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VNN 2

B UMY

[

Ao av dy [ 3 [ A = d'do a = 4
nuIvelulasanisivedivdseemilu 2 diu o 1) s laauduniidisuiiinalelng

AAWIUATUNIU (resistance gene analogs; RGAs) TuoJu LAz MINAMUAATOINLIE TUANAIN

v

9
RGAs 2) M3ANHININENOAGNHAUE (inheritance) tazMIUTDIgaRuGoJu TasTauay

1. m3lnau RGAs luegu nagmsianmunsesnanglananaain RGAs

1.1 M3 lpauuasmaIauiaved RGAs

1.1.1

1.1.2

@ < ' @ 1 g’ o
anARUBMINBIUAIWUEA WMMUAD 15AT IR 2 deWus Ao NY 88.0507.01

a

a

1 Y] ARl 1 g} @ 4
1Y V. cinerea BY A¥DIUINUE00ULOAD 15AT1NIAI | WUT AD Black Queen
Ta835n15984 Lodhi et al. (1994)
A a aa 9 an 9 4 Jd A Ao
ulsuaaeued1835 PCR Taold Insiosyiia degenerate NI 1NILIAIZD

v Y

PR VUTUUIU NBS-LRR (115199 1)

m31an 1 IwswesnlélumsInau RGAs 910 genomic DNA

o fama  laontu e (5°>—»3) 91999
1. P-loop Sense N, RPS2,L6 GGIGGIGTIGGIAAIACIAC aaulagsnn Hunger et al. (2003)
GLPLAL-1  Antisense N, RPS2,RPMI1,L6 TAGIGCIAGIGGIAGICC aaudasan Hunger et al. (2003)
2. P-loop Sense N, RPS2, L6 GGIGGIGTIGGIAAIACIAC aauilagein Hunger et al. (2003)
Rev-loop Antisense N, RPS2, L6 GTIGTITTICCIACICCICC aauilagain Hunger et al. (2003)
113 iheudiduied 1801nUGA501 PR (PCR products) musnuinadenszua lvlih
(Slﬁﬂjﬁﬂwgc}?ﬁ) UU 0.8 % agarose gel
114 samsasasufiSueuiaiidesmseennnma Tagld QIAquick Gel Extraction
Kit (Qiagen, Valencia, CA, USA)
1.1.5 ﬁ"u%yu?u%gma (@IN 1.1.4) AN UNAINDS (vector) pGEM-T Easy (Promega,
Madison, WI, USA) ttazsiimsonerhnasluesadfisy Escherichia coli
116 fadenwadi ldsunaraiagnran Taen1sasiadeunsuaniennvesdu p-

galactosidase VUDIMTAARDNNMAIY 2% (w/v) X-gal ttag 100 mM isopropyl B-
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. . 3 a |
D-1-thiogalactopyranoside (IPTG) aniluwaraiiagnwanialafivzidudvi
TuvazilaTatininaraiiaduaz iaih
A a A o z:y a3 ~ 1 a 9 an

1.1.7 @enwaradagnray meiinasiamyuadueiunsned lunaiaiadieds

PCR

v ~

adg A Aa a g l J =
1.1.8 ANAALUDUDINATTUANUNDUADUDLNINBYINITAALUANITY

=

0o a g Ay ¥ v o Y du o A
1.1.9 u1ﬂl@ul@ﬂ1ﬂﬂ1ﬂmﬂ 1.1.8 3JW]@@”JEJL@1!1%3J@Q§]”ILW1$ EcoRI LW@ﬂﬂLa@ﬂTﬂau

D.

A

3
RGAs NUADUBVUIAKNIZ TN

1.1.10 M3 19uau0d RGAs g Macrogen Inc. (Seoul, Korea)

L1111 ihdwuanazdrdunsaesi luiwdasianndrwumalude 1.1.10 w5
= A .. . ' ' = =1 v Ay
MeVANUMNEY (similarity) 5HIUABE RGA uaziTouneunugud1uniu
T3aa19 9 veais¥iaa1e q N1a1518914 1311 GenBank Taeld nucleotide-
nucleotide basic local alignment search tool (BLASTn) L% protein data base

(BLASTX) 130 protein blast (BLASTp) algorithms (www. cbi.nlm.nih.gov/BLAST)

MINAUUATOINUG TUIANA9IN RGAs (RGA-STS markers)
AN Y o o w A4 9 ) o v A
910 RGAs 91 14 1hdauiaues RGA ineadesunldesnuuy Inswesdrsvimy
a 3 a 4 I {1 @ 1 o
Ysuudouelaeds PCR 1o ld lduouanwejduuuialiuszningiugaumiu
1 [l = [P= | ad A P2 aa 1 @ A ) o
uazeoune U n1sh/ Ul veudioue nie laneuduwevnaa et
agarose gel electrophoresis 9184 A NITOUIAANUUANAIIVDS PCR products 14 11
@ Jdo o a 1 4 do o { o
PCR products M1daadetou laddasumizaianis q imovueu laddasumiz idands

o 9

IRunuendduefuand sz naiugdiumu uagiufseuue tiowauniy
m?amma cleaved amplified polymorphism sequences (CAPS) H30 single strand
conformation polymorphism (SSCP) T aﬁ%’umuﬁqﬁy
1.2.1 afaadueanluseuvesedugnuan Horizon x III. 547-1 Tas35n15989 Owens
(2003)
12.1.1 vaifioito 1.5 ¢ u'luTasnumad lalunaeavuia 1.5 mL ududy
cetyltrimethylammonium bromide (CTAB) extraction buffer (3% (w/v)
CTAB, 1.4 M NaCl, 20 mM EDTA, 0.1 M Tris HCI, pH 8.0, 2% (w/v)
polyvinylpolypyrrolidone (8¢ 0.2% (v/v) B-mercaptoethanol) i]mi%}uﬁﬂﬂ
vnfiguvigh 60°% w1 30 11
1.2.1.2 @Y 24:1 chloroform:isoamyl alcohol /31103 1 111 Aduvasaliun 1y

W liuneainnuE 5635 xg u1u 15 W10
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9 9
12.1.3 llagaiirlaldvasalva ududu 5 M Nacl 51103 0.5 1911 91niu
a g 9 . Aa J ) VoA a

ANAZNBUAIDUIDAIY isopropanol UF1as 1w i T uhgumngil -2000

I 20 WIN

o y A4 4 < a 29 2 g 9
1.2.1.4 i luesinnusa 5635 xg wiu 15 Wit i lans udrdnaznou

<

ADUIOAY 70 %118 95 Yethanol

& a8 y 9 A a v a g v
1.2.1.5 Mnznouadue Iiuiingungl 37°9 ndrazalsnznoufouieale

Y
ddH,0 131195 200 pL W& INTTUAY RNase A A2TMAUAY | mg/mL

a =

3115 20 uL udnirliunguvgil 37°9 wiv 30 Wi Jaanududu
o < v A
YIABUIBN 260 nm AIYATDY spectrophotometer
1.2.2 1%7U50n54 Primer 3 (http:/frodo.wi.mit.edu/primer3/primer3_www.cgi) 9901 LY
’A o o { v o o
"lwimaiﬁmmmmmmﬂﬂau Vitis RGAs (GﬂﬁNﬁ 2) uamﬂmmiwﬂm-

W5 NWa A8 Di Gaspero and Cipriani (2003) (913199 2)

v
=

Y I o a . N
ﬂ151\1‘ﬁ2 "lWiLEJ@TVﬁ]"IL‘V‘n% VYU annealing aZUUIAVDI PCR products ﬂl@ﬂ!ﬂ%ﬂ\?‘ﬁlﬂﬂ

TuanaN WA RGAs

3o® Forward primer (5°—3°) qaumigil  vna eulwil  NeuAldue
Reverse primer (5°—3°) annealing 1nMsia’

rgVeinl09  GGAAGACGACAATTGCCAAA 56 358 Al 84,274
GCATCGACTCCAAGCACAT

rgVeinlll  ATGGTGTCATGAAGGGAAAAA 57 164  Xbal 31,133
AGACCAAACCAACCATGCTC

rgVeinl23 GATGGGATGGAGTCAAAGGA 58 217 aTaql 43,174
CACTCACTCCATGGCACATT

rgVeinl25 GTCCAGGAAACCGTTCTCAA 54 304  Hinfl 144,160
CCTTGGTCCGAAACAAAGAA

rgVeinl27  GATGGGATGGAGTCAAAGGA 54 352 Mnll 134,218
GGGGAGGCCTTTAGCATAAT

rgVeinl39  TGACGTGGATGATTTGATGC 58 259 Alul 62,197
GGGGAGGCCTTTAGCATAAT

A s A
@N“ITE]VIW5L3JE]§%1ﬂ"]5E]“UEN RGAs

b ] o= = ' v v Y du o
YUIANDUALDULD (bp) ‘1/]ﬂW]’Nllﬂ"lﬂﬂﬂﬁ@']ﬂﬂ’JﬂL@uVl“ﬁllﬁﬂiﬂLW1$

“inFeanmenimul Iae Di Gaspero and Cipriani (2003)
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sa

3197 2 "I,WﬂiJ’f]S‘i/]ﬁ]O"IL‘V‘H% qmwgﬁ annealing aZUUIAVDI PCR products ﬂl@ﬂlﬂ?ﬂ\i‘ﬁlﬂﬂ

Turanafn im0 RGAs (A9)

3o® Forward primer (5°—3°) qaumigil  vna eulyil  NeuAldue
Reverse primer (5°—3°) annealing 1pMsaa "

rgVeinl65 CATGGTATCCTGAGGGGAAA 58 361 Maell 163,198
GGAGGCCATCAGCATAATCT

rgVrip064 © GACTACTATTGCCAAGGCTGTTT 58 467  EcoRI

AATCTACTGCTTGGTAGGAGAG

rgVripl45° GCCAGACTTGCTTATAACGATGA 58 475  Alul
CGCACTTTTCCACAATCTTCTT

rgVripl58° CCAGTTGATATATACAGGGACGATG 58 463  Mnll
GATCCTTGTATCAAGCAATCTCA

rgVamu085 ©° GACGACCCTCTTGACCAGGAT 58 435  Sau 3Al
TGAGAATTTATAGTGTCTTCTCCTACA

rgVamu092° AACTCACATCAATTTGAGAGTAGAATC 58 431  Alul
TGATTTGAGAGGTCAACATAGTCA

rgVamul00° CATCAATATGATGGTAGTAGCTTTCTT 58 164
GAGCTTAGACACCTCTTTATCACACT

rgVamulll® ACCAGAGAGTGGTGGGACAC 58 194
CCTTTTATCTTGTAAATACTGCCTGA

stkVa011°  GAAGGCACTTTGAGCAATGG 57 479  EcoRV
AACCATTCGGGAGCCAAG
GLPL6-1°  GCATATGCTACAAACTCCATTCA 58 206  Hinf1

CAATTTCTTCTAGTTCTGGGATG

A s A
m%a‘lmmmmn%mm RGAs

b ' ad A Ty v 9 do o
VUIANDUALDULD (bp) wmmw"lmmmwﬂmmau‘lmmﬂmmwz

° 103091 UeNWAU1 1AY Di Gaspero and Cipriani (2003)

123 iivalSnadidue luasazais Usunssam 20 ul Fa1l3enoude 1x PCR buffer,
0.1 mM dNTPs, 2.5 mM MgCl,, 2 uM mmu&iaﬂwamai 30 ng DNA U1ag 1 unit 7ag
DNA polymerase (Promega, Madison, WI, USA) TagldT1lsunsy (1) 94°% Uu 1
W (2) 92°% WY 50 IUIN, 46 - 58°% WA 50 IUIN, 72°% WY 1 WA 1UIU 25

591 uag (3) 72°% 11U 10 U
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124 @onenlmidasumzidanoumidueninde 1.2.3 18vunaluimu 200 bp Taold
Tdsunsw Sequencher 4.2 (Genecodes Corp., Ann Arbor, MI, USA; miN‘ﬁ 2) fnd-
BuedTinm 02 pg Seeuladdasung 1 it udniufigumgifimmnsanvos
TTA L IITRTRITER 2y R
12.5 ATILH CAPS 428 2% (w/v) agarose gel 1adiouAIu SYBR Green
1.2.6 ANTIER sscp Tagmsle polyacrylamide gels (8% (v/v) Acrylamide/Bis, 2% (v/v)
glycerol, 1x TBE, 0.10% (v/v) TEMED and 0.01% (w/v) ammonium persulfate)
1.2.6.1 Pre-run polyacrylamide gel ﬁ 200V, 10 W Qm‘lri{]fl 4°9 YU 15 WA
12,62 1@58uA19813 1agiAl 3X SSCP loading dye (95% (v/v) formamide, 0.05%
(w/v) xylene cyanol, 0.05% (w/v) bromophenol blue 8% 20 mM EDTA,
pH 8.0) asludreddmdue Usuas s uL ilddedadeanni
QNN 95°% U 5 UIN udunshniud o

12,63 8180 Tas v Fad0d19AE 10 200230 V, 0.06 A, 12-13 W gautigil 4°%

12.6.4 founadioganes lasa A3U9aA18 10% (VAv) acetic acid MU 30 WA
182819419 ddH,0 2 Aaf1iu s i vntufendae 02% (wh) silver
nitrate (AgNO,) U1 30 U7 132819420 ddH,0 2 A%1 1 517 Founa
a8 developer solution (1.5% (w/v) sodium hydroxide (NaOH) 4a& 1% (v/v)
formaldehyde (W11 30 W17 11AIATUVAAY 10% (v/v) acetic acid

127 3R HaaaNAToUNIINIZI0RIUBUATBINIY aZIIANUFURLTTEHI19
indparmineuaziudiumuTaasiigalas 915N sumaaaa SAS 9.1.2 (SAS

Institute Inc., Cary, NC, USA)
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L% (% o ¢ Al U A
2. MSANIMINENVAGNYE (inheritance) wazmsUSuilzaiugegulasisaunu

Y
2.1 ﬂ1§ﬁﬂ1&l1ﬂ1§ﬂ18‘ﬂﬂﬂﬁﬂﬂng]}1u%1u15ﬂi1ﬁ1ﬁ}1ﬂ

2.1.1 MInangnNay

2.1.1.1

2.1.12

2.1.1.3

2.1.14

v o I
GL%'uwumsmewummu North Carolina Design I Fadunumsmay
Wug AnauszraiuinetayTusLIATUNNYA 49910150011 MINEN

~ . = <3| 1 1 =
uuuuvnaeFea (factorial) Tumswearuvzueniseonili 2 AN NRUHUN

o J 1

Y
Ao WuRui (V. vinifera) Tinanangausssunods 1snsnin1g $1uau 3

£

a

Wug laun Black Queen, Carolina Black Rose o Italia ﬂ’cjiJﬁ’tN Ao

£

o J I v Y g’ Y o v JNY 1
Wugwo Wuiusdumusnitgig s 3 wug laun NY 88.0517.01, NY
L o -4 a
65.0550.04 Az NY 65.0551.05 &9 lannmswannaiowus lnemslsziiv
1 Q’/‘ = l:'
Tsaluaan’ls deuadl w.a. 2535-2543 91 New York State Agricultural
Experiment Station (NYSAES) 4138188 Comell Uszimaansgamsn
o o d1 1 v o Y4 ] v ¢ o c?/‘ o
TagrhiugwouaazWugNauAURUTUUNNHLE  AuiuadsIugneay
~ 9 J
F, n14naaod 9 ey
1< o { a 1%
T3l w.a1. 2546 1N UBZEOUNTTAIFIIN NYSAES NUH1INe188 Comell Tag
a3 [ A ] 9 ! 9y
NUFARNNUIUDENTI0Y 60 %1d Tunanszay lvazunselanensounas
o ¥ o QY Y W A A A Ay 9 A g
a waz i IMniadiein309gAanNUFUN QU TN IT LAY INDaZDB Y
o Y ~ 1 dy Sld' a 1 o 9
nasaaf luvaoain ldasgaanuiu nguvigil 200 aunnaziiunldy
AaAa v 9 o @ = =
nageUMslFInvesazeounasafnoui lnannuaend ulieluil .
9 as 4 ) v 9
2547 @2875152gnA9N Mulugeta et al. (1994) Taamsnuneasadguas
] o
negative control neuuusue lad udvead o 1, 2, 3-triphenyl tetrazolium
Y
. o a Y
chloride (TTC; 1.0% (w/v) 11 50% (w/v) sucrose) §1U3U 3 1o 19 13uu
' Y
3 7 Tus ntiudunannuiizinvesazoeundsaag Tasmsiudau
2 A Ao Yy v ’d o o '
azoduNasa¥NYKIoaf waImeldnassgansseminiiaves 40 mi lay
v Y 9 ARl [ ] o'td'ﬂ} a A A o
40-50 %9902 0DUNATAIRNNNUFWOUA AT WUTNIONAATFUY NI O
9 ] dy A =S . 9
1AAY TTC VIFANUATIA 40-50% NITIATOY negative control 1FAZ 00

v
a @

wnasaui limedrsanuiouiguugd 70°% W48 F2139 a9
d’ L= =
ndsnmeaz luaad
a 1 o 1 = ~ 4 a Y]
panodugnrausuiu 9 guan Tudl we. 2547 Nhsuunanede
maTuTaggIu1s MNITNIIUDY Reisch and Pratt (1996) 1agN15A0UADNAT

