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Screening of a selenium-enriching strain of Pleurotus ostreatus
by ultraviolet mutagenesis and its application in nutrient
enrichment

SUN Juzhi, LI Hongying, CHEN Feifei, QIN Daji, WEN Xiaolong, ZOU Yingchun*

Enshi Tujia and Miao Autonomous Prefecture Academy of Agricultural Sciences, Enshi 445000, Hubei, China

Abstract: [Background] The cultivation of selenium-enriching edible fungi in their natural
habitats often fails to meet the national standards for nutrient enrichment. [Objective] To screen
out a selenium-enriching strain of Pleurotus ostreatus by ultraviolet mutagenesis, so as to
provide a foundation for the product development with selenium-enriching edible fungi.
[Methods] The strain to be mutated was determined by selenium resistance examination and
then exposed to ultraviolet irradiation. The mycelial growth rate and the biological efficiency,
total and organic selenium content of fruiting bodies were determined to evaluate the performance
of the mutant strain. [Results] In the media with 100 mg/kg and 120 mg/kg selenium, respectively,
the strain 120-5 showed the mycelial growth rates of 1.27 cm/d and 1.19 cm/d and the total
selenium content of 199.77 mg/kg and 224.15 mg/kg in the fruiting bodies of 120-5. The
organic selenium content in the fruiting bodies in the two treatments reached 198.83 mg/kg and
223.56 mg/kg, accounting for 99.53% and 99.74% of the total selenium, respectively. These
values met the national standards for nutrient enrichment. However, in the media with 100 mg/kg
and 120 mg/kg selenium, the original strain qiu-2020 showed the mycelial growth rates of
1.02 cm/d and 0.88 cm/d, respectively. It is noteworthy that in the medium with 120 mg/kg
selenium, the original strain achieved the highest selenium content of 166.53 mg/kg, which fell
short of the national standards. In the presence of 120 mg/kg selenium, the biological efficiency
of the mutant strain and the original strain reached 92% and 77%, respectively. Remarkably, the
agronomic traits of both the mutant and original strains remained unaltered. The whole-genome
resequencing results unveiled single nucleotide polymorphism (SNP), insertion-deletion (Indel),
and structure variation (SV) between the mutant and original strains. [Conclusion] The strain
120-5 with significant genomic mutations showcased a robust capacity of selenium enrichment,
serving as a compelling candidate for nutrient enrichment.

Keywords: Pleurotus ostreatus; ultraviolet mutagenesis; selenium enrichment; nutrient enrichment;
biological efficiency

W — ML RO LR R EYIRN RIS  FEE— M E S ADCR R A, AR T
MEZETE R O RO r, BAADUE L 3858 RER YRS KR NSO, SRR C R 1) & 4
By ) LA AR o Thae, P T4ERE N ORI @, X TR S I8y | i e
PRIIE R R FIRe A AR RN, S A O AR, LSRN S A BB TR 48 M

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



2370 (YIS Gk

Microbiol. China

ST HIEA EEIERP. SR, E 5
FEAET G — | E SR IMEAR . 0 3e4 T
SSSEA G, T H i r e/ HIRKUT K|
B i R B 3 G 2 R T 1) M & SR TR oy
A PR A2 BRI SR RIS w55 T 45 i AN
e, TR E A P B IR oA, ol 2
dity AT £ et B T 3] 5 SR A R 1 I SR A o R
PRI it R R B A RGR AR, ZE T RS TR
PN 5 A G T R 8L i

R R E IR, MRS A
EFRF AR SR R U, TE @R FE
Fros Jy EA BV ), M A 50w il
HAEFMER . 7 HE) | 258 w5
S AR SE AT Z T B 6 R R R 2
(Pleurotus ostreatus) b X} 4 , JF & & il & i &
FRamA BT SN . AT, R A YIk R
18 B0 R A B0 5 4 THT P4 A AE — i 1 JRy R
il X LIS B AHOCHR i, AWF B EIR R
b 58 AN AR BEOR i ik R A5 R A 4 1 R AT
PR, WA FRSRAL A B 7 O R R B A 7 R
HEOR 5T Bk

P

1.1 #&

F1TF 428 (gao-428). | HL 0411 (guang-0411).,
Fk3E 2020 (qiu-2020)ix 3 FioE-485 i 1A Aok
MR, P-4 bio-52347 14 A H E Y
AYEF TR L .

