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Investigation of the key potential pathway involved in the
early response to low temperature challenge in
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Abstract: The transcriptome variations of Volvariella volvacea during the early stage of low
temperature challenge (0—120min) were analyzed by using expression profile chip technology.
Microarray analysis showed that under low temperature treatment for 20min differentially
expressed genes enriched monooxygenase activity, oxidoreductase activity and oxidation-
reduction process. After 40min of low temperature treatment, the differentially expressed genes
enriched the function of binding RNA. In the period of 80min, genes concentrated on the
metabolism of nucleic acid and energy. The metabolic pathway of CYP450 was significantly
changed during the induction of low temperature (20—40min, 60-80min and 100-120min),
indicating that this pathway was active during the low-temperature treatment and CYP450 might
play an important role. Gene expression trend analysis showed that 34 differentially expressed
genes were classified in the significant expression trend model. Gene co-expression network
analysis results show that VVO_04066 is located in the core of the network, and it may improve
the intracellular level of phosphoinositol specific phospholipase C (PI-PLC) and promote the
synthesis of glycoprotein and chitin, completing the low temperature stress response of
Volvariella volvacea.

Key words: Volvariella volvacea, cDNA microarray, low temperature resistance, CYP450,
VVO_04066
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Fig. 1 Box-whisper plot analysis of the gene chip
results of samples. The abscissa is the sample
number, the ordinate is the normalized intensity
values, and the middle line of the cyan rectangle is
the median line.
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Fig. 2 Scatter plot and matrix plot analysis of the gene chip results of samples. Each point represents the probe

point on the chip, the abscissa represents the signal value of the point after standardization in the sample

chip, and the ordinate represents the signal value after the point is standardized in the control chip.
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Table 1 The comparison of real-time RT-PCR assay and corresponding gene chip result

R T RRmY  ERER ElkzE2 ] LIPS e
Probe No. Gene No. Gene annotation Primer sequence (5’-3’) Relative expressed changed fold”
SCI RE & PCR SRS A
Real time RT-PCR Gene chip
CUST_32_P1428615443 VVO_00032 Conserved CATTGTTCCTTCTTCTCATCT 0.7 0.7
hypothetical protein ATTGCGAATGAAAGTGCTCG
CUST_109_P1428615443 VVO_00109 Sulfate anion ACTGAAGAAGAAATCCGCAAGA 0.8 0.8
transporter TGAAGCCAAAATCAAATGAG
CUST_3805_PI1428615443 VVO_03805 Conserved CTGATAACGACGAATTGCA 1.5 1.5
hypothetical protein GCAAATCGCGCATCTCG
CUST_3805_PI1428615443 VVO_03805 AMP binding CTGAATCATTCTGAGTGGGTT 0.3 0.3
protein AGACCTTGTCGTCGTTTAT
CUST_4018 PI428615443 VVO_04018 Conserved TGTGATGATTGGCTCCTATTCTG 0.5 0.5
hypothetical protein CCACCGTTGTTCTGTTGTCTGT
CUST_8579 Pl1428615443 VVO_08579 Nucleosome CGTTGGCTCTCTCAGGCTTGTGA 1.2 1.2
assembly protein CATTACGACGAAAAAGGCATGGT
CUST_8067_P1428615443 VVO_08067 Ubiquitin family ACATAGATATGGCAGGAGT 0.5 0.5

protein CAGCTCTGGATTCCGTAACAT
E: ¢ RIEERGEERT 1 FoRENERIE B, DT 1 RRBEERIE T

Note: *Represents that if the fold change of the differently expressed gene was greater than 1, the gene was up-regulated and if

the fold change of the differently expressed gene was less than 1, the gene was down-regulated.
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Fig. 3 The number of differentially expressed genes
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column indicates the down-regulated genes.
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Fig. 4 GO analysis of differentially expressed genes of samples. Left column is GO name, the right column is

