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Screening of reference genes for real-time quantitative reverse
transcription PCR in Cordyceps blackwelliae
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Abstract: [Background] Gene expression is often studied by real-time quantitative reverse
transcription PCR (RT-qPCR), the stability of which largely depends on the choice of reference
genes. Cordyceps blackwelliae is a fungus of development potential, and it is thus vital to
understand the expression patterns of functional genes in this fungus. [Objective] To identify
the optimal reference genes that express stably across different developmental stages (mycelia
from liquid culture, mycelia from wheat grain media, and fruiting bodies) of C. blackwelliae.
[Methods] We utilized RT-qPCR to investigate the expression of eight reference genes (18S
rRNA, gapdh, g-tubulin, cyclophilin A, y-actin, rpl10, tefla, and ubiquitin). The expression
stability of these genes across different developmental stages was evaluated using geNorm,
NormFinder, BestKeeper, and AC: algorithms. [Results] The results indicated that y-actin and
18S rRNA exhibited more stable expression than the other genes, making them suitable
reference genes for the transcriptional analysis of functional genes in C. blackwelliae.
[Conclusion] This study successfully identified appropriate reference genes for RT-qPCR in
C. blackwelliae, aiding future research on gene expression dynamics.

Keywords: Cordyceps blackwelliae; reference gene; real-time quantitative reverse transcription
PCR (RT-qPCR)

HEAE AR SR AR SR, AT 5
Py(hn B HL | 2 U R 25 ) K A BOH A T (i

Hori Gy SR R B3, {ELU B AR R A BT
URH R B, N T R RO T ARBUR R AY

RUEER . ZMREE)N. RS RS
AR ER . R 2R IR )P, R
H 2 Bl AR TS PR ARG . RIS L R I A
S LR TR TR 22 PR SR TR A
2y, REEMFFSIURD) TR, DA HRE R
SR WAAE AR U AR I UL B
SAER S T B AT AR
GUKEWHE . AR U d RS AR
7R 2T N T PR, R OREZAR A
HURC | R I SO 2 A B i BT
RV, Bl R R 2 T (E R AN W R A

WEIRAE . N TS AR, BER 0 du st
b LA, AR CORHAES) 7R E P R R, S
O LA BE T AP

A1 3¢ v 45 /R HU H (Cordyceps blackwelliae)
T 2018 AFE g Al TR EE, 5 7E MR
FHARBE & IO 2% B R IO R A M AR A
D5 T, 43 5145 41 i 5 (Cordyceps tenui pes) Al 3L
12 1t 41 &L (Cordyceps bifusi spora)tss A AHLIE B
FERBL, AT T3 /K W B P AL LR IS
P, %R (Escherichia coli) . 4x (43 45 Bk
% (Staphylococcus aureus) . 0] G (Salmonella)
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SEANTE , LA il (Aspergillus niger) . KAk
il (Fusarium graminearum) %5 B p# ¥4 5 A 1) 1]
RO, B—MHAIFEMERNREFD, fi%k
b R MR AR JOK BN R R Ak, DL RE
o T o N T e N s M NS B Bl =)
Az SR b e B R 2 Akt B, W B AR E
R Z B B RIB A, T i ik S oG F L [
Py F IR, A BT Sk B AR AL
TES A5 P HE AR PR & e B E 50 R, SEmFE
FEH I 5 PCR (real-time quantitative reverse
transcription PCR, RT-qPCR)&K SR J&: 3 K =ik 7
M W ik z—, FF B s Ny R B 22 57
FEDRE H T 2R F RT-qPCR [958 T30
RT-qPCR & —Fh R & . EEVELF . Hr
SR I R R e Ao sk HOE, R
RT-qPCR 43 #7 4 R e 35 1 n] S s 52 311 2 [
Ksgm, WIEEMHR RNA FifsE . Hf DNA
(cDNA)YG R . 1Y ek . 9 R AR
HEALSEL A, A REN NS AN
WARFHEEL, FeallEx TR IEKF RSB KT
BEARIS161 o RT-qPCR 23 #fr Ho fifi R A3 4 7Y
SR FEOA TR BRI R . R
R IK A b w BN S JE A . 18S tRNA
28S rRNA ., JL5h# [ (actin), ¥R 2 (cyclophilin
A). FHIFEIE(R R T (tefla) . 4585 M (tubulin) |
T -3- i R I LT (gdpdh) . 72 2 (ubiquitin)
SEUTON PR N S AR AS [R] 2540 F N R
FRfEEKEHRIE , I HAZ LIS EAI R
HIE, BORBZMWR RN, AR —RE TR
ERIBMNSEN, 727 —HE T ARRALE
AR RO PR, B XN [ R I A R
G G NS EEN, DU S o8 45 5 i E
Y. HET, 2 EAMEY, g R Rl
L R I N O N X 5 . A
AR EIVR 2 BT Ak o 2 B R A i 1k T