9 1 4 Qy Yy A v 9 '
@uazﬂqwaﬂaﬂ@aammmm‘lammu ﬂWﬂﬁgﬂﬂﬂlﬂﬁiﬂﬁﬁﬂu%ﬂﬂﬂﬂ
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v A A vy v ' - v v a
mﬁi@lﬁmEJ‘I’WI?]HTJ@'JEW!ﬂH@EJNLUWN@ HAZARNAIINTEATHIUNISTINARA
o o 7R = A A a gy
WA HASINMSHENNGS 4 dUav WANYNDDN uammmmm"h
2.1.1.5 Aanua151Ail Bordeaux mixture (cupric sulphate L49% bisdithio carbamate)
Y v 1A o s A o
961313 NTUADANT NN ﬁﬂﬂTﬁL‘W@ﬂ@QﬂHIiﬂ
< oA v g A < Y o S A
2.1.1.6 IDUAADIUNTNUAAUN LININAADBNIINNALAINIANNTEDIA NUUN
{ a o J 1< { a
Tiudenguingines 24 91 Tus nounuNgumgil 40

[~

2.1.1.7 uswan F, A29 gibberellic acid (GA) tdr19lunaeanaraaniiinauiu
duing 90 % wAunouusIu 1.5 %(wA) hydrogen peroxide (H,0,) #
QUMDY WU 24 57T
v 2 3 &

< o o 1 g
2.1.1.8 E’]}Nmaﬂmﬂmﬂau 3 A9 1L 70 %(v/v) ethanol 1 A3 mﬂummuaﬂiu

13218 GA ANMTUTY 1,000 ppm H1H 24 F2 134

=

v s v d & o o 9 Y ¥ Ay y & R
2.1.1.9 a1NaandgUINaU 3 AN Llagcﬂ'lﬁl‘ﬁll‘ﬁ\‘]cﬂ ﬂl‘ﬁ{]uﬁﬂ\‘] Llaﬂlﬂ‘ﬂﬁlucﬂlﬂu

E]

a Y]

(pre-chilled) NQaIMRI 5°% W14 21 3
o < o o ¢ o S
2.1.1.10 msmnzwaalunszusnie wanvzaonnie 1y 6 dlay nasamiugne
Y v 2 dq 1a A Ay o ¢ A
Aundwmlgnlunszonse 1 Mldiinuea Au Vdwnay mes las 1odl-
4 [ 1 1 o =1 Y]
a'lan wagnsie Sasrdu 1: 1: 1/2: 1: 3/4 uazldijendl gas 46-0-0 6as1 1
ASU/NTZDN
1 o 9 A o o 9 +i
2.1.1.11 1Jgnequgnrau F, 1191 120 du TulsaForumizs uaziingaaleilensn
+ [ Aa a o a [ Jd A 1
wazilemaly gas 11-8-6 903110 Haaniw/ans Nn q 2 dle Aany
#151A3 mancozeb (manganese ethylenebis [dithiocarbamate]) BA512 NSN/ANT
) Y
nn 9 o tietlesiuling A1 uaz triadimefon (1-(4-chlorophenoxy)-
3,3-dimethyl-1-(1H-1,2,4-triazol-1-yl) butanone) 8751 0.6 NTU/ANT nn e 2
[ ¢ A [ a
FlaiietlosnuTsasraiiy
Aa 9 ] : k4
2.1.2 MstszivuanuaIunIuas 1sasninig
9y )
2121 masseudreiialdlumsnaaeu
I~ v v A J g‘ Y 4 a 7
2.12.1.1 ihulveguiugeeuueiilulsasninennisvumineds
malulaggsus
1 g} Q'J =\ 1 d'Q dy Q'I dy T d' =
2.12.12 Wuhnauasuid lue{unaaresunsyiasuuaziungungil
9 A
2200 YA
e 2 o P
21213 anatesimihdnnlusduduluviaemlsd

@

o o
2.12.14 11U31mIuvea1e3 A28 haemacytometer 3091914 lanNud U1
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5 Jd a aa
10" mlos/iiaaang
a 9 ' 3’ Y 1 v ]
2.122 mytszmuanudrumuae lsnsnivialusiugnnan F, tagwugweul
Tae3T detached leaf 113) w.41. 2549 Taoguf10619910 5 30 6 AU
< { '
21221 wuluded 4,5,6uaz 7 NnoJugnHay F,
] 4 g‘ Y a Y 1 d'dy
2.1.222 viumlosinihnauinalaluedu tagreuunszaynsoansuy
] 3} o ! I .
1 Petri dish tragwuinauuuluin 1918w negative control
v v Y
21223 tiuNgurigl 2209 Tiuaeddne 18 4 Tua/3u w7 Ju 9amivds
Uszidluszauanudiuny
4 { 4 1
21224 dradesanluiigmise Tasldlulunasanaassvuia 50
Y v
Naaans wazAWINaY 5 NaaanT el 3 Wi
= d (a a 4 o o
21225 lHdulagaades Ysuas s Tulnsdas medwiamsmau
¢ & da o v 4
adosnaruanonuin 1y Jannueuazanuninaveslungn
Lﬂy o Lﬂy A 4
gnirre tazAnnuiunly (1119 x 817)
d" A a o ! ' o Y
21226  wiiunluess Tessimsquluegugnmandiuiu 10 o udd

9 9 A Y] dy ~ o 9
JalaelHnToa anuN 11U (leaf area meter) AUINFUMTITUNT

. D 2 dq de J da A
regression 529NN Ty Tauaz unlues

9 Y
% 1

[T 4 I o S A A
21227  Ususwuadesnavivaas luduswuaesaenunly 25
A3, WY 9INTAT

0 21 & A o s & A
FﬂWu'Juﬁﬂ@iﬁ@WH‘ﬂﬁlU 25917 %Y. = (%']u?uﬁﬂ’f]i X Wucﬂﬁlfﬂ 2593 .GlﬂJ.)

A A A
TR TNSTRER
A o v v v A
21228 szmuszauanudiumu lagms Ivazuuuaall
s A A = 9
0=0-5 adosaoNunly 25 a3. ¥y, HUIWAIATUNIUNN

P = 9
1=>5-10 ﬁﬂﬂﬁ@]ﬂwuﬂiﬂ 25 9. BY. HUIWWIATUNIU

Y
=3

P A =< 9
2=>10-15 ﬁ"ﬂﬂﬁ@]ﬂwu‘ﬂi‘u 25 917, WU. 1’71113]3\1@]11!7]11!1J11!ﬂﬂ1\1

Y

Jd 1 A =2
3=>15-25 dio3 anunly 25 A5, . vueneeuteiunals

D.

Y

s A A 2
4=>25-40 g3 anunly 25 Q7. FU. HU1IDI0DULLD

ke
D.

5=>40 alosaoiiuily 25 a3, %u. vutedBoULENIN
a 4 v o v o
2.1.3 M5uATIEHaNTsauzmssamaana 11 (gea) HazaussouzmssmAITUNIE (sca)
2131 USudeyamsisziiivszauanudumulsannde 212 Taeldaums

X' =x+1)"
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a J v o v o
2.132 'JLﬂﬁWg‘ﬁﬁiJﬁiﬂugﬂWii'JllﬁTﬂ'Julfﬂ (gca) HAZANTTOULNITIINAIVUNIL

(sca) Tﬂa“l%'uwumsmaw,mudmauum‘f (completely randomized design,

CRD):
Xy = mtAte
& o ~ o I A A
53} Xij = AMAAUNANNIAUNUAN 1, BN j LD ) = 1,...r
m = grand mean
a a d‘ =l < . d‘ .
Ai(j) = INTWAUDININNTAUNUAN 1 D 1=1,...t
e. = error

a a 1 @ = S
ansnaveumasileve ﬁ11ﬂ§ﬂlﬂ]ﬂulﬂui‘ﬂmai

A; = A+tBtAvsB
A a A A v d 1
o A = DNTWAUBININWUTWOLLY
a a 4 o ¢
B = @ﬂ‘ﬁWﬁLﬁ@\‘]‘mﬂﬁWﬂWHﬁ‘@'ﬂWﬁN
a a 4 [V 4
AvsB = 'fJ°Vl‘ﬁWﬁlﬁ@\‘]‘mﬂlﬁﬂmf)jié]:fﬁell@\iﬁ'lﬂwuﬁ.gﬂWﬁll

a J v '
'JLﬂﬁWg‘ﬁﬁﬂJﬁiﬂu%ﬂWiﬁ'ﬁJﬁTﬂ'Julﬂsllﬂﬂﬂgu@lﬂWﬁll:

;, = G+G+S,
A 9 ' v ¢ 1A . v d1 A .
do B, = WAVOIMIHANVINITHINWUTLAN j uaziugHon i
1 { 1 Y] g { 4
G = AINAGVOIQINANTEHINWUTWON i loi=1,2,..,mm=3
1 { 1 Y] 4 1A 4
G = ANUNAYUDIQNHANTEHINWUGUUN jillD j=1,2,..., £ f=3
v A Ly o A .
S, = sca VOUNUTWON i NUIUFLIN ]

1 Y
A111501ANR BN UIUAT gea IANaRTT

G, = X.- X.

1

G =X,- X.

J

4
HAZEINITOAIUIUNIAT sca AdH

S, = X,-X -X+X.

y

a @ o Y A ~ [ A
ﬂ”liﬂixmiﬁgﬂ‘]_lﬂ?”mﬁ1ﬂﬂﬁlﬂﬂ gca llae sca Tlseumeunuanunaianaou

2
v A

VDIAUNAY A1

12
]

S. = [MSEX(1/2(1/n))
A Y a S A s 3 o by
9 MSE llﬂﬁ]1ﬂﬂ1§3lﬂ§”l$‘ﬁ'ﬂﬁf]ugﬁ e n 1 UNUING
a 4 4 v @ Y
NNNANITUATIEH Expected mean squares ﬁnﬂiﬂllﬁﬂﬂ'ﬂﬁElu%ﬂWﬁﬁ'JﬂJ@l'Jﬂ\‘lﬁ
2 2
O- m = O- gca (male)

o, =0

f

2
=1/40°,

2
=1/40°,

gea (female)



18

o' =0 =140,

mf sca

e O°, = 2(0°+0)

A

2
LA INTIZYMOATTRUENTTURE AL MUTUMITANT
Heritability (%) = [O°, A O°, + O, + 0" )] x 100

Y
Aad v A

o v Jd
22 mMssuilgaiugequlagisauna
o ' 4 3’ .
22.1 dudreduareiugdruniulsnsnigie uazsuilanin Grapevine germplasm
a o o a d
YH1INe188 Comell Uszmsansgomsnt 1asA11u01IAT1Z1 910 Prof. Dr. Bruce

Reisch

I A

0 o o AN Yy Y ' v W a2
222 MIMIAAass (screen)  @eiugnldlude 221 saufvwufniiguaindas
5905908 & w1 Inedema Tuladgsuis elszduszauanudiumulsn

13 1 [ dy Aa 1
uazmmmmwzmmﬂwum%aiﬁﬂmagiuﬂazmﬁ"l‘na

J

@ [ -4 { o % @ 1
223 ﬂﬂlﬁ@ﬂWHﬁ&WHﬂWHIiﬂﬁLWN'lgﬁN l!a$ﬂ1ﬂ13WﬁNﬂﬂwuﬁﬂmﬂ1wa LINBDULLD

£

aolsn laun ﬁuﬁ:’ Carolina Black Rose, Black Queen, Italia t01& Early Muscat

o <3 { a wvAa
224 duuaagnranildnilgn waznaaeunnudrumulsaludesdjians
v A Y Aa 4 o
Aaonmmnzauniianudumuluszauga
22.5 haveeanndugnrauinadon 13 lUaaideuuuduae FuasyauTalaa uaz

Y A A v
Gﬂl!‘l’ﬂlﬂﬁﬂ ﬁi@@l@uﬂ\‘]ﬂugﬂﬂﬁﬂ

awv dycg‘ 1 A S 9 9 ~ & Aav dyc,‘
HUGLV R Iﬂi\‘lﬂ15'Ji]fJ‘L!L']JUIﬂi\‘]ﬂ”Ii@]@LUi’NVW]@Q1‘]5&’3@11!11!1461181] N R R EE AT IS UAY]

d

A Y [ o a @ = a & 9 a g a2 a
ATUANVINTUT VYT INUTOIU B 111(?1’3‘1/]8161&1/]?’111!1@8@51!15 c}fq“lmwﬂuﬂmummm

[ [ V-4 de a @ av dy z:y A A 9
seauTuana wag MsdSuljeiug Iaedsauan nasnuiIdessezilaudu ingeanuen lavy
dualsz Tendedraundensyfuigaiug lusvezde lil TavsssrvandSuaganauiides

v A 1 o Y [ Y ' <3| A Ay 9y
Aaraon Tuugazseuas M ldlszrdanldneluszezen Tasmmezoguiluinrergerinaoals

v
= 1

Y [T dy ~ 9 A 9 Y]
NWUN tlﬁxﬂﬂ“ﬁm&iuﬂﬁﬂgﬂﬂllﬁiﬂ‘]&ﬂij\i HaNIINU RGAs ﬂjﬂﬁu‘lﬂ’tﬂmﬂﬁlﬁﬂlﬂ\iﬂﬂﬂﬁ

ke

4 1 $ o [V 4 1 4
éﬁ“i’”“jﬁﬂﬁu S AFU TUAY <1 ?"911'38 G?\‘]ﬁ'lu'liﬂﬁﬂy'lﬂ'ﬂwﬁuwu‘ﬁ l!agwwu1lﬂ§@\1ﬁu18

Tuana 18 T iReanu niowa luwieu q fu



UNN 3

a Jdy a v d'
Nﬁﬂ]i?!ﬂi]%ﬂ%ﬂgﬂ!!ﬁ%@ﬂﬂﬁ]ﬂﬂﬂ aIun 1

mMslnauBuAdEEUMUNY (resistance gene analogs; RGAs) Tuodu azmsiain

1n30IHINEINANAIN RGAS

mM3lnau RGAs
1% 1M31105 P-loop/GLPLAL-1 11a¢ P-loop/Rev-loop tiiui3inadidueineduiugih
V. cinerea B9 FuiludTulndidumulsasnide Idveuddueainilfnser PCr (PCR
products) YHIA 500 bp 1AL 850 bp MUATY (MNA 1) 111 PCR products MADTUNANDS pGEM-
v A A a3 A Y
T Easy fAadenlaauiiineudduevinamuzay (0w 2) 18 100 Taau @8 Tnauainlns-

1495 P-loop/GLPLAL-1 taz 52 1naua1n P-loop/Rev-loop) ¥nmdduiiinalelng wun'ld

[

diuihandTo Indiauysaliazdanuan 78 Tnau (71 48 Taau 91015107 P-loop/GLPAL-
1 waz 30 Iaaunnlnswes P-loop/Rev-loop) ﬁﬂﬂauﬁmmm%ﬂﬂfju Tagl¥szanunnu
MileU(similarity) ¥IANINNTBINAY 90% 1unaal wudTnauainInsmes P-loop/GLPAL-1
wadungud 8 ngu Tuvazi Tnauain Insmes P-loop/Rev-loop utiuilungu'ld 4 ngu

drduinalelnaves RGAs Ninauldninlnsiues P-loop/GLPLAL-1 fimseysny

J

A [ A . ldyd = a A 1 J
IMUDUNU (conserved) g9 NBS  domain vlfWiLll@iﬂu%ﬂllﬂigﬁﬂ‘ﬁﬂWWilﬂﬂ'ﬂulWﬁ&ll’fJﬁ P-

U

loop/Rev-loop #4iuTa1mm 1z Insmes P-loop/GLPLAL-1 i11{ulun1s Inau RGAs 1nedu

J

1 v
QNWAN V. hybrid NY 88.0507.01 N 1unuae 1sasnAazaun uazou V. vinifera WS,

E]

Black Queen NoouULeAD 157

A D] % A a a g ' v
Lllf]alslfhl‘WiliJﬂﬁ P-loop/GLPLAL-1 LWNﬂiNWﬂlﬂl@uLfJGU’E'JQ@\ZHQﬂWﬁN@HH‘WWUIiﬂiW-

Y

Wdauaz ey v, hybrid NY88.0507.01 Gﬁﬁl‘ﬂu@.ﬂWﬁN NY 66.0795.01 X MI#2 ﬁﬁaéuﬁuﬁ:ﬂw V.
rupestris, V. cinerea, V. labrusca, V. viparia waz/vse V. lincecumii ¥ansudumulsalulszia

