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rDNA ITS identification and genomic analysis of Calvatia gigantea,
the first sequenced species of Lycoperdaceae
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Abstract: [Background] The puffball mushroom is commonly used traditional medicinal edible fungus,
which has multiple pharmacological effects, including antimicrobial, anti-inflammatory, anti-tussive,
anti-cancer and suppressing cell growth effects. So far, most of the researches on puffball mushrooms have
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been focused on extraction and pharmacological effect of their bioactive agents. Nevertheless, little is
known about the genomic information of puffball mushrooms. [Objective] To acquire genomic
information of puffball mushrooms and mine protein-encoding gene of potential application in industry.
[Methods] A combination of Illumina and PacBio sequencing technologies was used for genome
sequencing, and analysis of genome structure and gene annotation were performed against multiple
database, including GO. The sequenced puffball mushroom was subjected to ITS identification, while
CAZymes and secondary metabolite biosynthetic gene clusters were identified using dbCAN and
antiSMASH, respectively. [Results] The acquired puffball genome was 46.04 Mb in size, encoding 11 903
proteins including GO-annotated genes. Based on the genomic information, the puffball species was
identified as Calvatia gigantea using ITS (Internal Transcribed Spacer). A total of 25 genes related to
terpene and ergosterol biosynthetic pathway were analyzed, while 317 CAZymes and 18 secondary
metabolite biosynthetic gene clusters were identified. In addition, an alpha-amylase from CAZymes was
characterized as a potential secretory, tannin-resistant a-amylase. [Conclusion] This study supplied the
first sequenced puffball mushroom, and found a potential tannin-resistant a-amylase and multiple new
secondary metabolite biosynthetic gene clusters. This study will supply important basic genetic
information for genetic evolution and functional researches of puffball mushrooms, their further
application in food industry, and development of secondary metabolites of pharmaceutical value.

Keywords: Calvatia, genome, third-generation sequencing, secondary metabolite biosynthetic gene clusters
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Figure 2 GO annotation of the genome of Calvatia gigantea 5.752
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Note: The gene number was noted at the right of each bar; The length of each bar represents the percentage of genes in each GO class (the
percentage of total GO-annotated genes was set as 100%); Each GO class with number of genes < 10 was not shown
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Figure 3 Overview of terpene and ergosterol biosynthetic pathway
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Table 1 Predicted genes related to terpene and ergosterol biosynthetic pathway from Calvatia gigantea 5.752 genome

5 frE? SMNEFINE T R it

No. Enzyme Location” Exon/Intron Amino acid No. of enzyme

1 TG A BEILAE RN * 4:2 056 050-2 057 545 6/5 414 [EC:2.3.1.9]
Acetyl-CoA C-acetyltransferase® 11: 1 113 517-1 114 955 6/5 381

2 PR L hA T A AR 5: 1650 395-1 654 135 10/9 696 [EC:2.3.3.10]
Hydroxymethylglutaryl-CoA synthase®

3 2 P R A 35 11: 1311 975-1 317 376 5/4 1358™ [EC:1.1.1.34]
Hydroxymethylglutaryl-CoA reductase
(NADPH)*

4 PR 2 I PR i i 9:2 097 657-2 099 053 6/5 339 [EC:2.7.1.36]
Mevalonate kinase®

5 AR P R e 1:2 162 798-2 164 751 8/7 505 [EC:2.7.4.2]
Phosphomevalonate kinase®

6 FEBETR H2 SR I P2 1l ° 1: 661 538-663 109 4/3 309 [EC:4.1.1.33]
Pyrophosphomevalonate decarboxylase®

7 SR IR Sl 3:2972 439-2 973 364 4/3 251 [EC:5.3.3.2]
Isopentenyldiphosphate isomerase®

8 e SR A 50: 1 713-2 675 3/2 287 [EC:2.5.1.1;2.5.1.10]
Farnesyl pyrophosphate synthase® 50: 9 447-9 979 2/1 163

9 BT b 5:2732 722-2 734 624 6/5 488™ [EC:2.5.1.21]
Squalene synthase™

10 BRI 5:2 775 3892 777 081 4/3 507 [EC:1.14.99.7]
Squalene epoxidase™

11 FEHEEAE 5: 883 323-886 108 12/11 729 [EC:5.4.99.7]
Lanosterol synthase®

12 S 1,4 JI F LG © 9: 974 919-976 947 6/5 437™ [EC:1.14.13.70]
Sterol 1,4-demethylase® 10: 1 153 547—1 157 168 7/6 659™

13 1,4 HSEEd e © 9: 1816 986-1 818 575 6/5 424™ [EC:1.3.1.70]
Deltal,4-sterol reductase’

