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FE AgeiA Add9d 4 Qdrh. B iy e up s W2 ol Zutg gl vizlE DNA dES E s

NEWE 20] ofuliit NAR o] Foizl o7 n] f SWEET2 WulAE THelt fAx Ex ALWE 49 of
et AGR ol Folxl ol e fre SIEETI WA mEes HAAE et Axd MHR A
2 A48 Wi ¢

A7) FAAZE AEAXERYH AEAS AEdste 9 E 2dete, AEW Aol 2dd FEHE A
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5

=

=

H

e
=)

I
el

2 EE AGUE 49 ofulwit AGR o] Fof

Holl oA, 7] el714d f-2 SWEETZ H+= SWEET14

ks

=z

Aol Al

=
=

A FdA FAX %] 9ti(Handbook of Plant Cell Culture, 1-5¥,
)

3]

of i
&

o

=
A ge)

oy 7HA]
(Plasmodiophora brassicae)ol 23l

1983-1989 Momillan, N.Y.).
A g et

=
=

(protoplast),
2}

=

o

[0038]
[0039]
[0040]
[0041]
[0042]

el

713 2 SWEET2 =+ SWEET14

A= o

Il

all

[0043]

Tor

ol

wir
oy

F, 4F 5ol A

SR

pud

o] wl

=4
[e)

, TAE, g

71 A=AE 7]

[0044]

)

i
o

F, 49 E 29] ofr|x4t ERE o] FojR o 71 f-E SWEETZ dids IY

[0045]

A el

L

SWEETZ2 ®=+= SWEET14

Ej

[<)

W1t (Plasmodiophora brassicae)el 23l

=
=

W e

[

AMs 5 SWEET1 %-E] SWEET17

Brassica data base (http://Brassicadb.org/Brad/)el

=

=

A%

)

T

o

tol of 7178 the] SWEET

°©

i = =
Fo]  TAIRO| A

S

Az L By
TAIR (https://www.arabidopsis.org)el F<

[0047]
[0049]
[0050]
[0051]

i
e
of

tol B.rapa @WAE A

SRS

Ej

=
=

2=
edit/build
& 2

s

1,000 =

LS|
=

sk,

T

[<)

sk, A

TSB S
] 7-©]

o

=

2

alignment

,

i

k)
w

3}o] Bootstrap method

3}l alignment 7}
[e)

[<)

=

2l
=2

oA gene sequence
ol T2 HAS 1HEH 17H7EA] 25

=
=

o=

L

T
=

=

=

=

align DNA

=], construct/test neighbor joining tree &

<
e

o}

3Tk, Search ™
MEGA6 (https:// www.megasoftware.net)

A9
g 44
a9

B

g

s

=

yu

L
-

2

|

=

=

2
alignment TE23 A ES B9 €A}

(Identities)”} 7}

Phylogeny
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[0063]

[0064]
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3l Partial deletions 952 A3} t).

2. W\3=(Brassica rapa)® A% @ Plasmodiophora brassicae 7+

FHE RAToRNE TAF Rel] 9 RITS

sE2s 22 A AHste] BEddAst Eees AR
o AA% F BE wAE o OOP@ °F 5 g¥ A%t wAV|E

183te] 27 2Tt 1 F 250 me]

(]

TFE Hrbela 879 A== 23] Aeugo] 50 m¢ FH 2 F 3,000 rpmoll A 587 AR S 5 A
Mg AAsIR oM 23] o] vHEste] A &, 50% FARS NS 5 ml HIFsItE. thAl g ¥ 3,000 rpm
A At ANE 5 meo HarE 23] MHeEgin. s e ® A5 7] (hemacytometer ) &
g3ke] @n)A oA wEE dolsta -20Ce Bkt

o) WA 3ol N8 WS WiE EGS o] &ale] 22-95C 2404 o 109 Aw
Zpglo] ghds AME wWrbA ASEAT. T e HAF BE 22 Ao sEe] BS whrl Eofo] R3] 4
B BaFwE g9tk 1 3, 6A7F, 1247F, 72417 02 WAF (10 spores - ml )S 2 A BE
91, 675 ASAA WS zAbET

