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Construction and application of actin fluorescent marker in
Verticillium dahliae Kleb.
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Abstract:  Actin filaments play an important role in fungal life processes such as growth, development and cytokinesis. The
expression vector pSULPH-Lifeact-mCherry of fluorescent mCherry-labeled actin was transferred into Verticillium dahliae
Kleb. wild type V592 by the genetic transformation system mediated by Agrobacterium tumefaciens to obtain the stable
fluorescent labeled actin strain VV592/Lifeact-mCherry. Then we detected its biological phenotype and the dynamic changes of
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actin fluorescence during the process of spore germination, mycelial growth and development. There was no significant
difference in the colony morphology, colonial growth rate, sporulation and germination rate between the fluorescent labeled
actin strain and the wild type. The actin fluorescence signal was observed at the tip of the conidia and hyphae and the septum
clearly. Actin participated in the formation of the contractile actomyosin ring (CAR) during cytokinesis by observing the
dynamic behavior of the actin in the process of hyphal septum formation. The fluorescent labeled actin strain can be used to
study the dynamics of actin in fungal development to provide theoretical and practical support for further study of the
mechanism of actin in fungal development and pathogenesis.

Keywords: \Verticillium dahliae, actin marker, growth and development, septum, tip-growth

KN K #  (Verticillium dahliae Kleb.) &
— R AR O R L, B E R A AR AR AR
Gossypium spp.. #iiiF Solanumme longena L.Fl 5
Ei Lactuca sativa L.557EN Y 38 B 660 A F Ak HE
YER AT AR R KPS, VL dahliae (RLAEFF
AR UG T TR 22 A K 4 fil O WK AR AR R, TR 220
TSR S 52 G 45 A6 B S5 AR T B4R G T 2 AR
T B SN R 2 B4 A AT B AR AR ) G 4
WA e, RS HNREEE, RAFEH
T PR R A BOR R . T
A BRI Z SERRAE, T FL V. dahliae SRR TR
AT 25 EAE LIRS 14 2 AP LR
AR X fe 00 42 T 1 2 A2 T S SR M R 48 0
s V. dahliae o AL IR A ST BE T A3 2% B iR
B 22 O IR Y AR P B I T 5 AR
=3

2 L B R 22 K 22 AR LR A A Bl T R
FTEXEE, WIFEZ TR A KT g0y
AU AN A RO T s 4
Horp 22 0R BT T A K R P RV P U AR T 22 7%
SR TGA, AR TITREULIR AR 1T 3k 22 2% 2 T ot
0T, g < 22 R 21 4 55 i 2% Aspergillus nidulans
B BT i R i 22 5 T RUALEREE . MyoB 3t
B, FLE2 0 R 5 M5t 43 224 v LSl BR AR e 20
(Contractile actomyosin ring, CAR) it%i#1 MyoB
{1 5 (o e BT T, 9 6 B bR 22 B R
F 5% 200 B SR A5 0 S S 25 0 U A AR ) 2
WO Lifeact AT 17 MREKBR K/, 755
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R EL A B 223 08, mCherry 41
IO A RA B R IOCEWR L, ATHTH®
B E A . SIS B DL DR 3 ik A g R
Rk, Lifeact-mCherry %% 85 (Al A/ S HA% 4=
VT2 A8 B Tk 22 B B8 e 3 1 A 40 i 40 43 1R
EEARICH) o

MM 3 W TinmE R
2 AU A A S AR &
wiyohae®l, SR V. dahliae M2 EHAK L H
K518 FHAEFVEIALEE A ZIRE R . AF
girh, AR AAT R B 7% 1k 24815 V. dahliae
W22 EhRiC Hkk V592/Lifeact-mCherry, H 7] L)
o TE T W B H R R P 2 sh A, Xl
V. dahliae K B HLHL . 5 FE B AEHLE] L2 il 22 BAR
A 55y T IR AR 2508 1 AT i Lt