AR DR L TE T A 3 o8 5 JR W R A 7 s A I
Ja, BB s R REMEN, TFE ML
RT-qPCR #FA7H0UE, (HIFLLIL LS A1 NS
L ANTHAE o

AL RE 8 A FE AR Jyfoe ik N 2 5L
18S rRNA. gapdh. pg-tubulin, cyclophilin A,
y-actin, tefla . ubiquitin FI#ZHEIA % 1 L10
(rpl10), FIfH RT-qPCR # A, %454 geNorm.
NormFinder., BestKeeper. AC, 4 Fi 1k L ZiG
PEASEF RefFinder X i $uf it N 2 FL R 7E A7
e v Fi /R RUEAN[A] B B B R 2 TR TR 224K
JINFZ R RS IR B TR 22 AR N S A B SRR RRE T
HATIRAL, DU S S NS5, A
e v Fi /R MR R R BP9 B8 Jenli,
Sy HAth WU N S ) BRI S

1 MR5r%

1.1 R

A 3 ve F5 /K R AR AR SE B == A g, R
e T+ [ LAY B SR ) O 0 (CCTCO), 45
N M2022663 . K FI S T A i 4 A i 5 i 0047
NIEARFEPY, 3 0 R K T T 22 A (T 54 B
IERE IR AL) . NFORL S IR T 22 (R 1 LK
3B B AT IO, B BU 3 IRAEY) S
e B B R ity 20 U R R D DR A A R IR DA
(—80 °C)# M .

TransScript® One-Step gDNA Removal and
cDNA Synthesis SuperMix #ll 2xPerfectStart®

Green qPCR SuperMix, X & EYHFAHRA
7] , CFX Connect™ 2L} PCR ¥, Bio-Rad 2 7l ;
NanoDrop™ One #fillf& UV-Vis 46T,
FERR KRB (P E)ABRAH 5 Agilent 2100
VI, LA
1.2 RNA HYIREUAISEE R

W5 —80 CCIR AT 1 R A 78 W A P BF I 1y

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



222 (YIS Gk Microbiol. China

A, fHiFH Trizol IXFIFEELE RNA, i#ijf Agilent  2xEasyTaqPCR SuperMix 12.5 puL, ddH,0 10.5 pL.
2100 A=W HrACk il RNA WP . B Mot RNZEF: 95 °C 5 min; 95 °C 1 min, 56 °C 1 min,
PE, FEE—2% RNA #F R cDNA. R 72°C20s, 35 MMEH; 72 °C 8 min, it 1%
NanoDrop™ One B i UV-Vis 400G BilEWHEEIE i KOS 25 5L, Wiy 34 =y
E cDNA W, dE— B I IREEKY cDNA  K/NSTE—2, SUIRRHEE IR Uk Bos — 4504

s B3] 200 ng/uL, 1T RT-gPCR #:i . B A 2571, s | 5%t ] B F IR 22007 .
1.3 RiEASERWIEFES SR 1.4 RT-qPCR & #f
{5 FTEZR M3 Primer3 (https://primer3.ut.ee/) i | CFX Connect™ 3ZHf %% %2 #& PCR Y

