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ME: [ Bry ] AR R BRI TS (Fusarium verticillioides) YOUE FAPRCH R, JRFFEIIEE AR
MR YE . B8, AHA SRR R, [ 9735 ] B3 B & ZFE (polyethylene glycol, PEG) /S
A AR TE A A DR FAFER eGFP il mCherry S AR BCRI F$UFE A S fil B FVINF15-11 Fl FvSHF19-
37 Wbk, I BT ChRIC AR 5 BT A R AR BT 0 A KRR L AR 122 5. [ 4551 ] 4 PCR A3k
13 T A VORI R, BOGHRE BB NEERWY eGFP B mCherry 5K 43 1 7E FYLNF15-11
FvSHF19-37 WEREM /AL F AR 22 P i o 3Rk . 5B AREMALL, R ICHRNEREE . FRIOE
M T RS, [ 450 ] a7 REERM A R ZCHL Y eGFP Ml mCherry ZECHRICHR, ASUWHF
TR R TE T RN ARYY . B RAL TAPEL, WA IR 1A AR B AR AR BB T A

KHEIR): WAHHIETE; PEG /i SEIOCHEN; Aa7O0EH; Rl

FE 52 S: $435.131.49 CRAARERD: A TEHE: 1004-390X (2024) 01-0035-09

Construction of Fluorescent Protein Labeled
Fusarium verticillioides with Different Mating Types

ZHANG Fengcheng'?, ZHANG Jun™, LIFan', GUO Wei’
(1. College of Plant Protection, Yunnan Agricultural University, Kunming 650201, China; 2. Institute of Food Science
and Technology, Chinese Academy of Agricultural Sciences, Beijing 100193, China; 3. Institute of Plant Protection,
Chinese Academy of Agricultural Sciences, Beijing 100193, China)

Abstract: [ Purpose] To construct fluorescent protein labeled strains of Fusarium verticillioides
with different mating types, providing materials for the study of infection, colonization, and sexual re-
production of F. verticillioides. [ Methods] Through polyethylene glycol (PEG)-mediated proto-
plast transformation, the coding region of eGFP and mCherry fluorescent protein were introduced in-
to F. verticillioides strains FVLNF15-11 and FvSHF19-37, respectively; the growth characteristics,

sexual reproduction, and pathogenicity of fluorescently labeled strains were compared with the wild-
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type strain. [ Results ] The fluorescently labeled strains FVLNF15-11-eGFP and FySHF19-37-mCh-
erry were obtained through PCR test. The eGFP and mCherry were successfully expressed in conidia

and mycelia of strain FVLNF15-11 and FvSHF19-37 under confocal laser microscopy, respectively.

Between fluorescently labeled strains and the wild-type strain, there were no obvious differences in

vegetative growth, perithecium production, and pathogenicity. [ Conclusion ] This study constructs

the fluorescent protein labeled strains of F. verticillioides with different mating types, which not only

provides material for studying the fungal infection and colonization in the host, but also accumulates a

foundation for studying the sexual reproduction of F. verticillioides.

Keywords: Fusarium verticillioides; PEG-mediated; green fluorescent protein; red fluorescent pro-

tein; mating type

FANMOETENFLEREEYZ—, B
FE A DRHER A T JokE, 7 Rk h A
HEIEEMN, BE 2R RASRE . e, 3K
BB R U R S AP S R, ORI AR
SRR R, CECA T E E KRR
P EZERR G R R N, K2R HERE—
FhTE BRI N B % A 09 3, PR RCSRA T
(Fusarium verticillioides) J& 5| 2129 F 1 29
R Z—, %W A ATE B R T ik TR
o, PSR T DL i A ek R
R ARIAEMR, ML R FF R Gy, Jfm b
AFEARZEELERE H A 46 - n] DU i < 3
KA 2 FEMR S FORFEER, By 2822 iA1=
Y FORZETE B L 21 SR R A6 TR 7 1 AR
TR B R A AR 2R, RO
FELOWR L ARG . I TS e AR R
JEE SR A I, T RS A R TR
Y B AR A BT FOKZE | BB B A
B

(0 5¢ Y FE H (green fluorescent protein, GF-
P) M4 {6,%5¢ Y6 8 1 (red fluorescent protein, RFP)
R WLARICE H, RFP ZEFH mCherry J&—Ff
YERRERFILL AT, BT REARE .
R E . TR —t . 5 TS A ouige
GRS TOLEAMRCE AR TS Z N T A
BRHAWFF RO GUR, QAT ER 1 9 6 S =3
NER . BERERE . UEY S A EMAHEAE R
FEES HAET, YOCHEBPMCE SN TR
BRI (F. oxysporum)® . RO (F. gramin-
earum)” . FEIE E (Magnaporthe oryzae)' . il
B (Aspergillus flavus)""5595 5 & 1= e ad F2 Ao