L AR

1.1 ##
1.1.1 BFEREFR

V. dahliae B4 % V592 AT AGLL Bk
Ji kL pentry-Lifeact-mCherry 1 pSULPH-mut-RG#
PB A S E R AF, AR Trans10
W A3 2 S YHARA R A
112 FEERAA ., FRE

Gene Ruler DNA Ladder Mix., CloneExpress® 1l
One Step Cloning Kit, 2xTagq PCR Master Mix, [
il ¥4 P9 I EcoR 1 #1 BamH [ | PCR =4 4fifk fl
DNA i [l iiiat i £ EasyPure® Quick Gel Extraction
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Kit. TIANprep Mini Plasmid Kit ki /M2 &
(B0, V. dahliae 55 9% T4 [G 5 77 36 Al PDA
B R WAL W i 52 T LB gt
BRI YEP Fi gk BT AR R R 85 2K (Kanamycin,
Kan) #4750 pg/mL, F#&-F (Rifampicin, Rif)
(i BE Sy 25 pg/mL4,
1.2 AH*
1.2.1 & PSthMCERE V592/Lifeact-mCherry
3RS

PL Lifeact-mCherry-F/Lifeact-mCherry-R M Jit
%7 pentry-Lifeact-mCherry H1 PCR 4™ % H it 35 4 H-
B (51"l 1, 78 5o A0 34 55| A BamH 1
M EcoR I FUIALsL, TE4 A A BOIE R m 5191y
5551 A2 15 bp ML Mk 24 W R i [F] U T
51); kLA pSULPH-mut-RG#PB i JH BR il 14
)G BamH [ 1 EcoR [ 47 XA AL
Jl One Step Cloning Kit ¥ 5 B 15 19 B iy 5L 8
BoilE AFBEAAR s BYE PCR %2 Ay BH 4 v b 1 TR
W%, PRI U) 4 s R i — PRI . LR
k¥ & A B0 A By 4 Bk AR
AGL1 1, BUAME SRS TG 5% FIRRFTF A=
) 15t 1% % 1k, (Agrobacterium tumefaciens-mediated
transformation, ATMT) /5 % pSULPH-Lifeact-
mCherry i 22 rid R B # AR E A V. dahliae $ 4= 7Y
V592, HLfflo) e 5 A R Gk AR AR L2 R
10 Bk V592/Lifeact-mCherry .,
122 WeFricARRELEE

PERRA R R - R B AE BRI TR V592 FiI
29 ehRC E Rk V592/Lifeact-mCherry 50T

F1 XHFASIMYIR
Table 1 List of primers used in this study

PDA IR 5557 7 d, AIHTHLARE 0.5 cm B
BB PDA Kige ko, 26 C MR,
3 d M — R A H AR IR A
MR EL 6 1K

W RS K V592 il V592/Lifeact-
mCherry 30 T PDA 53538 353 7 d, 4T9L%%
TEAS TR 1 TR V& 1 2% [r]— 0 B HX 0.5 cm FY B Bk
BF 1 mL BEAGEKT, W R 5 T
MG FYRI T R IF S A TR EAK T, H
118219 3 T W s A U 7 95 NI S 7 S
6 K.

RPRE R R geTE: FR AR 2 Q85 37 2k AN )
KA RR /0 R 01 M PDA B35 38 Ekfii T ok,
PRI ER RO R 8 3 E T TR 2 10° 7 F+/mL
iti, A RIRRE TR b, 26 CHiE
12 h Gt ERFH AN . BN HERIER
6 K.