BIrsI Y. 51ty BAs R BoR/ANE W RN AR REAT . 2xPerfectStart® Green
100-250 bp Z [0], #EfFIRIE 57-62 °C, HefEHK  qPCR SuperMix 10 pL, 1E JZ [ 5] 47(10 pmol/L)
JE20bp, G+C & 45%—55%. it DNAMAN 4% 0.4 uL, ¢DNA #iti(200 ng/uL) 3 uL, Jot%
6.0 Kt 5| W= mAFTE R IG5 552 PCR 7 BRE§/K 6.2 pL. RT-qPCR J i 551F: 95 °C 30 s;
BN R, I B RERE AT 4.2 keal/mol,  95°C 10s, 56°C 255s, 72°C20s, 341 MF
[FIEtR A E . REIRERSE R RN =R o FEEM B SONE S, IETEAE G
o BEEAFREGITFIMEE IR 1. EHT  BEE R DR P i e 50 %8 T Re g
RT-qPCR Hi, Sexf it iy 51 P kf 78 PCR ¥7 IR uEf ™ AL odok 35— PCR 74, AR
W RNRFR (25 ul): 1E . A 5[#1(10 pmol/L) 3 PCR i A HIE Sy 51 4 — AR s Ak Fr vk
% 0.75 pL, cDNA FiH7(200 ng/uL) 0.5 uL, P, B T 3 IRE R

x1 REASEENSIIFT

Table I Primers used to amplify candidate reference genes

FE A 5 i ik 191751 P

Gene name  Description Primer sequence (5'—3’) Amplicon size (bp)

18S rRNA 18S Mk RNA F: GCCTCACCCTAACTGTACCAT 169
18S ribosomal RNA R: CCAGCCATCCACAGAACCC

gapdh e -3 - R 1 AL e F: AGGTCATCATCTCTGCTCCC 167
Glyceraldehyde-3-phosphate dehydrogenase R: TCTTCTGGGTTGCGGTGTAG

S-tubulin B-TEE A F: CCAGTTCTCCGCCATGTTTC 122
B-tubulin R: TCGTATTCCTCCTCGTCGTC

cyclophilin A EHE A F: CCCCAAGACGGCTGATAACT 154
Cyclophilin A R: TCAGGGTGAAGTTCTCGTCG

y-actin y-sh&E A F: CGCCATCTCGCAGTATCATG 199
y-actin R: CTCACGGTTGGACTTAGGGT

rpl10 A A L10 F: ATCTTCGATCTTGGCCGCA 113
Ribosomal protein L10 R: TCCTTGCCGCTGTTCTTGAC

tefla BFERNT la F: CACTGTCATTGATGCTCCCG 213
Translational elongation factor la R: GGTCTCCTTGATAATCTCCTGGT

ubiquitin Z#E F: GAAACCACGACACGGCAAAT 144
Ubiquitin R: CTTCTCCTCCTGTAGCGACC

F: E5I9)¥505 R: 5197581,

F: Forward primer; R: Reverse primer.
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1.5 RERSERNRES ST

FIH 4 Fhge itk st NS 3L N i e
Y. AN S E T, B
geNorm v3.52% NormFinder v208% | BestKeeper!®"!
1 ACP, i of RefFinder #251P3%} 8 4~y 23k
A E A TR G HE o Hir, geNorm 2R A1
RARBR AT L, NS ER R
ETEHEY , JFEE R AR e S, FDEFRUER -
FaE P M<1.5 BIR]VES NS L, M (E 80
WZSHRBEERLE, Rz, ez, %
AR Al AT A —AS N S R S 15—k
KRB A2 5V, FFARE Vo/Vor THEHAE
Jir e ol S AR ISR ViV fH<0.15,
M NS R EE R n A4S, RZ, W2
I AKIMINZS I . NormFinder i HL 5 geNorm
L, FIEPRHE S RIBTRE(E stability /MY
WS EL I i Gl NS . BestKeeper J&
—EET Excel BTH, #idiz T H Al 345728
5+ & B (coefficient of variation, CV)FlHx 22
(standard deviation, SD), CV Fl SD ik 3L Kl
BN K Je B I A E 1 o AC AR JL R SR ik 22
S 1 AT O R A A R R E ME A T HE S, 1T
AN Q=EAC:, {HM/IN, N2 EE T Pk
4§ RefFinder J&— T MEHER T H, €
T geNorm, Normfinder , BestKeeper 1 AC,
ik, MAREATRIT R HES S BB A BeiE
MPAE , R HACE ML, DU
PR B AR S