PEATE S, HECA OC TR AR ST . $2L
RRRAR R RIS FER, HATE 2 FAF
ZHECHS (MAT-1 F1 MAT-2) B BERREIA T LA
PEAEFEN I, AHFST R 4 B (poly-
ethylene glycol, PEG ) 4319 Joi AL i A ik 43
At eGFP Fl mCherry 65 H IE P 3 A FA A
A2 T 50 19 000 A 46 1T B8 bR FVLNF15-11 Hl Fv-
SHF19-37 w1, LA S IR 5 480 58 A5 ik 1 1T 1) 4= %
EUN NI SR e R O e N S

1 RS

1.1 g Rk, BRI
111 Atk

HEA P 4R Ry X FUL e A A6 1 5 RS 1 oK
25 R R IR I EOK 2SR B3 bk, A
R B = B E R g, i
USRI B bR FVLNF15-11 F11 FvSHF19-37 43
bilE =N = BURS N 5573 S SR 5/ S 75y = P31 37 Wi A
fU45 pMD18T-TrpCP, pMDIST-TrpCT. pMDI18-
T-eGFP, pMDI18T-mCherry Fl pCOM; itk Fl i
) R AR AN AR 7 it o i 2 AW s A e
1.1.2 F G

PCR =i f£ H DNA R4 (P520-01)., BNk
A& (DC301-01), kM & (DC201-01)
e g va bR & (CL13) #0 B mE ot v MERE A
YR e A R A Al o B TR 8 R
(luria-bertani medium, LB). 4% 25 ) % b4 3 I
RiF23E (potato dextrose agar medium, PDA)., [h:
1= W IR 2 R IR 3L (yeast extract peptone dex-
trose medium, YEPD). 5E4155#7#3E (complete me-
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dium, CM) FIH % [ BERE F7 5 (carrot agar me-
dium, CA) FHAEYH MR, FAREKREFR
FE (regeneration liquid medium, RLM) A= Bifg
Ki 7 3 (regeneration agar medium, RAM) A9 Bt i
Z:% RIDENOUR " 75 1% o 1056 B 15 19
A TAEY) TR (Bif) B A BRA A5 .
113 FEAE

YA 55X B O L (Eppendorf 5810 R);
A4k PCRAYL (C1000); Jb5T7S—BasEK-F- L ik
{X (DYCP-31DN); | i S #0 I SR o i R 52
(GeneSons 2000); BLARE B OG22 B AUEE (CX23);
WOLIER A W fEE (257 LSM 880).
1.2 W5k
1.2.1 AR R AT ALY 4

K H 7S bk = H R AL 2 (hexadecyltri-
methy ammonium bromide, CTAB) %542 B ik 3k
DI, i MAT-1 3R 3R MAT-2 SE 1 AR
MG (1) F-4T PCR I8 LU & U e A e 160
B FVLNF15-11 il FvSHF19-37 AYAZHC AL
1.2.2  F A FORL AL A 1)

PASRL pMD18T-TrpCP #1 pMD18T-TrpCT A
FA, 5149 TrpCPF/TrpCPR Al TrpCTF/Trp-

CTR (5% 1) 43 ¥~ B4 45 B 1h 85 (4. nidulans) trpC
FEHE 3+ TrpCP FZ L+ TrpCT ¥4 Be, #l
FHIC & v 19 7 1R U 1A i Bk g 31 TR p-
COM 145 3| 2 /& pCOM-TrpCP-TrpCT, LA Jfi Hi
pMD18T-eGFP I pMD18T-mCherry 154k , i
it 51 #) TeGFPF/TeGFPR il TmCherryF/TmCherr-
yR (3 1) 20518 eGFP Fl mCherry JER F B, H
FH G 4% v [ 1) 77 304 3R e Bk 2 51 pCOM-
TrpCP-TrpCT #fiA, 1555k pCOM-eGFP Hl pC-
OM-mCherry, DL G418 $itA: ZAENTiikbsic. H
Bl ¢4 PN DD Hind X j50k2 pCOM-eGFP Al pC-
OM-mCherry #17HY), M HZPE/L
1.2.3 PEG 413 (LA A S A0 11 Ji 28 o A i b

