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B PARRREEEEREA T . DU B 22 R R AR A1
TP, HAp AR AN R R H AR
17T FH A 7] 22 e 0 PR AR 1 A7 A R TBE 5 )5 T8 1Y
W 2R A B0t , eSSyt 1T2
Yel-ol (YL TR 22 W BUAF FAR 975 F2 Y O
373 o SN [ B e o AN B 1 =5 T - % 7293
il o R, PR SRR AT R A
AT B IR A T I R AR, ORI R
WY AP EABE A TR K
FHAR—MHTF, B ETFIM T U7 1 25
AR, SR TR T R R G
TR 8 AR T 5

HREDUR A A 55 T 2 B AT R R A
o e R 48 A AR T B0 I S H R
SEA AR PR T T R, e T KA
PURE R R, REEIANSEXT 23 AN H RS Ak
PRt E, R 99-596., BH 42,
Bt 29 FRAR 39 HA KA ry AR i e
VAR S S B W RER AN (R) PR 1 5
HRE 6 SRR REE O S AT R mlE . TR
FEGA s, HANA R B B
I I S R DR e A LT R B, A O
BRI {2 e H RERL FR AT 48 LA D o Sl O (7R B
TREHE SRR OO H R R Gl AR, ARWES A TR
¥y SRS 33 2 1 8 0O 1 e YFP KRR 1Y
TR, FIRME AT E N AR AR
eYFP {24 3k 5 Fe ik a1 28 H e SR A o Y,
AT T RERFEL AR R A A O E Y T e
ETEARICE MR 1G35-eYFP Hl JG36-eYFP, H| ]
XX PRI XTI « B TR A A K
PEATR Gy, FHXHZ YL T B Bk A T RT AR 5T
DS A6 e b e e 22 40 S Rl RE B BT LR

L R
1.1 REH R

111 MR SERE: R FG ROC22,
FE 15, g 6 SAIhEE 9 5, Hrp ROC22 H
e R R P EARH A, thEE 1S
BE 6 ST 9 Sy ARSI E AR B FH AW
HEEH A (R), HAMRER BRI, 4tk
PR R AT T BB SRR TR PR IR JG35. JG36, RFT
B AGL1, AR08 % IRAF

1.1.2 #fk: BOTHIA pEX1-GAP-eGFP Hi4ER
Alh K2 2T IR G

1.1.3 i&5f]: In-Fusion HD Cloning Kit, Prime
STAR Max Premix (2x) DNA R & . TaKaRa
MiniBEST Plant Genomic DNA Extraction Kit g
H TaKaRa 23wl 5 JECRL/ NG & | 58 2 s i e
[ DNA RIS &0 F R w5 gt B
DI A R KA ] 5 AR ialR 24 Sy [ 7 2 Hr i
1.2 7 eYFP 25 5 R B 4 Bk () 1)

R i A S0 3 A e R T s 2H
FPai R, PEICTEH REHE SRR R A2 KR B 1Y A )
WIS . &A1 A L S ) ER
AR g6182 (U)A 3 F ¥4, 3] PCR
PATR T R B eYFP FEL, @ad@is PCRI
58| fl 4 B RB1-Pg6182-eYFP, ffl Pme I I
Pac | X ROC#HE A pEX1-GAP-eGFP #E4TEY], 1)
¥k GAP-eGFP Ji B, Fffli ] In-Fusion 3gf&fA
BBl A Bt RB1-Pg6182-eYFP % A Xtk A,
AL KWAAT I DHSa Bz 840, $2 0Ok
Pme 1 fl Pac 1 17 HVI%E 2, FFAEWF G RAF
IEH R B 41k pEX1-RB1-Pg6182-eYFP, AHf
FERTABI IR 1.
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x1. KRB

Table 1. Primers used in this study
Primer Sequence (5'—3") Description
RB1-pEX1-F ~ TGTCAAACACTGATAGTTTAAACTGAAGGCGGGAAACGACAAT Fusion PCR
RB1-g6182-R  AATCAGCAGTGCCACGCTCTAACATTCGCTGTTTCTTCGGTCAGTCT 26182 fragment amplification
g6182-RB1-F AAAAGACTGACCGAAGAAACAGCGAATGTTAGAGCGTGGCACTGCTG 26182 fragment amplification