[ 4 . v d J 1 <
WUT, (pedigree) 1AZWUTDOULD V. vinifera Black Queen Wi ldvioudidumymailszunas 500

£

9y o w

[] = [ 1 Yo Aa a s 4 4 @
bp BURYINY ("lmmmmmga) "l,ﬂmmuiﬂau RGAs nyan umﬂaiallmanusmuamﬂmu

N3@u1 91 Ipau (310 NY 88.0507.01 91191 42 1aau 11aza1n Black Queen 31U 49 Inau)
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A N-terminus

P-loop Kinase-2
500-540 bp

A

850 bp

A

v

1650 bp

850 bp
500 bp

100 bp

q’ 9 A9 a a Ay v
MW 1 RGAs (A) Tuaa laseard19uesdudunusiia NBS-LRR; (B) ¥U1aUeL0uad e 1a
A a < 1 J
VM INNUSINUARUYDIO§U V. cinerea B9 @20 1051103 P-loop/GLPLAL-1
] (] A =\ A 9 A a aad 9 4
@198190 1 tag 3) Huua 500 bp wazilavinmanulsuafowedlelnswes
@ 1 { [ 1<
P-loop/Rev-loop (/298197 2 1Az 4) HUw1a 850 bp ¥oaH18 AOUENIATIIU (1 kb

ladder)
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1 2 3 4 5 6 7 8 9 10 11 12

A

3000 bp —»

500 bo —»

B
3000 bp—»

1000 bp—»

4' A AAA ac v Y 4 ~ (] 9
MAUN 2 ﬂmaaﬂTﬂTaumJmuwmmumamemﬂmﬁmmmau”lclm EcoRI VU HY HOIHKY
a s 4 4 a g

AL UIBDNIATITU (1 kb ladder); (A) hl‘l/\l’illl’ii]’i P-loop/GLPLAL-1 llmmumamemum

500 bp; (B) 1M31183 P-loop/Rev-loop 1ALaVAIBUIBUMIA 850 bp sAIUYABI 5 11a% 6

do w
MIIANTHSINUavelnau RGAs
a 4 1 0o w A 4 1 [
M5AATIZH BLASTn WuNdwuiiang 1o lndves 8 910 12 nquauesegu V. cinerea B9
3 A g . = Y =K o A o v A = s
@a¥o1iu rgvein) Tnund1endeny RGAs 14 GenBank (a1519% 3) d1autiongd lelnan
Y 2R o us/‘ 1 dy Y A a aag U J
AA1BADINY RGAs 19 8 nguil laninmsiinlSunadiouealelnsmes P-loop/GLPLAL-1
1 1 4 [} A Y]
dauTnau RGAs 4 nquanluswes P-loop/Rev-loop limilounuTnaulalu GenBank Tag
A
- v o w A L .
WU 8 Tnaundrenudrduiiona leInd 1u1as 1wy (genomic sequence) U84 V. vinifera
139 RGAs mﬂag'u V. amurensis, V. aestivalis (Di Gaspero and Cipriani, 2003; Jaillon et al.,
2007) Taelia1 E-value 1ndiAeq 0
o @ a 4 1 o w a 1
TushueuRedi M3ATIZH BLASTX WUNEIAUNTA0LN THY03 10 910 12 NQUUY
1 =\ 9 KX o =} A A A 1 3 =
U V. cinerea B9 UnMunadioaainulisau NBS-LRR w30 Tdsaunamanaziullsau
v : . . 4. 2. o -
ATUNIU (resistant protein candidates)1U GenBank (915199 3) 919Uzl Iuveslnau
[ T 9 [ = 9 ' 9 ' . . .
RGAs muimumawﬂ‘iﬂﬂmumumumﬂegu V. spp. 1@un 7. amurensis, V. aestivalis Qg V.
vinifera (3199 1)
4 o v A J ] ! g
WenlSeuiieudraviiangloInavinequ 7. cinerea B9 N'14910 Ins1ue3 P-loop/

GLPLAL-1 uazi'lda1nlnsmes  P-loop/Rev-loop Wu31d19uiiana lo Indn ldvinlnswes
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P-loop/Rev-loop 1tlefifuannumilouiy RGAs Ansiudrdunalu GenBank 61 Yoya
marinaaaliiiuit lnswes P-loop/GLPLAL-1 Hiiszd@nFamlunis Tnau RGAs 9nedugani
Inses P-loop/Rev-loop

Y ]
ﬂ”IW]S3%W1ﬂ31uﬂé}1ﬂﬂgﬂﬂlﬂﬂéTﬁﬂ‘L!’Jf"laI’E)ll‘ﬂﬁellﬂﬂ RGAs 911 NY88.0507.01 (ﬁ\i‘fi@

v

& o A g .
111 rgVhybNY507) 42 Inau tiaz RGAs 910 Black Queen (A4%0111U rgVvinBQ) 49 Tnauny

o w

a = o & 1 ) 14 ! a
tnd e Indnvanueglugiudeya GenBank a18l1sunsy BLASTn W1 84 Taauiidiau
iind o Indadrendsgenudiuiiond TeTnalulns TnTeuvese{uaszna Vids 150 RGAs/ Bu
1 J I J
P-loop NTPase DNONU V. amurensis, V. aestivalis, V. rupestris WQg V. riparia (Lﬂaiwummm
mMilou 81-99%) (Di Gaspero and Cipriani, 2002, 2003; Jaillon et al., 2007; Mahanil et al., 2007)
(N S oA ' o ) a
Tagmsnaaeatl ¥ vmiudl gnaassauisa lnansunmaiezivuanmsainalisau RGAs

Y 09; 1 o Jy AY ] 4 Ay 1 o da J
lanniseguiugihidiumulsn sguiuggnrauiduniulse uazeJuiugnoounoaslsn

@ = L4

' E 7 " A ~ A &
Iﬂﬂ@ﬂugﬂﬂﬁﬂ NY88.0507.01 U LﬂuwuﬁﬂmmmElumumuﬂ‘ﬁmﬂﬁmﬂ Lummmﬂu

1 [

Ao 1 ISR =
QﬂWﬁNﬂM@QuWHﬁﬂWﬁmﬂﬁﬂ“ﬁﬁ VW V. rupestris, V. cinerea, V. labrusca, V. riparia lQs130 V.

q E]

< ] A va o o [~ 1 v o . '
lincecumii 1fuwounwugluilsziawus @nmsdiasuiunisaiudany B Reisch) du

=

= (P2 Y = a = &% dy A o =)
Trau RGAs 90 7 Tnau'lifianuadiendavesiinna 1o Inanudule o wensniiieinsduy
9 9 = o o a dl @ =1 d' Y A [ = d'
Aurinuadienaeesdinunsaozi Tudsnoasiaandud Inau ldieunuTdsAungn
uiin IAlugudoyaves GenBank Tasld11/5unsu BLASTx wag BLASTp A& 9wy Wy i
° { - o
Taaudnu 84 Taau NUanuadieaal una1adawn (esiFuannumiou 46-100%) i
: ' & @ y
T1/5@1 NBS-LRR TdsaunmadneziuTysaudruniu wiowou luid P-loop NTPase Honani
[ 1 U dyd 9 2K o = Y A a a o Qy
ganunIaawmartiuanuaarsaasnu ldsauaumulunsvainvaiesia 10wy uelila
[ Y Q" . . !
(Malus) Va1 (Rosa) MUALIU (Hellianthus) lliJﬁQﬂ‘ﬁElN (Populus) 97 chickpea (Cicer) 813

(Ricinus) 182 1018 (Theobroma) (oSS UAANUINIOU 45-57%)

]
@ a

csy A o a ) = o o ~ A
uaﬂmﬂumammsamiwwawmﬂmazuTumaamwamﬂﬂaummu 7 Tﬂﬂu‘ﬂll

KX o

= P (= 9 = ~ ] 9 1 - 4
2ad Te Indds lutianuadendsiudula q Neglugiudeya wudi 33-64 ulesisuaves

v A

YT
o w a VA A A Y a A ' 3 ~ '
adunsaezil Tuvedlnawmaill Nanumleuny Tsaunaiaineziilu NBS-LRR fiu11ne{u
4 J
V. vinifera naglUsauduniunnuethila nuaiw Tanavers Inld uagivaszganiads
2 v Yy ¥ Aqvd 1o a4 v
(Arachis) ¥ VoAt 19AY F1HIHUI 919 91 U Taan @910 NY88.0507.01 ag Black Queen

] I
11921314 RGAs

aA

A o @ 1 o v A = P Y @ o v A = J
dominsdanguuesdiaviiani lo naf Inauld Tasdalnaunidduiinglo'lng

A @ 1 A 1w I3 R 1A @ ' 1 o v A = Jdo
milounumnNImIemny 90 ulesidudsglunquineaiu nuwsdrauiing Ie Inasuau

c?/‘ 0o @ A = 4 9 1 1 1 9 a 09)1 1 = o o
W91 drautianalelng 1diiu 14 nqu Tesudaznquilsznoudlodundnasua 1 99 38 810U
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A = 4 ~ 1 A A 1 1 = v A 4 =< o w
indlelng (519N 3)  wazwu auFniegnelunquideriulinnuadiondsvesdiay
a g ' J 3 4 A 1 1 Y Aa o
nsaezd Tuaaua 61-100 ilosisua Tasnawngulugiszneudroausniuau 13,27 uag 38
Y
TAauvIN9e NY88.0507.01 ag Black Queen 1tazdn 11 nquilsznoudlodnFniiuiu 1-2
A
Taau (7 nqu1du191n NY88.0507.01 1az 4 ngu'1éu191n Black Queen) 11N uddaidnn Inau

2 & o 1 T A qu Ay ) 2 o = ~ o
WLNTﬂﬂutﬂu@nuﬂum@ﬂlma%ﬂQNLW@i%‘IUﬂTi9]53’1]?(1Jﬂ1!ﬁ1ﬂ']1%ﬂa”Iflﬂaﬂﬂulﬂifllllﬂﬂllﬂﬂ

v A

= A A Aov & 1 9 1 A A 3 A o =
auwsaTﬂmummﬂuagiugmmayjamm GenBankLLﬁ%W‘]_I’Jﬂﬂauma@ﬂlﬂuu yaauuIna-

a

(3 1 (= 9 2R o A v Ao w = S A 9 =2
Tallmmum ulmJﬂ’J”liJﬂﬂ”lflﬂaﬂmeJu‘lﬂ 9 ]'I,‘]Ji]uﬂix‘ﬂﬂ 3Jawmmﬂaia"lmmnmwmmaﬂm

=\

3241919 81-99 % MuguvuIas luTeuvesequluaszna viis wsedunimuamsasellsaud

1 I = 9 A 4 =i a do w
a1t uTysAud1uniu wse toulysl P-loop NTPase (115199 3) HaN1AATIEHAIAL
nsaezdl luveaInauaununu a1 Iaau rgVhybNYS07 29, 80, 101 u@ag rgVvinBQ 46 i

v o J ya =\ IS I 4 Y = a 1 o A A 1
ANUFUARUS InaTa (HesiFuanuAfeAfIreInTAozl TuuINNI 90%) AU ldsaunaiai
I 4 5 ]
1ilu NBS-LRR  Tos@udruniu ioou lani P-loop NTPase @qldainegu V. vinfera, V.
riparia, V. aestavalis Wa V. amurensis Magiadunsaovd 15z 49-57% Nadenaeny
{ ] I
TosaunaainezduTysauduniuan Malus pruniforalia, Populus trichocarpa uag
Helianthus annuus 1UN19A5I0UTN WU d1dunsaezi Tuveslnau rgVhybNYS07 13, 15, 27
. c?/‘ =\ 9 8L Ay A = =} v o W a
1ag rgVvinBQ_53, 102 uag 106 HulanuaaiendeantesmnnileonSeumeunusiaunsaozi-

TuweaTysau NBS-LRR  TisAunaiadnezilulydsaudiuniu vise ou'lysd p-loop NTPase

[V

] A & &Y J a
mﬂaguﬁlung}a Vitis aUFda19 dl G])’\‘]ﬂﬂﬂ;]ﬂﬁmﬂ\iﬂﬁn 91992NANNMINANNUT I UHAY

£

'
A %

o ] o v A = P 9 1 1 <3 (= o
furisvesdrauiingle lnan Ilnauld uaed1elsnaiu wul RGA v lnauniidrauves
a A~ Y =2 o = 9 A A a A o v '
asaezii lunlianuadiendsiunareny TUsaudumuiunnissiadu o dled1995u
Tnau rgVhybNY507 27  #ald1eunsaeii IUNAA0ARNY drachis  hypogaea UaE M.
I 4
prunifolia Yszaunat 48-50 1losisua

Y Y Y Y
uannd lumsanuiasadl laauny Iaauluwidiuau 3 Taau aail Uszmsusn Taau

1
@

raVhybNY507 22 1182 rgeVhybNY507 23 Gaiideuiinnd o lng lumideusvusulalugiudoua
gVhy _ gVhy B 3 Y

[

1A o W a A 9 = A A 1 I
V04 GenBank uala1auvInsA0zd Iudlanuaatenany ldsaunniaiteziily NBS-LRR
' <3 Y o -
VOO U V. vinifera LLQE V. amurensis Uszana 47-61 Wesitud uenanil fanunsriunsaee-
a (= Y <KX o = Y a £
Hluveslnau rgVhybNY507 22 gelinnuameaaenu lUsauAIunILYia NBS-LRR $I11910

ANNAVVDINVATL 46 % Dndae Uszmsiiaes Tnau rgVhybNY507_90 Faiidwuiiaag To'lna

o w a

A A v A 1 1 v A d' Y Y
moumilounudululas TuTouvesogu V. vinifera uanauilidivuniaogii lufineasnid laan

=

[ U o J [ ]
TnauasnanndieaaenuTdsaunaiadezduTdsdu NBS-LRR 91004U V. vinifera 1521101

9 H

v Y
51-55 Wesiudmniy wennnildwunsaezi Tunasasa ldveslnau rgVhybNY507 90
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v A Y =R o =\ 9 a ~
ammnmm&lﬂmﬂuiﬂmumumu%uﬂ NBS-LRR  NU1910 Cicer arietinum MaE Ricinus

S I = 9
communis 45-47 119315 UADNAY

d d
11531A512% NBS-LRR domain 118z M3 3AIIZH phylogenetic Y93 RGAs wazlsAudumu
4 1o
FINTIVUUTA
= 1 dg‘ = 9 ] Aa o @ 4 J =l 9 =
NERoUaUDINDIFD 13A TAsnT 1130 Ao UM UL AN UTIZHINTUM UM UVOIN
Y
AUTU avr vouie I3 (Van der Biezen and Jones, 1998; Dangl and Jones, 2001; Luderer and
Y
Joosten, 2001) I@&N1I1 LRR 4ag TIR/non-TIR domains Hunumlumssnsuielsauazea
Y Y
Ay A9uAINEUNIZ52 1319 LRR domain 1482 avr product Y03t¥e I5awiialui o Vel
o v 9 A B 9 J @
ANUEIAYADNITAIUNIUVOINY (Zhou et al,, 2004) na lndslaun mIuaniinuee g TuTawy
mM3i5ead lndveslns Tuley msmuiiudunazidduiionale Indwasuly  unequal
crossing over, gene conversion Uag diversifying selection Mlinannunanraiely LRR uag
[l Y
TIR/non-TIR domains %4nelHnanNusmIzaeyeytialuila (Michelmore and Meyers,
. . I 1
1998; Ellis et al., 2000; Richter and Ronald, 2000; Young, 2000) TaJ5Au NBS-LRR Lﬂuﬂqmm
{ 1A ] % I { Y o 1
TdsAudumunlvgnga wonTdsdudiumugadunitnedisdos 40 Tdsauviniie
a o d . .
warnnateyiadaili 11581 NBS-LRR (Qu et al, 2006) LRR domain 15¢A9UA1Y leucine
A Ay oy ~ o oy Y a . =
waznsaezd Iui hiveuhiSesdadsnuilseuna 25-38 nsaozdiTu (Dixon et al, 1998) Tuny
LRR domain fmifuaziiunumdrnnlumsdsdnananisduniu (Parker et al, 1997;
Aarts et al., 1998; Falk et al., 1999) Iag LRR domain ¥ANHAINHAIILALHAMUIUNIEAD avr
1 g [ 4 ' . . . .
product VBLAALIYE LAz UTONA1952 1IN N-terminal signaling domain (TIR La%/H3© non-
@ o Y a 1 o Y ~ 9y A
TIR) A1 avr product 1 1¥namsdedyanalnszqumsiaaioonuo@udumudu 9 (Yu et
al., 1996; Koop and Modzihitov, 1999; Feys and Parker, 2000)
T 1 [
N-terminal domain t11i01tlu 2 nguing) AvlUsAu TIR wag non-TIR TagTisAu TIR
A & ' a A o = an 1 o . .
wounlunslu@esquazineniesnuTdsanuluidnisdadyaI (signal  transduction
pathways) (Meyers et al., 1999; Goff et al., 2002) 1 Arabidopsis WU 63 % V01 1U5AU NBS-
3 1 (] 5
LRR {uTsAungu TIR - @1 T15AU non-TIR-NBS-LRR 1J52nouf28 CC motif & lunasm
o v ' ' ' A Y A . =
$wudesniingy TIR uaz lunuluiylufeudsd (Meyers et al., 2003) 1a8 CC motif i
v lumsaedyaaalonie (downstream signaling; Lupas, 1996; Century et al., 1997;
Parker et al., 1997) 11J5A% non-TIR-NBS-LRR #:a2 TIR-NBS-LRR uana19nulunisaoudues