1.2 EFE

T 4% B 467 % W% B IR (potato  dextrose agar,
PDA)REFR S 2 SCHR (6]l . s PDB K573k
(g/L): #%F% 20.00, Z 1 5.00, KH,PO, 1.00,
MgSO,-7H,0 0.50, 4i4=% B10.05, pH 6.3, F
Ll AR IC T (B 0 80 - MiFFoC 49%, EoK
i 30%, ZZEk 10%, KJE 10%, AKX 1%,

1.3 FELFIFNEE

AT R 40 (Na,ySeOs), 1A PH WAL 24 Tl AT
R A WOAH ARSI T2, Jbat s8R
WA RATE BURTIRIL, T2 AR K
WA RRAF; WZIRGEEIRAE, Stk R R
WA RAA; NTAMES, FHEEERSOL AR
ARSI LRSS, RN R A TR
]y RE IR SOXCTHRAR , IR BT g
il A R F
1.4 EMBREIETEIE

SR VR B A R Y R A T G T A2 11X, 4 )3
0.2, 4,6, 8, 10 mg/kg WHEHKEERE, A
UNTINAR (0 mg/kg) A4 52 50 20 3 g % BR o TR Bk
gao0-428 . guang-0411, qiu-2020 Fl bio-52347 iX
4 AR5 R BIHERD R 2 mg/kg Bl 1 [ {445
Fed, 22 cCHEIRKEFE 7 d 5 P35 4 me/kg
B [ A FR S 3% . FE BRI R B Ak, 5
ANF RS A TN 52 5B ), BEBREE RS 5 4.
DATR 22 1) A K 6 0 2B R DL R A 8 B Al B vk
S8R 18 TR R A SR 75728 1) 4 A TR AR o
1.5 HIMNFT

B R B RR RTINS PDB RBigRdk, W
A I, 26 °CCEREG IR 12.d, TARGR A,
170 r/min $i&% 15 min PR R 22, £ 0.5 cm
KRR L8, IS TR 22 28k . I TC KK T
22 RS 10 15, WIS mL AR (BAR
90 mm), FFE1E 20 W, 253.7 nm 58T F 30 cm
Ab, 4y HIEREF 0. 40, 80, 120, 160, 200, 240,
280's, BEAIKE 3AEAT, MEEAOEE G,
BRI PR = NG TAEG T R
JE AW 200 uL AR UR A T PDA i, &
T 22 °C, W 60%A AL 1E 24 M1 55 .
T 7dEWEE, ICREEEOHTR IR, HE
P PR B R e P e A5 A8 B[R]

HIH(%) = W HRLLAF 0.2 mL P 75 5045 51
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HRG 5 45 0.2 mL [R5 E0/% B & 0.2 mL 7%
Hx100,
1.6 BT EPRRIVITE

B 25 A IE B 120 s A 2K 200 uL iR 7 T
A 10 mg/kg ) PDA BiFedt, RE&LHMNRET
HIBCA XTI, i 3 A4, BTIREE 22 °C. 18
FE 60%M A b3 57537 25 d (AR TR 22 S E P
I 7 T AT, BRiE 5 A ETE R AR
P, Wik | AFEIEE TR, R TETE
DGR B 22 56 4 5] 7% 10 mg/kg fili () PDA
B, WA ERAY 3 APAT . A S AN
PRAGHTG i 32 8 11, e 52 P i 3 N Ak
HEAT 52 1 o
1.7 FTEHKRBET

TS 20 3 ANEREEF RS 4 me/ke i
fNE PDB K%L, 25°C, 130 r/min JRi%H 55
10d, e e, B, Unet
Py ik IR 7 Sk bR O A AR KRB D) RN R AR R
TR 1 TR AR FH T 5 22 1Y) Al Rk 1 e
1.8 BT EKRILFELE