2 ZR5M

2.1 REASERSHE R EIIE
X 8 Mt NS JEIN BEA T3 PCR 373,
TR BRI i UKk 45 R s B B — 2R (18 1),
B AR RT3 2500, DS e S Bl
Xt 8 Mk A B FEIN AT RT-qPCR 973, Ty

FEA B e b £ 38 g s (1] 2), BB 4474
e G IE TSR R
22 (RIEASERERIEREM T ER

A NS B R 4 3 i & -, 48
BOWUWIE, RWSHE, FraremaaioiE Lt
B (E 3) e N SR TE i A A A CE AR
RIE R T 00T, KB 8 AMEE NS EH I C,
{HAE 15-31 Z 0], Hrr y-actin (9 C (B 28 fk3 [l
/N, BERh AR Z A 22 1.23 MR ; cyclophilin A
1) CAB S TE Fl e K, A IRl B 2 A0 22 3.79 4>
TEI (K 4).

Wit geNorm FEF70#r, KB 8 MEIEN
ZHEA P MAEY/INF LS, WA A3 e F5 /K
HFAF RTINS R e M b s B
WK K. 18S rRNA. p-actin>tefla>p-tubulin>
gapdh>ubiquitin>rpl 10>cyclophilin A (% 2).
T E NS R R R OUEGE, 1 geNorm it
AR A A B H — Ak R 22 18] A o0 AR B
VolVast, IEFHER 0.15 259 3R, Vo/V5=0.127<0.15
(1 5), Bl A 2 A2 PR A2 DA fel sk S A

bp ™M 1 2 3 4 5 6 7 8 9

8 000 ~—
5000 ~—
3000 —

1 IRAEPER AR B IR IRIE NS EE 5194
ks

Figure 1 Specificity test of primers for candidate
reference gene amplification by agarose gel
electrophoresis. M: Trans2K Plus II DNA Marker; 1:
ddH,O; 2: 18S rRNA; 3: gapdh; 4: g-tubulin; 5:
cyclophilin A; 6: y-actin; 7: rpl10; 8: tefla; 9: ubiquitin.
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Figure 2 Melting curves of candidate reference genes.
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Figure 3 Amplification curves of candidate reference genes.
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Figure 4 Distribution of C; values of candidate
reference genes. A line across the box is depicted as
the median; The top and lower quartiles are
displayed in the box; Whiskers represent the
maximum and minimum values.

n B BE R R bR UELL . Bt , ETGE 18S
rRNA F1 y-actin FF & IEZ A R & & B B i
mRNA FikK -

A F geNorm 835, NormFinder 7E/JH—
A T B rp 25 T A N A ) AR Ak
NormFinder [FJ#£4% 18S rRNA . y-actin, tefla
NE WHEAFT = E KB . 5 geNorm
2E A0, NormFinder ¥ ubiquitin i HEZ BT #%
T A, T rpl10 A1 cyclophilin A (136 ik Fa & 1
WAR R B 221 (3R 2).

