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1. 319ER
Table 1. Primer information
Primers The name of the i . Length of
Gene annotation Primer sequences (5'—3") T./°C
number genes product/bp
1 ¢32039.graph_c0  Endopolyphosphatase 60-S: GCACTGTATCTCGCCTCGGTAG 61.6+£0.5 245
1-A: GAACCAGTGCGAAATACCTTGAC
2 ¢32039.graph c0  Endopolyphosphatase 2-S: TGATTGCGGGCTTTACTTGC 61.95£0.65 302
2-A: CCGTTCCGAAACCCAGATTG
3 ¢32039.graph_c0  Endopolyphosphatase 3-S: CCTCATAACATCATGGCTCCTG 60.6£1.0 224
3-A: GGGTCATCCCTATCTCCGTATTG
4 ¢32039.graph c0  Endopolyphosphatase 4-S: TCCGACCCACAATCGTGTCC 64.4£1.0 174
4-A: TGCATGGTCTCGGGGCTAGG
5 ¢32039.graph_c0  Endopolyphosphatase 5-S: TTCTTTTTTCGGACCACTACACC 60.65+0.35 299
5-A: GTCACTGAGGACCGTGCTCG
6 c28585.graph c0  Small glutamine-rich 6-S: ATGTTTCTTCGCCTGTCGATC 60.25+0.85 325
tetratricopeptide 6-A: TACGGCTCGTCGGAGTGTTC
repeat-containing protein 2
(SGT2)
7 c28585.graph c0  Small glutamine-rich 7-S: CCGTTCAAGTCCACCATTAGC 60.65+0.95 258
tetratricopeptide 7-A: CCTAATAACAGCGGTCTCAAATCC
repeat-containing protein 2
(SGT2)
8 c28618.graph c0  Serine/threonine-protein 8-S: CAAGCCCTACTGCCTCTATCTCG 62.25+0.25 335
kinase (STK) 8-A: GGGGACCCATACCAAGTTCATC
9 c28618.graph_c0  Serine/threonine-protein 9-S: AAAATCCAAACGAGCGACAATG 61.3+0.6 189
kinase (STK) 9-A: CCGTTCGTCGCAATCAAATAC
10 c28651.graph_c0  FAD linked oxidases, 10-S: CGCACAACTCGGACTGGATG 62.3+0.3 347
C-terminal domain; FAD 10-A: GCCGCCAATCTGACAACTCC
binding domain
11 c30371.graph cO  hypothetical protein 11-S: TCTAATTCCTCACTACGGGTTCG 61.45+0.95 288
11-A: TGCCTCGCCTACATCTCCATC
12 c30543.graph_c0  Calcium permeable 12-S: AGGTGAACGGGCTCTCGCAG 64.2+0.7 268
stress-gated cation channel  12-A: CGGACGAGGTTTATGAGGAACG
13 c30806.graph c0  DNA replication 13-S: GGTGAGAGAAAGACTCCGTGG 59.05+0.45 203
ATP-dependent helicase 13-A: GAATCAACAACCTCCGCAATC
14 c30901.graph_cl  Heavy metal tolerance 14-S: CCTCTGCTCTCTTCCCTTGC 59.25+0.25 232
protein 14-A: AGGACAAGGGGGACAAGAGTC
15 c30933.graph c0  Vacuolar protein 15-S: GACGAGGCTCAAAGTGGACAAG  60.85+0.55 196
sorting-associated protein 15-A: CATTCATCTCTAAGGGGGCATC
16 c31128.graph_c0  Rho guanine nucleotide 16-S: GGCGGTAATGAATTGGAAGGTC 61.9+0.6 192
exchange factor scdl 16-A: GGACAGTCTTCTCAACGGTTCTTC
17 c31395.graph_c0  Cyclin 17-S: TCAAAAACTCCTCCGGTCTAAAG  60.85+0.95 193
17-A: TCGCCACTCAAGTCGTCTGC
18 c31397.graph_c0  Nuclease 1, mitochondrial ~ 18-S: AGTGGGCACAGAAACATTTGG 60.9+1.0 235
(Precursor) (pnul) 18-A: GCAGGAAGCGATGGATGAGAC
19 c31695.graph c0  DNA polymerase family B 19-S: GCCAGGTCACAAAGCATACG 59.240.3 243
19-A: TGTCACCAACGAGACTATGCTTC
(F#)
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E=-3)

Rho-type GTPase-activating 20-S: GGCGTTGAGGCGGTTGTATC
20-A: GAGCTGTCGCCGATGATTTAC
S: AAGCAGTATTCAGTATGGCAACC;