RNA %% SIGHA®] Spectrum Plant Total RNA KitE AL83%ith. F8tele] A ARE whxpabde] Y
M A LS H7lste] #A3 AT, AIRE 2 m FH Y &35 9y 1 e Z—ME(mercaptoethanol)% 10
AolE &4E 500 ws BT F vk= 3027} Eedstar, 56T FFxodA] 583 WgAIZATH. g &
5 13,500 rpme. 2 3E7F JAET Y. ASAE o3 Ao BEFEar, 13,500 rpml 2 1E-7F %*‘J%
At o3 A4S e A (binding) M E 500 w FFvh. 218 vhy F3(flow through) &<
z;st _&ouo] Ho] _9_01]_9_ 7ﬂzsL 742 oﬂ 700 M o]_oﬂp}. 13,500 rpmo. =2 157 %/r\:]_‘,ig]zﬂ_ _'4 Eﬁrzﬂ_ _9_<3_1IJ
I AE g9l T 500 s Ao BFETh. oAl 13,500 rpmO 2 1E37F QAR <
Mz gd M5 500 w 7313k, 13,500 rpme. & 30%3F P4 E2e 5, o =

‘3} 13,500 rpm@. =2 237 FIHAE A|A Foldes &S BEF wAued st A% 7S 1.5 m

31 DEPC(diethyl pyrocarbonate) &€ & 30 weE o|&3td &&FAZ %
O}Oﬂr/} Y &9 tA] A7 9o "ojmelu H £z 187 9AE23 3, Nano drops °]&3le] &

=E #lskglar, dr1gssitt.

H_Y‘i

4. cDNA ¥4

cDNA A& TOYOBOS] ReverTra Ace-a-" KitE ALgEHG T, et Al, PCR Fr thS3 ko] RNA 2 A ¢kE
S =3g3lde}l: 5X RT buffer 4 b, dNTP 2 uf, dligo(dT)_20 1 pf, RNA 1 pg, RNase inhibitor 1 g0,
ReverTrac Ace 1 pl, DEPC-water ~up to 20 0. 71 = PCR 7]Alo|A 42°C, 2087 ¥ESA|71 & 99Co|A 5%
7F WA, WSS mbx & A E cDNA 20 w03 D.W 80 wlI Alo] A AL,

5. qPCR &4

Bio-Rad @] 1Q SYBr Green supermixS ©|g3sfo] FPsp . Wk £
7+ 1w, 2X SYBr\J Green supermix 5 ul, =F4 2 WS 9ol £ 10 W= +=9])3t¥ k. PR AL =3ta s
B8 A1717] Y3l 95C Fo= 105 ok sy, WA $4LS 95C =02 30%, A% (annealing)
AL 60C 2SR 3032, ANA(extension) FAS 72T ZASRE 30x3F Fdlats FAL 433 wHEsvy, 1