26182-eYFP-R  ACAGCTCCTCGCCCTTGCTCACCATGTTGGCAGTGTATAGTTTGTGTGGA eYFP fragment amplification

eYFP-g6182-F TCCACACAAACTATACACTGCCAACATGGTGAGCAAGGGCGAGG
eYFP-pEX1-R  ACATCATAGGGGTAGTTAATTAATTACTTGTACAGCTCGTCCATGCC

g6182-F ATGTTAGAGCGTGGCACTGCTG
g6182-R GTTGGCAGTGTATAGTTTGTGTGGA
eYFP-F ATGGTGAGCAAGGGCGAGG
eYFP-R TTACTTGTACAGCTCGTCCATGCC

eYFP fragment amplification
Fusion PCR
6182 PCR verification

eYFP PCR verification

1.3 RIFENFHH RS HRERL

FAH I i 2 A FF I AGLL SRSz 8 4 i,
S FH oL i s T 4 SR B Ak A AGLL HR T,
B E 4 AGL1 F#%5] 5 mL %4 50 pg/mL FJ4HF
(rifampicin , Rif) 1 50 pg/mL CH: W &H %
(spectinomycin, Spec)y5EAililE SR (minimal media,
MM)H, 1537 2 d & ODg=0.9 (28 °C. 200 r/min),
2SR FER IM (induce media, IM)# B &£
ODg0o=0.15, TN Tt T 7 i (acetosyringone, As)
TR T R L S 200 pmol/L 5 75 BR RS 28 °C
200 r/min Z5F T, IR E ODg=0.5 %247 -
FIANE YEPSA V-l b R 26 16 Ak H R # 2R 5 o
KRR JG35 A1 IG36, JFHHTEELR YEPS WA
RIS TR AR R ODgoo=1.0,

W IRE ODgoo H N 0.5 BYHEZH AGLI
K5 ODgoo fHM 1.0 14 JG35. JG36 43 H| FF AR FH
R, WA TR A4 R AL (FLAE N
0.45 pum)y & A LYK EEN 200 pmol/L WY LBET
i (6 5 3 1% 75 3L (induce media, IM)¥FAHR F, F
BB, 28 °C {8 E 8557 2-3 d; PRI AL g
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R RS 22 & 300 pg/mL =k 7B Ji5 4 (cefotaxime,
Cef)fll 200 pg/mL #1755 % (hygromycin, Hyg)H
YEPS ¥4l I, 28 °C M B 5% 9 d B HE%
fb¥.

1.4 HEREESEEAAAEORCEAL TN
%K E

FESO LR AR AR TR AL T, K RE R
WD TSR E] YEPS A 300 pg/mL
Ceft+200 pg/mL Hyg) FilAT kit . ik /5 1
FH %% 4k 7 F1| ] TaKaRa MiniBEST Plant Genomic
DNA Extraction Kit #4117 DNA #2H, H51¥
g6182-F/R #f7 PCR WiFffb +H 2 d & H
g6182 8 FJ¥ 4, F5I¥ eYFP-F/R #47 PCR
BRI TR B O T
1.5 HEHESEEAKLEBIMCERE S
RE 77 F A U

Ay iEAIE R IG35. JG36. JG35-eYFP Al
JG36-eYFP, $RIHE & T YEPS Wi IAR: Frdkrp
PEATY K HESE, 7E 28 °C. 200 r/min 5/ TR 5F
2 d Ja, RAESCEIITEA, 535 AR
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HRFR IR JG35+1G36. JG35+IG35. JG35+1G36-
eYFP. JG35+JG35-eYFP ., JG36+JG36., JG36+JG35 .,
JG36+JG36-eYFP ., JG36+JG35-¢YFP, JG35-cYFP+
1G36.,1G35-eYFP+IG35 . JG35-eYFP+JG36-e YFP
JG35-eYFP+JG35-Eyfp)G36-eYFP+IG36 . JG36-
eYFP+JG35.JG36-¢YFP+JG36-¢YFP . JG36-cYFP+
JG35-eYFP WiPHIRS], #RJFHL 10 pL B4 W A 7E
YEPS FAH |, JE T 28 °C REFRAfm 855,

12 h WSS A VR AE KOG DL, FR2i%% 3 d.