{5 FH BestKeeper #{FXFAN[E] A= KT Y 8 >
WS EE R IB /AT, REHUREN S5
R briEZE SD fE/NF 1 (3R 2), BEBAILRER
EMERSF . HAp, y-actin 1 18S rRNA (178 57
FH CVLSD e/, FRREME R, M,
cyclophilin Ay SD KF 1, RibfaEMmz,

AC 745 R BestKeeper 254 JL-T-AH
], HJ&A-tubulin Al ubiquitin B35 T 47 & (% 2).
8 Mg e KL p-actin L bRIEZ fe /N, £
RFREME R AT, HIRCH 18S rRNA Fll tefla;
cyclophilin A B F-RIbRiEZE(ER R, FE Rz

RefFinder ZR 5 HEP A5 R IR , TEA 3 7 F5 /R
WEL 3 AR RKE, 8 MEENSHEE IR
KR EMEHEZ MK N« y-actin>18S rRNA>tefla>
S-tubulin>ubiquitin>gapdh>rpl10>cyclophilin A,
FEFIYE RT-qPCR NS ILH I, Alk#E 2 NS

% 2 NormFinder. geNorm. BestKeeper #l AC;Z T IFIENSEE IR EM
Table 2 Stability analysis of candidate reference genes by NormFinder, geNorm, BestKeeper and AC;

methods
FLIH 44 FR NormFinder BestKeeper ACt geNorm
Gene name o {8 5 5 A PRl V- 2= M &
Stability value ()% SD Average of SD M value
18S rRNA 0.287 2.10 0.34 1.05 0.563
gapdh 1.145 3.30 0.93 1.42 0.941
fS-tubulin 1.022 2.68 0.78 1.34 0.832
cyclophilin A 1.501 4.31 1.20 1.72 1.324
y-actin 0.312 1.44 0.30 1.01 0.563
rpl10 1.337 3.99 0.97 1.59 1.193
tefla 0.665 2.26 0.44 1.16 0.702
ubiquitin 0.843 3.39 0.87 1.29 1.025
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Figure 5 Pairwise variation (Vy/Vy+1) analysis of
eight candidate reference genes. Two or more

combinations of reference genes were selected by
geNorm program to rectify the data (n>1).

FEH B y-actin F1 18S rRNA M 17 B - i ik /> {5
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Z B F e 15 45 4P . Vandesompele %%
MBZHEHAED R, RN H 2 A~L ENS 5
R4 T R R R B Ak, R T s IR R 3%
AT RE B AR RR e M, AR RS
BRI o ABEFEAERT T A L IR AR HEA T PEAS B
4 FhPAL J7 L8R y-actin F1 18S rRNA i &
HFEMANSER, RECENHFEAR 7k
Z Al 254k . 18S rRNA 2 — 2 i 48 57 5L
R, Bz AR L SR R Rk i i S5 5L
WIBAAFEPY | BRA /=i (Beauveria bassiana)i®”!
R 7 8% £ (Saccharomyces cerevisiae)P, 18S

rRNA ) C{ECH H A%, RV E HRIE KA
B, X5 rRNA dZHLE RNA (9 Fefildsses . 36
FIRIKE 5 F mRNA A KPS 44 RT-qPCR
WZIEFHIHZE ICG (https://ngdc.cncb.ac.cn/icg/)
Gt y-actin J& EL B i TN S L
B, Fe4d g R 3 M 22 25 N S BE N i
WH5EH, y-actin Bk E A HEA AT = FRE RSB
YNSRI B2 RN, e R RO R R & BB
WS, p-actin #AE IR ATE
FIRFER P, it — PR Y], AR T P
AYF B SH RN, BT RS R A
B TSR B N H ZH, B IE S B R E 1
AT WLEH

4 Z

ABEFEIA T AR OB /R HUEAE 3 A F 2
AR EERRERIENNSEN, IIZHY
M 2k R R 28 Sl 5 D T ) T R A
BE SR, O R RRUHAL T G W R 4 B TR 3R ik g
HEEAE 6T o SRTIT, ARBTSEIR L Hh A N S AL D
TEAT 3K b8 45 7R HUR A AR 4 A 7 B Be (i oA
BT TRAT)RSUIRTEERE M AHE.
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