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itk THP,

LA, A DNA W52 A 0 & Jr Al 3
ARG, B R 22 T BRT A 2 (A 5 R 2 Bl
1k 2018 4E 3 A, NCBI 40 #53E [H 21 2 % $d
PEH A2 260 Fi LT A 2k 1A S R 2 (http://

www.ncbi.nlm.nih.gov/genomes/GenomesGroup.cgi
?taxid=4751 & opt=organelle), H:FP-FHEF 210 F

(5 80%). 1 2016 F1 2017 Wi4ERA 73 FhEL L
H 67 AR ATE R AT . EAR
BT i W PP A RR S LA ) A B EL I I
FLARTERI 2, (BRI R & o0,
7 I PCR 47 1S F00 P A n] BE X S50 51
7020 2 Y A5 R 25 5 B 9 o an, i
FERR 74 Glarea lozoyensis ATCC 74030 F ik
H1 T cox2 JEALHAT 2 5 DL, (R Ty A
FP BB RS R ALR, 7EX P cox2 2
Ab BT AR AR IREY, S b, FRAT A — 2k R
AT R 2 Hh S A B PR A R AN B8 1A

Wi EE Hirsutella Pat.2—X%F 312 4
BRAE 53 A1 0715 e sl W AN e Hus SR LT, AR S
SR RE . 4EFr A S RGO . BRI
PV kS B A EEAE . A 1892 4
Patouillard DAFE Hi 4 £ Hirsutella entomophila
Pat. L X FP a7 LAk, 8% B A8 JE 9 L A Bk
., HETCAHZ 90 MR BEMIEYF
TEPARIT R RGP By o3 K AL v R A8 e, (H
Z BN H B F 4] Ascomycota [N JE H H
Hypocreales [{J£& %R} Ophiocordycipitaceae'™
HR A [ Brfim 24 P — T — & 25K, Quandt et
al. (2014)E IR B 4 L& Ophiocordyceps, i 57
A EAE (T W AL IR,
ok B E A A R E 20k R, HFHARE
BB A b Ok B L L e AN i B b 44 R

AbBR T AR 4 B8 2B W R 2 A A B
LM EL)E , (HHETRH 9B R ERsk = 5 r
e, Rk, BHIFA G AR R AR A R 4
FRUEAT R GEAL IR 4 B A0 R L KR A A7 A B
HUNAE, DEOT AR A A L RAEY, B AR
2 AL MR B N 3 AR, RSB E
il Hirsutella rhossiliensis Minter & Brady 1980, Hf
Je 7 ik 8 Bt Hirsutella minnesotensis Chen, Liu &
Chen 2000 F1£E d1 4% “E 4 Hirsutella vermicola Xiang
& Liu 2006 ; Hif IR HE ) 25 A 4t B B e 1A=
YebE BT, Wi 3 B F A g E L R,
BV BB S ZYR, HEHETRA 3 M)
Fh(EPFFAEL R 3 Al B A A & RILR AT
FEEL A

%30 AL B AR R — PR LN AR R
W, ARz, FREFEBE)T, OF
16 & 1Y) 23 Bl H AR L R 8 A EIRAGE , [fE
K. . kEL R BRAL OB M
DRI E AR BB A R R AR Y
A B 13RI i) R TR AR TETE A
FomtE . BERHIEE A EZE S Liv &
Chen 200 1)F HBAEFAR . =N LA = 5w
S, 93 AT BB B A TR Hh O B — A
R AR OWVT-1, IR X K O gLk duppfn—
I &y Y i RE 25 R A0 R R 2 0 Gk B 95% F
98%!">1, BJE, WFIE A GIIZE OWVT-1 BifkE
K PP T R M E RN R
PG 43 5 Al AL L R e e 1020 7 B i D
FEShARD2 | X g2k sl 1 2 B S P YA TR
ST TAE,

W& B BT OWVT-1 B Ak 3L B 2 7 2
258, HMARIER LR, Wang % (2016)%
T IBWHEA B/ USA-87-5 WIFRAYLRLAIE A
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O, AEFRAT e A fiff PR S A 3 DR 4 e 9] ) st
P & BRI REAELE T A 1R o O T R4 07 Bk
BRIEFMLRIARENG], ASCHEET OWVT-
BRI PR S8 B B 2R AR SR R 4, 1IN USA-87-5 BIRE &
RILRLRTE R HAFAETF ISR, &I B
T VE A 1) 2 A DR 20 470 A 7 R R O T LR
LRI 22 3BT o