-LogP. Green column represents the GO enriched by the differential gene expressed in sample 2, which is
compared with sample 1; cyan column represents the GO enriched by the differential gene expressed in
sample 3, which is compared with sample 1; the blue column represents the GO enriched by the differential
gene expressed in sample 5, which is compared with sample 1.
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Fig. 5 The GO analysis of the differentially expressed
genes between the neighboring samples. The
abscissa represents two adjacent samples compared
with each other, and the ordinate represents the
number of differentially expressed genes (red
column) in the two samples and the number of GO
enriched by differentially expressed genes (blue

column).
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Fig. 6 KEGG analysis of differentially expressed genes of samples. The abscissa is the name of KEGG enriched
by differentially expressed genes in each sample compared with sample 1, and the ordinate is the correlation
number -LogP of P value in each KEGG enrichment process, among them, the red column represents the KEGG
enriched by differentially expressed genes in sample 2, which is compared with sample 1; the orange column
represents the KEGG enriched by differentially expressed genes in sample 3, which is compared with sample 1;
the yellow column represents the KEGG enriched by differentially expressed genes in sample 5, which is
compared with sample 1; and the green column represents the KEGG enriched by differentially expressed
genes in sample 6, which is compared with sample 1; the blue column shows KEGG enriched by differentially
expressed genes in sample 7, which is compared with sample 1.
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Fig. 7 Venn analysis of KEGG of differentially
expressed genes of samples.
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Fig. 8 Analysis of gene expression trends. Each rectangle in the graph represents a gene expression profile, the

abscissa in the rectangle represents the time phase, and the ordinate represents the change range of
expression Log2[V(i)/V(0)], V(i) is the expression value of a time point, V(0) is the expression value of starting
point. The number in the upper left corner of the rectangle represents the number of the profile model, and
the number in the lower left corner represents the P value of the profile model.
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FEAEA ., K& 7 hA GRHEAR B 1
A (P<0.05), TLERIEREZA B ENE
AR, FH [E AR AR AL I R Ak e

HFAREAY profile 28 1 profile 39 /& 80 > K ik
G R ERNNAEE ., AR E
20min 2 N AN o 1) S £R L R R s K
AR, profile 28 H)E ARG IR B 18
20min JE UG I, profile 39 HH ¥ E 42 HE A
TERIEME 40min JEIFUR L. B
profile 28 Al profile 39 H & 211 34 /N3 [A

HEAT HE R LR IE W28 73 AT o

R ILRIE M 28 TR AR TR ARR B R, H 2k
AREER Z BRI C R . SR B2
FZ M k-core AT R IR REE R o k-core fH
T % R AR A ) 24 i) B ELRR
k-core Rk oK 3K 7~ Jik [R7E X 28 1) Ao B B
i o AH [E] KNP k-core PB4 2 2 [R] 2 [B] (1]
AEALYE B DI REAH DG 1« 25 IR L 3R 08 ) 2%
VVO_04066 1] k-core {5 (k-core=7.0),
b T 25 1 % O A (] 9) . VWO_04066 4

VWO_08044 k-coreff
“TVVO_10992
7.0
VVO- 07934 \ ¥ 4
il wo 08969
— vV 2
o "° S
aw A
7 \ VVO_08761
08 —- ;
WVO._ 03717
wo 04669
wo 0648
|00

VVO_09986 VWO_09162
 VVO0_05786 -
P WO_05615 VV0_00272
VVO_08802 L .-
// \ VVO_09309
VVO_04193 VV0_04860 ;/
V.
o VVO_09756
/
VVO_09521

9 ERHRIEME T

KRR — AR, BRARER MR R, ARG H

k-core fHLHRE , AHBCKIICLE A T IR 0, EB/N BT A T 5235 . k-core R ZR I BE R 7E M 25 1

iy . o

Fig. 9 Gene co-expression network. Each rectangle represents a gene, and a straight line represents the

relationship between genes. The color of the rectangle is determined by the k-core value. The larger the value,

the deeper the color tends to be, and the smaller the value, the color tends to bright yellow. The larger the

k-core value, the more important the gene position in the network.
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T s T LI e IR IR B C(PI-PLC), LK fifg
PV RN AS BB A5 1,4,5- = B R L
(1P3) A1 1,2-Z=FkH i (DAG). 1,4,5-=
R LB REMS Y Ca® IR FE M2 Ca® i it i)
MRl Ca® KM@ IE; MAREMER 1,2-
T H v T DU 0SB B ¢ SR
— R Y|EGHIIEYE (Arisz et al. 2009). HiE&
LR S 1k AR B C B VR 4% 40 P P B 0%
VA A B I D RE . i R L Rk ) 2%
4 T H VWO_06481 Al VWO_00603 & 5
VVO_04066 IRk 2 8 a = A~ A
530 G B B AL T A RO, PR R 2
2 A5 5 1Y) B B T, E 4 R G g% U T AE
SEFE RSP EAEEEN, LTS
TEAE V) AR IR A U i ia i A2 R HE
B IIRE . [FIRE, JUTT 002 1 41 A BE 1
B Ay, TEARIR AR, X 4ERE4n
Mugitgfzhaedh B A EEERH (PR %E
2019). b U 2 2 A LG e 3 4] A R e
LT VWO0_04066 HIFEFIKF, MRS
M) T R UL S P R B C(PI-PLC) I &
Ko PI-PLC JB I 521 Ca RIS B 1 A
CIREE, (RHtMEEAMILT A&, M
5E F 2 0 P A T 3 Y
3 Wik