Aol ung 15 Ao TIR ADUAUDINIU eds-1 dependent pathway Tuunizfi 1158 non-TIR
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4
a [l 1 < ' .
VNYUAADUTUOIHIY ard-] pathway (Aarts et al., 1998) Foyarartinaasliifiug1 amino-
terminal TIR #30 CC motifs Hunumluidmsdedyanauanaiei 2 79

v A . o w a o = =
N139ALT 8 (alignment) amumﬂazuiumaﬂﬂau RGA LN 22 Tﬂau WSeuney

4

v o w a 1 A . a9 AN Yo a
memJﬂmazﬂumwwmumﬂu NBS domain GIJi’NIﬂ39]1!@]11!1/]11!1/]1@5‘”ﬂ”li@]i'Jﬁ]ijIﬁ]u

a9

I~ 1 1 o o w a 1 o
Huodraaudr wunTsauvedlnau RGA dumu dsznaudlrediduninosi lunidnyus

o—

o

o1y uuSa i P-loop, RNBS-A, Kinase-2, RNBS-B, RNBS-C 11a¢ GLPL motifs il
SnvazituenvealUsiu RGAs S1funsaesi Tufiudasifeniugnssuninlnau RGAs Wa 8
ﬂfjw'f;qlls%’mﬂﬂmﬁuﬂ?m1m?n§mamm V. cinerea 33811313195 P-loop/GLPLAL-1 3 P-loop and
GLPL motifs nﬂiﬂau uaﬂmﬂfié'hwu RNBS-A, kinase-2, RNBS-B and RNBS-C motifs ﬂi”lﬂ;]
TuTnau RGAs Havuadae (Mwdl 3) uazidieminsAnmddunsaosiTulud iy motifs
194 RGAs 11 NY88.0507.01 182 Black Queen W1 1 Tnaus iy 59 Inaufidésunsaosin-
TuluwSmiifu P-loop uag GLPL motifs fiewSniimileufuuin 33 Tnaumninedugnran
FrumuTsn NYS8.0507.01 uaz 26 Tnauunineduiuseenne Black Queen) dauInaufimae
$1un 32 Tnau SddunsaezdTuluuSne Ploop taz/mMie GLPL motifs Hulunlaon 'l

@

(Tag 9 Tnaumanedugnnauduniulsa NY88.0507.01 tuaz 23 Tnauuanoduiuteouus
Black Queen) 1§11 32 Taauiiil 23 Tnauniidwunsaezd Tu 1uu5iia P-loop motif 111
d! o w a c:/ A d’ A a
GGGEDD (4819 1un3aozii TuTagn1'1dved P-loop Ao GXXXXGKS/T Tagh X Aensaoviilu
1o 9) 910M3TUAY WU GGGEDD motif #luTlisAuvesegu V. vinifera wag Tsaunadiony

a

cadherin tou Iyl luasznaiitndoa/Meanune (nuclease/phosphatase) 13011501 laa

U

' '
a Aada A

(protein kinase) ﬁ"lﬁ'mmﬂmwmau 9

nsaeziTulu conserved motif Y99 NBS domain @11150911116 105903197 N-terminal
domain 14 Meyers et al. (2003) 518991U4NTALH 11 trytophan (W) N30 aspartic acid (D) Tu
kinase-2 motif HANNFNWUTE 19 IAAUYTHAY1T15A1 U N-terminal domain (Meyers et al.,
1999) Tagemisasmundinunsaoziiluly kinase2 motif iflu TIR %30 non-TIR 1dgndes
90% N15UN5AD2 11 tryptophan 11 kinase-2 motif 1939 HuTasAn non-TIR ~ §20613191
RPS2, RPSS, 12 uaz Xal lunwaseiudiw Le uaz M 9nthu wag N 91ne1gu Falinsa
aspartic 11 kinase-2 motifs 151 T5Auwiia TIR (1 3) §1dunIAR i THYRA kinase-2 motifs
WUN Vitis RGAs “lumsmamf:gﬂu TIR 18 non-TIR ﬁﬂf:} rgVeinl25, rgVeinl52,
rgVhybNY507 29, rgVhybNY507 90, rgVhybNY507 101, rgVhybNY507 13, reVvinBQ 47
1ag rgVvinBQ_53 1908 1unqu non-TIR 1%UAINY RPS2 1Ay RPSS Tuuazd reveinl09,

rgVceinl39, rgVceinl 65, rgVhybNY507 23, rgVhybNY507 15, rgVhybNY507 80, rgVvinBQ 102
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. @ 1 1 ] o { 1 3 [l
118 rgVvinBQ 46 1anglungu TIR 1uiAenu RPS4, L6 uaz N (mwi 3) og13lsnam Tu
TIWTDIA rgVeinl 11, rgVeinl23, rgVeinl27, rgVhybNY507 22, rgVhybNY507 27  uay
3 U a v o W
rgVhybBQ 106 1iungu TIR %30 non-TIR 14 541%11531A51¢ 1 phylogenetic Tnvo1fod1A
ninozi lulumssangu wamsanuwaas i luami 4 Taewudn TsAunldlumsAnyus
I 1 ] 1 { % Y { ]
ponilu 2 nqulvg) Ae nguinils Usznoudie TusAudumunlnausneguluasena viis
o o 1 [ 1] ~ £ T 1 g a 9 1 =~
$1uau 13 Taau dangusaunulysAu NBS-LRR densiuuddainiustia TIR laun Tisau
= U = VoA Y
RPS4 910 Arabidopsis 13au Le 310 uazlilséu N mne1gqu nquitaed dszneualy
Tlsaudumui Taaunneguitnaodn 9 Tnau angusaunuTlsdu RPS2 uag RPS5 910
{ Ty 1 a
Arabidopsis Ang1uuvFaInduTysAudiumu NBS-LRR ¥ non-TIR  rgVhybNYS07 27,
] Y
rgVvinBQ 106, rgVeinl11, rgVein123 1ag rgVeinl27 &9 hignnsosangulanounthilldsy
[ 1 1 o { J a 1 o
msdaldeglunyusvesununmsuiuTUsauinduriia TIR @21 rgVhybNY507 22 1a5unis
Y] 9 1 1 A A g a [ 09; a o 1 dy Y I 1
valneglunquuedlisaundlusiia non-TIR A91iu MINAIILHAINA1IF VU Tnau RGA
o @ 1 ] I = 9y a o w
aaumuaina1n ez uldsaudmuniuria TIR 1ag non-TIR MUAIAY
d‘ o = = o w a 1 =) % d’d 1 =)
weinsfTeumeudiduvesniaeziTuseran ldsaudnunany wunllsau
Y94 IAAUAIMNY rgVeinl65 Tardunsaosi Iuadiendedu Inaudiinu reVvinBQ 46 110
A = I3 J Y = ' A Aa Y =K o o w
Nga TagilnlesiguannuaaIsnas 89% tazgued lsauninuna1sna N UUBIaIADNTADE -
HTudiige 1AungUes rgVhybNY507 22 1Az rgVvinBQ 53 1azf¥od rgVhybNY507 22 1y
. = I 3 4 Y =K o ~ A o = = o w
rgVvinBQ 106 Tasiiaesisuannuaaionasnuied 5% weiimalieuneuaiauues
a 1 = @ [ = 9 d' [ 9 1
niaezd luszrninldsauaesdlaau RGA @umunu Tdsaudmumunniuudsa wouun
Tnaulinnuadrendevesnsaezi luduTdsaudumunnsivuugaluszduhunais Tag
1 o W a = = Y 2K o o w a
wuNMaaunsaezil Tuvedldsauninlaan RGA wate Inauinnuaaignasnuanunsaogil-
Tuaed L6 1ag N I1%U 81aUNIA0LH U0 rgVvinBQ 46, rgVhybNY507 80, rgVcinl09,
rgVein139 Lag rgVein165 HANUARIOATINUVDY L6 1oz N Uszann 41-43%, 37-48%, 37-47%,
39-46% 1Az 45-40% AWa1Ry TuuaziAeInu WU rgVeinl27 Jd1aunsaesd Tumilouny
Y
N sz 43% wonnnUnuNauniaezl Iuued Inau rgVhybNYS507 29, rgVvinBQ 47 11ag
rgVein125 HANAR 18RRI 19 UNTADYE TUYee RPSS Useanal 47-48% uay rgVeinl2s &4i]
ANuAdIEAAINY RPS2 sz 41% aae (linaasdoya)
v = [y d' Y J [y o1 1
MINDMINTZEA09 11581 RGA Aaumui Tnau lanineguiiugih ejugnuauae

v Y o da 1 o 09/’ d" Y 3 ' = J dy
WUFAIUMU I5a uazwu‘qwaauu@ﬂeiiﬂmmlmumw phylogram ¥lmiun Tdsaumanil

E)

=S

I A A 9 @ A I 1 o Ao 9 a A
9199z uTlsAuNAd 18U (paralogues) HI00199zlUgURIdaRaNiIMUANITaI 19 TsAuN

o Y o YL a @ = v Y = 1 dy ]
“VlNﬂlhlﬂ/ﬂNTL!UhJulﬂ%x‘llﬂﬂiﬂﬂﬂ’ﬂuWullﬂiﬂlﬂﬂﬁlu Tuneasanudiwy IﬂﬁﬂulﬁﬁWH@ﬁ]l’lN
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$ 1 I~] oy [ 1 I 1
nerveanse L lduTUsdudruniulsasnihdanazaunvuaediala nsserudu 'l 1dn
= 1 dy 1A 9 [ 9 1 A 9 @ o 9 aAA a

v Tdsaulunguil bineadesdunsdumiulsn uaervszineadosiunisimihinou e

] A 9 @ 1T s . . o A J Y
VU LﬂmmmmJﬂa”lﬂmsmaaumunmmaiumaa (signal transduction) aesnna 11 1ag Meyers et

[ qg.: = dyq/ [ @ ~ Y I 1 A Ao 9
al. (2003) ANUU mmﬂmuumnﬂuwaﬂgmmmmiwmmw ﬂ”ISTﬂauEJuTIﬂ”Iﬁuﬂﬂ”liﬁiN

Y 0

3 o 9/3 1 4'91 A 1 1 1 (] S o I =
RGAs tHuaunsai ldnaluejuindumuniesoutedelsn uaedialsng sulludesiinsdine
[ [ Y [
aolllueuina Tasyuth ldAinisiesdanuin1ailu1dse Tesilunsiag Tnaududu

musstialwid q mysmuadwmvis@udumuuuusun sou'lldamsianuniesmuie Tuana

A o ' o A o JY A A v ¥ A~ P o A
LWﬂu1l1ﬂQﬂ1§ﬂﬂlaﬂﬂWUﬁ‘ﬂ'Jﬂmif’Nﬁiﬂﬂilﬂﬂf}ﬂ LWﬂ‘lﬁllﬂ@QUTliJﬂfJ”INWTHV]”Iujiﬂiuigﬂll‘ﬂ
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d’ 9 a = 4 a ~ v o w &l A A A 1 9 9
M9 3 WamsAsTIMIANUAABYDLTING Lo Indtaznsaesil Tuued Vids RGAs 5 suisunud wuvewdunie lUsauiiog lugudoyaves GenBank Toold

Tsunsnmsans1zy BLAST a2 BLASTx

. ) g =%
GenBank accessions FINANNANYAAIGITA

Tnaudunu NI Score Identity/ coverage Score Identity/ coverage
a = d =
, #iandlelnd (BLASTN) E -value* T15fu (BLASTx) E -value*
nau (bit) (%) (bit) (%)

a

V. cinerea B9

rgVeinl09 3 V. vinifera contig VV78X069020.20, 752 0.0 94/92 Resistance protein candidate 266 4e-70 84/97
(DQ885292) whole genome shotgun sequence [V. amurensis] AAR08831.1

AM478696.2
rgVeinlll 5 V. amurensis isolate rgVamu092 754 0.0 93/95 Resistance protein candidate 214 le-69 85/94
(DQ885293) resistance protein candidate gene, [V. amurensis] AAR08817.1

partial cds AY427123.1

rgVeinl23 6 V. aestivalis clone pSCA-C2 resistance 874 0.0 97/95 Resistance protein analog 214 3e-54 76/95
(DQ885294) protein analog gene, partial cds [V. aestivalis] ACN91228.1

FJ795341.1
rgVeinl25 4 V. amurensis isolate rgVamul51 889 0.0 98/97 Resistance protein candidate 306 6e-82 95/97
(DQ885295) resistance protein candidate gene, [V. amurensis] AAR08840.1

partial cds AY427133.1

rgVeinl27 13 V. aestivalis clone pSCA-C2 resistance 867 0.0 96/94 Resistance protein analog 236 7e-61 92/87
(DQ885296) protein analog gene, partial cds [V. aestivalis] ACN91228.1
FJ795341.1

] £l v v
* Expected value (E-value) Wianefad1maugivilen (matches) innad1 Idonarmiudapminiy 81 E-value Hiandos seasivayunssugmilou

8¢



q’ 9 a = 4 a ~ v o w Gl A A A 1 9 9
M9 3 WaMsATIMIANUAR BVDLTING lo Indtaznsaesil Tuued Vids RGAs 5 suisunud wuvedunie llsauiiog lugmudoyavos GenBank Tnold

TsunsumsAns1zy BLASTh 18 BLASTx (§19)

. ) g =%
GenBank accessions FINANNANYAAIGIZA

o . Identity/ Identity/
Tnauduny I n as W ¢ Score y Score
, fianalena (BLASTn) E -value* coverage Tus@u (BLASTX) E -value* coverage
ngw (bit) (bit)
(%) (%)
rgVeinl39 6 V. amurensis isolate rgVamu053 859 0.0 97/94 Resistance protein candidate 273 Se-72 95/94
(DQ885297) resistance protein candidate gene, [V. amurensis] AAR08814.1
partial cds AY427102.1
rgVeinl52 8 V. vinifera, whole genome shotgun 774 0.0 94/92 Unnamed NBS-LRR protein candidate [ V. 141 3e-32 55/82
(DQ885298) sequence, contig VV78X005680.17, vinifera] CBI15532.3
clone ENTAV 115 Leucine-rich repeat containing protein, putative 131 3e-29 47/82

[Ricinus communis] XP_002529624.1

rgVeinl65 3 V. vinifera contig VV78X110871.5, 780 0.0 94/95 Unnamed NBS-LRR protein candidate [ V. 318 2e-85 94/98
(DQ885299) whole genome shotgun sequence vinifera] CBI33320.3
AMA457506.2 Resistance protein candidate 295 2e-78 88/96

[V. amurensis] AAR08818.1

rgVcin209 4 No significant similarity found
rgVein210 6 No significant similarity found
rgVcin254 13 No significant similarity found
rgVein269 7 No significant similarity found

] £l v v
* Expected value (E-value) vianefad1maugivilen (matches) innad1 Idonarmiudapminiy 81 E-value fianios seasivayunssugmilou

6Z



q' 9 a = 4 a ~ v o w &l A A A 1 9 9
M9 3 WamsATIMIANUAR BVDITING lo Indtaznsaesil Tuved Vids RGAs 5 suiisunud wuvedunie lUsauiiog lugudoyavos GenBank Tnold

Tsunsumsans1zy BLASTh ttag BLASTX (619)

. ) g =%
GenBank accessions FINANNANYAAIGIZA

Identity/ Identity/
Tnauduny S e Score - Score
, fianalena (BLASTn) E -value* coverage Tus@u (BLASTX) E -value* coverage
ngu (bit) (bit)
(%) (%)

V. hybrid
NY88.0507.01
rgVhybNY507_13 1 No significant similarity found Unnamed NBS-LRR protein candidate [V. 54 3e-13 50/62
(HM773001) vinifera] CBI17900.1
rgVhybNY507_15 1 No significant similarity found Resistance protein candidate [V. amurensis] 81 Te-14 53/38
(HM773002) AARO08818.1
rgVhybNY507_22 2 No significant similarity found Unnamed NBS-LRR protein candidate [V. 56 2e-10 61/78
(HM773004) vinifera] CBI17900.1