Fie 1.2 TPOP g AR S G C LLARIBUSRE
¥ NaySeOs 1 F 7K B il il — i Ve JE I AR Vs ¥k, 4t
WE 0. 20, 40, 60, 80, 100, 120 mg/kg iX
7 AEREE , FIRRKEE 1:1.3 BRhnafis 3 5
Bl BEFEA), [HE 24 h JF2E48(14 cmx28 cm
RNEIEILS), PR T Y5 270 g, 121°C
KB 1 h JF¥H), WHEER,
1.9 FHEELE KRR E

R AT AE O 22 R KR T
MR+, B R A JAR, &
BOEME, A KR (cm/d)=F¥ B (cm)/4 K
WA (). PEFF R4S AT, MEEZE A E
T4 1) JES TSI 2, 5] D 22 0B Aoft 14 TO0 s 57 58 O e K
WAy, AP FRO, B AW 1R, —FHBCF
BIE, WA RBERIE I L

1.10 BLMFEXAERTFRETE

V- L 1 TR A QUG =, B T
BR, FHABAEK R bt 3 K, LABREER R Y
KW, WEUE T3 @R T, SR )5 FHl7ENE
ORI, W T ZRIKSY RN TR T AL,
FLSRR TR 2 d, FREE. TR K
NIEIR T4, 55°CHET 3d, FREE,
1.11 S AfFA A HLAd A

ST A N 2 B A B K AR GB
5009.93—2017", i RS AL Y I 2 6%
SE TCHLAT 5, T R RLATE ek 2 TCALATE B 755 HLAT
S, R A P E 4 . MRYE GB
1903.22—2016™ZL3R F LUK I A RE ok T4, [
I, SRR SE RS 285 55 CCHET IS PR RER LI
1.12 HAEAEHKMIFTEKERBENF

Xof HE R R AR A TR R T S R AR A T A
DIZH M, 78 GCA_029852705.2 1E K%
HFE A, Wit BWA v0.7.17 il SAMTOOLS
V1.7 AR R PR 5 22 SR A TR A
XA, AT G0, HIWTRE S 5557
SRR O o 38 3 T 3RAT B ARk s R 4l
Y HUZ R Z2 5 (single nucleotide polymorphism,
SNP)#fi A 8 Ht 2k (insertion-deletion, InDel) A &
L R 21 5 #4) 7% 5 (structure  variation, SV)— & 5]
W SAF R EIY KT RAE) A Sers S R
A BRI 58 A

2 BER54

2.1 AN[E 55 B AR AR BT R ik

FERGH B 0, BD T 5525514 T, qiu-2020
B 22 4K B PR, gao-428 il guang-0411 IR Z,
bi0-52347 A=A B At (1] 1) Bl A vk 2 Ay 34
i, e FE 2 mg/kg B B 22 4= K IT4R 32 240
MHNE] 4 mg/kg, qiu-2020 Fil gao-428 #2241k
KA RIZN FE AR IR, AHE T 2 mg/kg Kb FRZ
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JC i E AR AL, T guang-0411 Fll bio-52347 H# 22
AR R JTIE A T SRR N E) 6 mg/kg,
guang-0411, bio-52347 il gao-428 iX 3 4Rk #
YRR HRAE T 4 mg/kg TG EAL,
qiu-2020 FYA K A P, 550 B2 R4 AR
MK MANERYRE A 8 mg/kg, DAL 4 AR
(R TR 22 A= 4 120 52 38 B S A ], 4k e B 5]
10 mg/kg, #PHIGE— 20050 o FEARAR AN g A v Ji2
T qiu-2020 ARG PR IFERRAE, Xl
IR A2 7, IR qiu-2020 1R
SEHMFAR I R Ak

