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AL, BEAMRERBREN B TEAMLE., 2550T55E, X% SyeMYBs TRAE, RA 64
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Genome-wide identification and analysis of the MYB

transcription factor family in mycoparasite Cladosporium
SYC63 strain

SUI Wenjing, MEI Chao, YANG Juncong, FAN Shichang, LI Mingjiao, LI Jing*

Life Science College, Southwest Forestry University, Kunming 650224, Yunnan, China

Abstract:
transcription factors, which are ubiquitous in fungi, are vital in stress response and

[Background] V-myb avian myeloblastosis viral oncogene homolog (MYB)

pathogenicity of the microbes. Cladosporium sp., parasitizing rust fungi, is a potential candidate
for biocontrol. However, no report of its MYB transcription factors is available. The
identification and expression analysis of its MYB transcription factor family are of great
significance for understanding role of Cladosporium sp. in mycoparasitism. [Objective] To
clarify the number of MYB transcription factors in Cladosporium cladosporioides SYC63 strain
and the roles in the mycoparasitism. [Methods] We predicated fundamental characteristics of
the MYB transcription factors with bioinformatics methods and analyzed the expression of them
in the presence of aecidiospores. [Results] C. cladosporioides SYC63 harbors 22 MYB
transcription factor genes and all the MYB transcription factors contain the SANT domain with
molecular weight of 28.26-239.05 kDa and pl of 4.57-10.15. They are all hydrophilic proteins
and mostly located in the nucleus. These genes can be classified to IR-MYB and 2R-MYBs,
which contain promoter binding sites for the response to pathogens. After rust spore induction,
most SycMYBs were down-regulated, and only six genes were up-regulated. Eight genes with
high expression or great fold change were selected for RT-qPCR, and the results suggested
different change trends of expression after the induction for different time. Among the eight
genes, SycMYB6 kept at a high level during the infestation. [Conclusion] MYB transcription
factors play a role in the response to infestation and stress resistance of strain SYC63 during the
mycoparasitism. The result is expected to lay a theoretical basis for further exploring the role of
MYB transcription factor family in fungi and the mycoparasitim mechanism of Cladosporium sp..
Keywords: MYB; Cladosporium sp.; bioinformatics; transcriptomics; mycoparasitism
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JRAAEREF, v-myb & 588 40 I s s L
[[] J5 % (v-myb avian myeloblastosis viral
oncogene homolog, MYB)#% 5t [H T K ik & H A%
P R B S R Z — , A = BERSE Y
DNA 4545 38——SANT 51k #4+ MYB
BN mZH 4 PAREZDAERITIIR)A
%, I H R BECH PeE T MYB # 5[ 5 DNA
g A RE M, AR E L P4 H MYB 5%
FEEA LU R 5A 1D RIFBTA—1R1/2,
R2 Fl R3 414, R1. R2. R3 44, PAJ RI,
R2. R3, R12 4%, 7EEREH MYB # 3 [H T
Moy AR, A R A 3 4 o BEGE
ZE R AT LURE SR ) DNA R8I, MYB # 5% 4
FIEAEY A KR T AR A Y a8 o 7
KRR T EEAEN, JUHEBIEIT T MYB 5% A
TR DIREAR Y A AHDCHESE, T MYB #%
SR AR ) T BE B T BRI

BEEY S, HATACHE MYB 5% K
FHRIER D, (HREERREARK . 7. 2ok
S5 R B AR AN R I (Gibberella
zeae) 1) MYB 5 [H+ MYTL fl MYT2 25
45 20 0 JE 00 R o R 2 AR UST b EEh
(Aspergillus nidulans)™ FIbD [ N ¥i5 Myb
gEF I BE R, FIbD B g &2 4 1
(TR, (HJR AR M A 736 PO SR
IR MYB &5 5 [ 7E A Y BG T BA T2
I, MYB ¥ N FFE A b T KERIK,
WSk TN DU RE TP 31 A8 R BLTE R R I
I3 B0 BB L (Alternaria alternata) K W WP
0T BAR R TasMYB36 3N K A R 380
07 PR Ak WY i b3, e RO LT A R T
TEOLH A5 AT, TasMYB36 J&—4
LN A s 0y LT, AT AR iR s S AR W
SEREOEGS TN

