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Figure 1. The phylogenomic analysis of fungi. Divergence time of species was located at each node, respectively; Time scale was showed by Myr;

Bootstrap values of each node were equal to 100.
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2. BFEMERRERST ST
Figure 2. Analysis of size change in Basidiomycota. Gene families in Basidiomycota were used for the analysis. Abbreviations are as follows: v. vol =
V. wolvacea, c. cin = C. cinerea, a. bis = A. bisporus, s. com = S. commune, g. luc = G. lucidum, p. chr = P. chrysosporium, c. neo = C.

neoformans, u. may = U. maydis.
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Figure 3. Comparison among the number of gene families in
Basidiomycota. A: Comparison among the number of gene families
on a different scale; B: Comparison of gene number of gene

families ( >200).

200 HYFEIH LG, g R AR T BEE DTS, 0 5o
faml, fam4 F1 fam6 ([& 3-A) o XFFFIE AL 03X 3 A4 &
R EGEHATH R EH 51T, faml , fam4 fl fam6 7F 3
wh R T BEY R, BESRR BB ES
TH YR (E 3-B) o T, X5 gk KR K K
JGHEAT InterproScan L BETH B 70 Hr , 45 2R 1 7 7L 4 1)
faml F % i1 F-box 1, cyclin-like ZH % ; fam4 3= %2 &
i1 NACHT A% 1 = 9 R iy A4 Ji 5 fam6 = 2y 700 % 5%
il

3 it

B gt 7R IR AR 7 B AR R B A
JEBLT HURR A A A2 BIURRAE o 20l PR R B4 I
1% 2 W] 0 4 1) 5L S S A SRR T RE AR A% 1 i , X AR
AIRES R AR AW UIAHSC . BN, d T F-box
SAH O T e A H BE 8 38 1o B 1) AN [ B R W, X 3R H
ARG R PR A 4 ), AT 38 49 R ML A 2 R 15
o7 3 AT R R TN R A fam 1 3 R 5% M o
55 i ) 20 A S RE D AH OG5 R ARG B
S A A B A R N A HLR W) s R S R
W R famd FEJEH NACHT R4 =B BR AE#4 18, H.
AWF5E R W] NACHT Z % A6 I - e 21 5 22 4%
FAU e T B B R K R (R 2 ),
PE— WG R T G gl famd 5 PHT AT RESE O 1 IE N
AAF IR BEI B FE TS5 R s Fam6 22l 5 KL 1
B 1 3 A 0 R s e B S A S A B
78 T G B AR AT BEAE AR R N By R A
R MEER . IR, X 3 A I FIRAE B0 2 0
AR b B B AR D E AL A 15 2 — P MR R

[ 1] Eakpetch P, Benjakul S, Visessanguan W,
Kijroongrojana K. Autolysis of Pacific white shrimp
( Litopenaeus vannamei) meat; characterization and the
effects of protein additives. Journal of Food Science,
2008, 73(2): S95-103.

[ 2] Chen M, Tan Q, Cao H, Wang N, Huang W, Pan Y.

[

Isolation of cold induced gene from Volvariella volvacea by
mRNA differential display. Mycosystema, 2001, 20(3) :
342-346. (in Chinese)

PREAZN, g, B0, £/, W4 —, Wil mRNA
ZEHMBEREAR T HFHEREETEN. EWARL,



996

Ming Gong et al. /Acta Microbiologica Sinica(2014)54(9)

[5]

[6]

[7]

[8]

[9]

[10]

2001, 20(3) : 342-346.

Guo L, Lin J, Yang L, Liu R. Isolation of cold induced
genes by modified ¢DNA-AFLP with single enzyme
digestion from Volvariella volvacea. Mycosystema, 2004,
23(2): 241-247. (in Chinese)

SREH B, MR D5, A, X0 g BG. SR U] cDNA-
AFLP M RIE B EIER I S EE N, WY i, 2004,
23 (2): 241-247.

Artus NN, Uemura M, Steponkus PL, Gilmour SJ, Lin
C, Thomashow MF. Constitutive expression of the cold-
regulated Arabidopsis thaliana COR15a gene affects both
chloroplast and protoplast freezing tolerance. Proceedings
of the National Academy of Sciences of the United States of
America, 1996, 93(23) . 13404-13409.

Sun X, Feng A, Chen M, Pan Y. Cloning and sequence
analysisof cold induced genes in Chinese straw mushroom
Volvariella volvacea. Mycosystema, 2006, 25(1) . 88-93.
(in Chinese)

PNGREL 18, BRI, W A . 5 4 08 0 e A O 5
IR B4 58 B B 7 31 43 . B A SF 4R, 2006, 25(1) ¢ 88-
93.

Qiao N, Wang H, Chen M. Expression of cold-induced
gene Corl in Volvariella volvacea during low temperature
treatment. Mycosystema, 2009, 28 (2): 213-219. (in
Chinese)

TRWe, TEAT, BRWAZS. REE5e 75 5 2k Corl fEMINIR T
IR OISE. WA, 2009, 28 (2):213-219.
Bao D, Gong M, Zheng H, Chen M, Zhang L., Wang H,
Jiang J, Wu L, Zhu Y, Zhu G, Zhou Y, Li C, Wang S,
Zhao Y, Zhao G, Tan Q. Sequencing and comparative
analysis of the straw mushroom ( Volvariella volvacea )
genome. PloS One,2013, 8(3): e58294.