L AR %
1.1 BEHIEFRS DNA 25

W3 LY B F R USA-87-5 F1 OWVT-1 4351l
414 A 35 E e 53k M R i h % L (Cottonwood) Fil
IRV~ B (Waseca) K& H H il #8485 U Heterodera
glycines I, Hrf, OWVT-1 Bk 8 A —Be i fE
27 HEFF R B A AR IR R B H R, i
PIAN TR 13 H o L 2 e A A A A 5 9 X 485 S
FE BRI PR AL L K P AS TR 3 o 4 o 21 A
PEESACHY PDA 53R I 1 25 °C BRI E 2 A,
AR TR 22 A5 T RERR A TA 4R LR, DNAPOL,
1.2 OWVT-1 ZRhkiikFk R 2H iy 2H %%

| FH 5538 5t Roche 454 Al Illumina Hiseq 2000
ZEO I FF AR KT OWVT-1 B Rk IEA 73 K 21
P, 135125 50.6 Mb HYFERI AR, BT
HENZ AR ERARIE AL T8, DL E TRk

BHUI LR ATE N4 (NC_027660) 4 query (#5if]
FPo), ilid A BLAST #28 OWVT-1 4125504,
R F] 4 £0FHL A DNA B X 4 505508
FEAEZ AL BT, DR, AR i 1 s Y 2 1 4
w519, i@ PCR 434 A Sanger 7 AN T 41)
WERAELER R 1T o JE 5 W] JE J3 A9 B kLA
FERA P A, FIBIX 4 2557 800 i i I 2
Z, RIGTEARSRIT A BRIt 5 19, @il PCR
PIH Sanger MFHHEZIX 4 5575, MG E]
OWVT-1 588 LR AL [F 41

1.3 USA-87-5 il OWV T-1 Zhr {4t BH 20 i He e

F|FH MAFFT version 7 /4 (http://mafft.cbrc.
jp/alignment/server/) X 412 58 B OWVT-1 Y ZE
AR IR 2 5 0 A5 1) USA-87-5 B L RE AR JE R 21
(KU203675)#E47 LL X,  Hext 45 2R H Mauve 2.3.1
WA UEATIRRET . R fEF g bt A A6
USA-87-5 4 hi 1A 35 [ 41 5 91 ) i R B 3
OWVT-1 —Z (B rnl FEEEHY 15 bp 4b) X OWVT-1
F USA-87-5 By 4H LU X A 7E 25 S ) IX.
B, ARAE GRS B (R 1), A5
ik PCR 4" ¥4 A BAS BRI L VKA A PR B Bk ] 2
T SCAFAE2E o o T i — 2D HfIA USA-87-5 M4k
RLARFERIZH P41, R 1] SRR L D 2H 20 25
BAF MITObim 1.9P¥ M\ USA-87-5 4 1 i £ 4
Fie v E i A B R AR IR 4

# 1. &I OWVT-15 USA-87-5 9 FIEAEIS|4

Table 1. Primers used to verify sequences in USA-87-5 and OWVT-1

Locus Primer name Primer sequence (5'—3") Expected size/kb
VGl VGI-Fl1 GTATTTAGTATTGGGTGTTCGAAT

VGI-R1 AGACCGTAGATTTGTCCTTTGT 1.1
VG2 VG2-F1 TTTTGAGCTTATTTCCATAGTGC

VG2-R1 TAGCATTAGAACCCGATCCATT 0.7
VG3 VG3-F1 TCATTCTTTTCTGCTGTTCCAT

VG3-R1 TACAGCCATTTAAACACCCCAT 2.9
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14 OWVT-1Zmrihs R R
AT USA-87-5 TR 1 4k f& 4]
AAATE O SO BT R HE 58, UL OWVT-1 T8
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Z W7 ORF Y31
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fE, FRATEE A A B 5 20 5 B i i B ek B A
OWVT-1 HHkmIZRI ARSI . AR BIETR
BB 3608 RARFIZE L BB AS3.7877 Htk
LRBLIARIE RIS s e T TR AL PR 21 1
AN JESE2 50L& 1) VR N o e < OF AN VA 8
{5 F LAST %44 (http://lastweb.cbre.jp/) X 145 7 HL gk

A5 e 9535 B A 2k B B A i e s A
DRI 2 A AL T
17 IR

T R B OWVT-1 T BRI LR A SE K 241
CL#248#] GenBank, #3535 MG979071.

