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Abstract

Fusarium wilt disease of tomato plants caused by Fusarium oxysporum f.sp. lycopersici (FOL
race2) is one of the most important diseases of tomatoes worldwide. In the competition
between tomato and FOL, the FOL can win by overcoming the immune system of tomato
plants. Resistant interaction between the FOL race2 and tomato plants is controlled by
avirulence genes (AVR2) in FOL and the corresponding resistance genes (/2) in tomato plants.
In this study, 7 FOL isolates (KACC) were used to test their pathogenicity, and FOL race2
was selected because it is a broad problem in Korea. The Fol40044 isolates showed the
most severe pathogenicity, and the avr2 gene was also isolated and identified. Moreover, to
select resistance, 20 tomato varieties were inoculated with the Fol40044, and the degree
of pathogenicity was evaluated by analyzing the expression of the avr2 gene. As a result,
three resistant tomato varieties (PCNUF73, PCNUF101, PCNUF113) were selected, and the
expression of the avr2 gene was much lower than that of the control Heinz cultivar. This result
shows that the screening assay is very efficient when the avr2 gene is used as a marker to
evaluate the expression level when selecting varieties resistant to tomato wilt disease. Based
on these results, it is possible to isolate the 12 gene, which exhibits resistance and molecular
biological interactions with the AVR2 gene from the three tomato-resistant varieties. The
12 gene provides breeders more opportunities for Fusarium disease resistance and may
contribute to our understanding of their interactions with the FOL and host plant.

Keywords: avirulence gene, Fusarium oxysporum f.sp. lycopersici, race2, resistance
gene, tomato plant

Introduction

Fusarium oxysporum f. sp. lycopersici (FOL) w#0l] 2|3t ERLE Al &53H-2 A AAX o= 7}
Z; uka) 291 A& ¥ 2 Slto]™(Amini and Sidovich, 2010; Di et al., 2016), 2-2]U2tol A=
1958 2]-5-0 2 X 15| ]ChPark, 1958). FOL-S THEZ|Ql EQF 7 MPA] o= #Ma]
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= AFAF 0 2 A7 A E Eal A G H TtHMes, 1999; Michielse and Rep, 2009). T=3F 254 Q1 Stz 2= JAJ5})
o] 7|5 glol = EF UlollA] 1d7t AESH7| wiZol ®A|7F uli-9- o HTHRDA, 2020). EFFE AlE4|9] 2& &3
H(xylem) 242 FOL®| 2]3} 7492 4= 2| thHuang and Lindhout, 1997; Houterman et al., 2007). ©2}A] FOLoI 7+
H AEA= 2, Al A Aol L2 3l A AKblighy @b 22 A4 A& Kol 7] wjZol EntE Ajul 57t & 7
A4 w]s)E ZCHDavies, 1982; Simons et al., 1998; Li et al., 2018).

AhEol digh AH|REe] BhAlTh 42 T2]ar gapA Rl WA S Qlol Feh4] JAE Al 4~ U
= g /det= Zlo] W ashH, EntEZ} 71| 1L Qe AP f1Rte BENtE Al S-SR o] 7FA| 1L
e WY FAAF Atol 9] 2 2k-ga} 1o tigh WRhS R 59 A= 714k Hole A7t 22

of

0
2L o o
Ho

FollM AFYR) FAAE 71 BEvEE F50l| Fshe FOLY] BAdS 7122 3719] TR race”t
= ThBohn and Tucker, 1939; Alexander and Tucker, 1945; McGrath et al., 1987; Park et al., 2013). S &|7}x] -8
H FOL®] racel¥} race2+= A AM|AIZ 0.2 B2 % HHH race32] B = QAofLo} ol g7} th& 522 & ¢ A|
SH o] ChRep et al., 2005; Li et al., 2018). £3], ZU]of| A= 2| Z7}FA] racel T} race20]] 25 g Hto] H1E]o] glom,
race3°]] 2|gH ¥ B 1= QlthHur et al,, 2012).

