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Abstract: [Background] Armillaria are medicinal and edible fungi having a parasitic or saprophytic
phase, and it is vital to study the differentially expressed genes in these fungi. However, there are few
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reports on the internal reference genes of them. [Objective] To screen out the optimal internal reference
genes for Armillaria mellea 541 under different experimental conditions. [Methods] In this study,
ACT-1, a-TUB, p-TUB 1, y-TUB, UBQ, EF-1y, 185 rRNA BP, and GAPDH were used as candidate
reference genes of 4. mellea 541. The A. mellea 541 hypha (AH) and rhizomorph (AR) cultured on
potato dextrose agar (PDA) medium were used as the control group, and those cultured on the PDA
medium supplemented with diphenyleneiodonium chloride and sawdust as inhibitor group and inducer
group, respectively. The expression levels of the eight genes were evaluated by RT-qPCR and
BestKeeper. [Results] EF-1y was selected as the optimal reference gene for A. mellea 541 because of its

stable expression under different experimental conditions. [Conclusion] This study provides a reliable

reference gene for analyzing the gene expression in Armillaria spp..

Keywords: Armillaria mellea; hypha; rhizomorph; reference gene; RT-qPCR
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Table 1 Candidate reference genes and their primer sequences

A TR L2 A B

Gene Gene description Primer sequence (5'—3") Amplified fragment length (bp)

ACT-1 MshEN 1 AGCCGCTGGTATCCACGAGACA 103
Actin 1 TGTTGTGCCACCGGAGAGGACA

a-TUB o- T CCGCTGCTGTCGCAACGATCAA 293
o-tubulin TGCAAGGTCCTCACGAGCCTCA

B-TUB 1  B-BAEEN 1 ACCTCACGGTGGCTGCTGTCTT 223
p-tubulin 1 TGGTCGCTCACACGCTTGAACA

y-TUB v A GTCGTCGTGCAGCCGTACAACT 397
y-tubulin TGCTCGGAGTCGTGGAGACCAT

UBQ ZE TCCCGACCAGCAGCGTCTCATT 347
Ubiquitin TGCCACCACGAAGCCGAAGAAC

EF-1y TEA 7~ 1y TGCTCGGCTCGACTCCAGAAGA 270

Elongation factor-1y
185 rRNA BP 18S rRNA =414 U

TGGCACCGCATTGGATGAAGGC
ATAGCGGCCACCAGCACTTTCG 388
18S rRNA biogenesis protein TGAGGCAGCGTCACCGTTCGTA
T -3 B S TGTTCGTCGTCGGCGTCAACCT 258
Glyceraldehyde-3-phosphate dehydrogenase CCTTTGCGGCACCAGTGGAAGA

GAPDH

124 RZEASEEY G
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£ 5 b5 ME i 22 (standard deviation, SD). 85 &
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A XTHEZL; B: DPL#NHIFIL; C: RJELL(E);

D: RBE4(xIf); AR: EAERER; AH: BHREZ; MX: KE

Figure 1

A. mellea 541 hypha and rhizomorphs on different culture media. A: control group (CK); B: DPI

group; C: MX group (front view); D: MX group (back view); AR: A. mellea rhizomorphs; AH: A. mellea hypha;

MX: sawdust.
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28S 2 000
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250
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E 2 A. mellea 541 5 mRNA (A)FHEERNSERF
PCR HEjkE(B) M: DL2000 DNA Marker; a—l:
3 MNHBIMAFR A=A, KRS CK-AH20,
CK-AR20 . CK-AH2 . CK-AR2 . DPI-AHI2 .
DPI-AR12, DPI-AH16, DPI-AR16, MX-AH3 .
MX-AR3, MX-AH8., MX-ARS8; RI-R8: 8 /M
YENZ RN, KKK ACT-1. a-TUB. B-TUB 1.
y-TUB. UBQ. EF-1y. 18S rRNA BP fl GAPDH

Figure 2 Electrophoresis of total RNA (A) and PCR
products of eight reference genes (B) from A. mellea
541. M: DL2000 DNA Marker; a—l: Biological
samples of CK, DPI and MX groups which included
CK-AH20, CK-AR20, CK-AH2, CK-AR2,
DPI-AH12, DPI-AR12, DPI-AH16, DPI-ARIS6,
MX-AH3, MX-AR3, MX-AH8, MX-AR8; RI-R8:
ACT-1, o-TUB, p-TUB 1, y-TUB, UBQ, EF-1y, 18S
rRNA BP and GAPDH, respectively.
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coefficient of correlation, y)fzIegh®KHH, 18S
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T b v il 2R RE R (slope) K IR A —2.949
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Figure 3 Melting curves generated for the eight reference genes.
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Figure 4 CP values of eight reference genes. HFEMHLIE, WRHAEZMEIER, WER™
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2 A mellea 541 B 8 FIZiENSEE RT-qPCR SH F itk
Table 2 Statistics results of RT-qPCR parameters for the eight candidate internal reference genes of