AR F X — PR E A AR SYC63

PEAT T FED LI T | 2 B2 T RA A R i 5 i
REVEMERER LN O HRp R ey A e rp
BRI AP MYB #sg I F K 1%
SN BEAT AR B A, IR e R i
AT MYB FKIGRIZIBAE, LI AR BT R ik
T K B R FTEL A HE R MY B 3 s IR 1 R Y
EE. TSRS

1 S

1.1 ##
o1 (Cladosporium  cladosporioides)

SYC63 45 A R At S s 14k, [~
F VG R MO R A Pk B %
1.2 A&
121 ERABZHESETE

AP AT C 275 Ak SYC63 H:H4H
(GenBank &35 GCA_022457075.1)E FAi%
NCBIP 455 38 F R 1 e 2 AL 0kt MYB
M SR 72000, M\ Pfam %04 %€ (http://pfam.xfam.
org/) F#k MYB 5P 45 H5, PF00249 551124, #|
FHl NCBI () BLASTp X SYC63 BikkIE R 4l 47
KR, LRI P81 o A I R o5 SR TN
W 5 B 43, 1 L IR 20 rpogR A DR e 47) B i
R FH, F-TE SMART (https:// smart.embl.de/)
PG T MYB 5% 5t R 45>, il IBS 4k

I T2 R 264 .
122 MYBEBEKREBUMR. ESHKETH
B E AL T

i FHAE LR B ExPASy FJ 1. H. ProtParam
(https://web.expasy.org/protparam/)*” %} SYC63
) MYB ¥ K7y 2L REH | 7, S
M RKERE BRI Rt A
HTE 28 8 4 SignalP (SignalP-5.0-Services-DTU
Health Tech)%f MYB &% 5% K34 745 5 BRI ;
F) 78 4% # F WOLF PSORT (https://www.
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genscript.com/wolf-psort.html?src=leftbar)X} MYB
Bty Sy DR 2R 7 IV 40 e 7 T 2
1.2.3 MYB HREEFSER LT R FEEEK
ELLS Hr

{d FHA - DNAMAN X} MYB %% 5% [H 7 {5
S AR S5 DX AT 40 FE R 5 ol P T e T e £
MEME (https://meme-suite.org/meme/index.html)
Xt MYB G HEA TORST 3PP 0 205 AR 4 A 5
431 F] F TBtools Y Gene Structure XJF&[H 4544
AR PRSP ST R T 10
1.2.4 MYB ZEB—REH. ZREHTRN

i ek T H. SOPMA (https://npsa-prabi.
ibcp.fr/cgi-bin/npsa_automat.pl?page=npsa_sopma
html)EFT MYB % 5 R 1 — 4 T
SWISSMODEL  (https://swissmodel.expasy.org/
interactive) AT = 4454 TN,
1.2.5 MYB EREEEKREN

FR G I 50 F % A WA BR A R AR Y
FER A S, i TBtools Y Gene Distribution
THREXS HH SycMYBs 4T a4 s 7B
1.2.6 MYB £H/Fz1FIn=1ER TN

TERERIZH P 22 > MYB B st R 1 5L A
F3# 2 000 bp BYFFA, I I 7L T )
PlantCare (https://bioinformatics.psb.ugent.be/webtools/
plantcare/html/)ifF1 1) sh AR FHOT A=,
AT 245 SR 05 32 g oot v 75 A % A A A DG Y
JE 88T, FH TBtools i1 145K P,
1.2.7 MYB RiEFIIRFHL