OIR-20] A& B2 715 AE9] Aol o il W=7 3 Fsto] S P.2717] 218 effectorefal E]=
HAALS A -2 chal A -9 Bu] gtk (Houterman et al., 2009; Ma et al., 2013). Effector”} 715 215 A 3Eof| £H]
| 7| A= Yol thddslz] Y8l A (resistance, R) THE12-S- A4 51 (Takken et al., 2000; Gawehns et
al., 2013), R T 22 o] 2|3t effector] EAE QIAISHIL A=A Uloll X A&Hd 7]'5= 43851 E thJones and
Dangl, 2006). R T2 9] effector Q142 A& T RES-2] 5FLFQI effector-triggered immunity (ETI) 2/d3H= 0]o] 7]
T 7 GE 713 Al Bof| A THIA] A ZAPEEFS (hypersensitive cell death, HCD)YS € 2. 71thMa et al., 2013). R T &
o] 2J5l JNAE]|= effector= H|H Y (avirulence) T2 2 7|31 HCD7}F -5 H, R ©EiZ o] HelAe]
T} B B-2] o] kS A|$He1A| E thJones and Dangl, 2006; Gururani et al., 2012; De Lamo et al., 2018). w2kA], Z+A
Aol A ek A|gHA Q1 M| 3 APE o] dofub7] w2l A& A= 4k 4 7| El= ZlolTk

o
i rlo
32 e

5 &) 2l
F TH(van der Does et al., 2018). 7]F2] B85 223 Heoh= & FOL-2 effector= Ol == 22 Y/ Taidl
AAES FH] gt} o]2{gh thill A AAFS-S secreted in xylem (Six) 0|2}l 510, 0] ZoilA] 7]F2] R T of Q14]
o] g MY HR2-S f- E5h= YAFSS AVR Tl A o|2kal Sk (Takken and Rep, 2010; Schmidt et al., 2013). ]
S7HA] 8F 7 Al 7HA] racel, race2 1231 race32] FOL w52 22+ AVRI (Six4), AVR2 (Six3) 18] 3L AVR3 (Six1)
2 71212 Q= A1 0.2 8| X THRep et al., 2004; Houterman et al., 2008; Houterman et al., 2009). Al 7FZ] AVR T
A5 EntEL] A4 R DAl [, 12 12|31 39} o ah-g-ato] A|Hd MY ¥hg-2 frdtth 1 FolA =
AVR2= 29}0] A2 2h8-5 S5t A3 WS f- ¥Rk ofuet TheAd 7]Sol| A= FOLS] st B/ Rl
I4ARl IALZ 283K Ma et al., 2013). L2 B2 ALol|A] 2 race ' A&/ FAHE =43 A&
THGabe, 1975; Jones et al., 1991), B} A A =2 7313 o] &5fo] TS ¥ AP/ RS 71 94~
T2 WEele o] o]0z 1 QAT o}4] /-85 552 §lthKimetal., 2011; Partet al., 2018).
olof] & Aol M= FH 5 ALY & A A A E of| A 22 7702] FOL 75+ ©]-8-5to] ®/d
AL, avi2 RS 22, 54 5to] FUjollA ZAIA] El+= FOL race2 & A'H5H= | o]-8-5ka1AL 5hict. &
EntE o] A FE52 AYSHIA}L FOL race? (avi2) 5 S8 & WU A=t a2 A2t Hed o R E &
2~
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Materials and Methods