2 SRR

21 EETEPEEHR USA-87-5 Fl OWVT-1 Lhifk
F R 20 73 i He 38

{5 DNA 538 £ 8008 JF- i L PCR 473
F1 Sanger MY, BIIAI%EH OWVT-1 [ (AL
R, 4K 62949 bp, 5 USA-87-5 /A B KA
FE R 41 (62483 bp, KU203675)412% 466 bp. X}
OWVT-1 LKL R 2H 5 0 A1 (1) USA-87-5 Lok
LR HEATIE A XS, BRI 3 b F BEidsi A
Bk 5 240 R B Am AR (B 1), SR, A
Xt 3 Ab K A Bl ABR IX S5 PCRFNEE M L vk G
M 2), PLRFF MITObim 4 WA i H il
Bt o T4 USA-87-5 BURRASREIN A , #R K
PP 41 L R IE B gk 2 2 S R fl T A Y
USA-87-5 Lhr (AL PR 20 A TE 7 S A R ) o e
AEDL, Efk OWVT-1 5 USA-87-5 AyZ ki fAE
PRI 62949 bp, FFHILFAN 2R
2.2 BHATEBEER OWVT-1 SohL{AH: K 4H K4 5%,
L)

OWVT-1 LRI A IR F,
14 MO M gt 3[R (atp6 . atp8. atp9. cob.,
cox1-3. nadl-6 F11 nad4L). 2 /> rRNA FE[H(rnl
Flrns)., 26 M i Z IR 1Y) (RNA JEHIF 55 7 4
M7 ORF. B orf186 41, FirA HiAd B I 7EIE
B FEESR(E] 3), 31X 26 > tRNA FEK AT LUz fr
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OWVT-1
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USA-87-5 VGl

VG3
VG2

5000 10000 15000 20000 25000 30000 35000 40000 45000 50000 55000 60000

1. OWVT-1 5% HY USA-87-5 2 fui {4 £ F 48 I 51 i be 3

Figure 1.

Alignment of the published USA-87-5 mitogenome and OWVT-1 mitogenome assembled in this study.

Numbered scale bars indicate distances in base pairs. VG1, VG2, and VG3 indicate where three long

insertion/deletion regions located.

VGl VG2 VG3

bp

5000
3000
2000
1000
750
500
250
100

2.9 kb

1.1kb
0.7 kb

[ 2. PCRIIE OWVT-1 527 HI USA-87-5 Zehiff
EFEELE M FAEERT 3 X

Figure 2. PCR assays of the three long
insertion/deletion regions resulting from alignment
between the published USA-87-5 mitogenome and
OWVT-1
Identical and expected amplicon sizes at each varying

mitogenome assembled in this study.

region between the two strains imply the presence of
erroneous sequences in the published USA-87-5
mitogenome.

20 FPFRUERY LR ; BRI AR (M) . AN AR
(F). ZRARL). HEARR)., ZHARS)EA 2-3
A HATARIRI B[R] 52 SCEE S T/ tRNA JER A,
HoAth 2 LR Y H A — 1~ (RNA JE[H . (RNA L &=
HRELA nadé/rnl (5 ). rnl/nad2 (13 4~)Fl
rns/cox3 (4 4~)ix 3 X (A 3).
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FHH 4 NMHNEF rnl-il \nad2-i1 . cox1-i3 1 nadl-il
H1 T RS 0 58 A8 1/ 2 1 | % 1 - 58 242 T b 30 5 )
IBALAOARIE . AN, 7E rnl/nad2 2 ] X R AEAE
Z AR KIS GIY-YIG Fl LAGLIDADG I £y V) fif
MRt IF 5, CARBEYE H 585 i EADHE

Wit AH BLAST % OWVT-1 (LR IE
HEHA SRR, 03] 42 D m A
X R, HEARAFBRWFIER, R
29-101 bp (*F-¥4 58 bp) i HEXFHE 7 79.2%-100%
(VX3 87.8%)HAHMIE ; FRHY 101 bp F HEXFATRXS
ISR trnl_2/4rnQ FEIE] X AF41 trnHAMM_3
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Figure 3.
mitochondrial genes. Introns are shown in white boxes.
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1E 3 FPph BRI LA RS A A 14 R0
F S . 2 4 rRNA JEH | 25-26 4~ tRNA 3
PN 3—7 A4 37 () ORF (& 5). #i24jE BLASTN