Rl MYB FRREEA P K071, THE K
2% W R R & B J) B (Fusarium  graminearum
PH-1) . i ff K B (Trichoderma asperellum
CBS433.97) FiR &t K% (Trichoderma atroviride
IMI 206040)1 MYB ¥ 5% [N+ Z & 11751, ff
FEAT MEGA 11 3547 591 Feox s FH ARk i it
R R FREY, 7E MEME Wb T 4 ¥k EE )
Ry 3 7P 3 iTOL (https://itol.embl.de/
upload. cgi)ELR M1 136K,

1.2.8 HEFIFFST MYB EEFRIES

7 FH VS i MM R 2 A el o A 1) A Al 45
WEMF X EbE SYC63 4TRSS, &%
LDV AR f 0 T, G AR RS IR T 249
Fife PSKA WA ST, 28 °C. 150 r/min
Bi% 24 h, 2.5 gL MSBHRTHIIES 0. 24,
48 1 72 h, s A TAY) TR B A R
R TR SR O et MYB %% 5% X 7451
TS (S ) S5XTRALC dl)Fikar, TP 2
K HIREEL{E , 1 TBtools %k {4 Hotmep T2 /F
A AT,

i/ Primer Premier 5.0 #f4&it514(#
1), PLN#%E 18] B% X (internal transcribed spacer,
ITS)F 4 NSk fT RT-qPCR L%, H
27N B B R [R Ab R FP B[R] SyeMYBs A
XF#ikm, i SPSS 26.0 B EF7 B & )y
25T o

F1 WHEE PCRI|Y

Table 1 Primers used for RT-qPCR

Primers name Primers sequence (5'—3)

ITS-F GATGAAGAACGCAGCGAAAT
ITS-R GCGAGGCTTGAGTGGTGA
SycMYBI-F GGAGCGAGATTGCGAAGAC
SycMYBI-R GGCTTGCCCACTTTCTGC
SycMYB2-F ACACCCGAGGATGATTCACTAC
SycMYB2-R GCGGTCGTGTTCGTATTCTT
SycMYB4-F GGCAACGACCAGTCAATCTC
SycMYB4-R GGGCTCTTCCTTGCTTGTC
SycMYB6-F CAGTCAACGCCGCTTCTC
SycMYB6-R AGAAGGATGTGCCGATTTGA
SycMYB10-F TATCGCCAGAGCAAGTCCG
SycMYB10-R CGCAGAAGTAACGACGGGA
SycMYB12-F GACAGCAATCTGACGAGCCT
SycMYBI12-R TGCTGGAACTCGTAGTCGCT
SycMYB20-F CTTTGCCATTGACGCTGAC
SycMYB20-R TGTCCTGCTCCTCAGTCCAC
SycMYB22-F AGACCTCACGGAAACGCTTAG
SycMYB22-R TGGTGCCTGCCTTTGGAT
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2 BER540

21 MYB EH%ME. EXREAERE
il 4 B 7€ {3 731 25 SR

Iz 22 4~ MYB B FRE, E 1
HETA MYB &% 5 K125 MYB PRSP A5 T 5,
AN H 6 AP EEE, SycMYB2 .
SycMYB3. SycMYB7. SycMYBS. SycMYBI1
SycMYBI12 F1 SycMYB21 &4 AR SF 451
)& T 2R-MYBs, H4& ¥ )8 F 1IR-MYBs E{
MYB-related . H & 1 #] I, SycMYB3 .
SycMYBS5. SycMYB6., SycMYB7. SycMYBI10,
SyeMYB14 | SycMYBI5 . SycMYBI17 |
SycMYB19, SycMYB20 F1 SycMYB22 iX 11 4~
MYB % 5+ B PR SFEE AL T N o,
SycMYB1., SycMYB2, SycMYB4, SycMYBI1 .
SycMYB12 . SycMYBI3 . SycMYBIS #l