TH5HHHY =LA A E| (Korea Agricultural Culture Collection [KACC])ZH-E] 77H2] ERLE Al &S
HTH(FOL) 40038, 40043, 40044, 40045, 40046, 40047, 400483 2o} Al5o]| o]-85}it}. ZFzke] FOL #359]
EntEo] tist B d-& ZAFSH?] 5l potato dextrose agar (PDA) B A]of] 55 5 25 4= 2°Col|A] 7 52 v st

of Abg sttt

AE M=

EntEASSY A 5 Solanum lycopersicum L. cv. Heinz 2 1287]2] EOLE E5(cv. PCNU) SAHE 2H
A5 5 oF 2704 447 EoFAIZ] TR 90 mm 7HHE Sholl 74 24°C (16/8 hr, /0P T2 2O & 14 - 2147t
292 17] EokE SR8 AF83l0] 24 ol AF8aI5IT)

EntE Al 5392 WS A5t 9I8H S. Iycopersicum L. cv. Heinz 2-35-01] 2223 2% (oot dip inoculation)
HHA-& 538l 7709 Fol ¥ +-2 5519 thRep et al., 2004). ZH2+2] FOL w32 ZE AL potato dextrose broth (PDB)
v 2|0l A 7U7F X&) v Rt &, FARE A 75t aLAL 473 2] AR E o] 85fo] I} 0] Q= il FAdE =753
o} 4% Z A= 8,000 pmol| A 1527 YAl Eefoto] GE A A7 st D42 A & Fatadn|F sfol
4] hemocytometerS- ©]-8510] ZA}] 55 S5t} 15U S EI EntE A2 Beo] & FR42 A
718F 21 X 10’ conidia-mL" -5 =2] 32} FeFHo] 30423t X A|5HATE 1 X 107 conidiamL ' &=.2] 32} FEFHo]]
Aot EntE Al ZA= 90 mm SHEof| AI5He] 1Y 52t 25°C HA gl Al vt 3 25°C A8/doll &7 SF2ol
12A17H 332 ZAFSHHA 35 591 Al E-2H A H & yEelH A Zulstqltt. EntE Al S = 2A}
+ ko] 2, S oA A ol whet ol Rk (), SR, () e B3 ()= Yol EAISH
t} RE AlF.2 3 HHE o] Ako & 33] AIA|5}%] 21 SAS (SAS Institute, Inc., 1989, Cary, NC, USA) =2 1818 o]-&
5lo] ANOVA HA41-2 5191 0™, %] 2] 7t H] 1S 2]5}0] Duncan’s multiple range test (p = 0.05)2 Al A5}tk

i

—~

ENLE AIES¥# genomic DNA £

PDB H|Z]ol|A] 258 59k B FEF FOLTF-2] FAMA| 23 gDNAE = WS modificationsto] 4335} Th
(Saitoh et al., 2006). ZF2}2] FOL w-AFAIS eppendorf tube (1.5 mL)°l| 2F 10 mg¥] Eol A& A4S o]-8-5}of np4 5}
Atk ok © FARA Al 2= 200 mM Tris HCI (pH 8.5), 250 M NaCl, 25 mM EDTA, 0.5 % SDSZ E35H= extraction
bufferS ©]-&5}o] gDNAES 22|53t 53+ gDNA+= Simplinano™ spectrophotometer (GE Healthcare Life
Sciences, Buckinghamshire, UK)S ©]-85t0] 274 2 A=Fslal 2|5 57} 20 ng-uL' 7} & =% 5] 4313 ct
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avr2 X ZZ 5 224

avi2 LS 22 517] I8l NCBI GenBank©l| Al avr2 G714 8-S 0]-&5}0] forward primer: 5-TACATCGAT
ACCACTATGCGTTTCCTTCTGC-3’, reverse primer: 5-TATGCGGCCGCTGCCACAGAATCAATCCTCTGA-3' &
A Z5HATHTable 1). PCR 423 2712 pre-denaturation THg 2.2 95°Co| 4] 52 HES-2- 13, denaturation 95°Co|
A] 30%, annealing-= 58°COl|A] 30Z, extension< 72°CONA] 3027} 28 cyclesE <5 4345+ 1L, post-extension 2+
2 72°Col|A] 5EZF §FS-S 13] 3451 T} PCR T2 AHE-2 1.2% agarose geloll 4] 717195 5Fo] ERISHAL gel
purification kitE- ©]- &5} %At F, TA cloning kit (Invitrogen, Carlsbad, CA, USA)E AH8-5}19 T-vector®]] cloning S}
A, G774 D2 A5 thMacrogen Inc., Seoul, Korea).