H5 N PDA A e 1) 1) 480 0 A% Sk 0 7 43
AR T YEPD Kigedidrh, $REG A i+
W & R AFEAR . 2500 r/min 2.0 5 min WE 45l
4, JH 20 mL 0.7 mol/L NaCl 5 & FI& Pk 4h 5 14
2 X, 2500 r/min B.0> 5 min J5F FE; JH 10 mL
0.7 mol/L NaCl S E&FHIK, IMARF (0.1 g ¥
BERGFN 0.1 g f3 5t B 7% f#% T 10 mL 0.7 mol/L Na-
ClH) 10mL, F 28 °C. 150 r/min /4 FHEH# 3 h,
SRIGTE 4 °C . 2500 r/min 54 F B0 5 min Y

®1 FAARAERRISH

Tab. 1 Primer sequences used in this study

K] 731 (5'—3") Rk
primers sequences purpose
GFmatla GTTCATCAAAGGGCAAGCG KA BT MAT-1
GFmatlb TAAGCGCCCTCTTAACGCCTTC to identify the mating type of MAT-1
GFmat2c AGCGTCATTATTCGATCAAG Fo AR MAT-2
GFmat2d CTACGTTGAGAGCTGTACAG to identify the mating type of MAT-2
TrpCPF CACCAGCCCCTGGGTTGAATTCGACGTTAACTGATATTGAAGGA Wit E opC JH 3T TrpCP Fy Bl i
to amplify TrpCP fragment from #rpC
TrpCPR AGGATCCCCGGGTACCGAGCTCAATCGATGCTTGGGTAGAATAG promoter of Aspergillus nidulans
TrpCTF CGGTACCCGGGGATCCTCTAGAGATCCACTTAACGTTACTGAAA HEE npC 2 1EF TrpCT B
to amplify TrpCT fragment from trpC
TrpCTR AACGACGGCCAGTGCCAAGCTTAACCCAGGGGCTGGTGACGGAA (oo~ o midulans
TeGFPF CGGTACCCGGGGATCCTCTAGAATGATGAGCAAGGGCGAGGAGC  oGFP LK B Exyy 1
TeGFPR TTTCAGTAACGTTAAGTGGATCCTATCGCGACTTGTACAGCTCG to amplify eGFP gene fragment
TmCherryF CGGTACCCGGGGATCCTCTAGAATGGTCAGCAAGGGAGAGGAAG  mCherry 35 F BLyr 4
TmCherryR TTTCAGTAACGTTAAGTGGATCCTATTTGTATAATTCGTCCATT to amplify mCherry gene fragment
¢GFPF GGTGGTGCCCATCCTGGTCGAGCT AT eGFP 2E I 1 By i
to amplify eGFP gene fragment from
eGFPR CGGCGGTCACGAACTCCAGCAGGA transformants
mCherryF ATGGTCAGCAAGGGAGAGGAAG AL T mCherry 5EIH By 18
to amplify mCherry gene fragment from
mCherryR CTATTTGTATAATTCGTCCATT transformants
neoF ATGATTGAACAAGATGGATTGC FAL T neo FEH Fr B 48

neoR TCAGAAGAACTCGTCAAGAAGG

to amplify neo gene fragment from
transformants
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JE A R, AT 0.7 mol/L NaCl 5k B2l
THUEE, FATIA ) 0.7 mol/L NaCl YA 500 pL
A5 AR B . B Hind TR 4L 16 JBk: pCOM-
eGFP Fll pCOM-mCherry 10 pL 43 %) il A 100 uL
FVLNF15-11 F1 FvSHF19-37 (54 Fifkrf, vk I
#E 30 min J5 LA 40% PEG &7 100 pL, Zi&
B 20 min; fITARLM 53755 800 uL, 7£ 25 °C.,
100 r/min $& IR BRI 4 52 RE 5 15 N £
T 100 pg/mL G418 A E A RAM 15373k 50 mL
dr, IRAJEEIN, 7 25 C IR AR 2~
4 d Je AT AL T e A
1.2.4  FAb TFHOBAE Foad e fa e ok

AT IO BRI AU, H eGFP 359 . m-
Cherry JERFIPLIEIE N neo RIFERMES I (£ 1)
1T PCR P4 ASS IR AL+, RO R AR
BTN PCR S E I (1 B 55 AL T2 7 9 A 5
WAL BB EIIFEIL T TC G418 ik Y PDA K
e AR R SR, PEREERIE A G418 Bk
ZE 1) PDA Bi 33t |, MISSEMRAER EH A K,
IHAIN eGEP FEKFIl mCherry R RIAEREAL T 1)
e .
1.2.5 5OARIC B A KRR L5

