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B EIFFIAFHRA M EZGHEYRELT, FHREAMHAH T RE HT0RIEAIRL A
B (kynurenine 3-monooxygenase, KMO)E BcKMO A5 R AV AE KL E KA N . RIKRR
¥ Ho BB (KMO)Z K R RBRIE1Z 6] K48, (ERFHRATHAERFARERBLERA LR, £
FABOR TR I ANAAXRE. [B 6] L2 RFHRRKARERE T 69 K40 AR, #E
RHFEHIR IR RBIEZROGE, ARPRFHRAERLGRER DG TAEET Lo, [Fx] A
A AEMIE &F Tk, dRF EHBRERBIZZE T KSR BB (kynureninase, KYN). "5|%k-2,3-3hn &,
B (indoleamine-2,3-dioxygenase, 1DO). Kk ZER &I 4445 B (kynurenine amino transferase, KAT)#9
YA A B BEAT 9 HT; AR Real-time PCR 3 R, A4l & %) 8705 4 & BC22. BcKMO # B T-DNA #5
AR TR BCG183. kA H#k BCG183/BcKMO F Kk BB A2 F 42 2 B 0 R A KP; AAAH K
Jk BB KYN AKX 5 &, ME BeKMO R EAF KA RREKYN)MEE. [4R] KFHFHRF
SR 2RI RFR RIS A B (KAT)S A A . 3 ANw3]4-2,3-3m R BE(IDO) 8 4 A AL B . 10 N K
Jk BB BRI AS B (KAT) M % AR B . & # 250 KYN %44 B . IDO %A 24 H . KAT %A% F £ R
TRk BCGI83 FHARNKFEEZEZTARKTAFARFRL AR, EEIAK BCGI83 F Kk A E
(KYN)# 42 2 5K T AR BC22 ik A Htk. [ RFFod AL RARBRERRZ, RFFH
BcKMO B R % %7k KYN. IDO #= KAT % 3k [ 44 & £ A B KRB B (KYN)# A 2.

KR REFEHI, RKRRER, R4 LR, A9 8554, Real-time PCR
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Identification of key enzyme genes of kynurenine pathway in
Botrytis cinerea

WANG Chang” LI Bai® ZHANG Chao ZHANG Hu ZHU Shao-Dong
YUAN Xue-Mei ZHANG Kang XING Ji-Hong© DONG Jin-Gao’

Key Laboratory of Hebei Province for Plant Physiology and Molecular Pathology, Mycotoxin and Molecular Plant
Pathology Laboratory of Hebei Agricultural University, Baoding, Hebei 071000, China

Abstract: [Background] Botrytis cinerea is an important phytopathogenic fungus. In previous studies, it
was confirmed that the BeKMO gene encoding kynurenine 3-monooxygenase (KMO) is involved in the
regulation of the growth and pathogenicity of Botrytis cinerea. KMO is a key enzyme in the kynurenine
pathway, but the presence of the kynurenine pathway in Botrytis cinerea and its function in the growth,
development and pathogenesis of pathogens have not yet been related reported. [Objective] To identify the
key enzyme genes in the kynurenine pathway of Botrytis cinerea, and to determine the presence of
kynurenine pathway in Botrytis cinerea, lay the foundation for elucidating the molecular mechanism of
growth and pathogenicity of Botrytis cinerea. [Methods] Bioinformatics methods were used to analyze the
coding genes of key enzyme, kynureninase (KYN), indoleamine-2,3-dioxygenase (IDO), and kynurenine
amino transferase (KAT), in the kynurenine pathway of Botrytis cinerea. Real-time PCR was used to detect
the expression level of key enzyme genes of the kynurenine pathway in Botrytis cinerea wild-type BC22,
BcKMO mutant BCG183, and the BcKMO complementing strain BCG183/BcKMO. The content of
kynureninase in the BcKMO mutant was determined by using a fungal kynureninase assay kit. [Results]
Botrytis cinerea contains 2 genes coding KYN, 3 genes coding IDO, and 10 genes coding KAT. The
expression levels of Botrytis cinerea KYN, IDO, KAT coding genes in mutant BCG183 were significantly
higher or lower than those in BC22 and BCG183/BcKMO. The content of kynureninase (KYN) in the
mutant BCG183 was significantly lower than that of BC22 and BCGI183/BcKMO. [Conclusion]
Kynurenine pathway is present in Botrytis cinerea. BcKMO mutation affects the expression of KYN, IDO
and KAT encoding genes and the content of kynureninase (KYN) in Botrytis cinerea.