RT-PCR £4

ol

2 EokE AR B2 i 2718 AT T 3 o] Do W5 T ALO] ol 851t WEE 4B
ZHH Trizol A|2F AFE-5F0] A RNAS FE5H Th(Invitrogen, CA, USA). =8t cDNA synthesis Master Mix 7] E.
(LeGene, CA, USA)E: A8 5101 A7} 435K Wilo] mhek cDNAS: S48 5, av2-5 0| siefolols ol g
S1o] REPCRE 4-519ich. EOHES| LebFla RAAHE A 228 RUES] 918 ez 2 Agsigict
(Table 1).

Table 1. Primers used in this study.

Primer names Sequences (5' - 3")

avr2 F TACATCGATACCACTATGCGTTTCCTTCTGC
avr2 R TATGCGGCCGCTGCCACAGAATCAATCCTCTGA
LeEFla F” GCTGCTGTAACAAGGTTTGCTTTAATTCG
LeEFla R CCAGCATCACACTGCACAGTTCACTTC

avr2, avirunce2.
“ LeEF la, tomato elongation factor la.

Results and Discussion

avr2 RHxte| 22| X 58

o] 1tol|A] o] &H 7719] FOL & =35 A1 &2 AHIAE|(KACC) 2 HE] 241ttt 471 7
7}A] Fol #5252 E] race2 & BAMX 0 2 3H35}7] 9J5te] avr2 R34S a5l 545tz sttt 7712 FoL
w50l A Z}ZF e DNAE FZ510L avi2 2L §0]4] eto]mE 0] 8510 avr2 §-AA}F H-2l & SEA| ZTH Table
1; Fig. 1A). 1% 47112] 7+35(Fol40038, Fol40043, Fol40044, Fol40045)°11 4] 492 bp2] 2.7]2] 84} tho] Ba]=] Q)
1, 971 DS BAGH At 7] 2] 2E 7 FOL race2] avi2- -2t 100% A5 S Hol= 21 0 2 UElth(Fig.
1B). U 2] 353 (Fol40046, Fol40047, Fol40048)= race] 2. 2 2H1%|Qict. E2|H avr22] ofn] =AM 1637]0] 12, PI
e 6.40]H BA}2ke- 17.850] 1 N-EHH £-9]0]| 21719 signal peptide”} T QUL o] = Al EA] 7+ Alof thalz
o] o 2 EH|Hrh= 718 HojF= A ulo]thHouterman et al., 2007). =3, 0] e} 22 Avh= thokst FOL #3:0]|
A avr2 §2e] 2 of L2 0] 8-5}0] race2 THHO| & 0] 88 4= Q1S 710 2 wokE L]
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A F. oysporum {. sp. lycopersici (Fol) gDNA

M 40046 40047 40048 40038 40043 40044 40045

Folavr2

atgcgtttccttetgettatageccatgteccatgacatgggtttgetetattgetgggeta
M R F L L L I A M S M T WV C S5 I A G L
cctgtggaagatgccgattcatctgteggtcagetccaaggacggggtaacccatattge
P VvV E D A D 8 8 V 6 Q@ L @ 6 R G N P Y C
gtgtttececcggecegecegecacgtettectacttecatttactacgagettcagecaccgaacet
vV F P G R R T S S T s F T T s F 8 T E P
ctgggttatgctagaatgttacacagagaccctecatatgagegggetggcaatteggga
L G ¥Y A R M L H R D P P Y E R A G N S5 G
ctgaatcacegcatttacgaacgaagtegegttggaggectececgecactgtecattgatgte
L N H R I ¥ ER S RV G GGL RTV I DV
gccccocccggacggacaccaagcecategecaactacgagatecgaagtecgtegtattect
A P P D G H Q A I A N Y E I E V R R I P
gttgcaacacctaatgcggctggagattgectttcacactgcacgecttagtaccggetet
vV A T P N A A GDCUFHTM AWURIULS T G S
cgaggtccageccacaatcagttgggatgececgacgectagttatacctactatettactate
R G P A TI 5§ WDAUDA AWS YT Y YL TTI
tcagaggattga
S E D -