61.3+1.4 167

58.5+0.2 211

A: AATGGCTTGTTTCTTTGGGAG

S: TCTCTCCCAAAGAAACAAGCC

59.2+0.5 293

A: AAGGTTTAGCAAATTGGTTGTCC

S: GAAAGTGAGACCAGTCTGTTGTTG

59.35+1.05 253

A: TCTTTGTGTGTTCAGTGTTCGTTG

S: ATTGCCACAAAATGGGAAAGAC

59.55+£1.25 209

A: GTTGTGTATTTGTTGGTGCTCG

S: AGAAACGACCTGATCCTCTGTG

59+0.7 250

A: AGCAGCCCAGAACATCATCC

S: AGAAACGACCTGATCCTCTGTG

59.25+0.45 216

A: AGCAGCCCAGAACATCATCC

S: TAACGGTTTCGGTCGTATCG

59.8+1.1 269

A: CGTTCGGCAAAGACTTTCATAG

S: TTCGGCTCATTTGAAGGGTG

61.3£0 244

A: CACGCCAGTCCTTGTGAGAG

S: ATCCCGTTAGCCTGGTCTTG

58.45+0.65 167

A: TCCCAGGAGTGGATAGGTAAAG

20 ¢32021.graph_c0

protein 1
21 c4736.graph_c0 18S rRNA
22 c4736.graph_c0 18S rRNA
23 c14447.graph_c0  o-tubulin
24 c31752.graph ¢c1 GAPDH
25 c31752.graph ¢c1  GAPDH
26 c31752.graph ¢c1 GAPDH
27 c31752.graph c1  GAPDH
28 c31752.graph_ c1 GAPDH
29 c55882.graph_c0  a-actinin
30 c25638.graph_c0  Actin-related protein

S: TTTGAACATCTGCTCTGTGTGG

57.95+0.65 295

A: TGAAAGACACAACAAACCAGAAG

1.2 & RNA Fl cDNA £—# 55

fif A ) 5. RNA $2BGR ) & (R R A bR
ALEOA R A FDXF &AL B S RNA A7 HE,
i F§ OMEGA 7/ 7] DNase I (RNaseFree)4h P14 Bk
FLN 4] DNA, Gl 1%HURBEEEIAE 6 Viem Z&1F
TR RNA SEBPERIR &R . ] cDNA &
i 7 £ EasyScript® First-Strand cDNA Synthesis
SuperMix (b5 X A VEARA RN /)G LA
FE A cDNA 55 —4%
1.3 Bl R ik

R 48 A S 6 DR A AH i A 5 s A B, SR
Primer Premier 5.0 %3151 #1(F% 1), AWEAA TR 22
cDNA Mz, #£47 PCR #7448, PCR ¥ 44 Bk R
Jy 20 pL: 2xTag PCR Mix (At it &4 AW A

£ FRZy 7)) 10 pL, Forward Primer 0.5 uL, Reverse
Primer 0.5 pL, ddH,O 8 uL, DNA 1 uL; § 144
44 : 94 °C FiZZVE 2 min, 94 °C 754k 30's, 56 °C
Bk 30s, 72 °C ZEff 2 min, 35 MEIR, 72 °C
X ZAEAH 10 min, PCR ¥ 34/ Wpid i 1% B b
BEMCAE 5 Viem 508 FHIIK 40 min, 7EBER U
ARG ML PCR W) 4671
1.4 SERPRGE R PCR

DL 5 F5F5 B cDNA BEdh, LR R 6 MR,
A& 1. 15, 1/25, 1/125, 1/625, 1/3125
f& B cDNA #¢ 5 AE e WA AR, 7E Bio-Rad
CFX96™ Real-Time System I ik 17 2¢ )¢ & &
PCR, Ui ARG N SRR Y 15%0% E. M
KRB R RIERIRIEFE RIS
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qRT-PCR JZ WK ZR A 25 uL, f4%: 2xSYBR
Green qRT-PCR Master Mix 12.5 pL, Forward
Primer 0.5 pL, Reverse Primer 0.5 pL, ddH,O
10.5 uL, &HFEA cDNA 1 pl; [ 5504k . 94 °C
FAEYE 2 min, 94 °C ZEME 20, 56 °CiRK 205s,
72 °C ZEf# 1 min, 40 MEH, 95°C 5 s, 65 °C
1 min, 97 °C 10 s, BRI, B4FEH %
3ANEK, [V i gE v i th 4 Ok PCR 774 R
AreSE, SHASERER CAEH.

