofd
T4, BEJG 5 3 F1H BestKeeper ( Pfaffl et al.,
2004 ) .NormFinder ( Andersen et al., 2004) 5 geNorm
( Vandesompele et al., 2002) &4, I bt http://
www. leonxie. com/referencegene. php, F| FiZ Mk I
%) Delta CT (Silver et al., 2006) D4 % RefFinder ( Xie
et al., 2011) FE )y X fige e A 2 BL ALY Cu (B AT 43
Br, THE A SRR R A E M. BestKeeper MR 43
SRR e N S BE Y Cfi, SRR 2R A 7 E X
I, AR IERE (SD) , SD/NT 1 NS Hk
RIA N AR E RIB R IEA, SD /)N, NS BE A
FasE o geNorm il i B 20 HEBR e AN Fo i 1 fige ik 1) 2
FER, TR R MAE, M BN, NSIERH

BRAE s MBI X 22 B (V.. )
i MR RSE RO L V., (BRIAE Y 0,15,
SRR T, RUTHEIIAL n+1 MBI
[, 2 A B, NormFinder 45 4411 14 77 25 15 411
2%, HEEH R, FUE R, RN
FarE. Delta Ct R HEAAMBERER 2 5L 15 UL
CtIEE RIBREE (SD), SD MU, P12 3R R
o WIS T, AR SR
KR RefFinder FEH 134 4 RO s B8 514
SR IURTERA, 5 — T SR A HE 4 4
B, SN, D S L R

2 #ERE5HMm

2.1 BRENSEFEEMBALBARERSREH
AEFMLEY Ct BT

TEAS ] B35 K il HOAS R RR A rp, 10 B fie i Y
SR ZDOE R PCR ¥ LUE H1538] CifEH, H
#ALT 15 ~30 Z[H], AFEEERE CoEAFE, K]
RN S IR BRI BAFTEZE . TEPIRIRIET,
ACT, GAPDH Yj TUB Fik e AR, i HA 2
PRI 2R3 AR IN (B 1) o AN TRl P 2 2 R AR 45
SRUFT C (85 B AP AE 25 7o TEATR LS,
TUB ) Ct {HIE /N (ACt =2.78) , ACT HIIE &
RAR(ACt=7.85) (1. A); TER A FIFRAL A,
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A 200 UBQ 1) Ct{EEE /N ACL = 1.665) , ACT )5 Jif
K (ACt=6.61) (K 1: B),
2l 2.1 RENSERNEREED
- % él TEARE 25, Delta CT I NormFinder #5443
< c @ % g Wi/ GAPDH, SDHA, TAF 5 RPL32 %3k %14
20 a5t s BestKeeper # {143 H7 i1 UBQ, GST 5 TUB
E I%I (SD <1), geNorm &Af-43th i s UBQ, GST, TUB 5
‘Sé é' @Iﬁe\x S é \x;@g &s‘b \L\v TAF(‘M <1)?€E.*$V\J§%#F; RefFinder #{F-25 443
&R S e W BR&E 5 B 7% UBQ, GAPDH, GST 5 SDHA FaE 1
Bm_ FHXTEL T (6 2) o geNorm J3 1) FiE % 22 55 43 At
(Voo VEBIRFERIME 0. 15(F 2) , BLHASEE N
SRR T FIRRE I A T B, 757
e é I é e AR BIEAL A B RAMHT B R 2
3 5 [j—LL_I E TEAS[R) R HL EB 5 H, Delta CT Fl1 NormFinder %X
20 Fj é P53 S8 TUB, GAPDH, GST 5 G6PDH 33k
X R AE 5 BestKeeper {443 #7 i7" UBQ, GST,
15@@- @- QQ*;*QQQL @&'QV;,Q%;&é &S'b&;l ngDH 5 TUB(SD <1), geNorm ¥4 53t & 7~
ST s PDH, TUB, GST, G6PDH, TAF, UBQ 5 EF(M
1 e 2 IR K SR 7 s (A) K <D e RS AT RefFinder 3 PR 20 4 4 25
AL (B) 19 Cu (ARSI 43 b7 TUB, GAPDH, GST 5 GOPDH Fa 7 PEARR ek (3
Fig. 1 Ct value analysis of candidate reference genes in 3) . geNorm 34 Hh )V, fHH KT 0. 15(& 2),

various developmental stages (A) and adult

body parts (B) of Bactrocera minax

UEWITEIR AR T TR RE G 2 2 0 N SR A 5 TR
AT AARFE R 205

K2 RENSEEEMBALEERENREEHR

Table 2 Stability ranking of candidate endogenous reference genes for various developmental stages of Bactrocera minax

4 Delta CT BestKeeper NormFinder geNorm RefFinder
. FEH . HEH ' S FoEl HEH M { S EiZ 2R
Ranking SD SD + [ CP] o o
Gene Gene Gene Stability value Gene M value Gene Ranking index
1 GAPDH 1.53 UBQ 0.881 SDHA 0.744 UBQ/GST 0.554 UBQ 2.24
2 SDHA 1.54 GST 0.966 GAPDH 0.817 - - GAPDH 2.91
3 TAF 1.57 TUB 0.998 RPL32 0.820 TUB 0.870 GST 3.15
4 RPL32 1.58 TAF 1.009 TAF 0.899 TAF 0.997 SDHA 3.16
5 UBQ 1.60 RPL32 1.286 UBQ 1.092 RPL32 1.105 TAF 3.73
6 TUB 1.63 GAPDH 1.526 TUB 1.117 GAPDH 1.185 RPL32 4.16
7 GST 1.82 SDHA 1.840 GST 1.430 SDHA 1.269 TUB 4.24
8 G6PDH 1.94 G6PDH 2.320 G6PDH 1.509 G6PDH 1.417 G6PDH 8.00
9 ACT 2.36 EF 2.453 ACT 2.043 ACT 1.626 ACT 9.24
10 EF 2.57 ACT 3.021 EF 2.280 EF 1.815 EF 9.74