Fig. 1. Isolation and characterization of the Folavr2 gene from 4 different FOL race2 isolates. (A) Specific
primers were used to confirm avr2 gene by PCR. 492 bp bands were detected in all 4 strains of FOL race2. (B)
Nucleotide and amino acid sequence of the avr2 gene. The signal peptide sequence is indicated with red
letters.

Fusarium oxysporum f. sp. lycopersici (FOL) #2| HH= E4 5l il M HH

2 A&l FAIEE 7719 FOL #& =185 U 1ee /2 A AE|(KACC)ZHE| 2FHgton, A
H o] Hd/d AAE flal s 9 'Hol 7]&3h thE PDA vl 2|2} PDB B A] o] Bl & AF8-5HRITE 53], 2
A &0l A= FOL race2 & A'L5to] avi2 F27F e doll Y2 FA] FRlst7] flsl A 11 10014 =l
H o] FF5 tido 2 vjdA B4 L UM o BE AR THFIg. 2). AHHE FOL race2 w5+ 3, Fol40043
I} Fol400457+52] Z--oll= FUst 9 B2 o] FAlrt HA U7} kgt B ERIsh 4 gl chFig.
2B and 2D). E3h, Fol40044 #5-2] dAR= SAROlA 717k &2 S ¥ 22 HetdE o] Q) © M (Fig. 20),
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Fol40038 72| wA= -2 Heput Sl o] FAF gofe]7} 53X FElE HATHFig. 2A). ZARE F/JAI17]7]
Q1o HA| HiFRt A} 4 75 BF L Hepo] A S H QAT A4 &= o] Zjo]7h o]l GRFS mIR]A]
o= 7102 HRthFig 2). 3 47l 752 EAR= BE 4 B Zakz FAo) ARt 2 ofo| Aut EFIE ]
BlE 3l om, A7} dolsh & Al A7 olli= 2 2ol 7 glgich

Fig. 2. Colony morphology and symptoms on tomato plants after 4 selected Fusarium oxysporum f. sp.
lycopersici (FOL) race2. Colonies on potato dextrose agar (PDA) (A - D). Pathogenicity test of 4 FOL isolates
on tomato seedlings (cv. Heinz). Two-week-old tomato cv. Heinz plants were inoculated with 1 X 10’
conidia'mL™ by root-dip inoculation method for 30 min. Typical disease symptoms after inoculation of
tomato plants with 4 FOL isolates(E - H). These photographs were taken 21 days after inoculation (A, E) Fol
40038 (B, F) Fol 40043 (C, G) Fol 40044, (D, F) Fol 40045.

FOL 0] 715 Al &0l Z&E51A| = 9lo] Mo] ZAo = wstal, ?—AOI A ST 2t A EA7F Zﬁﬂﬂoi
Al EA =1 A8 TARSHHouterman et al., 2009). 1Lt A3 -FAXKT gene) S 7HA 1L Q= ENtE EZ2
FOL®] Zrdol| = dha}x] o= 710 2 oted =] Qlck EntE [ Tl RS FoL o] 7FA| 1L QL H] oz"é‘(AVR) ‘:J
2122 QIAIsto] A M HH-g-& R ot Sh= Zolth L FollAE ERtES] 2 1‘8 /3 9 A}= FOL race2

oA ZH|SH= AVR2 T A2 QlAsko] AP HHg-2 A o7| ARk 2§27} Qe g 710l Al av27t

Jis

HE doy| =Yg 242 dHA tiMaetal., 2013).
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re
1Ted
ook