14 FH ik £ P B 4R A G © 14: 1221 205-1 222 448 5/4 337™ [EC:1.14.13.72]
Methylsterol monooxygenase®

15 i E-4-o-FR AL -3 - UG © 7: 1656 891—1 658 422 4/3 457 [EC:1.1.1.170]
Sterol-4-a-carboxylate 3-dehydrogenase®  11: 806 672—808 337 2/1 520™

16 32 [ B 5 il © 4:1 083 6421 085 063 5/4 400 [EC:1.1.1.270]
3-keto steroid reductase®

17 S 24-c- I LFE RO T © 10: 1 715 140-1 716 420 5/4 349 [EC:2.1.1.41]
Sterol 24-c-methyltransferase®

18 C-8 [l S M il © 14: 1219 7891 220 286 1/0 165 [EC:5.3.3.5]
C-8 sterol isomerase®

19 A(7)-EIE 5(6)-25 10 A © 9: 1 887 737-1 888 970 5/4 337™ [EC:1.14.19.20]
Delta(7)-sterol 5(6)-desaturase®

20 C-22-{§ FE F I AN © 3:2225 0032 226 808 6/5 510 [EC:1.14.14.-]
C-22 sterol desaturase’

21 A24[24(1)]- 55 B3 J5 i © 5: 1789 072—1 790 978 9/8 486™ [EC:1.3.1.71]
Delta24(24(1))-sterol reductase®

et WS ERA ML O FRERA A AL s ¢ B M IS AL #: B SRR EEIT S,

JE BRI R R I L B TM: BSIRIX

Note: * Predicted genes related to terpenoid backbone biosynthesis; *: Predicted genes related to sesquiterpenoid and triterpenoid
biosynthesis; °: Predicted genes related to ergosterol biosynthesis; #: The number before the colon indicates the contig number while the
number after the colon indicates the start—end site of the corresponding gene; TM: Transmembrane domain

b

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



S gEARAE: BT = AP AR TS S rDNA ITS %8 ML EE R A AEWE 227 i 2769

SEREIETCAS 5 K o I I X T & B, LA 8 b i (L
9 MEN)ETEBRERGE 1), Hf A24[24(1)]-
S PR R AT 9 AN EEMEIX, 1,4 £ FE SR A
7 AMEEREIX, IR AT A SRS
5ANBEMEIX, A(7)-[ITE 5(6)-25 VR0 FIGE AN S 1,4 3
HH L (7 T Contig 9) B & 3 1 2 PMESEIX
BIRAHE, S0 1,4 BH LR (6 F Contig 10),
FH 56 5 Tt o A A il D S P -4- 0 2 A -3- 150 S0l D)
BEH 1 AKX,
25 AERSFHEFBAHHRKCEMEHEE
fiHl dbCAN2 (R, e/ H 2 Ry
5 R B M R K AL A P . ASBIFST 2
E 317 ANMROKAL S P, ot 194 4~ 3 FE &R
ke ok . ARG CAZy Bl e it KL &
iy, RED#BAMEG YRR R 6 KK
97 MEERWEGER 2), Hool K % i (Glycoside
Hydrolases, GHs)F%# B (Auxiliary Activities,

£R2 KEDH 5752 BKILEYIEE(CAZymes)[E B 25
Table 2 Overview of the CAZymes of Calvatia gigantea 5.752

AAs) B BT HABS, Xt 5 By A
ATE 3. TERTEE IR GHs h, KFEHghH
RIZH 3L B 8 > a-VEM MR G RLA , B GHI3 K
1 7 5, 54 T3 BLAST ., CD Search Fl SignalP
SRR, KB GHI3 FEIA 1| MEAEA K
¥ 254 T RElEN (Starch-Binding Domain, SBD), El a-
TE M BB /K AL & ) 255 F L (Carbohydrate-Binding
Module, CBM), i HEAFE K15 aa) (Kl 4).

A R/INN 558 DR, H g FER AT 5L
ZH ) Contig 3 1TE5% 241 405-243 830 fii, &4 124>
SRR 11 ANNE T BRI TINEE R BoRi%E
FIJC N-BEEAL B IS, 2 NEAERY Epsilon &3
WESACMR IR S (5 2 FIZR 543 M), 14>
O-(alpha)-HSEAbA7 15 (57 32 2R 1 4~ C-H &
WAL S G 416 NEERR) (K 4). AERTIE
GO HENNZ R LA BT T oSBT, AT
R SEE HAHA T e RN TS YA Y 34T

ZIES EHHE SRR
Category Numbers of protein Numbers of superfamily
KA G4 A1 H2E Carbohydrate-binding modules (CBMs) 2 1
FEH KRS Glycoside hydrolases (GHs) 169 50
FERLAELTLEFSS Glycosyl transferases (GTs) 48 22
Z ISR FZE Polysaccharide lyases (PLs) 9 7
KA PITRAEZE Carbohydrate esterases (CEs) 20 8
HHHNEESS Auxiliary activities (AAs) 69 9
KZ S.‘.‘ W41(\ KS-G
| | Y