25 L TR, R R BTN A 22 2 KA SR AL
TIASON , ARV T X TR 22 A R A g A ) 250z (HL
TEBAR AR FE S Bl (0-6 mg/kg) , 2 T 38 Il () i
£, WA RKECRE RSB, BI04
AR AR T 2 AN AE T R B AR DG OC R
T 50 B TR 22 X e 1 A K e O A7 AE — E T A
FRVNTRE Sy, X Fh B FRVE T S T A A A

IS T ) A 3 A o
1.6 1 . 3 qiu-2020
abp b a = ggang-0411
i g bdy g b mmbio-52347
1.2+ {c {ddbd d = gao-428
C
e

==

0.8}

e ¢
f £
04l
0.0
8 10

0 2 4 6
Selenium concentration (mg/kg)
1 EHREARBEKENEREFREPHELZL
FRER B RESREZE (n=5); AR/
B ROR 22 5 B (P<0.05), T IH]
Figure 1 The mycelial growth rate under different
concentration of selenium treatment in solid medium.
Values are means=SD (n=5); Different lowercase

letters indicate significant difference (P<0.05). The
same below.

Average mycelial growth rate (cm/d)

22 BUEBEBRELIMNFTHRERE

W5 R TR AR qiu-2020 4351 BEST 0, 40, 80,
120, 160, 200, 240, 280 s, HAFTEEH5H1H
100% . 71.40% . 37.37%. 16.17% . 14.49% .
12.82%. 11.15%. 8.37% (/& 2). 1£ 120 s ZRifF
TG R 2 HEST S (R 38 n 2 SUR T RS, 120 s
J FREASTHZE18 , HE 280 s I A7 R fik . R
PEHT NI HRGE , BOER N 85% A 47 (BIAEIG
RAS%IEAN) R AR R KD, Mk 120,
160, 200 s 35 AT 1 by B A AT I (] o MAEEAS
LEN R AR AT LI 120 s S —4 )]
P I, B e 3 120 s e A A PR )
DA B B K AT R b & A E ) 2R AE
23 BT EKRGIESS

WL FE T 10 mg/kg i) PDA 3577 TR
22K RE T, A T 32 R I iR, )
o BPEILE 3, Ak 120-5 224 Kde, H
YK 120-2, T 120-1,120-3,120-4 DL qiu-2020
T 22 4 KA RTRE M, 120-1 A% T 120-3,120-4
DLR qiu-2020 RILHESRAKEES, HER
AR GEAFEEESE 120-5. 120-2, 120-1 K
ek, AT T 2R,

20T \‘\N\‘\‘
0 40 80 120 160 200 240 280 320
Ultraviolet irradiation time (s)

B2 AEESBEESETEKFER
Figure 2 The survival rate of strain under different
ultraviolet irradiation time.
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CK 120-1 120-2 120-3 120-4 120-5
Original and mutagenic strains

3 HABEHKRMAREFEEREMREKIEFE S
MEZEKRER CK: AR qiu-2020, F[FH
Figure 3 The mycelial growth rate of original strain
and different mutagenic strains in solid medium with

selenium. CK: Original strain qiu-2020. The same
below.

XoF DA b AGEHE DR A 7 TR A s 5%, ia7E
ANTA) B FR R85 T B 22 W A K D) Rl s 4E )
qiu-2020, 120-1, 120-2, 120-5 & 221 T 5 43
Hk0.51, 0.52, 0.58, 0.62 g, HAEKE 120-5
WA Yok, ST FER qiu-2020 F1120-1
AP AR (E 4)o S — DA DN B 22 AR 7y G
O, Z5PRE 5 R, BERE qiu-2020, 120-1.

0.7

" i 8

ght (g)

2
0.0

CK 120-1 120-2 120-5
Original and mutagenic strains

B 4 LAEH®RMARFERKRED SRS
FREBHNELTRE
Figure 4 The dry mass of mycelia obtained by

selenium-enriched liquid culture with original strain
and different mutagenic strains.