Putative LZ-NBS-LRR resistance protein [Rosa 30 0.0 46/67

hybrid cultivar] CAJ27150.1
rgVhybNY507_23 1 No significant similarity found Resistance protein candidate [V. amurensis] 126 9e-30 53/86
(HM773005) AARO08818.1
rgVhybNY507_27 1 No significant similarity found P-loop NTPase [V. aestivalis] CN91228.1 48 4e-04 5824
(HM773007) Resistance protein PLTR [4. hypogaeal 39.7 0.13 48/21

AAX81243.1

Putative disease resistance gene analog NBS-LRR [M. 393 0.17 50/20

prunifolia] AAM77260.1

] Ed v ]
* Expected value (E-value) wmaﬁqﬁmau@mﬁau (matches) ﬁﬂ‘lﬂ’;‘l‘lﬁ?]}i]‘lﬂﬂ’J‘Iilﬁuf]ig!ﬂ/nﬁu 83 E-value fatlos mﬁﬁuauumﬁmmﬁau

0€



q’ 9 a = 4 a ~ v o w &l A A A 1 9 9
M9 3 WamsATIMIANUARBYDTINGE Lo Indtaznsaesil Tuved Vids RGAs 5 suiisunud wuvedunie lUsauiiog lugudoyaves GenBank Tnold

Tsunsumsans1zy BLASTh ttag BLASTX (619)

. ) g =%
GenBank accessions FINANNANYAAIGIZA

o . Identity/ Identity/
Tnauduny MW/ o asw e Score y Score
, fianalena (BLASTn) E -value* coverage Tus@u (BLASTX) E -value* coverage
ngw (bit) (bit)
(%) (%)
rgVhybNY507 29 27 V. vinifera contig V78X162558.4, 904 0.0 99/97 P-loop NTPase [V. aestivalis] ACN91226.1 318 1e-85 92/98
(EU822228.1) whole genome shotgun sequence
AM475374.1
rgVhybNY507_80 2 V. aestivalis clone pSCA-C2 P-loop 909 0.0 99/98 P-loop NTPase [V. aestivalis] CN91228.1 308 le-82 99/98
(EU822262.1) NTPase gene, partial cds TIR-NBS-LRR resistance protein [P. trichocapa] 177 3e-43 57/98
FJ795341.1 XP_0022300210.1
rgVhybNY507_90 1 V. vinifera contig VV78X247338.6, whole 883 0.0 98/96 Unnamed NBS-LRR protein candidate [V. 154 5e-36 55/97
(EU822270.1) genome shotgun sequence vinifera] CB140355.1
AMA483751.1 NBS-LRR disease resistance protein [C. 142 le-32 45/98

arietinum] ABB85178.1
Putative disease resistance protein RPH8A [R. 139 le-31 47/97

communis] XP_002535012.1

] £l v v
* Expected value (E-value) vianefadimaugivilen (matches) finnad1 Idonarmiudapminiy 81 E-value Hianios seasivayunssugmilou

TE



q' 9 a = 4 a ~ v o w &l A A A 1 9 9
M9 3 WamsATIMIANNAR BYDLTING Lo Indtaznsaesil Tuved Vids RGAs 5 suisunud wuvedunie lUsauiiod lugudoyavos GenBank Tnold

Tsunsumsans1zy BLASTh ttag BLASTX (619)

. ) g =%
GenBank accessions FINANNANYAAIGIZA

o . Identity/ Identity/
Tnausuny I n as W ¢ Score y Score
, fianalena (BLASTn) E -value* coverage Tus@u (BLASTX) E -value* coverage
ngu (bit) (bit)
(%) (%)
rgVhybNY507_101 13 V. rupestris clone rgVrup119 putative 900 0.0 99/98 Unnamed NBS-LRR protein candidate [V. 298 1e-79 98/98
(EU822276.1) RGA gene, partial sequence vinifera] CBI17900.1
ABB85178.1 Putative disease resistance gene analog NBS- 139 le31 49/98

LRR [M. prunifolia] AAM77267.1
NBS-LRR resistance like protein RGC402 [H. 136 1e-30 51/98

annuus] ABQ57715.1

Cultivar ‘Black

Queen’
rgVvinBQ_46 38 V. vinifera contig VV78X110871.5, 870 0.0 98/97 Unnamed NBS-LRR protein candidate [V. 318 1e-85 94/99
(EU822245.1) whole genome shotgun sequence vinifera] CBI33323.1
AM436038.2 Resistance protein candidate [V. amurensis] 289 9e-77 88/98
AARO08818.1
rgVvinBQ_47 1 V. amurensis isolate rgVamu084 870 0.0 97/98 Resistance protein candidate [V. amurensis] 226 1e-57 64/98
(EU822246.1) resistance protein candidate AARO08840.1

pseudogene, partial sequence

AY427079.1

v Ed v v
* Expected value (E-value) vianefadimaugivilen (matches) innad1 Idonarmiudapminiy 81 E-value fianios seasivayunssugmilou

(A



d’ 9 a = 4 a ~ v o w &l A A A 1 9 9
M9 3 WamsATIMIANUARBYDTINGE Lo Indtaznsaesil Tuved Vids RGAs 5 suiisunud wuvedunie lUsauiiog lugudoyaves GenBank Tnold

Tsunsumsans1zy BLASTh ttag BLASTX (619)

. ) g =%
GenBank accessions FINANNANYAAIGIZA

o . Identity/ Identity/
Tnauduny I n as W ¢ Score y Score
, fianalena (BLASTn) E -value* coverage Tus@u (BLASTX) E -value* coverage
gy (bit) (bit)
(%) (%)
rgVvinBQ_53 1 V. vinifera contig VV78X195949.3, 296 le-76 87/35 Resistance protein candidate [V. riparia] 86 3e-15 46/41
(HM773013) whole genome shotgun sequence AARO08879.1
AM489403.2
rgVvinBQ_102 1 V. vinifera contig VV78X148054.15, 119 2e-23 8127 Unnamed NBS-LRR protein candidate [V. 70 Te-11 61/33
(HM773017) whole genome shotgun sequence vinifera] CB133323.1
AM463019.2 Resistance protein candidate [V. amurensis] 59 2e-07 52/33
AARO08818.1
rgVvinBQ_106 1 V. vinifera contig VV78X148054.15, 66 2e-07 86/11 No significant similarity found
(HM773018) whole genome shotgun sequence
AM463019.2

] £l v v
* Expected value (E-value) vianefadimaugivilen (matches) innad1 Idonarmiudapminiy 81 E-value Hianios seasivayunssugmilou
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P-loop, RNBS-A Kinase-2

* 40 * 60 * 80 * 100 *
r gvhybNY507_29 TLLNRI NN***EFLKSFVCFEAVI TVSRPANVE- - - - - QQVEFNKLE! PSNNVEGRSEDE- RKEAI FNVEKVKEI VALLBOJVEPL CLFAVGI PPUNDGN @ 101
r gVhybNY507_27 NRVNAKCSG- - - - - - CECM | TEWSTYJVACSADRKD- YL QY SYRDEADSEL YSENSPRWGL YYCSCSQRYSSEFARI GRESCEI SLLLW.CGGI EGSCL : 100
rgvci n125 : TLLKRI DN- - - DFLGTGYEVEWVI GETWLNKLEI AEYKWKDRSVHE- RAEEI FSVGTKAFVLL COJVKGLCLLEVG! PPLNDGK : 103
rgvci n152 . PREI PLLGGVGERLLGCTY! MNG- - - - - EFAHFEKRMAYCVSEFCVKR- -l Kel]l TSATHCKC- - - DELPVDELARLLI NVICOKEFLHIN LDDYWSK- NRCKWLELKALLDG : 102
RPS4 Do Gl UTTLLKELYK- - - - - - TVGCKFSRHALJIDGI RVKSKH- - - - - - [EL DRLPGVL L GEL SKLNHPHVDN- LKDPYSQEHERRVLIVL DDYSKR- EGI CALREI LW K : 95
r gWi nBG_46 FR GCVGNTTI AKAI YN- - - - - - El SHQYCGSSFll NI RERSKG- - DI LAGGEMLHG! LRGKN- - FKI NNVDEGI SMTKRQINFNgVLYI FDDYDEL - KQLEYLAEEKCWL- 98
rgvhybNY507_15 : - - GCGEMI TI VNASYN- - - - - - QI SLQYYCSSLIRONTERSNR- - EI FHEHREFLHGI ACRNF- - FYI NNI NI AKSM NR SFNCVL | FI OYDKGI CI LSKI YALVSSLC : 100
r gWi nBG_53 - CPVEGRTTLLNSI NN- - - - - AFLGSRVGL THEGL CPDGGMR- - - - - - RLSKFFSS| SEI PSNNWEGRSENERKECI FN Kl CRFIDHYWTTVOLLSLCI PDDEGS! : 100
rgVhybNY507_22 : ---comnoan-- QI LTKM C- - - - e o - - FSI VAMJVI SHNPDLN- - - - - KNGVQEAVMLNLKL G- - - EASETGNFI K\/RETDYERHI:CCNNHREHTEKNCI NKDRNSGFRLNR : 85
rgvhybNY507_13 : ------- GCR 'PSCSR\NCR 77777 LTTCATVSACDKSGEI PESEFD- - - - - - - ENSJAI VHI CRAS- - - KKRI CKLRRQQEENNEEC zS| FLDER\ACTI ELSELGI TRAIGSL : 95
N - - ccv TI ARAl FETLL GRVDSSYGECGACHIKE! KENKRG- - - VHSEGNABLSELL REK- - - ANYNNEECGKHQNAS % VL DOJONKDHYLEYLAGDLEWF- @ 103
rgWi nBG_102 D - LSKEGLSI VYGGFGN- - - - - - = - = - - - CCGSVGVCKLAGGVY- - - - - - YHNKIVYNSPCRAL FGKKKGHSHFYTTWRCENIKL TENCRSI NS\AYRVDRI LYl LGTSSSAGH : 93
rgvhybNY507_23 : El SCQYCDSSLEGKVRERFNG- - CNGLEGCETI YGFLRGRF- - FYI NNVI EGVRVMUNRCIFSKSVRI EDEYCEL - - GLEYGAEDKCRGG : 98
L6 : KI SSCFDCCCFHDNI RETGEK- DEVWMHCKKIVSEL L Rl CSGSVGFNNDSGGRKTI KERYSRFGI LYV DOYDEK- FKFECNLGSPKDF- : 101
r gVhybNY507_101 : ------- GCVGRTTNVKQVGAN- - - - AHRDGLFGHVANAVI SGNPDLR- - - - - CAQIACNLNLKLE- - - EESEAGRAARLRERI [YRCKSVLI LOOJIVRRI CLSEI GI PSTGSDL : 98
r gVhybNY507_90 : - - - - - WGGGECDSTLAKKVYN- - - YVSCEYRTR- - - - - L FEJILNCVTNEKRI NRELDSEAAVGI ELRNFIESTKEYLIEVVDDIVCT- QWKGLNAYLPI EG : 100
rgVei n109 © ---- CPFGCVEZETTI AKVWYN- - - ENVRERSKDGSSL L QUGKEMLNGVVKGKN- - LEI SNVHEGI DVI RNRFNS&VL | LDOYONL- KGLKFLAGGHGWF- @ 103
rgWi nBG_106 Do LVARTSWGRFCLK- - - - - - DLRGRLSPLSLILNNVYPPPCLFP- - PRCGPTALAFLFSRCLFFYTFFFSLPCSFTLGAPCRFSTVNETGPLYCSLVPSLI HLFLSVPCLF 101
rgvci n127 . RPRELRPVGGGECDYSGLFYN- - - - - - PI SSGFEGI SFIANI REVSKN- CGLL PEGKQELGEI LNGVS- - GRI S- VDEGI NVLNCREHSH | LDOYDCL- NGLS- LAGNVEVF- : 104
r gvhybNY507_80 CCVEETTI AKWYN- - - - - - LI ssSGFEG SFANI REVSKN- CCLL PIGKQILCEI LVGWS- - GRI SNVDEGI NVLNVCREHS! | LDOYOCL- NGLESLAGNVEVF- @ 99
RPS2 TLNGS! NN- - - ELI TKGHQYCVLI WIGVSREFGEC- CCAYCARLGLS- - - WVDEKETGENRALKI YRATRG LLDOYVEEI CLEKTGVPRPCREN @ 99
r gWi nBG_47 TLLKRI NN- - - EFLETSFEFCKVI WVVSKPASVE- GEMYLRGCCAPCNRWKGRSEDE- KAKE] YNI KT LLDOVEGLNLLKI GFP- LNDGN : 100
RPS5 TLLTKI NN- - - KFSKI DERFEVVI WVVSRSSTVR: - - - - IGROJAEKVGL GCGVEWSEKNENG- | AVDl HNVERR L L DOJVEKVNLKAVGVPYPSKDN @ 101
rgVci n165 El SNQYCGRSFIRNI RERSKG- - DI LQEGGEMLHG! LRCK- - - FFI NNVDEGI SM KROETS| | FYDYDEL- KQLEYLVEEKCWF- @ 100
rgvci n139 - DI SCGFCCSSFNNVRERSKE- - NAL QIGGEBL HGSLKGKS- - LKVSNVDEGI M KRSJISS! VFDDYCCL- MGl ENLAEEH WF- 102
rgvei n123 - L1 ssGrecl sFlANI REVSKN- CGLL PIGKQILGEI LVGYS- - GRI SNVDE- | NVLVEREHS | LDOYOCL- NGLGSLAGNVEWF- @ 103
rgvein11l NI SHGFESRI FIENVRERSKDYSSLL QEGKELNGYNKGKN- - KKI SNVHE- | NVI RNRFHSH | LDOYDNL- KLLGFLAGEHGWF- @ 102

- - GLPL
., BRNBSB , RNBS-C , 150 L Pl

rgvhybNY507_29 - - - - KSKVYFJIRFSTVCRENG- - AKG- | EVKCLAVEEAFABFGAYVGEDT- - | YSHPHI PKAETAAKECDGLELTV---- @ 170
rgVhybNY507_27 : - -- - KSCQURSEGE! DCVSLEAR- - - - - <= - - - - - KRSI LREFRGEAFKRAS- - - PANCYKNISDNVLGKDKGL[EL V- - - - - . 158
rgvci n125 © ----KSl RFSTVCHENG- - AKS- | EVECLAVEEAFSIFRTKVGEDT- - LDSHPCI GKIAEI FVKECKGLEELAL- - -- : 172
rgVci n152 : - - GAKCSKIlI VJRCKLVASNGTC- - - PNYELKGLSDEECL SFI TCAFCDR- - - - - DKYPRLYCKDI VCRPPPRE- - - - - - - . 167
RPS4 . ECKECSRWYI AIISCVSLTNGLVD- - - CTYM/GNLNHRDSL QAFHYHAFI DEGANPGKKCFVKIMSECFVHYARGHRLAL- - - - 170
rgWwi nBG_46 . - - RAKSTI [l ERCKHVLAGYGA- - DI LYEVSKLNGEEAI EIFSLVAFKGN- - - CPGEVYKNESYNI | CYANGLLTV---- : 169
rgvhybNY507_15 : --AGPSL NTCVWVI NSI GHGNI RCTRSTGRTVLVLCLVEGKCDRAGNI FYI HSTPLPHNYI Tl LLRDGSGAT- - - - - . 175
rgwi nBG 53 . T--TVFC RSALLAL SFLDYHSTRLFLNTLLAGLGSI LJPVSFHHTRLN- - - SGSFAGGEADPVSYDVGRVELVS- - -- @ 173
rgVvhybNY507_22 : - LNRSNPI [ILENHKADKCGCNSS- - KCKGKYFL] FSRNRI NGLCLTRGGES- - - FI LLI LI SEI RTFSRNMLGL[GLRG---- : 157
rgVvhybNY507_13 : FNLCKSEI [ILEJJI LGNWWGVI GT- - GGKLPNKWCCKAPNDOYVVGHL I RKKYRNGASFFI EQYPKHFPKNVERL- - - - - - - - . 167
N - - CNCSRI ]Il IIRCKHLI EKNDI - - - - | YEVTALPDHES! QEFKGHAFCKE- - - VPNENFEKIISL EWNYAKCLE D172
rgWi nBG_102 . R-- GEl AFFI FCI TKWI PPWCA- - - DI RGEFRLSREVAI DEFCLVAI KGN- - - CPGEVYTPKCGYNI | CYN- - Lig 160
rgvhybNY507_23 : ---- AKRA]JJI | GECVRLFTRFGVEI SKVSKLDKEGCDDI WAYVPL TKSSGCK- - FYDPAHH 168
L6 . - -1 SCSRAll GERSVRVL CTLNENGCKL YEVGSNSKPRSL EBFSKFAFKKN- - - TPPSYYI 174
rgVhybNY507_101 : D- ACKSKI ILIRIRL ENVCHVNES- - GAKVPLNI LSEGDSWTMFCRKAGRI VD- - - - SPCFH 169
rgvhybNY507_90 : - -- YCSRVIlll IERNKEVAL HANS- - - HLHEL HPLNENVESEEFL RKNGSST- - LAVWPGCLE! 170
rgVvci n109 . --GPRSRI [l PERCCHCLNVL GVEASYEV- - KALNYEES! QEFCGHAFGGN- - - | PKSCYVI 174
rgWi nBG_106 . | PAVTLSLFGSYFCTHVYPGLSS- - - - - - LFSPLSSCTPCE]JL YCRCPTSYLNFSYSPSCA 167
rgvci n127 ©--CGIG--] RCK- LLNVHG- - - SEI YEAKE- EPE- ALQBFSCYAFKRK- - - S- - KCYM 165
r gvhybNY507_80 --CI GSRI RCKHLLNVHGV- - SEI YEAKELEPEEAL QIFSCYAFKRK- - - SPEKCYM 170
RPS2 RSI ALCNNNG- - AEYKL RVEFLEKKHAVEIFCSKWWRKE- - LLESSSI Rl 169
rgWwi nBG 47 RFLNVCEANG- - AES- | KVECLKFKDAFABFGSNVGEAT- - FNSHPRI Pl 171
RPS5 RSRDVCGRNG- - VDCPVEVSCLGPEESVDIFGVKVGKNT- - LGSHPC! P 171
rgVci n165 RCKHVL AGYGA- - DI PYEVSKLNKEEATEFSLVALKGN- - - HPGEVYKI 171
rgVci n139 . --CPRSRI RHKHFLTQYGV- - | ESYEVPKLHCAEAI EJFSWAFKCN- - - LPNEI YKI 177
rgvci n123 . --CICSRI RCK- - PSAKCA- - NEVKYNRL RNNGRKL FNFSVNVL SKV- - - KSPECYM 172
rgvci n111 . -- GLKSRI [l IBERCRHCLNVHGVCASYKVCTKI LCVYPTFLSTCLTGHSKLC- - KPLRSCI 173
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Iy Tasaas s sthunais was Inwanannoudiage Auniuae lins-
2} Y aA
danazsudlsdiven