(1) PRVE T A SR I A A TR o

GFP F5ic i Bk FVLNF15-11-eGFP, mCherry
FRiC i Ak FvSHF19-37-mCherry F1AH 37 it B A= 4
PIRE I 7E PDA Bi 36064k 5d, FHEREN 1em
(IS F T3 2 R D -5 2 BB ) PDA 355756 I
TE 25 CH MBI 6d e, fE2 MR ETT
] LI Y BRI, bR 3 kMY,

(2) PP RS TR TR A MER

FHEARN 1 em MELTT 1 AL HTEE 1 mL
ddH,0 ", JiEiR¥E% 2 min, F BRSOk S8
FHGEIF MRS, g 3 kM,
1.2.6  ROGHRIC PRI BRI &

(1) FBIFR I H 25

W5 15 0 T R BEFR T CM MR R 3, T
25 °C . 150 t/min 55 F#EHE 3 d, (HHKE R
3R AGT IR, WUE A, FHmEkiT
BRI HEOF T T B IR 1x10° mL™ 1,

(2) EARZEFFIEEFD

FRAZR R B73 F IR G M TIRE, £F
TR H] 10 MEHIRT, PR BN R IEAT
e, KA BAEFOKE 2.0 3 Z5FF Pl 1AL,

SRR T BIPIR, PR KR A L 54
Rk, HI0E ] ddH,0 498 2 W #ERh 7d )5, W
FERP LGN BT FOKRZEFF AR, FIH Imagel 4t
HREFEAL, LIBRh ddH,0 1E BT, 44
AhPRE A 3 KM,
1.2.7 FORFRCRAR A2 A8 K T3~ A
#4 B bk FVLNF15-11 1 FVLNF15-11-eGFP {E
HEEALEST CA Hi5%E, Witk SHF19-37 #il SH-
F19-37-mCherry A 5 A 85 3% T CM [E & 85 37
B, F25CAMHTRFR7d)E, H2.5% ik 60
YR AR TR AR B TR IR A AR f T, I ER 4K
MO 5 B IR B 1<10° mL ',
B AT F B 1 mL HA516 T TREA R &
T il LA AR, KRR T 25 C L BT
MR EATOE IR 12 b/ 12 h PRI S0,
B g% 4 G AR T 5 = BBl . DL FVLN-
F15-11 55 FvSHF19-37 B kR A 24345 FAE X I
BAMEIEES 3K,

2 BERED

2.1 FUE AR A R B 2R Y

B 1 FT: i MAT-1 FEPRREF MAT-2 5
PR JRE 45 S 5 | ) AT R FVLNF15-11 fl FvSHF19-
37 (LR A b 43 il 1S 1 800 AT 250 bp 1Y F B,
KB MR FVLNF15-11 J}y MAT-2 %), TEkk FvSHF-
19-37 iy MAT-1 %,
2.2 TR R AT I S

FI I JC4E s B 1) 1 I DI T pCOM-eG-
FP il pCOM-mCherry & (14 2a). it PEG /%

MAT-1 MAT-2
M 1 2 1 2

1 000 bp
750 bp

500 bp

250 bp

#:: M. 1kbDNA Marker, F[A; 1. E#k FVLNF15-11; 2. ##k FvSHF-
1937,

Note: M. 1 kb DNA Marker, the same as below; 1. strain FVLNF15-11; 2. st-
rain FvSHF19-37.
El1 FFERER FYLNF15-11 §1 FvSHF19-37 B3 A 248
Fig. 1 Mating types of the wild-type strains FvLNF15-11
and FvSHF19-37
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A A R B AL AL S, R eGFP JE[RF neo VLNF15-11 Fll FvSHF19-37 HEARIIER 4 A,
FRFERIED YN FVLNF15-11-eGFP ¥ A1y 2.3 5 ehrid R OL 82 M AL fa e v