120-2., 120-5 AR A58 1 5140 1 637,
1660, 1 670 mg/kg, 77484 B Rk AGHNE 5 & A0 He
X R AR A 2 22 5, SR B AR G 4
71, Mo 120-5 WS R, AR AL A BRI AR
120-1, 120-2, 120-5 JGREMEZES . KT ER
PV E I B FE AR 120-5 HEF B 571
Wi 52 e 45 1, Ik, #E Wbk 120-5 Mk
AR T AR AR Bk

24 HARKMIFTEKERZEKMEED

=5
mE 6 o, AR qiu-2020 FIiFEAERH
= 1800 b b b
=
ED a
£ 1500
8
S 1200

Seleniun
(US]

(o)

(=)

- -

CK 120-1 120-2 120-5
Original and mutagenic strains

E5 HAEKRMTRFETERELFNSMSE

Figure 5 The total selenium in mycelia of original
strain and different mutagenic strains.
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6 FRmRERRPELIERKER
Figure 6 The mycelial growth rate in different
concentration of selenium within edible fungi bag.
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¥k 120-5 7E 20 mg/kg Fll 40 mg/kg & Al 5L 5T H i)
224 A SR R AH L TEHIG 2% 14 T TE B AR Ak, 1
AV B T B 22 11 A K TG S 3 R ) X v 3y
60 mg/kg i}, qiu-2020 F1 120-5 4 K R ERA
s, T H A Z R A R, 4y
124 1.26 co/d Fi1 1.25 em/d ; Bl T 22 80
100, 120 mg/kg, XTHE qiu-2020 (R 224 KR
BN, F) 120 mg/kg AR FIHEAR, 47 0.88 cm/d;
BERR 120-5 7EAfidk % 80 mg/kg Al 100 mg/kg, B
2 KERYS 60 mg/kg FFARFFAH S KFE, 1
SRRILH BRI LE KTy, T HAE 100 mg/kg A%
RME 1.27 em/d; Sl R 2 120 mg/kg,
PR 120-5 T 22 A BTG R B, (H5 Gl
S N ORREEARIR KO o 25 BT gn, Bl ative B
B3N, R ERR qiu-2020 YA K R E AR
B AR BE NS | R B T R L R R R Y
%, TR 120-5 7ERNVE 80, 100, 120 mg/kg
P 22 KOl R B T qiu-2020, HILR]
UL, BRIAR 120-5 AH G H & TR RRZEAS RBP4 AT 45
SREVINANRE J), A 5L PRA A 7 W A (E
25 HAEKRMIFTEKREFEEREKN
EHES

Sl R B B, TR B R B K
N RS 80 e i T 2 W LA R xS Gl A |
WRANFAS R AR 20tk BRGHEs Rank 1
BN, 2 AN TERRR B 55 AT | R o 5T | AR
WA TR #2255, RS KR
84% /Ay, HIILAIH, WAETERE 120-5 7ER Z MR
FIHREAEAE, 5 R RRAERT RS

e W2 50K R B P TR T S 5% SR B4 R T
SEALBE T R B, A SR R B
Pro QN 7 B, B AV BE R s, TRTAR 120-5
F£ 0-120 mg/kg vk B 10 Bl P 7 S AR 1) A 2
BESOP T E R (AR N RSN o Wi |
AR HER qiu-2020 7£ 0-100 mg/kg fffiie

0N A 2RO AR R AR B, IR E
NNy O Y E S S o W B
Sy TGN 120 mg/kg B, EHE qiu-2020
1 120-5 BV EROER I AR TT%F 92% , Ttk
qiu-2020 AYAE YA R385 B o 10 PR 7E S ATk
JET, BRAR 120-5 RIR PRI T R0 1 T AT g
ME qiu-2020 H Tl RE S AHXT5S , F58
PRI R R TR IR 32 B

