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AR R AR 2250 BRI KT, B2k
WL AT R 20 AT R AR AR KR AL . FETF R Rl N
FLAR SRR SE R A 2 T B o, 28
P T80 B S [R5 | N 2R Rk B R A /N 22
U BE A ARIEF N RN & TEE
AP,

BR A 1A R R SR R R — A k)T A Y
B UM R T, Pz 0 A (T R
700 ZFf 2 HURT 10 ARy oh N T KA,
EAETF 2 E RN R ARG 2 T H R AY
Biiat . I B AR AN AE B Y 2UAAAE T 2 R
Yyrf, T REAER AR R R T
Hh 2 T ) R A R BRA AR R R U SR A 4 LI
TE AR o R BR AL AR DR R T TR R LR B
DA KA T R 14 T TR 2% SRt F H R) IS 43 B A
PERGHA TR 3BT, 5 S0 AR 1 18t A% 4 1
BIRARNR, A BT R BRI (8 P 5 AL
MR, BRTC A KA L@ s ZFE
PEI T BB TAE , 24 RAPD .\ ISSR, AFLP
SRR . XSRS A BR A R T AN R
s/ N MR s 2 ), BRERD,
BRI P EE R R B 2R, H S
o} 7 A2 AR S M A 2

FIFH RFLP HAR X BR A SR 2R {4 DNA 43
Brivas R o, LWL IA DNA LRI
KA, 1k BAT, 78 GenBank %45
PEE A 6 A BRA AR PR TR R (10 LR (A 5E R 20 4
P, R, XA AR N 2R A I R 2 A o3 A AR B
ANTERE . WCHT, 30 5 SR S R R ) 0 o A
TEEA TN N FL A R AR SE R L B, 2 BRI R
FLEA R P T8 E AN 5 | e o 1A 3k PR 4 17
SR FRATT I BR A 1R B A T REAE AR N
AR ZEME. B TIRIEZRE, ACTFERT
BRI AR TR 0 6 TR BRI LRI BE R 217 51
TEN AT T IE I LS, R T oM FIX
PN - DORIE [R] [] IX ) B A8 S A o, a0 T
XTI RGBT KRR, AR E R R A Lok
PREE R 20 A AL BB T T A T

1.1 HERiES

HHET, GenBank ¥/ H £A7 T Bk AL 45 A
6 PRV LRRIARIE R A5 BGR 1), XK
BFZANAEM ST ER R, 2R PN
AELRRIARILE ZH 751 .

*1. mAEpEFEMREEENAERARSR

Table 1. Isolates of Beauveria bassiana and their mitogenome information
Accession No. Strain  Host Locality Size/bp  Institute Ref.
NC 010652 Bbl13  Dendrolimus punctatus Anhui, China 29961 Anhui Agricultural University [20]
EU100742 Bb147 Ostrinia nubilalis France 32263 University of Athens [21]
ANFO01001745  DI1-5  Ostrinia furnacalis Jilin, China 32315 Jilin Academy of Agricultural Sciences N/A
KT201148 K4 N/A N/A 28816 University of New Zealand N/A
KT201149 el7 N/A N/A 29944 University of New Zealand N/A
KU869769 N/A N/A N/A 29922 South China Agricultural University =~ N/A

N/A: not available.

actamicro@im.ac.cn
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1.2 AR

N HUAE 6 BRI B R AR A LR AT IR 4
K ke B A [a) B R 4[] — SO A4 (] 1) e 4] 4 L7
—it, {1} MAFFT (https://mafft.cbrc.jp/alignment/
server/index.html?1801071719) #4741 Fb Xf . 4
I GenBank %4 22 A 1Y 356 R 3 B 445 SR AT 1R,
ff F§ MFannot (http://megasun.bch.umontreal.ca/
cgi-bin/mfannot/mfannotInterface.pl) H # i B, I
LA N AR R A R R e i 1N 2
% Zhang & Zhang (2019)HE# 1 R Gi 44,
rRNA F )N 1K Johansen & Haugen (2001)
MR R Ge a2, W PRI RNAweasel

(http://megasun.bch.umontreal.ca/cgi-bin/RN Aweasel/
RNAweaselInterface.pl) 734 . f# F} BRIG % A []

TR R 9 LR AR SR DR 2H i1 742 7 91 b v DR Ak
/Ro (8 DnaSPPOSE AN T IX . NS T X AL
] X AR A S 0 o B 14 B P i 6 R A 1
MR PP AN DRk, DU B A A o S, i ]
RAXMLPJEF GTR+G A E R G LE T .