il

T a3 (melting curve)S 7] 918k 55CHE 95C7HA +0.5C/529 #4S HAIPsATt. ZE AHEE
HhE o 2 x|y, zF §A1Ae]| tie Zatolm = Primer3 (http://bioinfo.ut.ee/primer3-0.4.0)E o]&3}
of gaplstRon, #HF Mulwl zololw MAS Brassica data baseol HZ3e] blastE T3 thE FHxke}
AAE= Aol A=A FAsGlYy. Zetoln] R FAste] HFA SR 10 pmdeR AHE-3FSITE.
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oo M o Mo T
T BT T e
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o e
m B Wt w m H
TR S ww T
— EO o
o M AT ;lmﬂ 1__/| o7 _ mo
jo Y o T .
o o PR -
= o :D s o o o q
< ey > N = B
o 3% Mo B T~
| W S 2%
at 25 = x NE ~ - : e QN
2 Zyo| AR Z=zto|n FHE 17rﬁ o i iy o S
size GC N T or BL W._ = o#a
) STl ] ) - - —_= )
Gene name Left primer (ME#H=) Right Primer (ME# =) (bo) ™ (°C) P o#a ae T = %OI ‘HQW m OC Zo
-
Bra017916 (ASWEET1) | AACGGAACAGGAGCCTTGAT (5)  ATACGGTCAAGACGGCAGTG (6) 112 61.0/61.1 50/ 55 = ﬁ s owa = &m N _Jm e
Toffs . X <
Bra027314 (ASWEET2) GGAACAAATCAACCGAGCAA (7) AAAAGTGGCTCCAACGGAGT (8) 143 61.0/61.1 45/ 50 1:‘_ t qvl M ,M o#a ;MIOI q_.c
ol - © W o ® o
Bra022636 (ASWEET3) CATCAATGGAGTCGGCATCT (9) CGTTAACCCGAACAAAACGA (10) 130 61.0/61.0 50/ 45 ﬂ‘._ ‘m..m _Em # ‘WI .XT ZT JN_ &.ﬂ m‘._ A01
ol = A
Bra025317 (ALSWEET4) TGGTCTCGCCATTGAACTCT (11) TGCGTGTGGAACAATAGCAA (12) 147 60.8/61.3 50/ 45 Z..# = O#a qu ™ \ﬂlL ﬂ WTO._ ‘w ME
~0 — Y S —
Bra035879 (ASWEETS) TGATACCAAATGGCCTTGGA (13) AGCTCGGTCAAGCTGGATTT (14) 143 61.2/61.3 45/ 50 nMno wm <R = Mﬂ o ,mlr\_ = o =)
N
Bra035270 (ASWEET6/7) AACGAAAAGCGTGGAGTTCA (15) GAATGGATCCAAAGGCATGA (16) 100 60.8/60.8 45/ 45 — EE R 0l o m ﬂ ‘Uﬂ
N QS om oo
Bra025595 (ASWEETS) TTCGTTAACGCTGGGATTTG (17) GGAGTAGCGTTGCGGTACAA (18) 137  61.0/61.2 45/ 55 ‘.ME = Z.#o <F Hﬂ = ﬂ N mn.m ‘HOI %
2] R —_
Bra000116 (ASWEET9) CTTAACGCCGTCATGTGGTT (19) TCCGTTTTCTTCGAATCGTG (20) 137  60.1/61.1 50/ 45 n_AIL m q E.w ‘;Imﬂ Wm 1%.0 q ko.qe < N._ ‘m‘._
=3 0 =0 s S ) }
Bra022761 (ASWEET10) | ACCTGGGACAAAGGTTTTGG (21)  GTGTCTTCCATGTCCGCACT (22) 147  61.1/61.2 50/ 55 & E g~ 5 5 N - w o o
= L L 2 I
Bra018039 (ASWEET11) | GGTGACCCTCGATATGCTGA (23)  ATTTCAGCCCTCCGATCATT (24) 108 61.0/608 55/ 45 - O ﬁ . oy A ﬁm ﬂﬂ L & Ko m_m
+ ! > Tlo i ojn (=) 5
Bra026487 (ASWEET12) GCTCGGAAACCTCATTTCCT (25) GCCACCACATACGGAAGAGA (26) 111 60.5/61.1 50/ 55 m oF Z_l o - o#a :.L ‘_ﬂu q N Of B Z.#o
oy B — B o=
Bra040489 (ASWEET13) CGGTGGCTGAGAAAACAGAG (27) TCGGGAACATCGTGAATAGC (28) 136 61.0/61.0 55/ 50 & 1,%.._ O#a Mo G NE .M.n_“ OE MIOI NE ,Mc T
[} ) Lo ~o ) 0
Bra010477 (ASWEET14) | GGGGTTTGCCGCTATTATTC (29)  AGACGCAAACGGAAAATCCT (30) 101  60.6/61.0 50/ 45 g = X o E St T wuou Mo = 9 o
T N ~ frd = —_
Bra023394 (ASWEET15) | AGTCTCTGTCATCGGCTGGA (31)  GAAGGGCATGAACTCCACAC (32) 112 60.1/60.5 55/ 55 \% N ,:M SR o) S H ) e &oo
o5 Mo TR0 ol -
Bra021190 (ASWEET16) | GCCGTTTTGGCTATCGTTIT (33)  GAGTTGCATTGTCCCAAGGA (34) 127  61.3/61.1 45/ 50 3 o“a w2 o M_V_u. E PUGT S
N WrT =< <
Bra012752 (ASWEET17) ACTTGTGCCAAATGGAGTGG (35) TCTCACTCGAACCGTTGCTT (36) 107 61.0/61.0 50/ 50 M o A‘t E W MWAI Z‘.# w ﬂX_H NE ,.m—ly ‘Uﬂ o#a
= ~
oo Mo O - X o 8
2K = = g x © S #
m ) —~ Z_nc — . 7L ﬂ T) M.M °e)
8 &~ N % — 2ooo T E
S kD E D% o0 om g R
= =3 TR Bor S X T
R TP LT P oS NN
S o B T o
< 7 = e ~ )] o]/ S
S F o ~ A ap
w o= o &
T EEc X w3
e TR TT A H Tl
— _ B _ — —_— _ ﬁAH—
.,M_./u M £ B = W . .W./u o} W_ ) HOQ
e S R S R mm_ L@ S
S = & T Sy ~ OS]