S HEGH 650 F1 795 bp 1Y B (K] 2b~c); FIFH m- DRI &5 (K 3) s . Rk FVLNFI15-
Cherry K[l neo N S PES ¥\ FvSHF19-  11-eGFP (1443 A5 761 F Fl i 22 h o 82 31| 4 6 55 5
37-mCherry AL T3 B 4 1 711 1 795 bp 1Y IEIHE FvSHF19-37-mCherry 114 434 1 7 Fll & 22 h
F Bt (Bl 2d~e). PCR ¥ 151 7 BE /NS T — 3K, WAL BN 2 a5, 1 A 7R PR R v R A% B e
FH eGEP 3EHH mCherry FEH 253955 %) F- 7‘6, B eGFP &R F1 mCherry FE R 75 A0 NV ) T#

a) eGFP TrpC T HindIII mCherry TipC T /iHindHI

TrpC P TrpC P

pVSI1 StaA

NeoR NeoR

pCOM-eGFP
10 076 bp

pCOM-mCherry
10 061 bp

pVS1 RepA 4 pVSI RepA

.

or1 or1
b)
1000 bp 1 000 bp
750 bp 650 bp 750 bp 795 bp
500 bp 500 bp
250 bp 250 bp
d) e)
1 000 bp 1,000 bp
750 bp 711 bp 750 bp 795 bp
500 bp 500 bp
250 bp 250 bp

e a) A7 eGFP Hl mCherry RN (9 FCRLIEE . b) Fil ¢) #46T FVLNF15-11-eGFP ' eGFP JE[H (b) Fl neo 3£ (c) i PCR A& . 1. #8467 FvL-
NF15-11-eGFP; 2. BfA4: % FVLNF15-11; 3. pCOM-eGFP Jiiki, d) Fl e) kT FvSHF19-37-mCherry ' mCherry 3£H (d) 1 neo 3EH (e) 1 PCR K
W 1. %% 4k FvSHF19-37-mCherry; 2. #f4E% FvSHF19-37; 3. pCOM-mCherry itk

Note: a) plasmid maps of carrying gene eGFP and mCherry. b) and c¢) PCR identification of eGFP (b) and neo (c) gene in transformant FVLNF15-11-eGFP:
1. transformant FVLNF15-11-eGFP; 2. wild type stain FVLNF15-11; 3. plasmid pCOM-eGFP. d) and e) PCR identification of mCherry (d) and neo (e) gene
in transformant FvSHF19-37-mCherry: 1. transformant FvSHF19-37-mCherry; 2. wild type stain FvSHF19-37; 3. plasmid pCOM-mCherry.

B2 BRIEERIEARICE T PCR EEMERIKE

Fig. 2 Plasmid map and electrophoresis image for PCR identification of fluorescently labeled transformants
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a) GFP

FVLNF15-11

FvLNF15-11-eGFP

b) mCherry

FvSHF19-37

FvSHF19-37-mCherry

137 bright field

137 bright field 471 merge

. a) BBk FVLNF15-11-eGFP [ B 22 AT R A SR 0O R AR5k, ¥R AUE Bk FYLNF15-11 A% b) Bk FVSHF19-37-mCherry (1% B 22 fll
fIFAL OISR NRE, AR FVSHF19-37 X IR, #7R=20 um,

Note: a) the expression of green fluorescent protein in the mycelia and conidia of the strain FVLNF15-11-eGFP, the wild type strain FVLNF15-11 was used
as a control; b) the expression of red fluorescent protein in the mycelia and conidia of strain FvSHF19-37-mCherry, the wild type strain FvSHF19-37 was

used as a control; scale bar=20 pm.

B3 RARCAMERREERLZMSERTHRIOLRIA

Fig. 3 Fluorescence expression of mycelia and conidia in fluorescently labeled Fusarium verticillioides

MR TR GE . FEhRIE RAAREA B 3R 5 RUF T
SIS G418 Hitk 1 PDA bl B ak&esiss, W
MREEIEH A K, FBH eGFP ZEH 1 mCherry 3£
REgRRE B .
2.4 POEhRICE R AE KRR E

M 4 ATA: 2OhRIC RN ETEIES . fi
TIEA . AR i 5 B A R R TCHA 5
Z5¢, KW eGFP SN mCherry JEH HHAN
S0 92 AR 0 B bk FVLNF15-11-eGFP 1 FvSH-
F19-37-mCherry B4 KA H .
2.5 DthRic B AR I EUR

7 HEARIE P Bk 1T AR Y B AR 4 B R K ZEFF

Ja, FORZEFFHLUIH BB R BE R, Witk
il T8 TR K I X B WL Z2 BIRE IR (] 5a); 2 hm
O A R 1) BAE T AR 5 Y A R TR PR 1 9 B T AR
AN (K 5b), RUIZOCIRCHERRER I E
KRR R 2R, HLEUR 15 B A R R
AHL
2.6 ROGHRICE R A A TERE