1.2.3 MVECERN AR FEERER
W22 PP E S MEE

FHB AR QR 3R 3ok o3 AR T N PDA 15 5%
RV T R IEM R E 10° 78 T/mL; B 10 uL 781
WO A, SRR, PRE O, REECE
LR AR SR A - 22 A s B 20 pl
PR TR IR LA e, 35 BIEFRIL, HO, B
F 26 CHYE IR R B AR R R — o i ] 0
SETH 22 2L oy A I DL
1.2.4 B

GraphPad Prism7 . Image J #{4F #4752 560 £ s
BT SRR

Primer name

Primer sequences (5'-3")

Restriction enzyme

Lifeact-mCherry-F

Lifeact-mCherry-R

CGTCAAACCTCTAGAGGATCCATGGGTGTCGCAGATTTGATC

BamH |
EcoR |

The underlined line sequences indicate restriction enzyme site and the wavy line indicate the homologous sequence on the

vector.
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2 HER5AW

2.1 V. dahliae i £ %% & #r 12 B # V592/
Lifeact-mCherry BY3%15

PLJFkE pentry-Lifeact-mCherry M54z PCR 4
2l BamH 1 Al EcoR T WG A5 1Y
Lifeact-mCherry JEIR Fr B, R WHEE M L IK R
Lifeact-mCherry J& K g it ¥ 41 RV 55 4K H
816 bp, UiH] Lifeact-mCherry 3 [A 77 & i 1)) .
PSULPH-mut-RG#PB  #& {4 J5i 4 17 3L U J5
Exnase Il fig 47—k, EH WAL KRG
FFTR 5 T V% PCR 3 ik B PR 5 b, 8 — 2500 3 ik
20 ok ) R R AR R ARITR AGLL, BT
A R ARAR PP B S L AT T T-DNA Fifi
ML A 8% Lifeact-mCherry 3 R 5 Bt 4 A
V. dahliae JE [N 4, 17385 250 A Z 0 k3R AT
225 ehnic w ik V592/Lifeact-mCherry .,

22 WMEXREMICEKRMNEERLSMEKRKERE
R 584 A v502 tHif

WE 1A fis, PDA B3R EEE5% 16 d Tl 2L
PEERIC R V592/Lifeact-mCherry 1 Az 78 B
Pk V592 WHVETE AT B 225, #A Z5 WM
O L MBUE N R AME . WE 1B 7T H
L T2 SRR IE B AR B T VR AR R R B AR
RITAMRAE L 220 hnic bk A HIR 4

A
V3592

V392/Lifeact-mCherry

8.23 cm, TMHFAERIF KA HRZ) N 8.17 cm,
THZNEREES (P>0.05), &, AN
22D EARIC HRAE PDA 5535 B VR TE 25 Ak
Ko 2565 1B A R B R AT
23 WELRARICE®RTRE. BAEHRSEFH
R V592 EES

i 22 9k id Btk V592/Lifeact-mCherry
FHEY A BU R bR V592 77 il it Al &k AT T 46
o N 2A iR, THEL2EhR e T AR 7 il B 2
7 (3.73+0.58)x10° 7L T-/mL , 294024 T 55 4 51 4
91.60%, t KuSu Xt — & P TR0, B
HH B 22 ¢ S b 10 TR R R A R T PR ) T T
AR EXS (P>0.05), &l 2B iR, 222t
FRICH BRI R 20 93.86%, 2% B4 Y
97.90%, t A 5aXf 35 W A AEHEAT 25 00T, B
W B3 22 %¢ 6 bR 10 B Rk R AR TR0 T Bk B B R SR
WA RBEZES (P>0.05). i G UL R4 R L2
POUPRIC bR A . W R R S AR V592
TES.

24 WEREMICERDPERFHNEREL
PR S

0B AR 22 RO LB B 11 22 5 5 B Tl 2E
K. M2 Ay s A ME s .
RFY V. dahliae Wi 2z 0 AiE o, TATHBOEILER

10 .
0 - V592

V592/Lifeacy-mCherry =

-]

e
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Bl FARSHLRAFCERNEEESEEKETE

Fig. 1 Colony morphology and growth characteristics of wild-type strain and fluorescent labeled actin strain. (A)
Colony morphology of wild-type strain V592 and fluorescent labeled actin strain VV592/Lifeact-mCherry in 16 days post
inoculation(dpi). (B) Colony growth rate of wild-type strain V592 and fluorescent labeled actin strain
V592/Lifeact-mCherry.
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Fig. 2 Sporulation and germination rate of wild-type strain and fluorescent labeled actin strain. (A) Nonparametric t
test was used to analyze the difference in sporulation between the fluorescent labeled actin strain and the wild-type
strain. Mann Whitney test P=0.562 8>0.05. (B) Parameter t test was used to analyze the difference in germination rate

between the two strains, and unpaired t test P=0.071 6>0.05.