2 R

2.1 FRIBEEESRREER 4 KA RN RNV
6 BRI A A B bk B ORI R 4 /A%

KA, M 28.8 kb #] 32.3 kb, fAHMIZE 3.5 kb
(F D)o 3 BN B R ZORL A I R 20 R /N 22 7 1) i
N R A ER S AN & FREAR. A4
WHREA 25N EF, NS K E 1367 bp.
1E cob. coxl. cox2. nadl F rnl FERFEH NS
TN, IR A 1N THRALLE,
N [) B A A [ 4 A S50 P SR TR F )
—NEHFERAIE 2), 6 MEMRILEIRH 3 FAFH
NS Pt 2, | 1), ah, KRR
()30 A7 A — SR R AR SR 288, Xt 2 3l 2k
BARSER A RN E RN EEZ —, BARW 2.2 F
AT

JUAE A [R] TR bk (%) Lo A R IR A R/ INAFR T 22
5, (HRZORARSE R H 5 HEFIUE 2k TR
FEA 14 AN L0 B 1 G 3 B (HES L
N nad2. nad3. atp9. cox2. nad4L. nad5. cob.
coxl. nadl. nad4. atp8. atp6. cox3. nad6).
2 4~ tRNA JE[HE (rnl F rns)FI 25 4~ tRNA FE[A
(Fl 2), XLE (RNA FEH EZRETE rnl FEHF) L
We(trmV . 1. SI. W, PYRIRE(ernT. E. M1, M2,
LI, A. F, K, L2, Q. H, M3), VXK rns A
M Uf(ormY. D S2. N)o SR, AN BEREE H T
BRIERY AL, 6 trnM1/M2 FER ] X F cox1/trnR2

*2 AEKEABEEKSANARFRELR
Table 2. Insertional site and type of mitochondrial introns among different isolates of B. bassiana
Accession No. cob coxl cox2 nadl rnl No. introns
NC 010652 P393 (ID) P228 (IB) mL2450 (1A) 3
EU100742 P393 (ID)  P1057(IB)  P228 (IB)  P636 (I derived, B1) mL2450 (IA) 5
ANFO01001745 P393 (ID) P1057 (IB) P228 (IB) P636 (IB) mL2450 (IA) 5
KT201148 P393 (ID) mL2450 (IA) 2
KT201149 P393 (ID) P228 (IB) mL2450 (1A) 3
KU869769 P393 (ID) P228 (IB) mL2450 (IA) 3

For protein-coding genes, the number after P represents the intron insertion site (relative to the corresponding genes of Tolypocladium

inflatum). For rnl, the number after mL represents the intron insertion site (relative to the corresponding genes of Escherichia coli).

Intron types are given in parentheses after insertional sites.
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Beauveria bassiana

10 kb

coxl

1. TRKkAAERERENFEREAMN LR
Figure 1. Comparison of mitochondrial genomes of
different isolates of B. bassiana. Each ring represents a
strain (represented by accession number), and they are
NC 010652, EU100742, ANFO01001745, KT201148,
KT201149 and KU869769 from inside to outside.
There are intron presence/absence variations in cox/,
cox2 and nadl among different strains. When drawing
the map using BRIG, EU100742 was used as the
reference (because it has introns in all 5 intron
insertional loci), and all other strains were compared to
EU100742 by BLAST.
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Figure 2.
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Mitochondrial genes and their order in different isolates of B. bassiana.
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*3. FREKEABEERENE FROBEMIERTS

Table 3. Variations at exonic regions of each mitochondrial gene among different isolates of B. bassiana

G Exon Protein

ene Length/bp Pi S Indel Total % Length/aa Pi S Indel Total
atp6 792 0o 7 0 7 0.88 263 0 4 0 4
atp8 147 0 1 0 1 0.68 48 0O 0 0 0
atp9 225 0 2 0 2 0.89 74 0 2 0 2
cob 1176 0 5 0 5 0.43 391 0 3 0 3
coxl 1590-1608 2 26 24 52 3.23 529-535 0 8 8 16
cox2 750 0 3 0 3 0.40 249 0o 2 0 2
cox3 810 2 7 0 9 1.11 269 0 6 0 6
nadl 1104-1107 1 12 3 16 1.45 367-368 1 6 1 8
nad?2 1698-1704 4 12 6 22 1.29 565-567 2 7 2 11
nad3 420 0 1 0 1 0.24 139 0 0 0 0
nad4 1449 1 11 0 12 0.83 482 0 6 0 6
nad4L 270 0 o0 0 0 0.00 89 0 0 O 0
nad5 1986 9 22 0 31 1.56 661 3 9 0 12
nad6 639 1 2 0 3 0.47 212 1 0 O 1
rnl 3210-3215 6 8 11 25 0.78
rus 1563-1567 4 8 6 18 1.15
Combined 17843-17860 30 128 50 208 1.16 4341-4346 7 53 11 71

Pi: parsimony informative sites; S: singleton sites; indel, insertion/deletion sites; %: the percentage of total variable sites (Pi, S, and
indels).