HE 6 AT @ EOCITIE RS, 2OEhRid
PR A e gl S P A AU R AR I, 3RP
eGFP Kl mCherry F& RSS2 bR B #E FvL-
NF15-11-eGFP Fll FvSHF19-37-mCherry )4 144
Jifie
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b)

2 FvLNF15-11 FVLNF15-11-eGFP FvLNF15-11 FVvLNF15-11-eGFP

Loty oY f =)

- ] F -.'E‘;- !
Sy
; =5 D
FvSHF19-37  FvSHF19-37-mCherry FVSHF19-37  FvSHF19-37-mCherry
o 2 i
i o £ | cm,
" > ‘»ﬂ

Q)

) ;
g & 5=
< E s &
3 z e
5z "3
=g Fs

8 £

H: a) BIEEDS; b) TSR, FR=20um; c) fld) Hh, REFHFEREFEE (P<0.05), T,
Note: a) colony morphology; b) conidia morphology, scale bar=20 pm; different letters in figure ¢) and d) indicate significant differences (P<0.05), the same
as below.

B4 TORRCIS R RMENE K

Fig. 4 Growth characteristics of fluorescently labeled F. verticillioides
a) b) 250 -
200

150

100

PP B T A/ mm?
lesion area

T a) BAE R ZOUARICE R RS EKZEFFR FUAEIR . Mock SHHEFPICIE K 1 BN HR
Note: a) symptoms of maize stalks infected by wildtype strain and fluorescently labeled strain, Mock indicates a negative control inoculates with sterile wa-
ter served.

El5 TR RRBEREHYT
Fig. 5 Pathogenicity of fluorescently labeled F. verticillioides
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FVLNF15-11 FvLNF15-11-eGFP

X X

FvSHF19-37

FvSHF19-37-mCherry

6 AFRICMERIREEN B MEEERED
Fig. 6 Sexual reproduction ability of fluorescently
labeled F. verticillioides

3 it
PCHRICE AR 12 12 T 780 R A0 1R
Jed FE . BURPLEIEST, AWt PEG /&
(R A% B Ak 7 vk B A T AN [R] 38 Bt U P A
0 58 0 5 bR 10 B Ak FVLNF15-11-eGFP Hl FvS-
HF19-37-mCherry, eGFP Fll mCherry 3R 7 AH
PRI B 22 FN At 7 BB AR UE ik . FE LWL
Ak, SNEILRBEDLEE A RIS T RE &R
M) BB A K R B, (B IE P2 EhRiC B B
(18 TR ¥ T 2 IR F- 285 55 9 A0 TR B bk 40 AH AR
BWiEmWAERKERAMELHE S, £H
eGFP LR HI mCherry FE R 52 1 2¢ YEAR 10 8 K
FVLNF15-11-eGFP #il FvSHF19-37-mCherry ] 4=
KER, X5 WU SEPIBFEs AR, T4k
00 PR 30 2o A P A A A T A ST B A
R ARIFFE X bR iC IR B A P AR B A
REIEE TV oY AN eIk SRRA TN A D ]
PP R RR AL, R eGFP ZEK I mCherry 3%
R B0 28 R0 i #k FYLNF15-11-eGFP il Fv-
SHF19-37-mCherry B9 A P EFHRE T, X —45 %
5 LUIS "R F o2 i3 — B, AW R %
FRElAe R R AT 5, TOKRZEFF AL BUAE (O BT
PSSOy N E ) oY AN e 7 L 4 g4 e N}
PRI BE AR I A R, RATEARIC Ak
PRFET 5B A BB MRARL A B0 775 GAL %2R
LN eGFP ARic M HLAe A iR £ oA 5 B 26 U
BT K R I TR AR O . 25 5%, {H eG-
FP s 0 0056 A S 100 181 109 35 07 W I 55 T B AR A T
PR, XATAEEH T eGFP JE N FEH LR 4 5] 5L 8 40
UM AL ST RRSE I Y 2k . BRI, ARBFSE e
(1) %€ Y6 ARiC bk FVLNF15-11-eGFP 1 FvSHF19-

37-mCherry RJ LS 473 H T 55 S0 50 R i dbl 14 4%
YURIA PR R S AR

4 g

AWEFE T PEG A5 J5AE FAEE A1 i
B LN eGFP Fl mCherry 3 51 A FIA
7] SE e L A e S iR T T, AR A PRI
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