R3 RENSEREEHTE KSR BRI E M HE R

Table 3 Stability ranking of candidate endogenous reference genes for various body parts of Bactrocera minax adults

4 Delta CT BestKeeper NormFinder geNorm RefFinder
Ranking HN D N SD+[CP] N Fe A fH HEN M fH N Hezn 84
Gene Gene Gene Stability value Gene M value Gene Ranking index
1 TUB 0.99 UBQ 0.470 GAPDH 0.203 GAPDH/TUB  0.387 TUB 1.68
2 GAPDH 1.01 GST 0.773 TUB 0.220 - - GAPDH 1.78
3 GST 1.12 G6PDH 0.807 GST 0.609 GST 0.534 GST 2.71
4 G6PDH 1.15 TUB 0.847 G6PDH 0.667 G6PDH 0.633 G6PDH 3.72
5 TAF 1.22 GAPDH 1.059 TAF 0.743 TAF 0.738 UBQ 4.14
6 SDHA 1.23 TAF 1.154 EF 0.783 UBQ 0.828 TAF 5.23
7 EF 1.41 RPL32 1.495 UBQ 1.230 EF 0.927 EF 6.70
8 UBQ 1.43 EF 1.531 SDHA 1.166 SDHA 1.052 SDHA 8.24
9 ACT 1.77 SDHA 2.006 ACT 1.654 ACT 1.185 RPL32 9.15
10 RPL32 1.84 ACT 2.344 RPL32 1.668 RPL32 1.317 ACT 9.24




12 4] E SR e A iy N P B s R 1379

ElL[%EDevel()pmenlal stages
a i L7472 Adult body parts

lue
I
W
S

T

A SE

airwise variation va

0
V2/3  V3/4 V4/5 V5/6 V6/7 V7/8 V8/9 V9/10
Vo BT

V . analysis

P2 A AR R S A ] 2 s AN )
T B A N S R PR A B 22 52 0T (Vo)
Fig. 2 Pairwise variation analysis (V_, .,) to determine
the optimal number of reference genes for various

developmental stages and adult body parts of Bacirocera minax
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WS EL AT H bR R e ik i ) o i B Y
YER, XIATRI RN N 2 2L R PEAG 08 H 4538 2,
NEARHGERT , A FEPIFLEA R AT 1t
WS B RITEEAFER R 22 5 (Van Hiel et al., 2009;
Shen et al., 2010; Ponton et al., 2011 ; Bansal et al.,
2012; Paim et al., 2012; Su et al., 2013; Yuan et
al., 2014) . F B NS B RS E 5 50T iR 5
AIREIFAERSE , ANBIFFE MR B\ H p i DR e IR AL
KHIH WA ACT fE NS HE N (Li et al., 2011;
Luan et al., 2011), 1 Su Z£(2013) ZFAEKEACT
TEVFZ 564 T R HIICATRE . BRI, BF9E5EY)
FITEREE ZAF T 0 H bR R Rkt i, e 2 g 50k
WS BRI TIPAG FIIERE , A RETER &I IE R 15 5
TR LR NS AR, AN AT RE 2304 Hr gt R gk
IR . ST, TR AT AR O SE g B I B
(R R ZRIB I, AWFIE B XS AN ] HU 28 DA S s A
() B L 1 P 25 PR A T VA

H1 T geNorm By T—FMRIZZ I,
RV A e FRAR ) N S L A P A F T IR Y
Pl oREARML, BRI, BA S R et NS
FEPRITEAN[R) 254 T 1235 8 U AR AT REAH AR E , AL
B 5 DR A RIX IR E NS HE R
( Vandesompele et al., 2002) . i) E e ] 58 H B
LT T G A 5 R m T4, ARWFSE IR 10
MNZSEER 38 TAFE A Bg s, e Z

[ HA B kst . Besh, WS EE bR
AT TS H, ORI SRR, NS Y
Rk, Ct{EMN AT 15 ~30 Z 8] (Wan et al.,
2010; Lilly et al., 2011) . ASHFFEFT B 10 Firpy
ZHEN CoEYEZEE LI, R T i —
ik, BT RAMBEAE, 80155
(L RAFTEZE T, A D B — R W P= A 1 R
1Y, AW RefFinder Xt HoAth 4 44453 Hr
R 2NN S B E R E PEHEA SR L1, 58] —
NEEHEBTE R (F 2; £3) . Tk, 4R geNorm
TN, 4V, BT 0. 15 mf, AT LIR 4
Voo fBEHEE2 ~3 MmN S IR, H
I, AR RIEARRZAME TV, JE(E2),
FHERE3 NN S I A XA RS
5, REEM NS UBQ, GAPDH F1 GST; Xt
AT AT, AR NS LK O TUB,
GAPDH F1 GST, Lii 55 (2014 )t XJ A5 K S i N 2
FEHPEAT TIEAS, 455 B RPL32 FEAN[A S T
RIHRRE,, XA R RAEES, FIHeEH
AWM 80 . AR SR R T it —2
B R K SE I & IR 2 FALEE, I A 5 25
TR 5T B85 FL it
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