F1 HAREKFIFTERNRZ MK LI

Table 1 The comparison of agronomic characters
between original and mutant strains
VSFREXIN Pk Strain
Agronomic characters qiu-2020 120-5
T HAR 8.783+£0.207a  8.669+0.266a
Pileus diameter (cm)
SRRy 0.619+0.146b  0.639+0.142b
Pileus thickness (cm)
BN 4.417£0.366c  4.585+0.501c
Stipe length (cm)
e LNERES 0.714£0.090d  0.743+0.098d
Stipe diameter (cm)
fif /4% 246.083+14.652¢ 250.628+13.109¢
Fresh weight (g)
TH/AE 40.209+3.760f  40.498+4.273f
Dry weight (g)
TR KA 83.622+1.650g  84.090+1.368g
Water content (%)
< 120 =120-5
< — CK
S 100
.0 B mA AR B DA BA &
= skksk
= R0 T

0
20 40 60 8 100 120
Selenium concentration (mg/kg)
E7 ARKEEFREH T FRANEMFRE
Figure 7 The biological efficiency of fruiting body
under different concentration of selenium treatment.
*x%: P<0.001.

Biological «
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2.6 FERUKHSAFAE NS 2RI S

MG 368 2ok B P T TR 22 AR W ISR % Ak Js FE B
BRI TSR A 3 SR . P SR R A Az ) 43
BraR A, Bl AT AL B B T R, LR Y
I BT, T IUREN O AL 3
(7] 52 B IE AR OGP (B 8) A T RE 120-5 ZETA>
W BT R S R i T BB AL qiu-2020, i HL
1£ 100, 120 mg/kg WHHEET, 120-5 A& 5
394 199.77 mg/kg 1 224.15 mg/kg, & ERR
S5k, FEFRGB1903.22—2016)05 , S
VERE TR AIFRIER 180<Lli<400 mg/kg,
A PR &7 F>98%™ . SR 1M, BEFE qiu-2020 7EAT
b PR BE 100 mg/kg AT 120 mg/kg B HoEAf &
39K 137.57 mg/kg Ml 166.53 mg/kg, AKik[E
FAnifE . MANANFIR S 80 mg/kg B, T
120-5 il qiu-2020 A& 53504 152.86 mg/kg
1 104.00 mg/kg, 7E 80, 100 F1 120 mg/kg
Rk 120-5 FHEL T qiu-2020 Ay RS 43 542 T
46.15%. 45.21%H1 34.60%.

%} 100 mg/kg F1 120 mg/kg WAL FRH BT 14
PR 120-5 (SR BEA A HLAAG N, 45 5Ran 18] 9
B o 2SARFRYEE N 100 mg/kg I, TS24 B

250 1

m 120-5
= CK

200

150

100 |

50+

Selenium content in fruiting body (mg/kg)

0 20 40 60 80 100 120
Selenium concentration treatment (mg/kg)

8 AEMKEEREZFHTFIAMEESE
Figure 8 The total selenium in fruiting body under
different concentration of selenium treatment.

250
== Total

Organic 4

b b
a I
)
50[ I I
0

100 120
Selenium concentration treatment (mg/kg)

B9 TIHFRAPLMmMAHMNESE
Figure 9 Total and organic selenium content in
fruiting body of Pleurotus ostreatus.

i 199.77 mg/kg . AHUANTE 198.83 mg/kg,
filitE 99.53%; ALFHRIE N 120 mg/kg B, F5C
BT B 224.15 mg/kg A LA 223.56 mg/ke,
A7 R 99.74%. HULTTAL, FASEE 120-5
FLA 1w A0 R R e P s, AT S R
A5 & A T B B N B A 7 ) BAR TR, TR
B, AT R RS
27 BEEEAENFFNFTEKRIT
Fhis