SycMYBl c———mm—

SycMYB21 ix 8 4% st R 1 [ PR P45 A ll4E T C
viig, AT REAS E 0 AR R

i gE R & 2)EoR, SYC63 HEkT MYB
LSRN FREEREE N 172-2 152 aa, BEMNF
G128 SyeMYBI12, 8 17 F1 )& SyeMYB17; 45
THR/NHK 20.17-239.05 kDa; HHig pl {H7E
Jy4.57-10.15, @AEEA SN 59%; HA
SycMYB20 — M 15 B8 i eds B ol
42.81-73.73, BPEAOKEM; 20 > MYB &EHE
PIAEAIMIAZ, SycMYB17 Fl SycMYB22 ENiAEL:
B SRAKMERBIIE N UE, HAKEN,
22 MYB EEEWH. EFEFSLEEHK
TE L

FEHT LT S T2 R (E 2)Bos, TR
MYB % 5 [N T8 A motif 1 5% motif 2, It4h,
SycMYBS8 . SycMYB9 #1 SycMYBI19 it &4
motif 3. H:H' SyceMYB2 ,SycMYBS fil SyceMYB14

SycMYB2 c————mmmmr—— Il SANT
SycMYB3  emmmr—————————r—mrme—r—— E=] Myb_Cef
SycMYB4 ¢ T TR _— == TRF
SycMYB5 com=———=x £ Scm3
SyCMYB6 CE -ZnF_ZZ
SyoMYB7 1 ZnF_GATA
SycMYBS o £ Myb
SycMYB9 ¢ e B HAS
SycMYB1( =m——x

SycMYBI1 ¢ i

SycMYBI2 ¢ - -

SycMYBI3 ¢ s

SycMYB14

SycMYBIS ¢ TEETT

SycMYB16 ¢ AT

SycMYB17 ==

SycMYBI18 ¢ niza Ty

SycMYB19
SycMYB2( ——mm———

SycMYB21 ¢
SycMYB22

B 1 #BE MYB R EFRTEEETHN
Figure 1

Domain prediction of MYB TFs from Cladosporium cladosporioides.
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&2 MYBHEZREAFHIF
Table 2 Analysis of MYB TFs
Gene ID Number of Molecular  Theoretical Instability Aliphatic  Hydrophilicity Subcellular GO

amino acid (aa) weight (kDa) pl index index index localization —annotation
SycMYBI 259 28.86 9.35 57.63 53.55 —-1.013 nucl cC
SycMYB2 452 50.43 5.93 67.31 54.45 —0.859 nucl cC
SycMYB3 782 86.53 6.78 43.76 71.55 —0.821 nucl BP
SycMYB4 629 70.04 7.42 62.54 68.19 —0.699 nucl MF
SycMYBS 313 34.77 8.57 62.38 61.92 —0.837 nucl BP
SycMYB6 636 70.62 4.60 62.53 65.27 —-0.920 nucl MF
SycMYB7 489 56.13 9.66 85.14 52.88 —0.957 nucl cC
SycMYBS 1704 186.47 6.02 58.04 63.65 —0.808 nucl BP
SycMYB9 692 76.15 4.88 47.93 65.84 —0.757 nucl MF
SycMYBI10 300 33.00 9.96 73.01 52.17 —0.810 nucl CcC
SycMYBI11 937 103.70 8.20 61.86 59.47 —1.029 nucl BP
SycMYBI12 2152 239.05 9.45 77.74 43.88 —1.167 nucl BP
SycMYBI3 712 77.00 6.01 60.40 52.39 —-0.979 nucl CcC
SycMYB14 934 101.16 4.57 54.54 68.44 —0.745 nucl MF
SycMYBI5 485 54.73 9.70 53.52 73.73 —0.906 nucl BP
SycMYBI16 1607 175.67 6.29 63.55 54.24 —1.052 nucl BP
SycMYBI17 172 20.17 10.15 52.99 70.87 —0.769 mito MF
SycMYBI18 1227 137.08 8.80 59.50 56.32 —0.995 nucl BP
SycMYBI19 518 58.27 6.96 41.67 67.28 —-0.771 nucl MF
SycMYB20 299 33.34 9.35 35.96 42.81 —1.439 nucl MF
SycMYB21 539 59.53 9.18 57.43 62.84 —0.887 nucl BP
SycMYB22 396 44.59 8.81 45.09 69.82 —0.814 mito BP