FLH NG A E AR R i 2K
Ji (AR S5 AN B T 1 SEAR T 5 2 Fh A1) %
. AR KIUCEAAI SRS, B
Laccase 1 ) 4miid L Xl VVO_04666 I Laccase 2
4w i35 Rl VWO _04648 [ 35 i Ab BRI A] /)
K, RILEETRES, Hf vwo_04648
EARIRACFE AL 80min I, 5 3%/K T fik
(fold change=0.8), XL5xIi%¢iFsE (2019)
TP JR A I A T 22 1 11 B (1) SR B T 9 45 SR AH
L, AR BIAE 5°C AbHE SRy 10 5% o AR i
PERAR
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PARTEE I (heat shock proteins, HSPs)
R EYE (BB AR R4 EA RIS
PRI 7-AE FH R 777 A 1) B A v AR s MR I BB R
H, WAL TENEY R . CAPRRY
(= Re R A AR R SERUN el g (ST
If HEE KRB N R M5 2017; #&X
PHEE 2017). AT T A A IR 30 H E i
3 A VWO _01324 7EARIR B T 13k B AL
AR/ (Fold change=0.9-1.1), #EillZ KN
PR T H R AE IR P8 IS B oK P
SN, B AR HRABS IR P E TR R i AR
KEGG ) 73 B 45 2R & I 41 il 4 3% P450 A
% 5 DR E I I A B E s () i R R A TR
KR . 4z P45S0 (CYP450) | 2
oA TSR A A, A IS s A
HE MG, AP — 28 = Z AR T
R, MOINFEEFEY R EAREEN, &
Z 5 A 52 A DR W IEPEY ) &
B, bl JERTRR. AEVIER. AEFREL . B
. BEARSE IR A AR R . N D7 R A Jo i
() 32 ZE A AR 40 1 o 2 A R A I
F A BB RE o e T I AT P 1 okt
TR 55 A T 47 40 AR e A 45 0 B
HAEE/EM (Pittman et al. 2014; £ T IT
ZE 2015). Liu et al. (2010) #1 Louesdon et al.
(2014) B 58 R IARIR 26 A4 T BR 1 AT Vb
XY RMMOEHE KB ERAER B, A
Bt 2 BB R A R DR R . H RTVE N8 TR IR
PR 5T B 2 1 AR DR 2 Al S (Koster
et al. 1992; Kishitani et al. 1994; Parvanova et
al. 2004; Louesdon et al. 2014) IR il 4
PR, AR 7 SR R R, 4ERF
2 0 B P RS PR e, SR A
%IRRT, TSGR A M PRt R
DUDIEE 2015) B b 00 e A1 Ui oy 3 i
FEd, mrEEdE T vWO0_06098 SF ALK
KK, R4 2 PAS0 B R,
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T A 4258 Ok A AR W o a2 A e 5 1) P P 9
J5£ i 25 HR AT RN 40 B 1 A

AN (proteasome) 1EEHAZ AW A
JRAZ Y R AT . R, AT
Rz A s, B AR R T B4
F (Koster & Lynch 1992). ZHMIF TR, 72
FRIWEEE A RGN A E S N, e
N e o N R Y S A =l S R U o
(Kishitani et al. 1994),

AR o 0 % 2 R R R A A A A
7 IR, ER AT DA WA AR I Ak B R 1)
B 100min I, & FERAAR A SR RIIL % B3
Pk, HF| 100-120min XN FEF, &
HBEAA(E 5@ A KA RZERNL, wmHEE
J5 4 A RN B R T

FEARIR A AR, BRI 3R P450.
AR INAE &P RS . DNA 2
BEMmAiHE 2 it 51, "%
IR AU 5 B 3 IR SR & AR 2 VDA
K, LIRS S A A WA B A1 51 38 ) 2
BN . XL AT HR S R IR B IR R A
—RERFR, (HEXRLEERL WSS B 5y
R H ¥ I AR R 75 B — 2P I SR BE
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