R T BRI A 2 T S S BT AR R R 5 R
TR, AW R HERE qiu-2020 F1i%
SRR 120-5 BFSERTS, DL GCA_029852705.2
LR NS, S ERR qiu-2020 1 120-5 #1754
FEHEN P . SNP Kl Je e it45 R R (. 2,
& 10), HFE 120-5 &4 166 896 4~ SNP {if i,
Horp[a] XA, 42 678 A, AR[R) LR 5,
52 643 4, AEZRABIX SNP 74 71 575 45 Hkk
qiu-2020 %4 169 576 4~ SNP v 5, , Hio ] L%
AL 43 626 A, AE[F] LA A5 53 541 4, dE
Yl X SNP 1V 45 72 409 N3 2). SNP ZKAIF T}
IR, WEE 120-5 54 T->C B 5 29 419 4,
G—>C Hiiffi7 5 6 417 4>, G—>A B 5 28 288 15
FR qiu-2020 54 T—>C B #7245 29 937 4,
G—>C HHfL s, 6 595 1, G=>A B 15 28 889 4
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InDel Vi S G4 R BN, WEE 120-5 5/
InDel B8 11 844 4>, A 4H AL A 6 519 14,

*2 HAREKIZEERE SNP IIEEER
Table 2 The SNP functional annotation of original
and mutant strains

i . P . n " SNP &7 Strain
ROGALEL 5325 45 TPk qiu-2020 #5747 InDel & qyp e qiu-2020 120-5
N7 /\ H AN /\ AN
Br11905 A, JUHIARLAL 6 608 . RARAL S H A GCA_029852705.2 GCA_029852705.2
5297 ~( 11). Reference genome
LR LEM AT SV BlgE R BN, FHkk AL 4ih X SNP 72 409 71 575
120-5 745 1000 bp LI A9 SV ¥ 1724%,700-800bp "SNP
" " L ARFIZRAE SNP 53541 52 643
A9 SV %2 29 1~, 100-200 bp A9 SV %% 27 1~; I nSSNP
P qiu-2020 &4 1 000 bp LA A SV %L 167 14, il X587 SNP 43 626 42 678
700800 bp [ SV %1 32 1>, 100-200 bp /) SV ¥ sSNP
.
24 (F 12). K Total 169 576 166 896
SNPs barplot
30 000 Variable
[] Mqtation H i H
o - U _ - __H__ R N
R e R SR T S Ty B T e 3R e
<D< < ON N OR KO RO NOF RO R YR R e R
<< << << VO VO VLU VU VO VO HH FHH HEH
SNP types

10 HAFEHKIIFTEIKE SNP FitE

Figure 10 The SNP statistics of original and mutagenic strains.
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12 500 Barplot of indel types
Sample
] Mutation

10 000 Original

pln_n o

Deletion Total

.
Insertion

Indel types
1 HAFEKRIFEERE InDel FitE
Figure 11  The InDel statistics of original and

mutagenic strains.

SV length distribution
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SV length (bp)

B 12 HAE®RIMIFEEKRS SV KESHE
Figure 12 SV length distribution map of original
and mutagenic strains.

PLESSRGEHT, HA R qiu-2020 25tk
SN ALME B R A T A RORAE , T8 14
B 120-5 5528 T IRIR I — S ARV, 00 L
A4 NIRRT 120-5, 30867458 S ] Rl i 21 3L R i)

P EA A AIIIRESE T, A 120-5
FAEARSC I X Al AU 2 5 AUl A 1o i 9
TR PR IO, PR 1 5 s TR LA K S B SR A A
A= W8 AT S B FE DA o A O T8 B ] BE B R At
Wokeiz . RERMCHT . G RURTRSE.

3 WibE4£&#®

30 BRBEPELMERBRIREFIRIK
EMFUER

R AT 22 FEAS [ At v 3 7 4 ) 35 ol o 1) A
KAFOLAT AR, R BMRLEARANG 55 14 T IR 2248
K Ip3s, S rE R 2K e, S
RIS 4B LA RAT o BRI R W] -2 A
22 FEARBI VR B 1 BRI SR AR K AT, vk B
il 25 BRI 1 22 A AR R DY, X — 4 R S A A
Tl TE AN [ AP ¢ 38 Ak 3 TR 24 1) A ) i 7 A e 34
WAHAF A, UL & T B 22 1 2B K Sk
(1] 35 A7 A 3 ) 700 S 280 6 3R o AN T ] B R X G £
TRURPE RIBUEAFTE 22 5%, 78 PR 120-5 78 i
ZMF T AR F I B R AR B, FARE T — a2
PRIV JEE o