Tamura K, Peterson D, Peterson N, Stecher G, Nei M,
Kumar S. MEGAS: molecular evolutionary genetics
analysis using maximum likelihood, evolutionary distance,
and maximum parsimony methods. Molecular Biology and
Evolution, 2011, 28(10) : 2731-2739.

Yang Z. PAML 4. phylogenetic analysis by maximum
likelihood. Molecular Biology and Ewvolution, 2007, 24
(8): 1586-1591.

Goldman N, Yang Z. A codon-based model of nucleotide
substitution for protein-coding DNA sequences. Molecular
Biology and Evolution, 1994, 11(5) . 725-736.

Martin F, Aerts A, Ahren D, Brun A, Danchin EG,
Duchaussoy F, Gibon J, Kohler A, Lindquist E, Pereda

V, Salamov A, Shapiro HJ, Wuyts J, Blaudez D, Buee

[14]

[15]

[16]

[17]

[19]

M, Brokstein P, Canback B, Cohen D, Courty PE,
Coutinho PM, Delaruelle C, Detter JC, Deveau A,
DiFazio S, Duplessis S, Fraissinet-Tachet L, Lucic E,
Frey-Klett P, Fourrey C, Feussner I, Gay G, Grimwood
J, Hoegger PJ, Jain P, Kilaru S, Labbe J, Lin YC,
Le Tacon F, Marmeisse R, Melayah D,
Montanini B, Muratet M, Nehls U, Niculita-Hirzel H,
Oudot-Le Secq MP, Peter M, Quesneville H, Rajashekar
B, Reich M, Rouhier N, Schmutz J, Yin T, Chalot M,
Henrissat B, Kues U, Lucas S, Van de Peer Y, Podila
GK, Polle A, Pukkila PJ, Richardson PM, Rouze P,
Sanders IR, Stajich JE, Tunlid A, Tuskan G, Grigoriev

Legue V,

IV. The genome of Laccaria bicolor provides insights into
mycorrhizal symbiosis. Nature, 2008, 452 (7183) . 88-
92.
Yang Z, Yoder AD. Comparison of likelihood and
Bayesian methods for estimating divergence times using
multiple gene Loci and calibration points, with application
to a radiation of cute-looking mouse lemur species.
Systems Biology, 2003, 52(5) . 705-716.

Paccanaro A, Casbon JA, Saqi MA. Spectral clustering of
protein sequences. Nucleic Acids Research, 2006, 34
(5): 1571-1580.

De Bie T, Cristianini N, Demuth JP, Hahn MW. CAFE.
a computational tool for the study of gene family evolution.
Bioinformatics ( Oxford, England ), 2006, 22 (10):
1269-1271.

Hedges SB. The origin and evolution of model organisms.
Nature Review Genetics, 2002, 3(11) ; 838-849.
Wikstrom N, Savolainen V, Chase MW. Evolution of the
angiosperms: calibrating the family tree. Proceedings.
Biological sciences / The Royal Society, 2001, 268
(1482) : 2211-2220.

Ho MS, Tsai PI, Chien CT. F-box proteins: the key to
protein degradation. Journal of Biomedical Science, 2006 ,
13(2) . 181-191.

Koonin EV, Aravind L. The NACHT family - a new group
of predicted NTPases implicated in apoptosis and MHC
transcription activation.
2000, 25(5) . 223-224.
Dombroski BA, Feng Q, Mathias SL, Sassaman DM,

Scott AF, Kazazian HH, Jr. , Boeke JD. An in vivo assay

Trends in Biochemical Sciences,

for the reverse transcriptase of human retrotransposon L1

in  Saccharomyces cerevisiae. Molecular and Cellular

Biology, 1994, 14(7) . 4485-4492.



JRWIGE . BT LN R G R A Y B B N KR B3 Y /B 2 i (2014) 54(9) 997

Phylogenomic analysis reveals the significant expansion of
gene families of Volvariella volvacea

Ming Gong, Qi Tan, Mingjie Chen, Dapeng Bao, Hong Wang"”
Institute of Edible Fungi, Shanghai Academy of Agricultural Sciences; Shanghai Key Laboratory of Agricultural Genetics
and Breeding; Key Laboratory of Edible Fungi Resources and Utilization ( South) ; National Engineering Research Center

of Edible Fungi, Shanghai 201403, China

Abstract ; [ Objective | Cryogenic autolysis of Volvariella volvacea is an unusual phenomenon of abnormal metabolism. The
aim of this study was to describe this molecular feature of abnormal metabolism at the genome-level. [ Methods] We used
21 fungal species for the phylogenomic analysis and then selected 9 representative species in basidiomycetes for the
comparative genomic analysis. [ Results] The phylogenomic analysis shows that V. volvacea was located at the bottom of
the cluster consisting of grass-degrading fungi. Phylogenetic tree shows that basidiomycetes and ascomycetes fungi have
independent evolutionary trajectories. Therefore, nine representative species in basidiomycetes were chosen for the
comparative genomic analysis. The result shows that compared to other grass-degrading fungi, V. wolvacea has the
tendency of contraction. The comparison of the number of gene families on a different scale shows that there was a
significant expansion of 3 large size ( >200) gene families (faml, fam4 and fam6) in V. wvolvacea with their total number
significantly more than other species, representing that the molecular feature of V. wvolvacea is correlated with its abnormal
metabolism. [ Conclusion ] The significant expansion of 3 gene families ( > 200 ) in V. wvolvacea indicates the
enhancement of their function in specific gene families, which is most likely associated with cryogenic autolysis of V.
volvacea.

Keywords: Volvariella volvacea, autolysis, gene expansion, genome, abnormal metabolism
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