F4. FRKAAEEEREANS TXMEREXMHEETR

Table 4. Variations at intronic and intergenic regions among different isolates of B. bassiana

Region in comparison No. strains Length/bp Pi S Indel Total %

Intronic regions cobP393 6 1236-1240 5 14 6 25 2.01
cox1P1057 2 1265 0 0 0 0 0.00
cox2P228 5 1036-1116 0 13 128 141 12.57
nad1P636 2 1075-1076 0 5 1 6 0.56
mL2450 6 1827-1898 3 37 86 126 6.60
Combined 3113-6565 8 69 221 298 4.51

Intergenic regions rnl-nad2 6 1922-1953 3 26 64 93 4.74
nad3-atp9 6 260-302 0 5 43 48 15.89
atp9-cox2 6 111-116 1 7 9 17 14.41
cox2-nad4L 6 184 1 0 0 1 0.54
nad5-cob 6 154 1 1 0 2 1.30
cob-cox1 6 406412 0 0 8 8 1.94
coxI-nadl 6 1861-1937 5 16 93 114 5.85
nadl-nad4 6 371-386 1 10 22 33 8.42
nad4-atp8 6 71 0 0 0 0 0.00
atp8-atp6 6 106-107 1 2 4 7 6.42
atp6-rns 6 429442 2 6 13 21 4.75
rns-cox3 6 494-496 1 2 3 6 1.21
cox3-nad6 6 169 2 0 0 2 1.18
nad6-rnl 6 1248-1287 6 25 54 85 6.58
Combined 7846-7967 24 100 313 437 5.43

The so-called “intergenic regions” in this table include possible tRNA genes and free-standing ORFs (see Figure 2). For all tRNA
genes, only 2 and 1 SNP sites are present in t7nE and trnM 1, respectively, while all other tRNA genes are conserved.

http://journals.im.ac.cn/actamicrocn
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Figure 3.

Phylogeny of different isolates of B. bassiana based on mitochondrial nucleotide sequences. Nucleotide

sequences of 14 protein-coding genes (total length 12889 nt) are used to construct the phylogenetic tree. The dots in

the figure represent the presence of introns in corresponding genes (see also Table 2).
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Intraspecific comparison of mitochondrial genomes in the
entomopathogenic fungus Beauveria bassiana

Yongjie Zhang', Jiawei Hou, Shu Zhang"

School of Life Sciences, Shanxi University, Taiyuan 030006, Shanxi Province, China

Abstract: [Objective] To understand the intraspecific genetic differentiation of mitochondrial genomes
(mitogenomes) in Beauveria bassiana. [Methods] Mitogenomes of six isolates of B. bassiana were downloaded
from GenBank. Composition and structure of these mitogenomes, nucleotide variations at exonic, intronic and
intergenic regions were compared. Phylogenetic relationship of these isolates was analyzed based on common core
protein-coding genes. [Results] The mitogenome size of different isolates of B. bassiana ranged from 28.8 to
32.3 kb. There were 14 common core protein-coding genes, 2 TRNA genes and 25 tRNA genes in all of these
mitogenomes, showing a strong collinear relationship. However, the number of introns in different isolates varied
(2 to 5 introns per isolate). Intron insertion/deletion polymorphism was found in cox/, cox2 and nadl, as the main
factor contributing to variations of mitogenome size. Based on nucleotide variations at exonic, intronic and
intergenic regions, the relative variability at intronic and intergenic regions was larger than that at exonic regions.
Phylogenetic analysis revealed that these isolates of B. bassiana grouped together with a high support value, and
isolates with identical intron distribution tended to cluster closely. [Conclusion] B. bassiana shows genetic
differentiation in its mitogenome due to intron number variations, indel and single nucleotide polymorphism. Our
data provide new evidence for understanding the differentiation of mitogenomes in fungal species.
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