L6 HEEREREEAIOLEAMCEKNE
WA eYFP et B PR 1A ] 52 e 284 ROk T4
AT A RS, T 28 °C A h R R
TR 78 2 101 A e 22, PRI 22 T2 2 il
WSS RN LS A B EAAR AR IC S P A B T
2 (ESpON
17 HEERREEAIOLEARCLRTH
I eYFP 4t 36 5 ) S8 B T (JG35-e YFP+
JG36-e YFP) A H E M A ROC22, 60 d 5 R4 K
o R A 2 A R AT RN T 50 pl AT
50 pg/mL 2~ PG (ampicillin, Amp), 50 pug/mL
8% 2 (kanamycin, Kan)fll 150 pg/mL Cef f
YEPS W {5555 5w, 28 °C . 200 r/min #7857,
3 BUESR 0 h H1 6 h RYRE S AT MES . RIS
WeH 20 puL AR BRI T5F 100 pg/mL
Amp 100 pg/mL Kan 300 ug/mL Cef Fll 200 pg/mL
Hyg 1 YEPS [ElfARE SR, 28 °C Ki5% 72 h,
PRI A b A4 B P R T OIS

1.8 HERHERRH H O7OLE AR iC WARTE H
REIR A EIAT

A AT 10 B WS T 8 (09 56 28 1

ICHEMR A E TR IR B YEPS MIARE S5 5L, 28 °C,
200 r/min 3555 2.d, B 20 mL Bk, #1189
151) 5 5% 107 A8 P 2 1) SRS AR TR MR TR 20 )5, TR S 4%
Fofr B4 92 4 b A K = 300 G T A R 25 4 R
KABE, MR 1R, BR3EFR 100 pL iR
BRI, PHAE T RE Ry WP A R B AR IR TR R JG35+
JG36 IRAW, BIPEXT I K ZEI8K, TR
WFRE A 3 R, THFNE 5 H . 35 H AAH e
PR ESRFE, XZEAR 0 Al IR AT U F, FE B
SR AR WANEE T, WS R Rk R 7 TR A
WEIATH -

2 HRApAT

2.1 HREHEREEATOLE AR CERTE
B R ARt e

S A SRE 374 e YFP 11 81 2H 2044
pEX1-RB1-Pg6182-¢YFP, 4r %454k % 1G35 #
JG36, Al BEHLEREL 30 DAk T 19 IER o
2R ANE 1-A PR, ¥4k JG35-eYFP F1 JG36-
eYFP 7E5 0 i i BE T Y Re & s B 8 .58,
17 A U BB R TG35 Al JG36 #F A #EME
Zo XA T T PCR %2 (K 1-B), LA
eYFP J: X 5] ¥ % eYFP-F/R #47 PCR, 7E
JG35-eYFP i1 IG36-eYFP AL i kk h ¥y n] 41 Hy
720 bp [ H 7 B, MAEEFAERY JG35 1 JG36
AR pEXT YA B R B RS+
J¥5151 %) ¢6182-F/R #17 PCR, 7E JG35-eYFP #
JG36-eYFP 3 AL Bt 4 m] 4714 i 1500 bp ) H
(9 A B, 1 AR B A ) TG35 Fl IG36 M 28 # 44 pEX1
AN B R B F9E 45 R UL BIZ 0O
HREC S AR ERE T, #1957 S AEAYO0
A PR IC Y T RE R ROR R A A TR A
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(A) JG35 JG35-eYFP JG36 JG36-eYFP
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1. 2 eYFPIREZEMHEEEMER L FRIZLWE R PCR &7

Figure 1. Yellow fluorescence observation and PCR analysis of S. scitamineum transformants with eYFP

reporter gene. A: yellow fluorescence observed in S. scitamineum transformants with eYFP reporter gene; B: the
PCR analysis of S. scitamineum transformants with eYFP reporter; M: 1 kb plus DNA ladder.

22 HEVOLEOMCHHEMEBRERENIS K5 oYFP e JE Y Bk OB I 224K 5 B

BB A 7 RROK TR OB T 22 A B T8O i U T R AT

W or eYFP /5 BLPE (0 SR A A AN BRI EL, & eYFP il 3k BN A XU B 22 W] LA

M AR AT A IR S, I 2-A Al E S KB BEGAIOEES, R AR R AR B

JG35-eYFP . JG36-eYFP 5 R Al K BEE 4 MR Z N GO S (18 2-B). Uil eYFP

B, TWIREA G BIRE T, LW eYFP JE[R o Ak R AEALE H RE R B 11 A9 XURZ a1 22 e BE N A
A5 HWC G RE T, AT AL A R B OB TR 22 Tk,
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(A)

~ Bar=25 ym

2. ZeYFPHREEZRMWHEREMHLESE N
MR B LR PR AR

Figure 2. Mating analysis and yellow fluorescence

observation of S. scitamineum with eYFP reporter gene.