C) NY 65.0551.05: wadv1 sowavina g #avialvyiiunai samadiunan
% [ 2’ a a < Y a
inlidfesazautima nsydu Tavay udwsaunais ez Innandatunaig

9 1 1 1 1
mumuﬁaisﬂsmﬂmuwa !.W]f]'l‘ﬂ’é]’é]ullf]ﬁﬂiiﬂi'lllﬂﬂﬂuclﬂ
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M3 4 IIUBNHTUAADINDIY 9 WA

ﬁ’uﬁ:ﬁa NY 88.0517.01 NY 65.0550.04 NY 65.0551.05
Wi
Black Queen 5 5 5
Carolina Black Rose 5 5 4
Italia 2 3 2

v Y
M9 Fopguns 9 guwaw szneudie

A) Black Queen x NY 88.0517.01; B) Black Queen x NY 65.0550.04
C) Black Queen x NY 65.0551.05; D) Carolina Black Rose x NY 88.0517.01
E) Carolina Black Rose x NY 65.0550.04; F) Carolina Black Rose x NY 65.0551.05

G) Italia x NY 88.0517.01; H) Italia x NY 65.0550.04; I) Italia x NY 65.0551.05
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v
o Y

msilsziuanumumuliasiiga

a 4 4 v Jd 1 { 1
AATILHNITOUTLAE mean square ﬂwﬂ%’agawuﬁwasgmggazgﬂWﬁu F, (@]”IiNﬁ 5) NUN

Y v
] % 1 v A

1 A a v = J [ v A v o aa
ﬂ”lmaElﬂ”I’ilﬂﬂIiﬂ53W’JNilI‘Llll‘ﬂﬂ@ﬂu‘ﬂ\‘]ﬁuﬂlmﬂ@]”IQﬂ‘L!BEJNlIHEJﬁ”IﬂiUENTINﬁE]@ (»p<0.01)

q g

'
9 w A aa

oISy ninedugnreay F, fusiugreond wudwandnduediiieddntinieana

o

v Y A 9 1 3’ Y RS A
(p < 0.01) LLﬁﬂ\‘]'J”IQﬂWﬁllllT\W]UN?’YJ”I?J@]”IIWI"IUG]@IiﬂiWHTﬂTQQ’Qﬂ'JTWH‘QW@LLN Uagiuo

a 1A J 1 v Jd ] 1A J 1 ' 1
H95anszned lu Indlunquitugwousuaz sz nned TuInil lunquanwan F, wudwanaig

v
a

] = o W aa 2 1 dyl 1 1 = o
HDYIU Elﬁ'WﬂﬂJuENﬂNﬁﬂﬂ(p < O.Ol)“]5\1‘1J\1‘]5’J161°L!Lma$ﬂﬁjuﬂi%“ﬁﬂiuﬂ’ﬂuﬂul!ﬂi“ﬂ%‘l

e

€

UFNTTUG

Y
o ¥

4 1 a 4 4 a
M1 5 1 mean square INMIAATIEHINTIUTVBINTNA 13ATIHIA

Sources df SS MS F (test)

Treatments 14 13.90 0.99 6.21 **
Parents vs hybrids 1 1.21 1.21 7.56 **
Parents 5 7.24 1.45 9.05 **
Hybrids 8 5.45 0.68 4.26 **

Error 102 16.28 0.16

Total 116 30.18

CV (%) 21.06%

** p<0.01

1 ] 4 1 1 I ] A ~ o 4 2’ Y
FLUINHUFUU WU Black Queen (HuiugnooutouIniga :1uuvedalossninig
1 1] 4 = o dy d' [ d‘
luoduiug Black Queen g9 1785 alos/munly 25 as.aun. (3xAUAZIUY 4.15) vz
o 4 { J v . @ . o
mmuaﬂasqqqﬂﬁwﬂuaguwuﬁ Carolina Black Rose (3¢AUAZLIUY 3.64) thag talia (5L
A 2 s A A o o A 2
AzLUY 3.87) Ay 863 uag 90.0 aleF/MuNly 25 A5.wy. MAWEIAU (A15197 6) FINT
a 3’ ad o a 4 o v Jdo 1
UsziiuTsasniaed1e35aaluunimines (detached leaf) Imadusiusouluanin'ls Tae
1 1 Y] o 1 { 1 ) (%
WUPIUNUT Black Queen soutomIniiga (liudawaniinanes) luiiuewudsaiu Brown
v
a o ax o a 4 a
et al. (1999a) 1sziinlinsnidedreisaaluuinizy dszmuluanmlsusou vagluy
1 [ [ o J o Y [ a
anmlswunfianuduiusnuge uenanil Eibach et al. (1989) 51891 11mstlsziiulsalag
an o a 4 an a 12 Y] Y] v 1 A v o w aa
Waalumingd wazisdszdivluanmlsinnuduiusiuesniivednynuada (=
$ Aa A o a 4 Y o a oy
0.98) FamsiszulsalasldisanluuBasiziimuizavdiunsdsziiulsasnidieluy

ANWANTIUIUNIN (Brown et al., 1999b)
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TEUIIRUT O WUIOJUAIBWUT NY  88.0517.01 (SzAUAZIUUY 0.48) uag NY
65.0551.05 (EAUALUUY 0.46) mmmm&’mmuTimn‘iwﬁ’nzjﬁﬂ’jmiuﬁmﬁuﬁ:NY
65.0550.04 (3LAUAZIUY 0.96) (M1 6) FIGHAUABITENINNY 65.0550.04 11 Carolina
Black Rose tiaasnziuanudmin Tsasniiegaiiaqa ufi Ny 65.0550.04 Tsiuaaanny
Frumugs Feermiumamnnaussouzveamssmdsume

pJUgNNAY F, Y03geanszniniugmumuiuiugooute uaasssdunuauniy
VINEWMUINN (FERVAZIUY = 0) IUTIBOULDINN (FERUALIUL = 5) TasEAVANMAILUNIY
Tiﬂi1€1ﬁ1x‘]ﬂl@ﬂ§]ﬂﬂﬁm F, awnsouniald 3 nqu Ae Auniu (szauazuuu = 0 wag 1); 1w
NA19 (FEAVASUUY = 2 1Az 3) LATIRUUD (FTAUATUUY = 4 LAY 5) WUBIUGNWAY F, aIu
Tnajoouie (52.9%) WugARANAGILINI 28.2% taz1unae 18.8% (13144 7)

fjmm Black Queen X NY 65.0550.04, Black Queen x NY 65.0551.05, Carolina Black
Rose x NY 65.0551.05, Italia x NY 88.0517.01, Italia x NY 65.0550.04 18 Italia x NY
65.0551.05 TS manduidumud 5.3-33.3 % nagnuiwauduededosndwmianngwey
Hanua naasanuseuneds Tsas i u,mﬂqdfé"lumﬁuﬂuﬂaméhumuiﬁﬂinfwﬁﬁﬂuaju

@ g [l [ @ 4 dy @ = [ dyl == ] )]
WuﬁW@LLN@giuﬁﬂWWWHE‘Vﬂ@ HaNINNU zﬂL!‘U‘UﬂTﬁﬂﬁ$%1ﬂﬁﬂﬂlﬂﬂﬂuﬂﬂ“ﬁ'ﬂuﬁluﬂﬁlﬂu@ﬂ 2

E]

o o v J v & & = o & ¥ =
dunruguanyuzdumulsasnihaelulszannst yamsany luemaasuiludesdinulu
= 1A a o A o v J v Y 1 v

UszmnsiIng) ivetszidiudnnuduiauguansazdmulsasnihdeldedagndes
1 1 ' v J [
ANTUITHINOIUAIINUT NY 65.0551.05 N Black Queen %30 Carolina Black Rose 1%
Srudundumud 5.3% uaz 7.7% swdau tagInswiuduioounegeiga 79.0% way
84.6 % W19 Tun19a39iud1m gHern Carolina Black Rose x NY 65.0550.04 1#311aududl

9 ~ o Y A Y A Y I 1 v

ATUNUUINNGA (75.0%) HASIIUIUAUND D ULDUDYNG A (12.5%) Lmﬂﬂwmmmwam
. I 1 A A o @ Y a A 9

Carolina Black Rose x NY 65.0550.04 Lﬂu@jﬂﬁu%ﬂﬂﬁﬂﬁ”l?iiﬂi%ﬂﬂ@]@jﬂﬂﬁuﬂuf"I’JﬁJ@]”I‘Lﬁm‘L!

a

v

Y
ao lsnsniialulasemsdsulgaiugeu
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q‘ a 3’ Y @ d ] ad v a 4
M1319N 6 msﬂ5zmuTsmmwmwmwu§Wmmiﬂmmﬂium:}mﬁzw

Muni Tsnsnida (szauazinm)’ Wiwnd
Black Queen 4.15 OULDNIN
Carolina Black Rose 3.64 0ULLD
Italia 3.87 DOULLD
NY 88.0517.01 0.48 ATUNIUNN
NY 65.0550.04 0.96 Aunu
NY 65.0551.05 0.46 AuMmuNIn

a o s A A s A A
FEAUAZUUU: 0= 0-5 alos/Munly 25 as.au.; 1 => 5-10 dUo3/NuUN 25 A5.4Y.; 2 = >10-15
atlos/munly 25 a5 aw.; 3 = >15-25 atles/munly 25 a3.au.; 4 = >25-40 atles/munly 25

s & A
A7.96U.; 5=>40 ﬁﬂ@i/‘WU‘V]GLII 25 A17.94.

v Y
M7 szauazuuuanudumuIsasnihdueagnran F, 910 9 guau

° d d.
msdszdivlsn @uau esidun))’

Quan MUMu thunang 20UIID

(AzUuUU =10,1) (ASUUU =2,3) (ASUUYU = 4,5)

Black Queen x NY 88.0517.01 4 (28.6%) 5(35.7%) 5(35.7%)
Black Queen x NY 65.0550.04 1 (16.7%) 2(33.3%) 3(50.0%)
Black Queen x NY 65.0551.05 1 (5.3%) 3 (15.8%) 15 (78.9%)
Carolina Black Rose x NY 88.0517.01 4 (40.0%) - 6 (60.0%)
Carolina Black Rose x NY 65.0550.04 6 (75.0%) 1(12.5%) 1(12.5%)
Carolina Black Rose x NY 65.0551.05 1 (7.7%) 1 (7.7%) 11 (84.6%)
Italia x NY 88.0517.01 1(25.0%) 3 (75.0%) -
Italia x NY 65.0550.04 2 (28.6%) 1(14.3%) 4 (57.1%)
Italia x NY 65.0551.05 1(25.0%) 1(25.0%) 2 (50.0%)
ERHV 21 (28.2%) 17 (18.8%) 47 (52.9%)

" seduazuuY: 0=0-5 alos/munly 25 as.wy.; 1 => 5-10 allos /MU 25 A5.%U.; 2 = >10-15

atlos/munly 25 a3 @y 3 =>15-25 gos/munly 25 as.wu.; 4 = >25-40 aos/munly 25

s & A
A7.9U.; 5=>40 ﬁﬂ@i/‘WU‘V]GLII 25 A17.94.
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MINATZHANIIOULNTIING
a 4 [ a U 4 a
MIANTITHANTTOULNTTINAI TABNDITHIINAT mean square LWNOUTLNUANTTOUE

mM33mAIM2 11 (gea) HAZANITOULMITTINAITUNIE (sca) WU BIUGNHANLADZENAIIY

G

9 @

1 @ 1 Y A aa { v v
menNﬂuaanﬁuammymmmaﬁ (p<0.01; A15199 8) Taaan mean square U9 gca WHTNWO

2
o o

A
nAendniugul e hianunainnateneiugnssusenieiugnege auiudsemainiug

a a

] < A 9 g’ F) L] A o 4 [~ Y] A A 1 [l
vorlud Tu Indaiidudumulsasuidieed TuvazinuguiiduiugiisuseutedsIsns-

g’ 1 4 Y] d [ % [ v o w A Aana
1“?91}1\1 HAZWUI DUTIUTUD gca Gll’ENWHﬁW’E]LWIﬂﬁNﬂuﬂﬁlﬂﬁuﬁlﬁ1ﬂmﬂ\‘lﬂ1\1ﬁﬂﬂ (»<0.01)

1 4 [V S | ] 1 @ aaa 1 [ 4 % a
FIUNFOUFVDY geca ﬂJ@QWUﬁ‘l!NVlNLWIﬂ@nQﬂH L!ﬁ$LIJJ;]ﬂifl’li%‘ﬁ']’l\iwuﬁ.w@LLﬁmuJ“d]);\‘]ﬂigﬂJu

o 1 1 [ [ ana [ "l o [
TagI5eUSUD sca WU vlll!mﬂﬁ’lﬂﬂu‘ﬂ%‘lﬁﬂ@l (» >0.05) m%amamm@mmuuaﬂmmym

J

v k4
msdsvlgeiugequlddumulsasuihdelulsznnsd
v o 1 1 ) o

ANUTUNUTILHINAT mean square UDJ gea LA sca Ao 13.6:1,4.3:1 ag 0.3:1 9113y

o w dy Y 3 I o 1 Aq Y

gca (male): gea(female), gca (male): sca (LA gea (female): sca ANAIAY %1ﬁ;ﬁu31wu§waﬂ1%

A % 1 1 ) o

1uﬂ1Tnﬂa’aﬂﬁ’wamaﬁmmuumqmmwumm ﬂﬂiWWHﬁ.ﬂiﬁll@EINLLﬂ‘Uﬁ1WTUﬂ'N§J§§I}1u1’nu

3‘ Y dyd &) = A [
Iiﬂ51u1ﬂ1\ﬂuﬂi$“ﬁ1ﬂiu UAT 55.6% G]NL‘IJ‘LJW’mﬂ‘ﬂ1ﬂﬂul!‘U‘U‘U’Jﬂ3ﬂﬂﬂ’J1‘&lu‘ﬂuliJL‘]J'HLL“]J‘U“]J’Jﬂ
1 < 1 A A [ a a A 9 A 9
@EJNlliﬂﬁﬁJ‘W1J’J”INﬂGIJE’NEJ‘L!‘VIlllllﬂLll!‘]JiJ‘]J’Jﬂua3’0‘1/]‘H‘Wﬂﬁ]”lﬂﬁxi!,L’Jﬂﬂﬂlmﬂ”lﬂ’f)uel]%iq\ﬂUﬂ”li
2 v '
nAapdll FANA1NINABATITUENISNEgIUALd T UAINA IUMU TIAs AN T
3 dy A @ < Y ~ YR 1 [ = ==
Tﬂfl Brown et al. (1999b) (88.0%) V]Quﬂﬁlmﬂﬂiﬂﬂ‘W‘L!‘]j‘ﬁ1Uﬂ1uiiﬂﬂi%ﬁﬂy1ﬁﬁﬂu IWD1NYU

g])ﬂﬁfl”IUﬁG]'NﬁH w%’aam‘wLnﬂﬁ’auiuﬂ”lsmaawinﬁu

v Y
1 a 4 o o o Aaaa a o ]
ﬂ151\1ﬁ 8 1 mean square mﬂmiamiw‘mﬁElucmmi‘u1J§]ﬂimmimﬂiiﬂﬁmﬁjniuagu