[0065]
[0067]
[0068]
[0070]
[0071]
[0072]
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S & AolA 407 TES 7 A EFRA F 1 go] Aol JES B DolFAHFAES 19 4 35T 5

glol maloh 2 412 7 & flol FeF). A5 e TEE Al B AN AW Agste] 23T
FEFFAAA 193 Aeetdct. Zobh W 7t ASE FH 1074 BATEL BF fohfiglt. Bt
AE ok dol ZAAFNE vhs o 489 duE v vt 2A4E @Earela] Aol Erlg B
5s 5EE =l AFst & AAsTAG. Z wAlell Mab w5 15g3} Eatgr 200 mE gl dar, 2}
2 7S o8 S B o wAl Zebglth. B ES $aws] Zotw H, Aulel 4o A=S A
He 2AS 29 W F AR stocke] Zl»a W7k Z47F 300 meo] HEE Asts] stEAvh. o714 £
A 150 me¥ it 150 me= AlolFel wis mlEFE (==, AvE, (R117, Ashdr 7F 107)] 4
de2 A : H IARENE 27 AL ts, AReR A2 §HE o]8ste] £EY 5 mH HEE)

[
rlo

Gk, o7 A EA = 0.25g/pot (=1. 3x10° spores/ml, 6.5 x10° spores/pot)e] ELEZ, wF URITE
=

0.125g/pot2] =2 HF3IAT. HFH LEE 23T F2FHFAdA a7 14/\17H Fe ZASIHA A6 s
Aok, Wi iREF Zo] MAEFS W W 2AEZ AAET. HEAF Ee 0= Ey wAo] ¢lg, 1=
o] B So] FAEY = o AV|7)F Hal ME 5|t E4], 2= 4 31101 A= Fo] 7|7} v
WA F, 3=Ftel o] AAEM MZ FihE I Fo] A7t &, 4 Zr:mﬂ W So] AT MZ A3y

o] 2717k v = el SHAIR SRt i BHelMeE Hat BHIETE 1.0 olsk]l Aol AZAR),
1L.1%E 2.0 o]gte= S=AFAOR), 2.1 o2 F4(S) o2 A3t

[e5

AN 1. ¥3(Brassica rapa)®] SWEET gene family <34

TAIR®} Brassica data base®l*] BLAST3l H MegabZ AlFTLEE T & #4530, 9 = YeElys= &b
T AT 2555 Y mRdA Uit 2R FEXAE g b Aela, dwkHoR 70 % oladl :ti=
AFHeE A7 zHEsEA] et AF(clade)e AAl 2 IFe2 s F Jdfern, 3 aFd=
BrSWEET11, BrSWEET12, BrSWEET13, BrSWEET14, BrSWEETI0, BrSWEET\5, BrSWEETO, BrSWEET16, BrSWEET17©] 3
stylal, & ol BrSWEETZ2, BrSWEET3, BrSWEETL, BrSWEETS, BrSWEETS/7, BrSWEETA, BrSWEETS7} ESHE =
Aow BARATy. BrSWEETIIZ} 12, BrSWEET133} BrSWEET14, BrSWEETI63} BrSWEET17°] 7} Sda3A7 #AF
A YERR TR 1).

S

AX G 2. BU7 B SWEET AR 3 &

S|
Brassica rapa® SWEET 77 17715 ﬁ g 5, o] WAsHA] e ARA FFQ N7 HeloA RNAE F=E
il cDNAS 43t qP(RES a8t FAAES BAYALS 8. BrSWEET29}: BroWEETAS) 73%- 641%F
3} 1247k A A7 HLGM Eﬂﬂ & Z7}How | BrSWEETL3, BrSWEETIA, BrSWEETI6, BrSWEETI7S] 735 6
AZF, 12AZF 72X 3l 4] R dkE o] 27}0} A WITh. BrSWEETL, BrSWEET3, BrSWEETI0S 12A3Fa} 72
Aol A B AsE e, L}rﬂ A AR BrSWEETS, BrSWEET6/7, BrSWEETS, BrSWEET9, BrSWEETLL,
BrSWEET12, BrSWEET152] 7$-i= 72413 oA 2 A& =] k(% 2)

AXd 3. BM7 QoA SHWEET SAR} g HA

N7 BE o] el A W WS AT A, BrOEERS RE ARbdolA A= A5, BroWEETI1}
BrSWEETI2E A Yz {FHAAELS BT 72A1elA LdASAG.  BrSWEET3,  BrSWEETS,  BrSWEETS,
BrSWEET3, BrSWEETO, BrSWEET10, BrSWEET13, BrSWEET14, BrSWEETL5, BrSWEET16, BrSWEETI7-S X5 72A|Zkel A
oE Aok 2 Abelo] BES YEhhIG (I 3).