PR 120-5 BAE V) #RORTE 0-120 mg/kg fifl
WS IE N AR & A I B ARk, FRE qiu-2020 7E
100 mg/kg ik 5T FSLARE e ReR IR B A
WAL, 7E 120 mg/kg HHk B I A= P28 5T
GTRR(E 7). S5 HELNAERKE(E 6), W
A KR SR i 2 R A — R R
KR o MR 22 A KR R A BNV, 52
PP AN AT B S R | 3T BB RO TR 22 7
VA F B A AR DA IE BT AR K SR SR,
M 22 KRR AR R LET, Rk sy
AN 22 X — B i T B A K E T
02 MR 22 - T SR Z (Rl BB IR AR
3.2 HELRFIF IR ImAY S SR I FEE L

TR B IEE R BN, BERE 120-5 &l
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fiE 11 258 T itk qiu-2020 (4 8), 7E 2060 mg/kg
WAL FET , RASHIFE 120-5 FI qiu-2020 B 224
KA T RFFAR IR AT (B 6), HZF S 5
fEEZS(E 8), [MIFEHL, 76T 22K & s 5%
SRR, FERE 120-1 5 qiu-2020 B9 5E 224 9 &
WA 225K 4), {HI2 120-1 [ 224K Sl & 2
T IR qiu-2020 (K 5). FHoEZE R 5 X134
BRI TR — 350, X 20 TR 22 AR A 7 3 T
PRBE SR B A5 B, 76— T 8 3 161 1 I G R
WS I B B 22 T i JC A S AR Ak, HR B
GEHNAREEEFD, BamtERKiEH R
2% PR X RT i 32 7 04— LA, A [ P e
XA A R MR G AL RE I FEE 22 57, X R 22 5
A BEPE B 3 R AR N BB 0 & A Bl

AR PR 120-5 1 1R KA = 2k
FNEGACRE T | B 2 IR 53 WM TCHILAR &% A6 Ry A
MU e 2 A TSR P AR 21 R 9) XA
T, TR 22U o IR s R AR L 2R
A IR AR T A DG BTG P RN R 23k o T AL
A A PG R R, Al . B . B
i 55 R AWML SN, 5 2R A RS R 1)
RS A e — R R AT A HLAG AL At
FHIF SRR SE TR 22 BEE B 23 1 L3R DXL A il
BT Z2 0 B S i R O 9 DA el R )
K G285 —1D AR k24
A=Ak 2 BOW R AR i B B A, T 22 1Ak
Bl 1SR B MU A4t T A
33 EMRAEERBUTMRMEEZY
58k

I AE B AR N LA HUE A2 7E , A B T4
e FLAE R 2R, DA RE B A A5k AT
R, BREESE EENEAR., A%
M2 . ZWEZFEF Y, AR TR A L —
AR THH S ER BR LA IR T TR A
ITA] LA 3R A5G Z R 4 B 5, S S 5

sl SR, JAE G £ A B SR AR A 1 A
B R, (RSBt A P 8 o AT 2R T
— R I

TG, B R B9 R PR AT R — S
(IR, AN [R)E2 FH A o A s SR BE ) A7 A 22
S, AR AT BEANE BT DA B R 0 A 7R A S
o TR, 5 0 I R GUIERY SR O e A E RS
W, HE A R RE T SR AL AR R . AL,
AR 45 PG PRt 22 O B B, AN S Al LA
[ B A R A o BT A AT S I ) %
B BT L2 S BRI Fr o 200 AN A0

Fok, AP 25 iR 23 M it 25
WifEAE Z MR A PR, iiER . i
B ARG, REHPE S RA A
[e] A4 A= 0 R P B2 R A s e e A 3 B A
PURIEZS , T PPAh A AR N i 5% AL Rk A
T8 D0 AR A0 P R At R A e bk o et
1P B A SO AR ML i T IR AT ST, LA
DUACE: TR A F AN AR BT RO, T4 g T
LR,
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