L5 Zamatr

FH Excel iHHEMENSERNT C, EFTA R
o Cy H B9 S 9 (E ) M Hobs ME 22 (SD), R H
GraphPad Prism 5.0 XJ i3k NS H 1 C, (HUEE

K, LLE sk NSRRI E M, 2 geNorm
B 2k TE N S 3k R A B N R AT RN HE A
EEEANSERMBEMEM B> Fl A

NormFinder #4445 N 2 58 H (1% 41 45 Fn 41 18] Jr 22
FASE A ket F e (Y 38 1) BestKeeper K115
KNS ERP C {%l‘E"J%/’E%’E(SD)%]]”‘r TR
(CV)P, LB 3 b i b g 0 45 SR A /N st 2
S 5E R AR R T

2 HERAAAT

21 RENSENTI YT HEBCRAY R

e 1XFNE45 Gni = 5 | ) 1Y) 538 PCR 4 3% 45
WE 1 PR, 454 qQRT-PCR ¥ HEZE A0, fek
6 5 (SGT2). 8 7 (STK). 12 *5(Calcium permeable
18 S(pnul)fll 27 5
(GAPDH) 5 #3538 PCR 37 ¥y 46ai i —
T, SR/ —8, qRT-PCR ¥ 1" Wi

stress-gated cation channel).
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ffRleE e — o BRUA b S XFR14ak, A5 E
PCR ¥ 34 557 AN B — B AN M7, QRT-PCR 4734 )
PR E fRsA — . H IR N S 2E K] 18S rRNA
a-tubulin Fl a-actinin 764 5256 H R B0 H 5| P45 7
PR, DL N SRR TE G H qRT-PCR B 58 H
AR/ L, £ 1L GAPDH [ 1 h i 2 2L R B2,
LA 27 559 e BefE i GAPDH JE R A 75 22
[ AR S IR
6. 8%, 125 185 27 SEIYHY 4
RO () FIAH S M (R 43 B R 99.9% F1 0.999
90.6%71 1.000 ., 100.9%7/1 0.988 . 107.7%F1 0.998 .
101.3%F1 0.993, LA FZ5RUI 5 XHgiE 5| Y45
& qRT-PCR SEHG 2R

22 BRENSERREEELHT

mE 2 Fis, 5 MEERNSIEEY C, [HE
18.65-23.36 Z[h, HAKEMFLE, GAPDH
(18.65+0.96) . SGT2 (21.16+0.97) . STK (22.36+0.922)

Calcium permeable stress-gated cation channel
(22.94+1.76)F1 pnul (23.36:1.36)1) F ik TR K%

X, Horh GAPDH H {2k AEAE ] FLFRfE 2250/,
I, GAPDH AJ REJE AN S RE I, (HAEAN[A]
PSS S5, DA 5 it NS5 R i As e 1
AlRess RAEARE, BRI 1 7EREE S8 45 T
BRI NS IEE, FRATHELS A BRI 5%
TEEIE M ek 9 2 5L R B AR e
2.3 geNorm PEMMELE NS 2 FH MR E 1 R & AE
NS EEBE YT E

geNorm & Vandesompele 252345 (4 ) %
FEATHERF, AIE 2 82 ML EMANS
FNYLA KA IE qRT-PCR H o 16 508 4 A
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(A) 201918 1716 151413121110 9 8 7 6 5 4 3 2 1Marker bp

2019181716151413 121110 9 8 7 6 5 4 3 2 1Marker

Marker 3030 30 30 22 222222M27 272727 25252525M 26 26 2626

©

24 24 2424  23232323M 28282828 29292929 2121 2121Marker

Bl 1. &3514%i& PCR i 8K
Figure 1. PCR product bands of primers. The numbers in the figure correspond to the numbers in Table 1. Lane
1-20: No. 1-20; B: No. 25-27, 22, No. 30; C: No. 21, No. 23-24, No. 28-29.