AA G 4. BMS oA SWEET S-AA 2d B4

ol WHAEHA] e A FEQ N7 Bl fHA ddS EAS H, #o] dAstE owﬂ*é 9 M89
wao fAz TES BASHY. 2 A3 W7 Bk 2)9 Axel wiiso] yebgth. M7 Bels BroiEETR
o} BrSWEETAS] 78%- 6A13Y3} 12213 ol A -7} & ¥ Qa1 BrSWEETL3, BrSWEETIA, BrSWEET\6, BrSWEETL7<)
A 6AIZE, 12A1ZF, T2AIZb A R @b Ao W&, M8 BrSWEET2S: BrSWEETL, BrSWEET13, BrSWEET14,

_11_
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BrSWEET16, BrSWEETI79] 75 6A17 o= TAETIIE 1247k} 7241 3bol| A= AFo]l & HolA] AW A= Atk
(£ 4). YHWRA A BrSWEETL, BrSWEET3, BrSWEETIO, BrSWEETS, BrSWEET6/7, BrSWEETS, BrSWEETO,
BrSWEETL1, BrSWEET12, BrSWEET159] ZA$-% fAxF wao] A= E S ®mylth.

AN 5. BM8 UolA SWEET +AA & £4

M8 EEle] AHAE EFRls F oA FHx LE HES BA% AT, dFEY fdxke] wddoe] A= d.
BrSWEET3, BrSWEETI7¥} o] 6A1Zbell= W= HElS Rolrls AT dar 7247k E Al $9s o
EPATHE 5). BrSWEETI09) 7% 72A1%boll A wj$- & &S WYy, BrSWEETRS: BrSWEET4, BrSWEET13,
BrSWEET14,  BrSWEETI69] 739 6Aztelle AW TZIE 1241708 7247l A= zfolE& HolA] gAY
A At YA AR BrSWEETL, BrSWEETIO, BrSWEET>, BrSWEETS/7, BrSWEETS, BrSWEETY, BrSWEETLL,
BrSWEET12, BrSWEETI5®] 7% 32 ddo] Ay e e BTt

Ir

AA S 6. SWEET S-3AXe] Sl At

v =0l AGgA T (BAT)NA SHEET family FAAE F 2do] fRue FAAES AESI . BroEERe}
BrSWEETA®]  79- 6X7+# 12417kl A 47 wdo]l S %=¥QQar,  BrSWEETI3, BrSWEET1A, BrSWEETL6,
BrSWEETI79] 7% 6213, 12A1%F, 72A17bel A B5F 2k @do] S/ AT 2). BrSWEET2Sy BrSWEETA,
BrSWEET133}: BrSWEETL4, BrSWEET16T} BrSWEETL70] &S o]Fo] S} wrd okito] w9 &Alelgith. A4S
7vel FABA(E 1) SHANMNE BrSWEETRSy BrSWEETAYE 3 Z#o|= <tol Qlom BrSWEETL3¥ BrSWEETIA,
BrSWEETI63} BrSWEETITS- 7V frAbe rATBAE Vel vk, HEX o= BrSWEET2, BrSWEETA, BrSWEET13,
BrSWEETI4 xS Agsielar, o7 dolA L FH94E5S knockout A7l Al3ES A™sSIT. HETHo=
Aely of 7|t EdWolAl= SALK_034042 (Atsweet2), SALK_072225 (Atsweetd), SALK_087791c (Atsweet13)
= SALK_ 010224 (Atsweetld) ©|t},

-

Atsweet2, -4, -13, -14 EdWo] of7|dd] AEAst w5 dx=Fs(=Fdd, By, R117 2 A7)
o]-&3to] HelE ol t W =
= mEgow J|Aste] A

#150]t}.

3
Aol Ao Folgt m=mo Z}7; #5 #3, #2,

WmaEHFSs AN T AN 8§ xA AR, = 6o o] o)A EdwWolA #5(Atsweet2) 2
#15(Atsweet14)7}  He] S o < = ASE ¢ 5 AT, I, o7l E=AWolA
#3(Atsweetd)S 5 o]B¥AAE YERNALL, N7t E=AWM|A #2(Atsweetld)S TEAFAES YERRA

o}

o

AAH(BrSWEET2,  BrSWEETY,  BrSWEET13,
=, o= A=At s B

BrSWEETI4)7} BrElEwdae] 79 Al ddo] F7HH e Aoz dRlHd

& WS gl o3 IR 87 Ut nE ARE §FF 5 dslen, o7 EddelAldg = T
FEAY EAWolR s S o] AAFUES W, HAdH T B AUA(ITFH) &TFE TFAY
2 B8 Wl S0l AR o]FojA A K= oz duEHAY. AV ARE Fu GedA auAd
SWEET®] wrd "o HE|Ewatel g ¥ AdAHES 24T 5 d5S & F AJH

_12_
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