A. mellea 541

mH o-EE B-MEE vMEE NSEA 1 ZEER EKETF 18S Bk RNA HiMEE-3-BHR

Item HEEFE [1EE AEE &R UBQ A AREARERE AR
o-TUB  B-TUBI  9y-TUB  ACT-1 EF-Iy 18S rRNA BP GAPDH

JUAR - 5%k 28.21 25.24 25.18 24.32 25.61 23.79 23.52 23.38

GM (CP)

BHCEE 28.34 25.32 25.25 2437 25.63 23.81 23.55 23.39

AM (CP)

f/M& Min (CP)  25.31 22.46 21.88 21.74 23.14 21.57 20.95 21.36

B KfH Max (CP)  34.33 29.80 29.80 28.45 28.12 26.07 25.73 25.56

PRifEZ SD (#CP)  2.33 1.65 1.41 1.10 0.86 0.72 0.82 0.70

LAl E2 8.23 6.50 5.57 451 3.37 3.02 3.47 3.01

CV (%CP)

FOIRFRMEREL 0885 0.943 0.928 0.967 0.923 0.858 0.574 0.790

Pearson coefficient

of correlation (y)

P {H P-value 0.001 0.001 0.001 0.001 0.001 0.001 0.032 0.001

TE: FEAEG 145 CP: 2R GM: JUAFI%G AM: SBECES%; CV:

BRFRRG p: BURBRMICHREL

Note: Number of samples: 14; CP: Crossing point; GM: Geometric mean; AM: Arithmetic mean; CV: Coefficient of variance; y:

Pearson coefficient of correlation.

AN ) 43 AR AFE S B R R N, 5 — B it
FIRPE AT A SRR, IR 2
SR RSN . H B REKF5ET7HA R
]2 R, ARSI B 22 5 TR R AE R T i 1
SRR TR SR R IR LS
FIFE bR, ARG =2, NADPH & ik
e 57 DPT AT LA B 1 1 2R 20 SZ (K] 1B)5
T AIAVE g 2 IR G T A S ) , 5 B R T s g
Ji  EBE A A 7= A KR 4y 3 (B 1C A 1D,
R, ARG DPT B A S K5 35 ) % A
22 SR RAVE MBI R Y . BF5Eik R B,
it 188 rRNA 1 A 256 [ PO I7E B st b 340 1 B
2 R P I AR E - RL, FIL, ks
HEE IR NS b2

ACT # TUB Z—RH WHIEZIEN, ¥
JELRST, gnt i WL h & B A GUE R e b Y
Tk mWBE, EERAR A 2R (Leucocortinarius
bulbiger) . F& W% 1 (Ustilaginoidea virens)F1/N3¢

S50 T8 (Pucciniastriformisf sp. tritici)% N6 &
A2 R E RIS, WS UBQ RN
SER KRB RN S SRS R,

ACT-1.0-TUB .B-TUBI .y-TUB .UBQ # 18S rRNA
BP K y [HERAY 6 NS EEITEA [F] Ak B BR
PRI B 22 FIT 2R P Y R IR RS MRS B HoR e it N
ZHLIN, CP HFREMR 22 . 855 REGFRKR, A
EAE N HAR R E S NS 5K . GAPDH J&
Gy —FhRIBARR R E NS, /NP
i GAPDH 1ENHIARZ [ 10 DNS IR AT T
Feiihfik, KM GAPDH TEARZSMIAIA AL KB
B ARGV [R]85 PR S8 e Rk, 1
T TUB. ACT FHAUNZS N . EF FENGS{E
i RNA B 32 I i JIR B S A PR 5 7 4 4 3%
(Anoectochilus roxburghii) . #7144 H 55 % (Pandora
neoaphidis) % AN Rl AL LUK [H) 8 72 50F T Rk
Rl AW A IREN, WL SR
DA AL 2E A, mellea 541 A=K IRBE T,
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WA GAPDH Ml EF- Iy fEh INSFa @ ey 240y
T HAEENS IR, EEEN A mellea 5
R IAEEA TN SR N, DL EF-1y i
G, 3X R I LT D R R R SRR T 4R 2 T
=
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