Keywords: Botrytis cinerea, Kynurenine pathway, Key enzyme genes, Bioinformatics analysis, Real-time
PCR

KA1 (Botrytis cinerea)se=— M LY ) LK
EFRBEY L, G E AT i 8™ ik
] 40% LA B, OO TR E B S A e P A R
5, TR A 6 2R R TR AR T B2
PESST R R R IR A R KR L BRI
BRI, Sy o8 B 1 i A A K R B BSOS 1 43 F AL P E
E HEA

R IR 2 R i A2 I (2 R 43 i A 1 = 25 5%
PRI (e G RAE R P2 ph (8 R -2, 3- XU 4R il
(tryptophan-2,3-dioxygenase, TDO)uk# & HAthZH 2!
2 g g -2, 3- XU 4 B (indoleamine-2,3-
dioxygenase, IDO)I/EFT T AR T N-H It LR R 2
M2 (N-formylkynurenine), K IR Z(BR F Wt % il

(kynurenine formamidase, KFAW¥HI/KfF 5152 K
PR 1R (kynurenine). K FRZ RN T R IR ABREAE )
I3 SAE R RIRETR T AAE R IR AR A 5L 5% 7% il
(kynurenine aminotransferase, KAT)AJ4EF T A= Bk
PRWEMRAR (kynurenic acid); K PRZR 0T 7E K IR AR
PAN4E R (kynurenine 3-monooxygenase, KMO)F/E
M AR 3-8 5 R IR % B2 (3-hydroxykynurenine,

3-HK), F1ERIRAMR M (kynureninase, KYN)AJTE
AR 3- 72 -2-Z B8 T R (3-hydroxyanthranilic
acid, 3-HAA), £ 3-535E-2-G0HA BRSO 4 1
(3-hydroxyanthranilate 3,4-dioxygena, 3-HAD){E
FH A B8 MR R (quinolinic acid, QUIN), /i 7EME
Wk R B W PR AZ BE L B (quinolinic acid
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phosphoribosyltransferase , QPRT) i 1£ F T 4= i,
NAD ™ R PR 2R 0] 16 R SR MRl WV E R R
AL AR E HE K H R (anthranilic acid), #8404
FLOR iR ¥4 1k B (anthranilic acid 3-hydroxylase)#5 3k
AR 3-HAA, 258 i NAD YA D1A

R A 2 A6 R R B R ik A e P AR DG B BE R 1Y
HRERA WA IWAGE . A S S RTINS 17K
HHTRBIREEE BcKMO, FIFHEIE B350 |
IRSMETE N E i, W T BeKMO BER gt K
JRER IR KMO) . keI, K HE
FAAERIRARRIER , BT, AUPRA 4D E R
SEOTHR R £ R PR R i A P O B R DA
Fi5087 . %525 FIF Real-time PCR H AR K i
ZFEFE TR BC22, BcKMO 3N T-DNA Hfi A %78
& BCG183 FIMk & itk BCG183/BcKMO HR IR
PRI AR G EHE R A 3R K5 FIHTE R IR 2R
FEAS IR &, E BeKMO FAF R R R PR it

MeriE, AR AR IR AR IB S M H T BE
ERA

1 RS HE

1.1 ##

111 B E

KA A R AR BC22. BeKMO FERY)
T-DNA i ARAK BCG183, & bk
BCG183/BcKMO, ¥l R4 EEHR S
TP 53 F 9 B2 S 00 = R AF R 4R 1R . K 52 TR R
BCG183/BcKMO i3k PEG /38 44k Iy vk
¥ BcKMO B:H H) 358 1& pBARKS1-BcKMO-
eGFP #: 4L |75k BCG183 By 5L Ttk i 3451,
LRI RSN I 5 B A R Pk BC22 HA—
H, MR BCG183 Ar=A: AT g . &
Kepimtg . Som i gt
1.1.2 EFZERLFFLEE

F2 % 553877 £ PrimeScript™ RT reagent Kit
with gDNA Eraser, FAY) TRE(KE)ARAA];
RNA #5057 TransZol Up Plus RNA Kit , TransStart

Top Green qPCR SuperMix, Jt &N YHAE

FRAE] A RIREARRBHR i &, Fingk

IR R A F . POt R PCR X, Thermo

Fisher 23 F] .