E
L

SycMYBI . PWTPAEEQRLKT. LRDAG. SS\NSEI AKT. CFL PLRTEGSVKKHVWK. . 41
SycMYB2 LKETPEDDSLEI E. LKETKNLTWKQI ADF. . F. . PGRSSGTLQVRYCTKL 95
SycMYB3 GVWINI EDEI EKAAVSKYGLNQWARVSSL. . L. . ARKTPKQCKARWAE WL 47
SycMYB4 QPWIKPEEDALLAGLERVS GPHWS QI LALYGR. . GGS VSEVLKDRNQVQL 49
SycMYBS .. MSTSDDEI ELR. ARASG. LNWQPI ASRN. F. . PNKTANACRKR. . . .. 38
SycMYB6 .. WISKEKDQLF AAI QSHGP GDLQALALA. . V. . GTKSEPEI KAH. . . .. 39
SycMYB7 GPWSATEDQYLLHL VNLHGAHNWVRI SST. . I .. GTRSPKQCRERFHQNL 48
SycMYBS8 GRETLEEEESI I R. HHEI DQLSWDHI GYL. . L. . SLRSAHS VHSHYQKEF . 46
SycMYB9 KPWSDGELLLELEGLEMFD. DNMESVAEH. . V. . GSRTREECVLKFLQL. 46
SycMYB10 . KWISDEDASI I E. LRGNG. MKMWEDI SKH. . L. . PGRSAI SCRLRFQNYL 43
SycMYBI11 GPWSPEDDTNLERNAYAAHP. DKWTEI SAL. . . .. VGRTGS DCKDRWKN. . 43
SycMYB12 YYWS VPEQS DE VKYI GHF G. TDE AAI AAH. . M. . GTKTQTMI KNHYQR. . 83

SycMYB13 DPWSEDETDRE YDALKNWG. TDEMI [ SQL. . F. . PPKTRAQI KKKFNREE 49
SycMYB14 TAETPQDDRDLWNWVQGYKNRGVHGI KGNET Y. . KQLEALNPRHTF QS WR 50

SycMYBI15 SDWHDGEDDKLEEKAVKEI EKNI EKEI AKL. . . .. QNKKWAQVASHF AELI 47
SycMYB16 ELWIAEEDSLLVKGI R. AG. LNPAEI VKKFGF. . EGRTPSAVR. . .. ... 40
SycMYB17 .. WSVEEEEREI Q. LHNQG. LTI KDI ALQ. . F. . PSRSGYSI VITKLYQLR 42
SycMYBI18 .. WWWEDDQKLRKLAKDYS. FNWSLI ADEMNL. . PSAFKSGMERRTP WEC 45
SycMYB19 EGWGADEELLLLEGAEQYGLGS WADVADH. . I . GNFREKDEVRDHYI NT. 48
SycMYB20 .. WTEEQDKTLI EMKKDTK. NSNAMI GQE. . V. . GGRTKQEVAARWKVI N 43
SycMYB21 NKMWS EEETADLELKGVAKF GI GSWI'KI LKCEDYSFDRRTALDLKDRFRTKE 51
SycMYB22 . MTLEETRYLVDTYKECN. GKWT'VI I DR. . YEKPERSMEDLKARFYSV. 44
Consensus wt ed 1 g woi r r

&2 #EE MYBHEERATFFY LN

Figure 2 Amino acid sequences alignment of MYB FTs from Cladosporium cladosporioides.
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[e]