Circular map of the H. rhossiliensis OWVT-1 mitogenome. Arrows indicate transcription directions of
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L AFEDLAL, oAl Fr A %088 T gmAg SE R . rRNA
FERFN (RNA LR PHEFT 76 3 Rl B b2
2AFI(E 5). HABEEA nad2 Fl nad3 7€ 3 i€
o1 AR R R T R Y, A AT (] B AR 5
nad4L Fl1 nad5 7£ 3 Fgk B PEREE S 1| L
(BP naddL M2 b ST TAA BIEJG — 3L A
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x2 RHEWEMLNAEEATHANSFLHE ORF
Table 2. Introns and intronic ORFs in the H. rhossiliensis OWVT-1 mitogenome

Intron Intronic ORF Length/bp Intron type Notes
rnl-il 1443 IB(3") Degeneration

orf165 498 GIY-YIG endonuclease
rnl-i2 2240 IA

orfs544 1635 RPS3
nad2-il 1370 1A Degeneration

orf102 309 LAGLIDADG endonuclease
nads5-il 1403 Unknown

orf428 1287 LAGLIDADG endonuclease
nads5-i2 492 ID
cob-il 1179 1D

orf287 864 GIY-YIG endonuclease
cob-i2 1244 IA

orf298 897 LAGLIDAG endonuclease
cob-i3 987 1B

orf237 714 LAGLIDADG endonuclease
cox1-il 1372 1B

orf345 1038 LAGLIDADG endonuclease
cox1-i2 1402 IB(5")

orf318 957 LAGLIDADG endonuclease
cox1-i3 1364 IB Degeneration

orf277 834 GIY-YIG endonuclease

orf103 312 GIY-YIG endonuclease
nadl-il 1080 IB Degeneration

orf100 303 GIY-YIG endonuclease
cox3-il 190 1B

(A) B)
HR HR
z 2

4. 3T EMLERFEEAFTIRITEMERXR
Figure 4. Dot plots between different Hirsutella mitogenomes. A: between H. rhossiliensis (HR) and H. vermicola
(HV) mitogenomes; B: between H. rhossiliensis (HR) and H. minnesotensis (HM) mitogenomes.

FIASEAHE ) 7 AN FER (K 5).3 P ELTEAE rlonad5 78 nad5 JE[RIAG N & 74l AN S PG ORF B K
il cob HERA NS FAfA, JFHAEX 3 MRS HIZIAER ORF; 7 cob J[F 1 Py & F4fi A AL o
A — LA N FARANLS  LE rl LRI N A RAITIRER ORF 84w GIY-YIG IH 5 4 Y1 i
TN EA dith 2 MR8 1 RPS3 1Y ORF;  ORF,
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* 3 3MWEMEKFEERHEAELE

Table 3. Comparison among three Hirsutella mitogenomes
Item HV HM HR
Accession No. KY465721 KR139916 MG979071
Strain AS3.7877 3608 OWVT-1
Size (bp) 53793 52245 62949
No. tRNAs 25 25 26
No. introns 7 13 13
No. ORFs 3 4 7
Length of exons 24.6 kb 24.9 kb 26.0 kb
Length of introns 15.5kb 17.1 kb 15.8 kb
Length of intergenic regions 13.7 kb 10.2 kb 21.1kb

HR, H. rhossiliensis; HV, H. vermicola; HM, H. minnesotensis. Intergenic regions are those remaining regions after excluding exons
and introns in core protein-encoding genes, rRNA genes, tRNA genes, and free-standing ORFs.