£ W BB LR T 22 9O bhRic R R B L B i
2 (AN E A . GnE 3 Bk, V. dahliae 234 1
Tk 22 B DL SOIR A AT TR A 16 TR0
A LS S X, W& 4 o, V. dahliae &35
B 221 Ko B i 22 R R 2 A Ky i oy A
D22 A0 B 0 N B, FHLAE TG A SRR S, 5§

CFW RFP

10 um 10 um

V592/Lifeact-mCherry

Bl 3 R HRICE PR T PR Y I 40 A E 1L

BIRROM FIETER WML, B 5 Al FE
V. dahliae T& 22} Jit 53 4 o0 7 b (il 22 DT 22 2
FEE PR 000 795 s AN 2R - DA T 2 5 WL Sl BR A 11 WAC 4 A
ML ;s e T IR I 4R T 755 6 min B fil
22 FAXT DG BE TR B AR, 4 17 P2 W PR A 2 T
SREEHBEE TR, AR RRLL 14 min,

BF Merge

Fig. 3 Subcellular localization of actin in conidiophores of fluorescent labeled actin strain. 0.5 mg/mL Calcofluor White

(CFW) was used for cell wall staining.
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CFw RFP BF Merge

10 um 10 pm

V592/Lifeact-mCherry

10 um 10 pm

4 TIEATRFHRIC BRI PR B 22 R R 42 B T 4 B RE ML
Fig. 4 Subcellular localization of actin in hypha of fluorescent labeled actin strain.
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Fig. 5 The actin dynamics and relative fluorescence intensity during septation processes in hypha of fluorescent
labeled actin strain. (A) The relative fluorescence intensity of actin during septation processes in hypha of fluorescent
labeled actin strain. (B) Actin dynamics in the process of mycelial septum formation of fluorescent labeled actin strains.
BF represent bright field, RFP represent red fluorescence of actin, and Merge represent a composite diagram of the two.
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3 Wit

V. dahliae J2 4 18 55 Ak 22 H 20T A YY) i
LR 95 i 2 — , LA V. dahliae I9AE K E T &
BORPLET — BOEMPR I . B TRy R 22
Tt ARG MR M & S e EEARESE
— ZRBI AN Bh b LA T e D g P,
RG22 G 0 BARAER 2 . FEIEECR .
Iz ohae s RBR, I IRATHE @22 il %
i5#k & pSULPH-Lifeact-mCherry, F| A& H#
St &AL V. dahliae B A4E 7 V592 FRA5FR E AR
29 EARICH bR V592/Lifeact-mCherry . F5ic B Ak
IRTETEA . AR EER . 7 il | i R 55 R A
SEP AR V92 e B E RS (K 1 FIK 2),
I, P22 ¢RI AR AT LTI W42 V. dahliae A=
KEAB M. 1hh, fAROLIL R & B
WZE T V. dahliae fl 22 75 53 HE A+ FE TR 22 h 1Y
IIATTE DL o

TRl 22 B BT TR 22 T o M M e 7 S R R b 2
1 WLEhEE I b Hogh &8 1 a4 A S ML sh
1 A UK AR 6 B T A K 220G E 22, L
SiEMA ., WEA . ZHREA . Arp2/3 (Actin-related
protein 2/3, Arp2/3) & &4k [ 4 A A A S5 P,
Fy S 2 (A nidulans) T B fJLERE I MYOA 7 2
Bl S E O Ees, HAERZREERKS
Sk SR T T AL nidulans VR JLER B
F MyoE 7 TR I LR Tt 22, BXTTIR 2278
AEZEMAP, B A nidulans VEJLT RA K
fif  (Chitin synthase with a myosin motor-like
domain, CsmA)iiif MMD (Myosin motor-like
domain, MMD) 54385 il 22 B #AH HAE A,
Z: 5 22 IR E A P AR A 2ok R A0 ML RE S R T 22
T 2 s 2