WK 4 fr, SyeMYBs JEPRIMAGTE 12 55
AR |, FEERLE 3 SR |, HIRE2 5
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SycMYB6 =~ — Motif 2
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Motif 1: WEEIAQHLPGRTEQECKKRYN;

Motif2: WSAEEDDKLJKLVK; Motif3: YDLCGTCY; CDS: i 15 a2 LR %41

Figure 3 Phylogentic tree, protein motifs and gene structure prediction of MYB TFs from Cladosporium
cladosporioides. Motif 1: WEEIAQHLPGRTEQECKKRYN; Motif 2: WSAEEDDKLJKLVK; Motif 3:
YDLCGTCY; CDS: Sequence coding for aminoacids in protein.
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Figure 4 The distribution of gene SycMYBs on chromosomes.
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23 MYBEBHIZ%R. ZREHAMNDH

Ptk SYC63 ) RS R BN, &7
B " REER RS T 5 2R AR, TNZE S 45
TRy 25 AR —F, IR-MYBs/MYB-related 5
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Figure 5 Protein secondary structure prediction of Cladosporium cladosporioides MYB TFs secondary structure.

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



MRt B AR SYC63 H MYB #3742 KA i 623

SWISSMODEL fiillZ5 - WLEl 6, Frfs MYB
BRI TRETII &6 HTH 450, 5 skl
— 3, HAPAT 3 A a] B R ) £ S R (s K ) iR Sk
TEX—Z5 0K A%, A HTH 254411 o BR5E AT
A5 DNA 43 FI RIS & F 51500 DNA FPatel,
K 6 HiE/~ SyeMYB20 HAA 14~ R 4148, Sl

) MYB %5k [HF 454 ; SycMYBS8 # Tl il 2y
R2R3-MYB %5#, SycMYBI1 Y C Sif Rl T s
B B-KIeH%; SyeMYB21 &4 3 R, 5
TREER N EE RAT 2 R BRI s
[BI2ESACK, TR &A &8s PRk, W zZn®
KF Ca®" 4%, TIRESHA A HAARIRIIEREX

A B C D
— > o
o, &% %’@ e 3 TR
[2NgX 4 - e r F g \};‘
A > & oFP
SES §¢ oL
SycMYBI1 SycMYB4 SycMYBS5 SycMYB6
Er— F G H
! >0
N 42 AN
3 X,
\\;«“{f %fﬁ& f({ o %&;
S EY. = ae
o &‘f‘;\mww\z\ ) >
3256 o ‘Cfé C))l%
SycMYB9 SycMYB10 SycMYB13 SycMYB14
I J K L
v % P %Jﬁ@ (e
é?‘gfw 3% 8 Py 20
o % &%
SycMYBI15 SycMYBI16 SycMYB17 SycMYB18
M N (¢}
® . W
e || 8
AR b
& \ %f\g s
A &
SycMYB19 SycMYB20 SycMYB22
P (0] R S
(‘AW/\ )Y =
£ ]ﬁ? \:: ; ' mg K%; ?%&.
J}élg & B Ve W
SycMYB2 SycMYB3 SycMYB7 SycMYBS8
T U \%

%i;

S <
‘;5( %D

v

RS

Sk
B

SycMYBI1 SycMYB12

SycMYB21

6 KME MYB#REF=REHTM A-O: IR-MYBs fl MYB-related; P-V: 2R-MYBs
Figure 6 Protein tertiary structure prediction of Cladosporium cladosporioides MYB TFs. A—O: 1R-MYBs
and MYB-related. P-V: 2R-MYBs.
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Figure 7 Cis-acting element prediction of Cladosporium cladosporioides MYB TFs.
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Figure 9 Expression pattern of SycMYBs under rust spore induction.
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Figure 10 Relative expression levels of SycMYBs under rust spore induction. Reference gene: ITS; n=3; *:

0.01<P<0.05; **: P<0.01.
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