1.2 REREBREZXEEERNEDNEERFST
AR/ B R PR 2 2 I (kynureninase

KYN) . M| Wg -2,3- X0 4 #§ (indoleamine-2,3-
dioxygenase , IDO) . K JR & & & i ¥ 7 iy

(kynurenine aminotransferase , KAT)AY 2 S8 ¥ 51 1
Ensembl Fungi ELEE0HE & 18R K447 B05.10
P aIE A PA; SR EERITIRA BT,
JERI A MEGA 7.0 M ERZERTH; FIH
InterProScan My % K #iZ# KYN. IDO. KAT HY
DIRESE AT 53 HT
1.3 RKREBEBRIRZREEEERNRIESH

FRIBUNK #5  F00 95 A5 R PR ik BC22 . BeKMO FE[H
) T-DNA #fi A 245 fk BCG183 Flk & Btk
BCG183/BcKMO HJ RNA, U4 I cDNA,
F|FH Real-time PCR K, A= BC22, 2748
& BCG183 ., & Ktk BCG183/BcKMO H R R4,
R A% R BE N i 3Rk KK L BC22, BCG183,
BCG183/BcKMO H#k ) cDNA WA, Tublin 3
N2, FEERRE S P03 D728 e &
PCR il , PCR KJWAKZR (10 puL): itk cDNA
2.0 L, Mix (5U/uL) 7 uL, . 5 1#1(10 pmol/L)
% 0.5 uL. PCR I Z5fF: 95°C 10 min; 94 °C
30s, 55°C30s, 72°C30s, 35 MEH, G
mmEE R 3K,
1.4 RREBREBEKYN)HES SN

I FH B TR R R 2 T K e 92 3R] G R A 7 K
A 40 B AE BB AR BC22 . RAS IR BCGI83
BCG183/BcKMO R FRAFREHKYN)FA . HE
TG B G S B RIET T, DAas (1 FLoh et
P2, AR SRR R 15 min NI
450 nm Ak 6 (OD (E) o LAFFIMARHE S ) OD4so
ECABEARER, PRI IR B A bR, il brifE
Mgk, JFRRIEZIIE AR, AR ODyso (HAR
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Table 1 Primers sequence

FERI 4R Bk B 51975 PRI

Genes name Primers name Primers sequence (5'—3) Product size (bp)

Tubulin Tubulin-F TCTGGCGAGCACGGTCTTGACGGTT 140
Tubulin-R TGGCTCCAAATCGACGAGGACGGCA

Bcin03g07660 Bcin03g07660-F AGATTGTCTATGCCCCCTTCC 180
Bcin03g07660-R GGTAAACACAGGGATCGCCA

Bcinl2g01070 Bcinl2g01070-F ACCCATTGTAGGAGCCAAGG 189
Bcinl2g01070-R TCGGGGTTATATCCGTGTCC

Bcinl4g04320 Bcinl4g04320-F CTGCCAGTTCTTTCGACTGC 212
Bcinl4g04320-R AAGTTCCAGAGACAGACGGC

Bcinl4g01360 Bcinl4g01360-F GCGTACCTTTTGGAACCCTG 230
Bcinl4g01360-R TCAAAGGCACGGATGAGACG

Bcinl2g01060 Bcinl2g01060-F GGAAGATGAATGGCGAAGAGC 190
Bcinl2g01060-R GCTGCTGGTGAAGTTCCAGA

Bcinl7g00010 Bcinl7g00010-F TCTCTCCTTTGCCGAGAACT 215
Bcinl7g00010-R CCGCTCCTGCTGTCAATACA

Bcinl6g05198 Bcinl6g05198-F GAACTTTGCGGTTGGGTCAG 187
Bcinl6g05198-R CTGGTTGAAGAACGAGGCGA

Bcinllg03480 Bcinllg03480-F CCGATCACTTTGTCGTTGCC 212
Bcinllg03480-R CGCTTCGAGAGCAGGAATCA

Bcin08g02100 Bcin08g02100-F GGTCAATGATGGTAAAGGCGG 211
Bcin08g02100-R AAGCTTGGCGGACTTGAGTA

Bcinl3g00720 Bcinl3g00720-F TCGCCGAAAAAGATGAAGCA 211
Bcinl3g00720-R TTACAGAGCATGAGTCCCCG

Bcin04g01000 Bcin04g01000-F GCATGCGCTATCAATCTGGC 182
Bcin04g01000-R GCATCAAGTAATGCATGCTCGT