AWETE LB V. dahliae HPi2z F LSRG
A1T T W TR A Tt 5 P 22 T0 i 14) 248 375 2
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HE S X8 (&1 3 1 4). X AT BE- 40 A Tl Pk 2=
K B IE BRI 22 sh ST A G, WLk
F W5 S %) PN A A FH 0 A8 R -5 B30 S 19 Tl 55 ) Jox
R AR IS i R R TP AT 2 2 5

5 53 24 %) 46 R 2 B0 ) A A A L
B ARG . AL T A S Bl R A
A, HZERERE Saccharomyces cerevisiae 4 fifd 53 %4
P FRALFE CAR (2 s T4 BB RS TR A
I K HList 2 B RO, JLSh R 1R WL Sh Bk R
AR e SRR T, TR BT o R R i oG
VIRV BFF 221, 245} Schizosaccharomyces
pombe JULZh#E (22 70 1T %L JILBR 2 1 02 R 4 22
rh e 4 B4 30 7 Sk U 0 AR 2 43 B S, pombe
JLZS 25 1 22 DAL 5 3 24715 0 I S8 i 5 FUJE BOR
PETTE A FR , Wi PR 5 B MR i [ 402
S. cerevisiae Jif 513 2L L ShER A PR A HCAR 3
9 WLSh 3 1 e SRk sh Y LS B e 2R AL S
I BRPLERE A 455 E M CAR, SR )5 FRiE17 i i
5L, CAR W Al it U T v K e I, Bl s
5 I ) BT P R, CAR WO s T i 22 3334

IR FL D 22 BT or B S EEREAN TR, EAT]
AW SRS AR o, HETERZTIE
8 8 5 DT 4 35 > R A AR e T R L, [E 22
TEMLBT 5324 CAR %6 | 4idF . U4 Gl b iy o)
BE AR X i e (19233132350 o o o R 2L R O
Magnaporthe oryzae H' CAR 5 51 M I 22 19 011 (1) 41
JHORE B B A B A7 A B g ke, RS PR S AR B,
W g P ] rho L R AR BRI S8 2T U PR 2 7E R
R IR B A, 2R R AR A 2 L
FIRE, RAPEAIE Fusarium graminearum. HLRE
Jikf 7 Neurospora crassa JifdJii43r2¢ CAR Hysh s
s At A 3T R 4 R LA R N L
A A Bl R A A

A5 &I V. dahliae B FA K E2Z P2
F2 U TR 22 A KT 1] 3 A T T 22 200 9 00 P R
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o R T IEETE S T 22 PR B (1B 4).
FATXF V. dahliae T 22} Jiz 53 24 il 22 2y g 2 3
FTO3HT BRI, S22 56 3 A ~F VAT 22 240 i S R A0 196 s 5
B AW R A B 5 A R 1 418 L sh BR &
FIRE IR Z I T an e dn g i, FLRES—
B IE], dR e 12 g AR R (8] 5). X5 Guo 4%
1 Song ZE IRIFFE 451 HeA— 3237 {3 BA V. dahliae
BRI 22 i 5y 2 R v 24 2 5 A A LSl Bk 2R i
ARER, DT A B RS B A Ak sl ) R .

V. dahliae i 22 %¢ 6 hniC T bk V592/Lifeact-
mCherry WyEIEA . ARKHER . HE. HEAE
GRAGHEFAR VB2 WA BEESR, Arlif
JE T M W 5 AR KR R T L sh B AR
b, X R IR AT HL K E LI S B0 B B2 L
W5 BRI

REFERENCES

[1] Klosterman SJ, Atallah ZK, Vallad GE, et al.

Diversity, pathogenicity, and management of
Verticillium species. Annu Rev Phytopathol, 2009,
47: 39-62.