Aol M= FAIGH 7719] FOL ¢35 o|-&5to] BEntE AlS53H 9] BY/d H =5 £AMSHAL, race20] 3id
Sh= & 55 Adkstaz) shict A 2AMS Qs A EOLE &39I S, Iycopersicum L. cv. HeinzZ: ©]
-8-510f BL2] 3 2] % F(root-dip inoculation)H-= 53l Y-S A5 ¥ Y == 3TA] ([+] = slightly bent
hypocotyl and yellowing; [++] = strong bending of the stem and yellowing; and [+++] = plant either dead or wilted)Z L+
o E2 U {TH(Table 2).

3 Ay}, 320] YEpd 23 2ol Fold0048w7+ oFeh A2 E 3L Fol40043, Fol40045, Fol400463F
Fol40047+F+= 37t Ao Y/dS HojFelom, Zhet g S HolF= 22 Fol400382t Fol40044 52
I At

o
!=l

Table 2. Results of the pathogenicity test of 7 Fusarium oxysporum f. sp. lycopersici (Fol) strains
using the susceptible tomato cultivar (Solanum lycopersicum).

E. oxysporum f. sp. lycopersici isolates (KACC No.) Race Disease index”

Fol 40046 Race 1 ++
Fol 40047 Race 1 ++
Fol 40048 Race 1 +

Fol 40038 Race 2 +++
Fol 40043 Race 2 ++
Fol 40044 Race 2 +++
Fol 40045 Race 2 ++

KACC, Korea Agricultural Culture Collection.
” Disease index was scored on a scale of (+) to (+++), where (+) = slightly bent hypocotyl and yellowing; (++) = strong
bending of the stem and yellowing; and (+++) = plant either dead or wilted.

FOL 72 HF AN 2478 T35 Heinze 7 9lo] ZA 02 HsIQla, A EE NS5 S/d= &
ofFelom, Yol AEe S FolA A AARE IS 4 AU (Fig. 2E - 2H). 7L Fol|A = FOL race2 w5

2 4
% Fol00442 53 EbEolA] glo] 2410 2 wisk Jr=e} 9lo] AlSo] 9l =k b HZetedaL, Yol A

w

=

SHA o2 Wojx A 7Ex]of| Fol Q= Uo| 471 AA5] & A& 1T 4= QlthFig 2G). o2 s YA
A7 Ay BHHE 5ol $-2l= FOL9] race2”} rac IEU}% o 7ot e

ZHA| AL Ql 0™ 11 Fol| A I Fold0044
SR 77HA] A= A, B

o] & o 717 He 9usA A1 4 ek ) 8
I o Hol} 9132 SHelsld ChFig. 2: Table 2).

efal4] 0 2 = Sts) 1 1) A, WY

l:l
HU
o
=
3
5
U
3

Jﬂi
é
rr ¢

FOL avr2 %X 2oiS 0|8¢t EOLE XY EF M2

FOL tol| 4] £1]| 3} effector THEEA-2- 129} /3 S 218510 21&H/d Y HE-S-2- -3- = 5=tl|(Houterman et al., 2008),
T I of]= SIXS (secreted in xylemS, AVR2) THEiZo] & @ 5}th= AlAlo] B18{ %] QIth(Ma et al., 2015; Cao et al.,
2018). SIX5 THEHZ-2 FOL o] 7|50l ZAg wf, 3 2 Z]of|A] 2H]SH= ThY<t effector 5 SR, AVR27} A2
of M| 2 Afo] & o]FShH= Aol o5ty ulzol 129+e] e A8 F3 A MY ¥hE fxol T o3 9T
st} ol2|gt aviz= 2 AR} Gl 44 “%01] * A Atz AT stE R, & ¥
A race2 2 Q1 Fol40044w+ 55 ErFEO] HF = SRIs7] gk A2 AHgetat sl
B A H S-S AHE-SEO] Fold0044w-5-5 1287 A2 TF2 EntERS ol AL, 15 45350l tist 2
M= Fig. 30l YEFHRITE FOL #oll thst ti2FF 0 2= A 32 Heinzs AHSIQTE Z2THE F3t6) &