Bcinl3g01610 Bcinl3g01610-F GAGAGCGAGGTGGTTGTTGA 193
Bcinl3g01610-R GGCACAGATGACGTGAAGGA

Bcin06g02430 Bcin06g02430-F GTATGAGGTCACACCTGGCG 202
Bcin06g02430-R CGACGCAGTTCTAGCAGAGT

Bcin05g05960 Bcin05g05960-F CTACCCATGATCCTTCTGCCA 183
Bcin05g05960-R GGTTTGCCCATTTCTCAGGC

Bcbna3 Bcbna3-F CTAAGCTCCAACCTGCTGCT 228
Bcbna3-R TTGCTTGCTTGAGACGTGGA

AT, THE AR AR EE Sclerotinia sclerotiorum W) KYN [6] IR 2

2 %%—'?ﬁ‘ﬁ (APA12791.1) E. A5 & FE A I, BCIN 03207660

2.1 REREBEBEKYNMARSLZEHMIAIIEED
S

FI A ZEF/INER) KPR SRR (K YN) 1 24 SE R
JFSI7E Ensembl Fungi ELEHUHE 7 Hh 8 2R R #4516
B05.10 EikmZHEmRITS], LI BCIN_12g01070
(XP 001557886.1), BCIN 03g07660
(XP_024547938.1) 5 Ay KYN AHRIMEE R
(Kl 1A); FIH InterProScan M ¥} X}
BCIN 03g07660. BCIN 12g01070 HSHRERIEE 43
M, RICENTHEEA— R IR Z BRI (kynureninase)
(IhBESL(E 1B); f#iF MEGA 7.0 S R S5 K
HR, KI BCIN 12g01070 (XP_001557886.1)5

(XP_024547938.1) Y5  Saccharomyces cerevisiae
f KYN [ 5 5 X (PIP09875.1) HL AT 155 FE H B 1k
(®l 1)
2.2 M|BR-2,3-WINEEE(IDO) B R4 & B HIFATH
REI S 7

FI AN B 5] -2,3- XU 42U i (IDO) Y
IR ¥ 5 1E Ensembl Fungi FL & HE % 8 2K
i1 B05.10 WARINZAILIRFH, K BCIN_
14g04320 (XP_001546533.2) . BCIN 12g01060
(ATZ55517.1) . BCIN 14g01360 (XP_001552850.1)
HHEABY AR DO AR (D 24); A
InterProScan [ ¥ X} BCIN 14g04320 .
BCIN 12g01060. BCIN 1401360 (3hEEZEF 14>
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Br, RIMEMTEHA — A e-23- B4 w . BCIN 12g01060 (ATZ55517.1) Y Sclerotinia
(indoleamine-2,3- dioxygenase ) I REIH (K] 2B); . sclerotiorum ) IDO [FJYFEKEEK (EDN92359.1)HAT &
i MEGA 7.0 R ERZE KEWM, K MMM, BCIN_14g01360 (XP_001552850.1) 55
BCIN 14g04320 (XP_001546533.2) 5 Ophiostoma  Homo sapiens ) IDO [RJAFEHE(NP_002155.1)HA
piceae ) IDO [FJJEILF(EPE07943. 1) AT S AL & AR 2).0

A B

71— Sclerotinia sclerotiorum (APA12791.1)
100 EABotrytis cinerea (XP_001557886.1)
100 Sclerotinia borealis (ESZ97739.1)

71 L Hyaloscypha variabilis (PMD34768.1)

ﬁr Aspergillus neoniger (PYH34469.1)
Cladophialophora carrionii (OCT52054.1)
99 Sporothrix schenckii (ERS97506.1) —_—
\— Ophiostoma piceae (EPE06502.1)
97 ———Trichoderma reesei (ETR99863.1) =
100 Fusarium oxysporum (SCO85999.1)
4100[1’ usarium graminearum (EYB27108.1) =
A Botrytis cinerea (XP_024547938.1)
Saccharomyces cerevisiae (PJP09875.1)

100

1 100
01 ] B Kynureninase

1 RREEREH RS L ERFINEEE S

Figure 1 Phylogenetic tree and functional domain analysis of kynureninase

TE: A RIREMRBEN RGLBEMOT; A IKAEEMIER; 5 H0F S FHRIE GenBank HE R 55 7030m ERECF: A
JESCRHE: AR 10%R9F515085. B: RIREFREINRER 0T AR 100 DMEIERRAICE.