[2] Xu Z, Ali Z, Hou X, et al. Characterization of
Chinese eggplant isolates of the fungal pathogen
Verticillium dahliae from different geographic
origins. Genet Mol Res, 2013, 12(1): 183-195.

[3] Yue YL. Identification of the pathogens causing
seven Kkinds of agricultural and forestry plants
Verticillium wilt and interaction infection test[D].
Shihezi: Shihezi University, 2015 (in Chinese).

K SE. LR AR Y 8 22 M 0 I 48 7 [ LA L
G IR[D]. A1 A F K4, 2015.

[4] Zhao YL, Zhou TT, Guo HS. Hyphopodium-specific
VdNoxB/VdPIsl-dependent ROS-Ca** signaling is
required for plant infection by Verticillium dahliae.
PLoS Pathog, 2016, 12(7): e1005793.

[5] Klimes A, Dobinson KF, Thomma BPHJ, et al.
Genomics spurs rapid advances in our understanding

of the biology of vascular wilt pathogens in the genus

&: 010-64807509

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Verticillium. Annu Rev Phytopathol,
181-198.

Zhao P, Zhao YL, Jin Y, et al. Colonization process
of Arabidopsis thaliana roots by a green fluorescent
protein-tagged isolate of Verticillium dahliae. Protein
Cell, 2014, 5(2): 94-98.

Yadeta KA, Thomma BPHJ. The xylem as
battleground for plant hosts and vascular wilt
pathogens. Front Plant Sci, 2013, 4: 97.

Vallad GE, Subbarao KV. Colonization of resistant
and susceptible by a green
fluorescent protein-tagged isolate of Verticillium
dahliae. Phytopathology, 2008, 98(8): 871-885.
Wilhelm S. Longevity of the Verticillium wilt fungus

2015, 53:

lettuce cultivars

in the laboratory and field. Phytopathology, 1955, 45:
180-181.

Riquelme M. Tip growth in filamentous fungi: a road
trip to the apex. Annu Rev Microbiol, 2013, 67:
587-609.

Pinto IM, Rubinstein B, Kucharavy A, et al. Actin
depolymerization drives actomyosin ring contraction
during budding yeast cytokinesis. Dev Cell, 2012,
22(6): 1247-1260.

Steinberg G. On the move: endosomes in fungal
growth and pathogenicity. Nat Rev Microbiol, 2007,
5(4): 309-316.

Steinberg G. Hyphal growth: a tale of motors, lipids,
and the spitzenkorper. Eukaryot Cell, 2007, 6(3):
351-360.

Weber I, Gruber C, Steinberg G. A class-V myosin
mating, hyphal growth, and
pathogenicity in the dimorphic plant pathogen
Ustilago maydis. Plant Cell, 2003, 15(12): 2826-2842.
Hill TW, Jackson-Hayes L, Wang X, et al. A
mutation in the converter subdomain of Aspergillus

required  for

nidulans MyoB blocks constriction of the actomyosin
ring in cytokinesis. Fungal Genet Biol, 2015, 75:
72-83.

Kiyonari H, Kaneko M, Abe T, et al. Dynamic
organelle localization and cytoskeletal reorganization
during preimplantation mouse embryo development
revealed by live imaging of genetically encoded

B<: cjb@im.ac.cn



1528 ISSN 1000-3061 CN 11-1998/Q A4 T #£244f  Chin J Biotech

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

fluorescent fusion proteins. Genesis, 2019, 57(2):
e23277.

Lippincott-Schwartz J, Patterson GH. Development
and use of fluorescent protein markers in living cells.
Science, 2003, 300(5616): 87-91.

Riedl J, Crevenna AH, Kessenbrock K, et al. Lifeact:
a versatile marker to visualize F-actin. Nat Methods,
2008, 5(7): 605-607.

Ramirez-Mata A, Pacheco MR, Moreno SJ, et al.
Versatile use of Azospirillum brasilense strains
tagged with egfp and mCherry genes for the
visualization of biofilms associated with wheat roots.
Microbiol Res, 2018, 215: 155-163.