Catalytic domain

Signal peptide
(1-15)

558

4 BESAT o-EMEBREATIREEER LR TNE R

Figure 4 Predicted function domains and glycosylation sites of the potential tannin-resistant a-amylase

Note: K», Kss3: Glycation of € amino group of lysine; S33: O-(alpha)-GIlcNAc glycosylation site; W4j6: C-mannosylation site
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2.6 KEDZ 18 MRRREMEYERERE
T

fdiFH] antiSMASH 5.2.0, AHFFETERTE DEhHEN
Y 10 NEEHE(Contigs) P AEE T 18 MR
YIRER %, Hopfuds 9 NifZS(Terpene) L A% . 5
AERRHA KA R EERE(NRPS-like)JE R % . 2 4~ 1
RUZRE 5 W (TIPKS)FE A . 1 /115]P%(Indole) [
AN 1 AMk34A (Siderophore) L AR (3 3), A
FRILRBE P ERAT RIS 5 BN, 7 1 B SR & e Fn-lE
R R IR A 2 LR A7 b 23 SRR S PKS.
NRPS HYFE , 3 SE B 7R 2 A9 antiSMASH %8
P P B R A M AS 5 (antiSMASH 5.2.0 R%Z4

HARBLRE 2D o
3 it

ABFTELRE AR =AU P, e 4%,
BBt T — AR S BRI N R R, %N

T3 XEDF 5752 ZERHEH 18 MRFR IS HER

SERPERS R, TOUFIERE T 10 444 DA gafid
B, Ay 649 MHTER IS EERE, BAE T
PIECAE Y AR T S AL 5 B AL, (AL
BRI (44.27%) E ARG RN RE R, J5
T RGN RE I R A . Ao T
EHE ) rDNA TS [P, H5 %0k thah HL R 4 e
NRFEEy o PRI ZH I s Sy LR S Ak A F it
B M EO AR B R R A0 B H R
TP ERNF W SR, FER T+
F14) T 2 B P SE PR AL P A9

AWFFELEAE 317 MK AW, TR
PR A A R T ER, SETT A,
Y8 H— B E AT 4RI AN BTPT T a-TERD
oA AT B T ELTE BT IR AE B Tl B
A TR E AN BN E O A YA
FEF RN . F5h, AR 18 MIREA

S i
piL3 :E'\F‘C.

Table 3 Summary of the 18 secondary metabolite biosynthetic gene clusters of the Calvatia gigantea 5.752

F5  FEREYHAYHIE Location in genome WG A= RS R 2 A
No. TANT S No. of contig  EIA{LE Start i End Type of secondary metabolite biosynthetic gene cluster
1 2 789 186 810 624 i 2& Terpene

2 3 253 643 275 108 n5[I%t Indole

3 4 2 046 382 2094 084 1 BUSR 5T T1IPKS

4 5 109 182 128 607 i 2& Terpene

5 5 2507 366 2553112 IRRHA R A R NRPS-like
6 5 2722722 2 744 624 i 2& Terpene

7 6 85416 106 750 i 2& Terpene

8 6 1274 541 1318 780 IRRHA R A R NRPS-like
9 7 210 687 254192 IRRHA R A R NRPS-like
10 7 1232923 1254 141 i 2& Terpene

11 9 579 022 599 840 i 2& Terpene

12 9 1339 149 1383158 IRRHA R A R NRPS-like
13 9 1 839 653 1 855 402 #R# A Siderophore

14 10 1151 654 1196 330 I ZIZE 5 TIPKS

15 10 1449 476 1471 235 i 2& Terpene

16 11 1300 674 1 345 205 IRRHA R A R NRPS-like
17 14 305 930 325122 52 Terpene

18 14 2382491 2 403 494 52 Terpene
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YIEY S LR, AmhE . AR A AN SR
Hfe & e RN . X Se R A A R 2%
ROV AR B AT EEE, A |
WA AEL TS | SRl R IR 7 Y BRIk Gk
ARy o B 25 AL W S HUATT 2 0 ) 22 RS
BRI BAE Y A YA G AR 2, A
SPHAZ D, F sl R,
AT R B FEIN R 1T RGP LR W 6
SRR, ol Aok S i HAT B R A E R
BACH YRS B IER O

FATUIE, AHFTORAE B BRI Sy 2h B
PIZHEERE B, IR e B R AP E, IF
AR RS i et il . BRI DI RERIA: )~ ad
FERIBIESE, DLRCHAE £t Tl BT S5 25 M EDT &
W,
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