Note: A: Phylogenetic tree analysis of kynureninase; A: Genes of Botrytis cinerea; Number in brackets: GenBank accession numbers; Number at
nodes: Bootstrap values; Scale bar: 10% sequence divergence. B: Functional domain analysis of kynureninase; Scale bar: Length of 100 amino acids.

A 99 rFusarium oxysporum (SCO77097.1) B=.=
91 Fusarium graminearum (ESU08123.1) B e ——
83 Trichoderma reesei (ETS00983.1) _—

99 Sporothrix schenckii (KIR84738.1) _— 0 @00

100L— Ophiostoma piceae (EPE07943.1) —_—
——A Botrytis cinerea (XP_001546533.2) S ——
Aspergillus neoniger (PYH34468.1) e —
Cladophialophora carrionii (OCT52055.1) == —
Sclerotinia borealis (ESZ97740.1) L e ——

68

A Botrytis cinerea (ATZ55517.1) —_—
T1—Sclerotinia sclerotiorum (EDN92359.1) —
Saccharomyces cerevisiae (KZV10344.1) —_—
Homo sapiens (NP_002155.1) e ——
A Botrytis cinerea (XP_001552850.1 )
1 100

05 @ Indoleamine-2,3-dioxygenase

B2 mk-23-WANEENRELBEMNTEEE ST

Figure 2 Phylogenetic tree and functional domain analysis of indoleamine-2,3-dioxygenase

e Ax W2 3-BUNERHN R L BEW P, A REFFRWER; F55H0F5 . L GenBank TS 43308 HAYEL
T BRSO AR 50%MT AN B W5INE-2,3- XU R D RE AT AR 100 D EEERRINK L.

Note: A: Phylogenetic tree analysis of indoleamine-2,3-dioxygenase; A : Genes of Botrytis cinerea; Number in brackets: GenBank accession

numbers; Number at nodes: Bootstrap values; Scale bar: 50% sequence divergence. B: Functional domain analysis of
indoleamine-2,3-dioxygenase; Scale bar: Length of 100 amino acids.
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23 RKREBBEEEBHEKADMRZABER
FAThRELH 3 47

FIHNZEF/ N B R PR 2 IR 24 554 R i (K AT)
M2 LML 74, 7£ Ensembl Fungi FLE# % % 8
RIKH AL B05.10 HARMIF4], KB BCIN_
17g00010 (XP_024554067.1) . BCIN 16g05198
(XP 001545487.1) .  BCIN 11g03480  (XP_
024551762.1). BCIN 08g02100 (XP_024550246.1).
BCIN 13g00720  (XP_024552440.1) BCIN
0401000 (XP_024548132.1), BCIN 13201610 (XP_
001557050.1). BCIN 06202430 (XP_001560444.1).
BCIN 05805960  (XP_024548891) Bcbna3
(XP_024553092.1) 5 HARMIPE S & (B 3A); FIA
InterProScan [y X IS 1408, AEEA]

H LA — AR IR G4 R 24 1 i 7 T (KAT) 1 1) g 35
(& 3B); ffi[fl MEGA 7.0 IR G KBRS
Br, B Bcbna3 (XP_024553092.1)5 Sclerotinia
sclerotiorum 1) KAT [a] Ji J& K (APA16305.1) Fll
Sclerotinia borealis W] KAT [A]5%E K (ESZ90059.1)
FLA AL (] 3),
24 REREBBEEZXBEERRIESHT

FIH Real-time PCR AR, Ak i 45 7 5 A
A BC22., RAMA BCG183, 1K 575k BCG183/
BcKMO "R R PR 2 R B (KYN) 4 g 5L 1A |
M| AE-2, 3- U 4 B (TDO) i i 56 DK LR PR 24 1R 24 ik
RS (KAT) g% 3L K p kK. 25 R,
KA & L KYN 3L H BCIN_03g07660 Fl
BCIN_12g01070 FE578K BCG183 H1FRiEIKN-