[¢]

::
F—.~ R
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A F. oysporum {. sp. lycopersici Race 2 (Fol40044)

Heinz PCNUF93 PCNUF73 PCNUF109 PCNUF113
3

—"

=

=
J

ty (%)

1sease severl
£ o
= =

D

Heinz(CK) PCNUF93 PCNUF73 PCNUF109 PCNUF113

Solanum lycopersicum L.

Solanum lycopersicum L.

Heinz(CK) PCNUF93 PCNUF73  PCNUF109  PCNUF113

Folavr2 i

Fig. 3. Validation of Fusarium wilt disease by FOL race2 infection in tomato plants. (A) Two-week-old 4
tomato cultivars were inoculated with Fol40044 (race2). Susceptible cultivar, Heinz, was used as a control.
Typical disease symptoms after inoculation of tomato plants with FOL race2.Three resistant and one
susceptible tomato plants were shown. Photograph of symptoms were taken 21 days after inoculation
(DAI). (B) Disease severity was scored by the mean percentage of ten plants of each cultivar. The error bar
indicates a standard deviation. (C) Semi-RT-PCR of Fol40044 (race2) colonization levels in tomato plants.
Total RNA isolated from infected plants of tomato at 21 DAI. LeEF1a was used to confirm equal total RNA
amounts among samples. LeEF1a, Tomato Elongation Factor 1a.
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I PCNUF93 &30 T4 2 2 B15{ A QU= Heinz®}t FARH B =o] WA S o2, HE T 2194 A 247}
|7} AV ChFig. 3A). BFHO) PCNUF73, PCNUF109 2! PCNUF113 252 HZE 2 2140] At Foj| = ¥
o] glo] HZs}7] Meo| A Ael2 ath 2 §A]5 A CkFig 3A). ©]213H ATFE PCNUF930| 714 7+42A4d0] gl .
™, PCNUF113 %] FOL race29] %0 thslo] 717 A&/ o] &8 7 o 2 a9l thFig. 3B).

oHAIP0 2 Foaooss 77} 01 HE Aol 4% 3 kol Sigienl & Alal] o) B8 mok= 5
1A% %2 B9 S a2 ) U eI SN 1 Bk B BB e L PONUPS

ol A= avi2 A7} ol ZFSHA] AR AL U A] 379 FEoll A= mil- P | s = Ao = FRlxgl

11 53] Fol40044 5 S8 2o A3 TS 22 2R1E PCNUF73, PCNUF1099} PCNUF113°]| A&H4 94
A1 127F EAE Ao 2 e 4 U th(Fig. 3C). ©l= AVR2%} -2 -3 A120] A& 218 ofsf) it o] 543t
Shato] A|5he]= 1o 2 A Q17| wiEo]Thvan der Does et al., 2018). W2hA], 2 A1 A= EolEA|SH o
gt A FEe LT w av2 2] WS EA=Z o] gsto] Adho] 7Hsd 210 g 7|tk 3k A%
AJS 19l 37]9] E5(PCNUF73, PCNUF101, PCNUF113)2 2 2 H [2 34 A= 2H2-51a1 AVR2 R AFete] EA1HAY
E3H4 Ao 22 L2 B 2|gHA 7|2FS e £ 9lS A o 7 AjzkE

Conclusion

2 Aol E T 5 HANREKACOR RE R 7ol FoL 355 o] 83io] el
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HeinzE 0]-851 YA o] 71 2 Fol40038T} Fol40044 w375 A5 avi2 S AAE £2], 545131 20
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