Ransom EM, Ellermeier CD, Weiss DS. Use of
mCherry red fluorescent protein for studies of protein
localization and gene expression in Clostridium
difficile. Appl Environ Microbiol, 2015, 81(5):
1652-1660.

Xiao CW, Li L, Lao LM, et al. Application of the red
fluorescent protein mCherry in mycelial labeling and
organelle tracing in the dermatophyte Trichophyton
mentagrophytes. FEMS Microbiol Lett, 2018, 365(6):
fny006.

Noble S, Godoy R, Affaticati P, et al. Transgenic
zebrafish expressing mCherry in the mitochondria of
dopaminergic neurons. Zebrafish, 2015, 12(5):
349-356.

Berepiki A, Lichius A, Read ND. Actin organization
and dynamics in filamentous fungi. Nat
Microbiol, 2011, 9(12): 876-887.

Gao F, Zhou BJ, Li GY, et al. A glutamic acid-rich
protein identified in Verticillium dahliae from an
insertional mutagenesis affects microsclerotial
formation and pathogenicity. PLoS ONE, 2010,
5(12): e153109.

Wolkow TD, Harris SD, Hamer JE. Cytokinesis in
Aspergillus nidulans is controlled by cell size,
nuclear positioning and mitosis. J Cell Sci, 1996,
109: 2179-2188.

Echauri-Espinosa RO,  Callejas-Negrete  OA,
Roberson RW, et al. Coronin is a component of the
endocytic collar of hyphae of Neurospora crassa and
is necessary for normal growth and morphogenesis.

Rev

http://journals.im.ac.cn/cjbcn

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

PLoS ONE, 2012, 7(5): e38237.

McGoldrick CA, Gruver C, May GS. myoA of
Aspergillus nidulans encodes an essential myosin |
required for secretion and polarized growth. J Cell
Biol, 1995, 128(4): 577-587.

Taheri-Talesh N, Xiong Y, Oakley BR. The functions
of myosin Il and myosin V homologs in tip growth
and septation in Aspergillus nidulans. PLoS ONE,
2012, 7(2): e31218.

Takeshita N, Ohta A, Horiuchi H. CsmA, a class V
chitin synthase with a myosin motor-like domain, is
localized through direct interaction with the actin
cytoskeleton in Aspergillus nidulans. Mol Biol Cell,
2005, 16(4): 1961-1970.

Schwayer C, Sikora M, Slovakova J, et al. Actin rings
of power. Dev Cell, 2016, 37(6): 493-506.

Takaine M, Numata O, Nakano K. An
actin-myosin-Il interaction is involved in maintaining
the contractile ring in fission yeast. J Cell Sci, 2015,
128(15): 2903-2918.

Pollard TD, Wu JQ. Understanding cytokinesis:
lessons from fission yeast. Nat Rev Mol Cell Biol,
2010, 11(2): 149-155.

Lippincott J, Li R. Sequential assembly of myosin I,
an IQGAP-like protein, and filamentous actin to a
ring structure involved in budding yeast cytokinesis. J
Cell Biol, 1998, 140(2): 355-366.

Bi EF, Maddox P, Lew DJ, et al. Involvement of an
actomyosin contractile ring in Saccharomyces
cerevisiae cytokinesis. J Cell Biol, 1998, 142(5):
1301-1312.

Delgado-Alvarez DL, Bartnicki-Garcia S, Seiler S, et
al. Septum development in Neurospora crassa: the
septal actomyosin tangle. PLoS ONE, 2014, 9(5):
€96744.

Guo M, Tan LY, Nie X, et al. A class-Il myosin is
required for growth, conidiation, cell wall integrity
and pathogenicity of Magnaporthe oryzae. Virulence,
2017, 8(7): 1335-1354.

Song B, Li HP, Zhang JB, et al. Type Il myosin gene
in Fusarium graminearum is required for septation,
development, mycotoxin biosynthesis and
pathogenicity. Fungal Genet Biol, 2013, 54: 60-70.

(B339 BRET)