Sources df SS MS F (test)

Hybrids 8 5.45 0.68 3.37 **
gca (female) 2 0.26 0.13 0.64 ns
gca (male) 2 3.53 1.77 8.74 **
sca 4 1.66 0.42 2.05 ns

Error 76 15.36 0.20

Total 84 20.81

CV (%) 18.09

ns =p > 0.05; ** p <0.01
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f1 mean square Y04 gea FIUANANOENTTIHAYNNADA NAINHAVDY gea LAY sca
d' o 1 d' aaa a [ S 1 1 @ 4 d'
naannauRdsveslnsomanalinluiugwonyuaasug taaalumsan 9 uag 10

Y Y
sEAUAzUUUMIAATIATITIAE AV 0 HEAINATUMUIN Lag S uaAIIBoULBNIN A4tTY
AAALVDY gea 11AY sca 7D ANUAIUMIU @IUAILIN AD BOULD WUIBJUAWHUT NY
1 I =3 [] A Y 1 @ 4

65.0551.05 udnan gea tHuvandelinanaenld daueuaioiug NY 88.0517.01 uaz NY

A a o w G} J 1 dy IS v Jd ]
65.0550.04 WA gca AAAY (-0.46 LA -0.37 AIUAAY) uam’nﬂullmﬂmammmﬂuwm;wmm

A~ A a o o vy ' S v v 9
mJ1Jsmmm‘wiumiﬂmﬂqawu‘h;mu“lwmumumTimmmn ‘IHTINGWQT‘IHGU"I?J NOUDN

q

] v d ] ] 1 Y aa 1 1 [ 1 1
gea Tuaguitugun luinana1siunedda tagwneJuiusg Black Queen in1uB0UIBAD T30
2’ { 1 I 1 1 @ 4 . .
sniduniiga Taeudaan gea 1iunIn vagfio§usiug Carolina Black Rose 118 Italia AR
1 S @ g ] v J ] {
A1 gea 1TUAD AuiUOJUITLE Black Queen Tinas 14 lumsnandin (a15199 10)

HANISIATIZH sca WU 2 ANANINTINNA O AWaN uaadnl sca (Huay 1dud
Carolina Black Rose x NY 65.0550.04 (-1.14; p < 0.01) tag Italia x NY 65.0551.05 (-0.73; p <

A c?/‘ 1 dy Y A Y 4 oy 4 A
0.01) (11590 10) ﬂﬂﬁ@ﬂﬂﬂﬁuuiﬁgﬂﬂﬁh F, 1’1113$ﬂﬂﬂ31“@11!1411!15?]511“?]1\‘1@:\1 TN

@ v

H Y
WugwauilFlumslSulgaiuiejulddumiude Tsnsnirislueunan egelsiaw gua

. v -4 A - 4 2 o Aa v v
U9 Italia Glﬁlﬂ@ﬁl“]ﬂ!@lﬂﬁﬂﬁllﬁﬂ uazLﬂeﬁwuﬂmmwmmmaﬂm N1TIDAFINVDIAUNAN

k4
v R

a1 wazwsgan Taneddudn duiudelunuziguay Talia < NY 65.0551.05 450 Tasans

@

@ J 1 % 1 g’ Y v 9 ' [ 4 .
dsvdgeiugegulddiumuaslsasniideluouina Tunieassnudiy oyuusg Carolina
] { o J, 3 4

<3| v A a A ~ A J A A J
Black Rose L‘]JMW‘L!"D;LLNVINTJizﬁ‘ﬂ‘ﬁﬂﬁ/\llﬂﬂ%q@ maQmﬂgﬂmmmwu‘qumﬂaiwmmmfm

a < aa Y 9o ) A a o Y MIN w & =
19 N1INDNUDILUAR misaﬂ%mmamuﬂmﬂ@uﬁlJNQQ uaxmiﬂgmuiﬁmﬂamu%ﬂ AU U

J

uuz11AREY Carolina Black Rose x NY 65.0550.04 thunzauiigalumswanniug/aeiusg

£

Y

Ay v o ¥ =
1/]@]11!1/]11!9]@15?’]511!1?11\1 HASHAUNINUDINAGN



d‘ ! li' aAan a
M3 19N 9 ﬂ%ﬂﬁﬂﬂl@\iﬂ@]ﬂimﬂﬁlﬂﬂiﬁﬂ

o d 1 ﬁuﬁ:’“ﬁ 1 4'
Hﬁ“Wi’) ANaY
Black Queen Carolina Black Rose Italia
NY88.0517.01 2.51 2.96 2.05 2.51
NY65.0550.04 2.95 1.35 3.51 2.60
NY65.0551.05 423 4.26 2.95 3.81
ANNDY 3.23 2.86 2.84 2.97

a @ 4 Lﬂy A 4 dy A
TEAUASUUU: 0=0-5 ﬁﬂ@i/‘wucﬂﬁlﬂ 25 A5.%6U.; 1 =>5-10 ados/nun 25 A3.96U.; 2 =>10-15

atlos/munlu 25 a3, w1.; 3 = >15-25 atlos/munly 25 as.wu.; 4 = >25-40 aos/Munly 25

A3.93.; 5 = >40 aos/Nun 1y 25 a3,

A15199 10 Waell’éNﬂTi“lJi$Lﬁuﬁhiiﬂu%ﬂﬁi’)uﬁ’]ﬁ’)ulﬂllﬁ%ﬂﬁi’)hﬁ’)ﬁﬂ?‘ng

> gca (male)
Black Queen Carolina Black Rose Italia
NY88.0517.01 -0.26 0.56 -0.33 -0.46 *
NY65.0550.04 0.09 -1.14 ** 1.04 -0.37 *
NY65.0551.05 0.16 0.56 -0.73 ** 0.84
gca (female) 0.26 -0.11 -0.13

* 1 <0.05; ** p < 0.01

(Y v ¢ T Al Y a
m3Suilgenugegulaeitsaua

uonnngnrauInguauilFlumsanyinmsoeneadnyme 9 Anauina 1w 69

MINSHANNYDN 4 @:Wffm &1 Carolina Black Rose x Wilcox 321, Black Queen x Wilcox, Early

Muscat x NY65.0551.05 1ag Early Muscat x NY88.0517.01 lagnwansdu 101 A4 910 12 gwan

o dyre’ Ao Y 1 g’ Y v 9 o 9
Glumuaumﬂu’gﬂNﬁuﬂummmumumiﬁﬂﬁTmﬂNﬁluixﬂumumuummuau 13 aU (M5 19

~ (] < a 3’ 9 Y =% a 4 Y 1 1
ni1) ’EJEI'NUlﬁfWI'Ill ﬂ15ﬂ3$L3Juiﬁﬂﬁ’lu’lﬂ%‘lﬂ'}ﬂ?ﬁ@]ﬂiﬂu'I'JLﬂ§1$W91ﬂﬁlﬁwa@|1\1%1ﬂ1uﬁﬂ1wuli

=K o a A A 1 dy Y o oA a g’ Y
WNMNITAAAT NIDADUMIYNATNVIATY l!a']u']’f]@ﬂﬂ@'ﬂaluﬁﬂ'lwvli !W@ﬂiglNUIiﬂi']u']ﬂ'l\u!ag

Tsnou 9 luaawlsifdunaivaied vazdsufiumsniadula quainwa uaznanaalu

TasamailSulgaiugszeziaosde i)
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[ Y 1 osl Y J Y o Jd 1
ﬂ'Uﬂ'J’llJ@l’lu‘ﬂ11!?5]ﬂjiﬂﬁ'IUWﬂW\ﬂu@\zu@'ﬂWﬁﬂJIﬂﬂﬂWiiﬁﬂm!uu%Wﬂ?uﬁﬂ@ﬁ@lﬂ

v
=

Wunly 25 ag. a.

HaN gnHaN aznuusnuailes szAUANNMUMUIIA
SUT0401.06 4.67' 2OULDUIN
SUT0401.07 5.00 DOULBUIN
SUT0401.08 3.67 DOULD
SUT0401.09 4.75 DOULONIN
SUT0401.13 1.50 fumu
SUT0401.15 2.00 FMumuihunans
Black Queen x SUT0401.19 2.75 fumuiunaig
NY88.0517.01 SUT0401.20 0.67 fumu
SUT0401.24 0.00 Fumuann
SUTO0401.27 1.75 fumuihunang
SUT0401.29 2.33 FMumuihunans
SUT0401.30 4.67 2OULBIN
SUT0401.32 1.00 funu
SUT0401.33 0.00 Fumuann
SUT0402.01 4.67 DOULBUIN
SUT0402.06 3.67 DOULLD
Black Queen x SUT0402.08 1.50 Aumuiiunaig
NY65.0550.04 SUT0402.14 3.00 oouuolunaN
SUT0402.30 4.00 2OULLD
SUT0402.54 0.75 fumu
Carolina Black Rose x SUT0403.03 3.75 GRIMTGHRITERE
Wilcox 321 SUT0403.09 0.00 LTI
Yazusnuaiosdenuii 25 as. 4,
0 = 0-5 alosdomiily 25 a3, au. Fumunn
1= >s-10  aeddenudily 25 as. 4, fumu
2 = >10-15  mleddenuiily2s A, o, fumuthunai
3 = >15-25  eleddemiit 25 a5, a. douneunag
4 = >25-40  eilosonuiily 25 a5, o, 00U
5 = >40 aloseonuiily 25 as. a. 80101
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[ Y 1 osl Y J Y o Jd 1
$ﬂ'Uﬂ'J’|3J@I'I°H‘W'luﬂf]jiﬂﬁ'liﬂﬂ1\‘15114@\2u@'ﬂWﬁﬂJIﬂﬂﬂWiiﬁﬂm&uu%Wﬂ'ﬂuﬁﬂ@ﬁ@m

4 1

=4 = 1
WuNl 25 a3, ¥, (90)
HaN QnHEN aznuusnuailes sTAUANNMUMUISA
SUT0404.02 5.00 DOULBNIN
SUT0404.03 4.50 DOULONIN
SUT0404.08 0.25 FMumunin
SUTO0404.11 0.00 FMumunin
Calorina Black Rose x SUT0404.12 0.50 G’fmmu
NY$8.0517.01 SUT0404.14 5.00 BOULONIN
SUT0404.15 5.00 0OULONIN
SUT0404.20 433 0OULLD
SUT0404.36 0.00 FMumunin
SUT0404.40 5.00 DOULONIN
SUT0405.02 1.00 AMunu
SUT0405.03 0.67 AMunu
SUT0405.05 4.67 DOULONIN
Calorina Black Rose x SUT0405.13 0.50 Funmu
NY65.0550.04 SUT0405.14 1.25 Funmu
SUT0405.15 2.00 Fumulnans
SUT0405.17 0.33 AMunmuun
SUT0405.19 0.33 AMunuun
SUT0406.01 4.75 DOULONIN
SUT0406.02 5.00 0OULONIN
SUT0406.04 433 0OULLD
SUT0406.05 5.00 DOULONIN
SUT0406.07 3.00 poutothuna
SUT0406.08 5.00 OULONIN
Calorina Black Rose x ,
SUT0406.09 4.67 BOULONIN
NY65.0551.05 ,
SUT0406.18 4.50 BOULONIN
SUT0406.20 425 0OULLD
SUT0406.21 4.75 OULONIN
SUT0406.22 0.25 AMunuun
SUT0406.27 4.67 0OULLD
SUT0406.29 5.00 OULONIN
1 ° P
azuuudInalesaeiiuily 25 ag. wu.
PRI v
0 = 0-5 ﬁﬂama‘wuw“lu 25 Q3. Y. ATUNMUUIN
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ABSTRACT

Downy mildew and anthracnose are major diseases of the grapevine (Vitis spp.) cultivars grown in
Thailand. Due to the advantages over disease management by fungicidal application, disease
resistance genes have been sought after with the ultimate goal of developing new cultivars with
improved disease resistance levels. In this study, nucleotide-binding site (NBS)-leucine rich repeat
(LRR) class of resistance gene analogs (RGAs) were cloned by PCR amplification using
degenerate primers specific to P-loop and GLPL, conserved regions of NBS. Ninety-one clones
containing putative RGA sequences were obtained from a downy mildew and anthracnose resistance
hybrid ‘NY88.0507.01' and a susceptible cultivar ‘Black Queen’. These cloned sequences were
subdivided into 14 groups based on their nucleotide sequence similarity of 90% or greater. BLASTX
of fourteen selected clones showed the highest amino acid sequence similarity with known NBS-LRR
proteins or putative resistance (R) protein candidates. Multiple alignment of these representative
RGAs with 5 known R proteins revealed conserved P-loop, kinase-2, RNBS and GLPL motifs which
are typical components of the NBS-LRR proteins. Four RGAs had at least 40% identity with known R
proteins. Phylogenetic analysis demonstrated that the representative RGAs from both resistance and
susceptible grapevines dispersed along the phylogram on the two major branches of either TIR

(Drosophila Toll and mammalian Interleukin-1 Receptor) or non-TIR type of the NBS-LRR proteins.

Keywords: anthracnose, downy mildew, resistance gene analogs, NBS-LRR, Vitis spp.

Abbreviations: CC, coiled-coil; LRR, leucine-rich repeat; NBS, nucleotide-binding site; PCR,
polymerase chain reaction; R, resistance; RGA, resistance gene analog; RNBS, resistance
nucleotide binding site; TIR, Drosophila Toll and mammalian Interleukin-1 Receptor

1. Introduction

Grapevine (Vitis spp.) is one of the most economically important fruit crops worldwide. However,
cultivation of grapevine in tropical regions is still limited due to its high susceptibility to several
diseases. In Thailand, downy mildew (caused by Plasmopara viticola) and anthracnose (caused by
Sphaceloma ampelinum) are 2 major diseases. Management of these diseases is mostly based on

application of commercial fungicides that is costly and causes an inverse impact on environment.
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To achieve sustainable grapevine production, cultivars resistant to multiple diseases are highly
desirable, which may be obtained by manipulating disease resistance (R) gene(s) or activating
plants own defense systems. Interaction between an R gene product and a pathogen avirulence
factor triggers signaling pathways downstream and subsequently activates plant defense
(Hammond-Kosack and Jones, 1996). Sequence analysis suggests that the majority of R proteins
contain nucleotide-binding site (NBS) and leucine-rich repeat (LRR) domains (Flor, 1971; McHale
et al., 2006). At the N-terminus, NBS domain carries conserved and short motifs annotated as P-
loop, kinase-2, resistance nucleotide binding site (RNBS) and hydrophobic GLPL (Meyers et al.,
1999). Based on the RNBS motif, the NBS-LRR proteins together with human apoptotic protease-
activating factor-1/ Caenorhabditis elegans homolog CED-4 (NB-ARC) are classified as members
of the P-loop NTPase superfamily (Leipe et al., 2004). The LRR domain of NBS-LRR proteins
carries either a motif which is homologous to Drosophila Toll and mammalian Interleukin-1
Receptor (TIR), or a coiled-coil (CC) or a leucine zipper motif (non-TIR; Pan et al., 2000). As
implicated by its family, the N-terminal NBS domain is involved in nucleotide binding and signal
transduction (Takken et al., 2006), whereas the LRR domain seems to be responsible for
pathogen-recognition specificity (Martin et al., 2003). With an ultimate goal to develop new
cultivar(s) with strong resistance to disease(s), novel resistance gene analogs (RGAs) have been
identified from a broad range of plant species using degenerate primers designed from the
conserved motifs within the NBS domain (McDowell and Woffenden, 2003; Soriano et al., 2005;
Mahanil et al., 2007). In grape genome, 341 NBS genes (84 CC-NBS-LRR and 37 TIR-NBS-LRR
genes) were found (Velasco et al., 2007). RGAs corresponding to functional R genes have been
confirmed, and several RGAs were mapped to clusters of or closely linked to functionally known R
genes (Donald et al., 2002; Shen et al.,, 2002; Van der Linden et al., 2004; Welter et al., 2007,
Hvarleva et al., 2009).

In this study, we have cloned grapevine RGAs from genomic DNA of a downy mildew and
anthracnose resistance hybrid ‘NY88.0507.01' and a susceptible cultivar ‘Black Queen’. Our results
showed that highly homologous and novel RGAs were identified from both resistance and susceptible
genotypes. The RGAs could be a source for resistance gene analysis and perhaps for further
development of molecular markers for mapping, cloning and selecting of resistance genes to downy

mildew and anthracnose.