A: mating behavior of S. scitamineum with eYFP reporter
gene; B: yellow fluorescence observed in the fungal
hyphae of S. scitamineum with eYFP reporter gene.

2.3 EAIKOCEBRICH H R EOR
BB RA M FIOLUE

FAE eYFP ity 5L DR %) By A #2280 1 JRE it ol
ROC22 WA A5, 60 d J H e H BB 1) SR
REAR R RAS BB /N, A PR 0 BEAN A K
— Sk AN HIE SRR S B A R B MR RS K
G BRI OE 22 S (8] 3-A). TEDEE I MBS T g
R, BHE LA AnRa B ETOES, KE
WALA DR AIOLAIM T, REMARARMR
M EYOE S o AT E AL 3] B A RO
EMEAA TR L, WA R A
I RE TR E MR B (B 3-A). #E— 2R
KAl FAESE SR T R E TSR, RILTCIR
SRR TG IR 22, MR IR 4

TCES 3 24 A U BRI , FESO RS T 1
AEATIEES, U ATOCE AR AL
16 7S G R R IERRE AR Rk, B AU MR
AE 3 A A AR UE 1 1% (18] 3-B).

24 BEVOLEAMCHHERRMEERT
TR F 7300 T AL W22

W eYFP st B DR R D 1) S 58 i 7Y o
RIS 5 T S A T BEROR S AR (R 145
FE 6 5 HPEE 9 5) S il ROC22 AR K Ao
BRI 5 d, FEREER DR EIBRE LS, R ILTE
4 ASTHRE Sl e BT R T R LS B R TR .01
W22, Wiy AR RIBR A o 7689 L Fh ROC22
SHELY BRER, AR RAER LI,
PR FRRE 1. 6. 9 SHEE A L/ R —
220K, TCRERE 22K (B 4-A),

FeRh s 35d, BUREEE R B 4 A T BE AL A i
W22 IE SRR, AR —, i
JEIB eSS R 221K . 78 ROC22 Hm] LA
BRARTA L2, ABAE v S i o 1 SR SR T 22 (R B
B, MUREE | 550K 4-B). FiRg5IRE
B, R SR A7 T A O T T 0 PR TR TR 22 1
FE A AL 1 R A ML)

3 it

PR TR A i/ . WE IR TC
P SRR . B FIX A, Betha s A E A
oy WOl = (1 AR R e B P L
Yoottt S ) 5 AL A, a2 e
ST DAL E) B 3L i F kB L. 2016 4,
Yan S5 2 1) H ORISR R B R A T AR
GFP Al RFP, 4 T GFP 5 RFP AR {0 a3
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A5 RS, FFH TR R R R T A~ 2R i S
B R B HATMES . (HiX ARG AR BEAE H HEAR P K
B, AR HEN R T H R A & B2 EE
#5858, Carvalho ZF!'*IH] GFP Fic T HEHE 2 k)

(A)
Bright field
YFP field
Merged
(B) Teliospore Bright field
germination

YFP field

BRI 5 L o8 8 1) ORI AR i R 3, B GFP ARiC Y
PR RS G T RS, P EA TEER AT
FE AT REAR A, SR A AT AR T 22 78 T RE A N

R G

FEEAT SN ER o

g <
i k}j Bar=25 pm

¥ b

Merged

Bar=25 pm

3. ZeYFPHREERMHHEERMNAMBESZATHAKRAEUE

Figure 3.

Yellow fluorescence observed in the black whip and teliospores of S. scitamineum with eYFP reporter

gene. A: yellow fluorescence observed in the different parts of the black whip with eYFP reporter gene; B:

yellow fluorescence observed in S. scitamineum teliospores with eYFP reporter gene. Teliospores were incubated

in YEPS media and imaged at 0 h, 6 h and 72 h, post-inoculation.
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ROC22

Z

(B)

Bright field

YFP field

Merged

i D

(~. '-~ ).v._ .‘?/‘
] m ' fﬁ:ﬁ Bar=25 um

4. B YFPHREEAMBEREMEREHEMRHATAMLNE

Figure 4.

Visualization of the early stage infection with an eYFP-tagged S. scitamineum in sugarcane cultivars.

A: visualization of different sugarcane cultivars at day 5 post-inoculation; B: visualization of different sugarcane

cultivars at day 35 post-inoculation.