geNorm Z | , 75 8 Je 0 AR e N S FE R 1 272, REtEgm 2 YHNSEKEY N GAPDH #1
A Ce=fige e N2 RITERE b 1 CE %k R AL SGT2, H STK. Calcium permeable stress-gated
i PR/ CEGER B B i), WKl 3 (A1, B1,  cation channel, pnul F& & PEARIR AL, @il
CHF/R, it geNorm BT, 76 3 A28,  geNorm H IRk — 443 Mr e £l dhs 19— fb g 2 3%
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Figure 2.  Comparison of expression levels of

candidate reference genes. The middle line represents
the median value, the box represents the 10th/90th
percentile, and the error line represents the maximum
and minimum C, values.
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V2/3 {43 5124 0.035 #1 0.081, /T 0.15,
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BER 2, CHM V2/3=0.166>0.15, fTLIFE C
LI T & WS IE Ny nt1=3,
2.4 NormFinder iFH &£ S 2R WA E 1
NormFinder #2 i Andersen %2425 5 () ) £
FER B E M R Y, BiE WAL # S geNorm —
FE, iR SR N SRR 270, HIZR
Fr RAgfi e th — MG @EMANSIERH . £
NormFinder i i i A 2 [A] 1% 82 & M 53 i R
(% 2), £ 3 HLRAFMT STK MR/, R
PEHINZ AL STK, 72 B 21 C 45256 264
foe i A 2 5 N AR E PEHE P KU STK. SGT2,
GAPDH, pnul I Calcium permeable stress-gated
1E A 5250 55 1F T NS JE A

cation channel,
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FaEtHE KK STK, GAPDH, SGT2. pnul

FI Ca-permeable stress-gated cation channel,

2.5 BestKeeper FEAHEE NS EE KT EME

WAERRE LI 55T Cy 1HRY
B U 22 (SD) AN AE 53 R B(CV) 2K PE M i ik N & 5
P e sE M, SD AT CV /NN 235 [ 1A R i
U Nk 3 BN, 5 MRS EERTE A AR
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Ml pnul; 78 B 5280 550F T SGT2 Fakfaie M
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mfE C 4

e rd =

permeable stress-gated cation channel;
SLEG SR AT T RN SN STK RikFaE
H W2 GAPDH . SGT2 . pnul F1 Calcium
permeable stress-gated cation channel, AJ JL7EAN[A]
SR AT R R AR E s R A BRI Bk
i# 1) geNorm, NormFinder Fll BestKeeper X
e NS FE N RS E P EAT T 0t , BAREEANER
R AR A AR, (i LA ESSRAER
7€ B 41F1 C 41525 55 F T Calcium permeable
stress-gated cation channel Fl pnul FfE L N 23
R E T2, AEFAES B A C HSRI A4 T
NS LA 78 A HEK 55 1F T, GAPDH J2i%
FEMNZEEE, pnul JERATEMILH; 454
NormFinder Fl BestKeeper 73 #7145 5 LA 2 geNorm
XA NS AL B H B8 5E 76 B SLIR & AT T,
SGT2 Al STK /& 2 MR NS IEN 5 7 C 415
BAMT, V2/3=0.166>1.5, FILFHE 3 ~H2
SEH, W SGT2. STK Fl GAPDH JEfi N2
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(AD = (A2) 9350
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g 24r 0.250 |
g 221
] . L
% S0k 0.200
E* 1.8+ 0.150
g Lor 0.100 |
o 14r
g - . . ' 0.050
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stress-gated cation SGT2 0.000 V2/3 V3/4 V4/5
<::::: Least stable genes Most stable genes ::::> Pairwise variations
(Bl = (B2) 04507 0.409
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'cE 6l 0.350 1
z %421 L 0.300 |
S 2.2y 0.250 ¢
2 20t 0.206
0 %g L 0.200 |
% %2 [ 0.150
% 12t 0.100 0.081
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E pnul Calcium permeable STK GAPDH 0.000
stress-gated cation SGT2 ’ V2/3 V3/4 V4/5
- <::::: Least stable genes Most stable genes ::::> - Pairwise variations
(S (C2) 0.400 0.363
2307 0.350
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2207 0.200 -
8 13l 0.166
Sl 0.100 -
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Z pnul Calcium permeable STK GAPDH 0.000
stress-gated cation SGT2 ’ V2/3 V3/4 V4/5
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3. ZiENSEE geNorm H 47
Figure 3. Analysis of candidate reference genes by geNorm. Al, B1, Cl1 represent the expression stability of
candidate reference genes in groups A, B and C, respectively. A2, B2, C2 represent the determination of the number
of reference genes normalized to the most suitable data in groups A, B and C, respectively.