2. Materials and methods

2.1 Plant materials and genomic DNA extraction

Genomic DNA of a downy mildew and anthracnose resistance Vitis hybrid ‘NY88.0507.01' (a
'66.0795.01’ x ‘MI#2’ cross) and a V. vinifera susceptible cultivar ‘Black Queen’ was used as a

template for polymerase chain reaction (PCR) amplification of RGAs. The DNA was extracted from
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1 g of young leaves using a modified cetyltrimethylammonium bromide (CTAB) method (3% (w/v)
CTAB, 1.4 M NaCl, 20 mM EDTA, 0.1 M Tris HCI, pH 8.0, 2% (w/v) polyvinylpolypyrrolidone and
0.2% (v/v) B-mercaptoethanol). The resultant DNA pellet was dissolved in sterile water and DNA

concentrations were determined using spectrophotometry.

2.2 PCR amplification of NBS-LRR genes

Two degenerate oligonucleotide primers, P-loop (5-GGIGGIGTIGGIAAIACIAC-3’) and
GLPLAL-1 (5'-IAGIGCIAGIGGIAGICC-3'), which were modified from Hunger et al. (2003) and
designed from the most conserved P-loop and GLPL motifs in the NBS domain of N, RPS2, L6 and
N, RPS2, RPM1 and L6 resistance genes, were used. A PCR reaction was performed in a total
volume of 20 ul (1x buffer, 0.1 mM dNTPs, 2.5 mM MgCl,, 16 pmol of each primer and 1 unit of
Taq DNA polymerase (Invitrogen, Carlsbad, CA, USA)), following cycling condition of an initial
denaturation at 95 °C for 4 min, followed by 35 cycles of 95 °C for 45 sec, 50 °C for 1 min, 72 °C
for 1 min, and a final extension at 72 °C for 10 min. PCR products were electrophoresed on 0.8 %
agarose gel. The fragments of expected size were excised and gel-purified using QIAquick Gel

Extraction Kit (Qiagen, Valencia, CA, USA).

2.3 Cloning and sequence analysis

The PCR products were cloned into the pGEM-T Easy vector (Promega, Madison, WI, USA) and
transformed into competent Escherichia coli, following the manufacturer’s instructions. Upon selection
with the medium spread with 2% (w/v) X-gal and 100 mM isopropyl B-D-1-thiogalactopyranoside,
plasmids with inserted DNA from single white colonies were analyzed by EcoRI digestion to
determine the size of inserted DNA fragments. DNA sequencing was performed by Macrogen Inc.
(Seoul, Korea). Clones were classified using the Sequencher 4.6 software. Sequence identification
of clones was performed against known RGAs and R proteins deposited in GenBank using
Nucleotide-Nucleotide Basic local alignment search tool (BLASTn) and translated query vs. protein

data base (BLASTx) or protein blast (BLASTp) algorithms (www.ncbi.nim.nih.qov/BLAST),

respectively. Nucleotide sequences of cloned RGAs were translated into amino acid sequences by
translation software (http://www.expasy.ch/doc.html). Cluster analysis (based on Clustalw) and
construction of phylogenetic tree (Neighbor-joining method) of representative RGAs were carried
out against known sequences of TIR-NBS-LRR proteins (RPS4; NP_199338.1, L6; AAD25968.1
and N; BAD12594.1) and non-TIR-NBS-LRR proteins (RPS2; ABN54584.1 and RPSS5;
NP_199338.1) using MEGA version 4 (Tamura et al., 2007), respectively. The reliability of the

cluster was checked by bootstrap analysis of 1000 replicates.
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3. Results and discussion

3.1 Isolation of resistance gene analogs from resistance and susceptible grapevines

Targeted PCR amplification of Vitis genomic DNA with P-loop; GLPLAL-1 primer pair gave a single
expected fragment of ca. 540 bp (data not shown). Ninety-one complete nucleotide sequences were
obtained from 42 clones of the resistance hybrid ‘NY88.0507.01’ (designated rgVhybNY507) and 49
clones of the susceptible cultivar ‘Black Queen’ (designated rgVvinBQ). BLASTn showed that 84 of
these nucleotide sequences shared a high homology (identity 81-99%) to Vitis genomic sequences
(supported by E-value closed to 0) or putative RGA/ P-loop NTPase genes previously identified from V.
aestivalis (rgvhybNY507_11 and 80), V. amurensis (rgVhybNY507_28, 32 and rgVinBQ_47), V.
rupestris (rgVhybNY507_5, 17, 25, 33, 75, 76, 101 and rgVvvinBQ_40, 73, 103, 104) and V. riparia
(rgvvinBQ_35 and 37) (Di Gaspero and Cipriani, 2002; Di Gaspero and Cipriani, 2003; Jaillon et al.,
2007; Mahanil et al., 2007). In addition to the resistance hybrid ‘NY88.0507.01" which is expected to
have a variety of R genes from its progenitors (V. rupestris, V. cinerea, V. labrusca, V. riparia and/or V.
lincecumii; Reisch, B.l., personal communication), our results showed that putative RGAs were also
obtained from the susceptible cultivar. The seven remaining clones had no significant similarity to a
GeneBank accession. BLASTx together with BLASTp showed that translated amino acids of 84
sequences belonged to P-loop NTPase superfamily that had moderate to high homology (46-
100%) to NBS-LRR proteins, R protein candidates or P-loop NTPases of V. spp. and had 45-57%
identity to putative R proteins derived from various plant species including Malus, Rosa,
Helianthus, Populus, Cicer, Ricinus and Theobroma spp. In addition, amino acid sequences
translated from the 7-unknown nucleotide sequences shared between 33% and 64% identity (E-
value closed to 0) to putative NBS-LRR proteins of V. vinifera and putative R proteins from Malus,
Rosa, Populus, Theobroma and Arachis spp. Fifty-nine sequences (33 from ‘NY88.0507.01' and 26
from ‘Black Queen’) exhibited highly conserved p-loop and GLPL motifs. Interestingly, the GLPL
and/or p-loop motifs of 32 clones (9 from ‘NY88.0507.01" and 23 from ‘Black Queen’) were modified.
Among these, 23 clones (3 from ‘NY88.0507.01' and 20 from ‘Black Queen’) possessed GGGEDD
motif similar to protein of V. vinifera, and cadherin-like, nuclease/ phosphatase family protein or protein
kinase of other organisms. Altogether, the above results suggested that all 91 sequences would
perhaps be RGA candidates.

Cluster analysis via MEGA4 software classified 91-RGA sequences into 14 groups using a 90%
nucleotide identity threshold value. The number of sequences in each RGA group ranged from 1 to 38,
and the amino acid identities for members of a given group ranged between 61% and 100%. Three
major groups consisting of 13, 27 and 38 clones from both ‘NY88.0507.01’ and ‘Black Queen’, 7 groups
consisting of 1-2 ‘NY88.0507.01’ clones, and 4 groups consisting of 1 ‘Black Queen’ clone were found
(Table 1). One representative member of each group was selected to perform a homology search

against GenBank accessions. These representative clones displayed high diversity in both nucleotide
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and amino acid sequences. Their nucleotide sequence similarity ranged from ‘no significant similarity
was found’ to 81- 99% identity to Vitis genomic sequences or putative RGA/ P-loop NTPase genes
(Table 1). The translated amino acid sequences of the representative clones rgVhybNY507_29, 80,
101, and rgVvinBQ_46 exhibited a close relationship (> 90%) to the putative NBS-LRR proteins, R
protein candidates or P-loop NTPases from V. vinifera, V. riparia, V. aestavalis, V. amurensis, and
shared about 49-57% sequence similarity with the putative R proteins from Malus prunifolia, Populus
trichocarpa and Helianthus annuus. In contrast, the clones rgVvhybNY507_13, 15, 27, and
rgVvinBQ_53, 102 and 106 displayed no or low to moderate degree in their amino acid homology
together with sequence coverage with NBS-LRR proteins, R protein candidates or P-loop NTPases
from V. spp. This phenomenon is possibly due to multiple mutations introduced into their nucleotide
sequences. However, some of these RGAs showed moderate sequence similarity with R proteins from
other plant species. For example, rgvVhybNY507_27 had 48-50% identity with Arachis hypogaea and M.
prunifolia. In addition, three novel Vitis clones have been revealed by this study. Firstly, clones
rgVNY507_22 and rgVhybNY507_23, which exhibited no nucleotide sequence similarity, shared only
47-61% amino acid similarity with putative NBS-LRR proteins of V. vinifera and V. amurensis.
Moreover, rgVhybNY507_22 also showed 46% identity with NBS-LRR R protein from Rosa hybrid.
Secondly, although nucleotide sequence of rgVhybNY507_90 was mostly similar to V. vinifera genomic
sequence, translated amino acid sequence showed only 51-55% identity with putative NBS-LRR
proteins of V. vinifera, and shared 45-47% identity with NBS-LRR R proteins of Cicer arietinum and

Ricinus communis.

3.2 Comparative and phylogenetic analysis of resistance gene analogs and known resistance proteins

Amino acid alignment of the fourteen Vitis representative RGAs together with NBS domain of 5 well-
characterized R proteins revealed the presence of conserved P-loop, RNBS-A, kinase-2, RNBS-B,
RNBS-C and GLPL motifs which are features of RGAs as well as NB-ARC members (Fig. 1). The
alignment showed also an aspartic acid (D) or a tryptophan (W) residue at the end of kinase-2
motif which is a typical characteristic of TIR and non-TIR of the NBS-LRR R proteins, respectively.
Based on this criterion, most of the representative Vitis RGAs and known R proteins were
classified into TIR and non-TIR subclasses. However, rgVhybNY507_22, 27 and rgVvinBQ_106
could be grouped as neither TIR nor non-TIR. A phylogenetic analysis was therefore conducted
based upon the amino acid sequences. The resulting tree in Fig. 2 consisted of two major
branches: one consisting of 7 Vitis RGAs clustered with 3 known TIR-NBS-LRRs (Arabidopsis
RPS4, flax L6 and tobacco N) and the other consisting of the remaining 7 Vitis RGAs clustered with
2 non-TIR-NBS-LRRs (Arabidopsis RPS2 and RPS5). The highest similarity was detected between
rgvVhybNY507_29 and rgVvinBQ_47 (58%) and the lowest between rgVhybNY507_13 and
rgvVhybNY507_15 (4%), and between rgVhybNY507_27 and rgVvinBQ_106 (4%). Moderate

homology was found between four RGAs and known R proteins. The levels of identity of
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rgVvinBQ_46 to L6 and N ranged from 41-43%. Similarly, rgVhybNY507_80 had 37-48% identity
with L6 and N. In addition, rgVhybNY507_29 and rgVvinBQ_47 showed 47-48% similarity with
RBS5. Notably, the unclassified rgVhybNY507_27 and rgVvinBQ_106 were found in the major
branch of TIR, whereas the rgVhybNY507_22 was clustered along with non-TIR members,
suggesting that these RGAs were likely to be members of TIR and non-TIR, respectively. It should
be noted that RGAs from both resistance hybrid and susceptible cultivar were randomly distributed
along the phylogram, suggesting that they may be putative paralogues or pairs of functional/non-
functional allelic variants. A high level of allelic variation at NBS-LRR genes has previously been
observed between susceptible and resistance grapevines (Di Gaspero et al., 2007). Otherwise,
these putative RGAs might not be linked to or be candidates of downy mildew and anthracnose
resistance genes. It is possible that some of these NBS-related genes evolved to confer other
functions than disease resistance i.e. other signal transduction pathways as mentioned by Meyers
et al. (2003). This study therefore showed evidence that RGAs can be obtained from both
resistance and susceptible grapevines. However, their usefulness in the cloning of unknown R
genes, mapping and developing markers for marker-assisted selection programs to achieve

grapevine genotypes with desirable resistance levels remains to be determined.
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Figure captions

Fig. 1. Multiple alignments (performed by ClustalW) of translated amino acids of 14 representative
Vitis RGAs and 5 known R proteins. Conserved amino acids are highlighted with boxes. The
underlined aspartic acid (D) and tryptophan (W) are typical characteristics of TIR and non-TIR
proteins, respectively. Motifs of the NBS domain are indicated at the top of the sequences.

Fig. 2. The neighbor-joining tree constructed based upon Clustal W amino acid sequence alignments
represents the relationship of 14 representative Vitis RGAs, 3-known TIR and 2 known non-TIR
subclasses of NBS-LRR R proteins. Bootstrap values are given at the branch points.



Table 1. Results of similarity search between Vitis RGA nucleotide/amino acid sequences and GenBank accessions using BLASTn and BLASTX, respectively.

GenBank accessions with the highest sequence simila rity

Representative Clone
clones numbers / Score Identity/ Score Identity/
rou i - v i v
group Nucleotides (it E —value coverage (%) Proteins (bi) E —value coverage (%)
Hybrid ‘NY88.0507.01"
rgVhybNY507_13 1 No significant similarity found Unnamed NBS-LRR protein candidate [V. vinifera] CBI17900.1 54 3e-13  50/62
(HM773001)
rgVhybNY507_15 1 No significant similarity found Resistance protein candidate [V. amurensis] AAR08818.1 81 7e-14  53/38
(HM773002)
rgVhybNY507_22 2 No significant similarity found Unnamed NBS-LRR protein candidate [V. vinifera] CBI17900.1 56 2e-10 6178
(HM773004) Putative LZ-NBS-LRR resistance protein [Rosa hybrid cultivar] 30 0.0 46/67
CAJ27150.1
rgVhybNY507_23 1 No significant similarity found Resistance protein candidate [V. amurensis] AAR08818.1 126 9e-30 53/86
(HM773005)
rgVhybNY507_27 1 No significant similarity found P-loop NTPase [V. aestivalis] ACN91228.1 48 4e-04 5824
(HM773007) Resistance protein PLTR [A. hypogaea] AAX81243.1 39.7 0.13 4821
Putative disease resistance gene analog NBS-LRR [M. prunifolia] 39.3 017 50/20
AAM77260.1
rgVhybNY507_29 27 V. vinifera contig VV78X162558.4, whole genome shotgun sequence 904 0.0 99/97 P-loop NTPase [V. aestivalis] ACN91226.1 318 le-85 92/98
(EU822228.1) AM475374.1
rgVhybNY507_80 2 V. aestivalis clone pSCA-C2 P-loop NTPase gene, partial cds 909 0.0 99/98 P-loop NTPase [V. aestivalis] ACN91228.1 308 le-82 99/98
(EU822262.1) FJ795341.1 TIR-NBS-LRR resistance protein [P. trichocapa] XP_0022300210.1 177 3e-43 57/98
rgVhybNY507_90 1 V. vinifera contig VV78X247338.6, whole genome shotgun sequence 883 0.0 98/96 Unnamed NBS-LRR protein candidate [V. vinifera] CBI40355.1 154 5e-36  55/97
(EU822270.1) AM483751.1 NBS-LRR disease resistance protein [C. arietinum] ABB85178.1 142 le-32  45/98
Putative disease resistance protein RPH8A [R. communis] 139 le-31  47/97
XP_002535012.1
rgVhybNY507_101 13 V. rupestris clone rgVrup119 putative RGA gene, partial sequence 900 0.0 99/98 Unnamed NBS-LRR protein candidate [V. vinifera] 298 le-79 98/98
(EU822276.1) ABB85178.1 CBI17900.1
Putative disease resistance gene analog NBS-LRR 139 le-31 49/98
[M. prunifolia] AAM77267.1
NBS-LRR resistance like protein RGC402 [H. annuus] 136 1e-30 51/98
ABQ57715.1
Cultivar ‘Black Queen’
rgVvinBQ_46 38 V. vinifera contig VV78X110871.5, whole genome shotgun sequence 870 0.0 98/97 Unnamed NBS-LRR protein candidate [V. vinifera] CBI33323.1 318 1e-85 94/99
(EU822245.1) AM436038.2 Resistance protein candidate [V. amurensis] AAR08818.1 289 9e-77  88/98
rgVvinBQ_47 1 V. amurensis isolate rgVamu084 resistance protein candidate pseudogene, 870 0.0 97/98 Resistance protein candidate [V. amurensis] AAR08840.1 226 le-57 64/98
(EU822246.1) partial sequence AY427079.1
rgVvinBQ_53 1 V. vinifera contig VV78X195949.3, whole genome shotgun sequence 296 le-76 87/35 Resistance protein candidate [V. riparia] AAR08879.1 86 3e-15 46/41
(HM773013) AM489403.2
rgVvinBQ_102 1 V. vinifera contig VV78X148054.15, whole genome shotgun sequence 119 2e-23 81/27 Unnamed NBS-LRR protein candidate [V. vinifera] CBI33323.1 70 7e-11  61/33
(HM773017) AM463019.2 Resistance protein candidate [V. amurensis] AAR08818.1 59 2e-07 52/33
rgVvinBQ_106 1 V. vinifera contig VV78X148054.15, whole genome shotgun sequence 66 2e-07 86/11 No significant similarity found
(HM773018) AM463019.2

“Expected value (E-value) refers to the number of matches expected by chance alone. The lower the E-value, the more strongly supported the match.
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