TR I AR S 30 % 1 B B H BB AL A (R ) Hh e
15 e 6 SHIHEE 9 5 HA R0 BELE T
M, RHPRALHRA A6 R AR E—
TE T REAAR A R R B PG AR 5 19 B T A 1 T
P, wn] LU BIF9E rb e 2R 80 H 0 AR A TR
HL S AT T 9 T H o RN SE ¥ X eGFP
mCherry, YFP. wGFP, RFP 5 Ffi#e 3k (H 7 H
ILE IR Methylobacterium extorquens AM1 W1 3%
KSR EFATXS LG, G5 R A YFP R 47 (1)
YA, kR R, Day GHE R

RIS 0 eYFP 9Ot . M i) iz
MR I 200, HIARIE ] eYFP 1E
A e PR A R SRR DR R R GRS TR AR

Ja B FAEEE R e s v AR O, TR
FEFER R AP, R TR A B B K2
JCH TP, AL FREAE T TE R R TR 25 A A i ) BT
EALFR A R AR D R, RATEA T —14
T PRy T A 1 B S T B v R S Y R R Y
A B 1R A sl B 1 Rk . AN SR =
300 2 SR 200 P 4 R e B, R PR R R
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26182 JLIRAE& A A it Ay Rk ARRE,
UEHEM A P 1% B W R AW Bl R s PR — A48
MFBRMA R )G 2+ FAZEEK CDS ¥
G, FATRBUZIEA FiE 1500 bp 5 35551,
T Ja 8 MOt B R 3Rk

WX eYFP ARic i Ry B R UEA T A P L
RO IR F B, eYFP 4 2H i ) 36 35 T 5
T RE R R B A A S O RE ) o T LS B
WL Rt Fe W] e YFP 1245 56 A /e 2 B o 14k
T SR 22K AR 3 A A A i
HERRERRE RIAL R IR, UL AR T AL Y 2 S
RGN RENARRRBERS,
A LU 7R B R R D R e T R A

W BEIF Y e YFP 24t P ik il 2t 1 S 42 ol
(14 5 2% A 52 56 5 0k 7 0 HhRE R 40 R E R 2
T TARY S0, WA R, )R
5.d UK 35 d By H RELH SN 34 AT LU B A0 11
REEIOCFESIERBE, I LA THEYF =
T, 7EHEMIG 5d & 35d mF, HEER S FA
WNRB RS, W)y BRI RN
Al ROC22 H pE A PN T 22 S A X 22 HL T 224
BUORRRE R . T AT R T A9 2 1 SR 42l 4 U =X
BT R R, BB AT R AR E 2R
T ANZ YRR B, PR SRAE E R G H e
TV B TR 22285/, TR A ) A5 D0 o 7 2R 0 i A
REVR A AT RE ™ A= 5o (28) (b & Wram ) 1 R 22 199
. CADFREY, PO R R TR Tk 5
H 8= A 2 om0 2y it IR
F PR (PO 5 RS H M PUR AL
TR SR X e i, 7k — SR E R

Y& A Ry 1k Xof T R PRy T R e R e R Y
AR, AW 2GRS RGOk
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Visualization of the early infection stage of Sporisorium
scitamineum in sugarcane cultivars
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Abstract: [Objective] Sporisorium scitamineum is a pathogenic fungus that causes sugarcane smut, the most
important disease of sugarcane in China. Tracing the infection progression of the disease will help to reveal the
mechanism of resistance to smut and lay a foundation for the selection of resistant cultivars and the control of smut.
[Methods] We labeled the basidiospores of the pathogen with a gene that encodes the enhanced yellow fluorescent
protein (eYFP) by Agrobacterium tumefaciens-mediated transformation (ATMT). We tested the mating and
pathogenicity of the transformants. To visualize the early stage of infection, we injected the eYFP-tagged strains
into smut susceptible sugarcane cultivar ROC22 and smut resistant cultivar Zhongzhe 1, Zhongzhe 6, Zhongzhe 9.
[Results] The eYFP-tagged strains were indistinguishable to the wild-type strain in mating and pathogenicity, and
the fluorescence was able to inherit into the teliospores. Laser confocal microscopic examination showed that at 5
days post inoculation, a few aggregated as well as separated mycelia were observed in the susceptible sugarcane
cultivar ROC22, but only a small amount of single mycelium was found at the same time in the resistant Zhongzhe
cultivars. Much more aggregated mycelia were found at 35 days post infection in ROC22 than in Zhongzhe
cultivars, with the lowest number in Zhongzhe 1. [Conclusion] A fluorescent tracer system for sugarcane infection
by S. scitamineum was successfully constructed, and there may be a mechanism to constrain the mycelial growth of

S. scitamineum in Zhongzhe cultivars.
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