A 58 Sclerotinia borealis (ESZ90059.1) B e
100 ABotrytis cinerea (XP_024553092.1) —_— =
33 Sclerotinia sclerotiorum (APA16305.1) ——
2 Trichoderma reesei (ETS02194.1) ==
7 Sporothrix schenckii (KJR83870.1) _— =
S— Ophiostoma piceae (EPE07722.1) _— ==
-Aspergillus neoniger (PYH34619.1) _—
Cladophialophora bantiana (KIW90186.1) = ==
52 Fusarium oxysporum (SCO80338.1) _— =
41 89L Fusarium graminearum (ESU06887.1) R
71 Homo sapiens (AAK26163.1) ——
A Botrytis cinerea (XP_001560444.1) ===
A Botrytis cinerea (XP_02454889]) ===
A Botrytis cinerea (XP_001557050. ] )= =
—— A Botrytis cinerea (XP_024550246.1) —_——
37 A Botrytis cinerea (XP_024554067.1) —————
98 A Botrytis cinerea (XP_001545487.1) =
37— A Botrytis cinerea (XP_024551762.1) R
20 A Botrytis cinerea (XP_02455244(). | p———=e—
—%fwonytis cinerea (XP_024548132.])  cocommmm—
1 100
05 == [ Aminotransferase class V domain

B3 REREBRIBEEBIBRTLEMMIIEE S

. Aminotransferase, class I/class 11

Figure 3 Phylogenetic tree and functional domain analysis of kynurenine aminotransferase

I A: RIRERAEEBHIRELEN SN A RKEFFWER; #5595 0)F5: BELE GenBank HINERS; 433 by
or: ARSRHE; R 50%MFH10 . B RIRGRREAIEHEAL BRI DIRER AT #5100 ANZUIERRIIC .

Note: A: Phylogenetic tree analysis of kynurenine aminotransferase; A : Genes of Botrytis cinerea; Number in brackets: GenBank accession
numbers; Number at nodes: Bootstrap values; Scale bar: 50% sequence divergence. B: Functional domain analysis of kynurenine

aminotransferase; Scale bar: Length of 100 amino acids.
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5 R T AR BORR T bk s IDO gmA% B[N BCIN 13g00720.BCIN 04g01000.BCIN 13g01610.,
BCIN 14g04320. BCIN 14g01360 TE53751& BCG183  Bcbna3 TEZE7EIA BCG183 Tk /K F-2 5 3
PP R AR KT 1 J 2 T R A RN A TR R T WP A BRI KW Pk, BCIN_11g03480 .

BCIN_12g01060 J£RTERAFIA BCG183 kK BCIN 06g02430 . BCIN 05g05960 3 [H 1 758 A5 {A
- E AT AR E A IR S B bR s KAT Zafiddkl BCG183 HAY A K-35 B 5K T A AT & T
BCIN 17g00010 .BCIN 16g05198 .BCIN 08202100,  ¥R(& 4).

— 5 5
2 12 BCIN 0307660 5 1.4, BCIN 12g01070 512.0 BCIN_14g04320,
~ 1 <12 =100
< Z 1.0 Z 8.0
Z 0 208 =
e 0 : E 0% £ 6.0
° 0 I_’—I 204 2 40
Z0 ks £ 2.0
50 : : §8(2) rSTﬁcvjo.O':'-rr'|_+.—|
&~ BC22  BCGI83 BCGI83/ BC22  BCGIS3 BCGIS3/ BC22  BCGI83 BCGI83/
BcKMO BcKMO BcKMO
— Strains _ Strains Strains
5 —
% 2.5 (BCIN_14g01360 31.2 BCIN 12g01060 z BCIN 17g000105
<20 <10 <17
Z1s 208 ; £0s
10 £0.6 E 0.6
e 0.5 204 204
=l 502 £02
2 0.0 L —— ———20.0 — — —— 3 0.0 T
BC22  BCGI83 BCGI83/ BC22  BCGI83 BCGI83/ & BC22  BCGIS3 BCGI83/
Strains BeKMO _ Strains BeKMO Strains BeKMO
% 3.0 [ BCIN 16805198 5 1.4 BCIN 11g03480 S BCIN 08202100 «
=25 : <12 212
1.0 <10
Z 20 z Z
s 2038 ~08
gL 0.6 £ 0.6
210 Z04 204
£ 05 202 £02
& 00 : : 2 0.0 5 0.0 N I
BC22  BCGI83 BCGI83/ BC22  BCGIS3 BCGISY & BC22  BCGI83 BCGI83/
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Figure 4 Expression level of kynurenine pathway key genes
Note: *: Significantly different at P<0.05.
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Figure 5 Determination of kynureninase in mutants
Note: *: Significantly different at P<0.05.
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