% 2. 1&KiZ£NSEE NormFinder 54 3 it
Table 2. NormFinder analysis of the candidate

reference genes SR 9¢ e RE 7 PCR (QRT-PCR)# A K& F

Candidate reference genes  Group A  Group B Group C

SGT2 0507 0359 0371 B FR W EH A Z BT, EPEEIER N
STK 0.205 0.193 0.239 - . 7ol 3 o3 [20] -

Ca-permeable stress-gated  0.963 1.183 1.056 SHE P HOR BZ FCTE, W22 qRT-PCR
cation channel 4t BT 5 it 3 > .[18] il — A
ot 040 0635 0.620 ZER AR EEN R Z 1, AR — IR A
GAPDH 0334 0449 0416 AR FTA S A F AP S AEEES 2,
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3. ZikE NS E A BestKeeper 41
Table 3. BestKeeper analysis of the candidate reference genes

Candidate reference genes Oroup A Group B Group €

SD Cv SD CvV SD CvV
SGT2 1.11 5.2 0.63 3.01 0.79 3.75
STK 0.66 2.85 0.73 3.31 0.71 3.17
Calcium permeable stress-gated cation channel 0.4 1.73 1.76 7.76 1.31 5.69
pnul 1.3 5.57 1.12 4.82 1.18 5.07
GAPDH 0.26 1.4 0.97 5.21 0.73 3.89

I, ARA 2R G IR AP A WA R AR R
B SR A P s A A M3 B PN S BRI B0
GAPDH £ 8 ¢ AT £ 25 1 1 B [H 3R ik 73
ﬁ%W%ﬁﬁ W4 R 2 =l A B TR Y
FeaRU AN Cd R 4 AR 56 SR R B R e St
GUBE B E PO L SR, Xu DA 5T 3R
GAPDH [ /741 i AR RLEFN 5 [ IR RE A R 2
HAEGENNS LN . Zhao RGN T 78
W E T & 10 Fi L5002 3L (TUB,
TUA, GADPH, EF1, 18S, GTP, ACT, UBI,
UBC fl H2A)WEE T, &3 GAPDH 45 e
ZZ(SDYEKRT 1, RNdEAERIZERAME NN
S ; AN, GAPDH tAE A 1E MR IZ (A F2)
TRMa F NS EFE", Xiang ZEPERFFE 5>
Fr&Wl 188 B4 A AL H W B 2
B, 18S W)m TR HMNS IR Z —, (HiZ5E
KIFi& GAPDH WFEEME . AWF5Tia Al geNorm
NormFinder il BestKeeper X i k£ 4 FH (4 4
Z 3N (GAPDH) LA} Hifth 4 A~k N 2 3L A
(SGT2 .
cation channel . pnul)ZikayfaEMEdETT
B3RP AT LA A TN A N S

STK . Calcium permeable stress-gated
R EE E
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PEPY, 85 RS H R 2248 Cd Jp38 F GAPDH
) SD {EHziE 1 (0.97), HEEMEALM SGT2 Al
STK, {HEJEANIRIAH L ik m e i .

ZH P RENS LS RILH Rk R 1E
Cd il T2 kA B2, Gao BT
W], 7E Cd i R R AR AR 60S T UKN2
JERBEREMIERE, Wi Gu FDVR B (Iris
lacteal var. chinensis)# UBC H1 EF1b J& Cd fifif
NREEREMIER, T, 7 Cd PhbE A
AYIRN FIRFRE IR R WARE . FEARBTEH,
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Screening of reference genes under cadmium stress in Agaricus
brasiliensis based on transcriptome sequencing
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Abstract: [Objective] The aim of this study was to screen the reference genes of Agaricus brasiliensis under
different experimental conditions, especially under cadmium (Cd) stress, and to lay the foundation for studying the
functional studies of cadmium enrichment-related genes in A. brasiliensis. [Methods] We screened 18 candidate
genes and designed 30 primer pairs based on the transcriptomes of mycelia under the stress of different
concentrations of Cd (0, 2, 5 mg/L). According to the specificity and amplification efficiency of primers, 5 pairs of
primers from different genes were selected. The Ct values of mycelia, primordium, stipe, and pileus of 5 genes
under different concentrations of cadmium stress were detected by QRT-PCR, and the expression stability of these
genes was evaluated by geNorm, NormFinder, and BestKeeper. [Results] The results showed that Small
glutamine-rich tetratricopeptide repeat-containing protein 2 (SGT2) and Serine/threonine-protein kinase (STK)
were the two most stable candidate reference genes under Cd stress in the mycelial stage, GAPDH was the most
stable reference gene in different tissues and SGT2, STK and GAPDH were the three most stable reference genes
under all experimental conditions. [Conclusion] Under Cd stress conditions in 4. brasiliensis, SGT2 and STK

screened in this study were more stable compared to the commonly used reference genes.
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