3 itk

ARSCHGE I A B OWVT-1 HRRILRL
PRI, FFIUEAARR USA-87-5 PSR (AL
PRIZH(KU203675)H AETE IR 15 o 32X PR TRRR 9 23 29
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2 SIS S 7l R TN i o 1< M < /AN < ]
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JUAL P AR IR S [ —Se P B R, AUFEFE naddL
LA — AL A, PSS T HS nads 1Y
AT R(CEANES 1 AL, H2H L
i % HAEAHI%E) ; 7E trnQ A trnM_3 i8] — B¢ 0.7 kb
BRSBTS T 2 (B VG 4b), f#i45 trnH 3t
£ 144 DL 7E trnS 1 1 cox3-E2 [a]—B¢ 1.0 kb
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H cox3 FEK AL IR0 B s 7E nad6 Al trnl (Bl £ T
—BL 2.4 kb BUFHI(BD VG3 &b, e\ G R o i 45
FEAL), IR T trnV 1 orf263 /N3 5 78 coxl
BRI AETE P TR . TE R RN USA-87-5 T
R LA AR PR 4 91) I 0 1 by A — S i
FER, 0 nad2 BRI NS T IROA S E ik,
rnl LR P87 0 2 AR R AR

FRATT % 7 Bl A 1 A A o A R TR 4
FIHEATEERE, I 5 IR ik bl B AL du gk £ 4
(LRI KT 2H 1 T UK 3 Pl BB A RE A
L MRy, i ELE O I DR G L A AR
NP, AHIE B BB B AR L BB IR A Bk B A L Rk
B A LARAR TR ZH R (FH 2224 10 kb), FRATTA I
FEPR A X AR | Sz ORF AR FIN & T8 H
123 e 9 B A SRR SE R A 1 RN, {H K (A ]
XA Al Sy ORF Ui i g i R BE R (3% 3)
BN, rnl/nad2 3L K 2 [8] 19 15 371 (B 25 Ho P i tRNA
FAM N7 ORF A B i e 91 FE Lk g B 1t . B JE 5
BB A A B A 2.4, 2.2
9.2 kb, Xiao et al. (2017 ) i X} Fi £ B i 6] A1 A
ZALRLREE N B 530, R BL5 4 R 1] F04)
Fofr P 2 A A B DR 20 R /N AR Ak i 32 R R A [F]
(1, R Ta] 22 5 5 e o R DR ) X 401 5 e 1 B0
XSG A S AN — 3K

T BB IAE 7 DR h A A 13 DN
F, Hd 4 ANEF rnl-il, nad2-il, coxl1-i3 Al
nadl-il rHTRHS 58745 Fl/ek 28 11 2 1 - 28 A5 1
W AR AL RRAE ;. 2 NN F nad5-i2
cox3-i1 744, 4k 492 bp M 190 bp, /T
W JE 733k 1 A N2 H bl B A T AoRn IR N & 1Y
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Figure 5.
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Reanalysis of the mitochondrial genome of the nematophagous
fungus Hirsutella rhossiliensis

Qiangian Yan', Xingzhong Liu®, Yongjie Zhang'"

! School of Life Sciences, Shanxi University, Taiyuan 030006, Shanxi Province, China
? State Key Laboratory of Mycology, Institute of Microbiology, Chinese Academy of Sciences, Beijing 100101, China

Abstract: [Objective] To identify the mitochondrial genome (mitogenome) of Hirsutella rhossiliensis OWVT-1
strain, verify erroneous sequences present in the published USA-87-5 mitogenome, and perform comparative
mitogenomic analyses of three Hirsutella species. [Methods] The OWVT-1 mitogenome was assembled based on
high-throughput DNA sequencing data and Sanger sequencing. PCR assays were performed to verify 3 long varying
regions observed during alignment between the published USA-87-5 mitogenome and OWVT-1 mitogenome
assembled in this study. Bioinformatics analyses were used to annotate the mitogenome sequence of OWVT-1.
[Results] We detected several sequence errors in the published USA-87-5 mitogenome, including long sequence
insertions/deletions and small indels. The mitogenomes of OWVT-1 and USA-87-5 were identical without any
nucleotide difference. The complete mitogenome of H. rhossiliensis was 62949 bp in length, with 13 introns in
seven genes. Several introns and intergenic regions seemed to have degenerated. The mitogenomes of H.
rhossiliensis, H. vermicola, and H. minnesotensis showed a high synteny. Except free-standing ORFs, the gene
order of core protein-encoding genes, rRNA genes, and tRNA genes were highly conserved among the three
Hirsutella mitogenomes. The length at intergenic regions was a main factor affecting mitogenome sizes of different
Hirsutella species. [Conclusion] There were erroneous sequences in the published USA-87-5 mitogenome. We
reported the authentic mitogenome sequence of H. rhossiliensis using the highly virulent strain OWVT-1.
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