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Disease symptoms were used to calculate the DI, which was
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of the symptoms, as follows:

grade 1 : plants died

grade 3 : 51-90 % of the plant exhibited disease symptoms
grade 5 : 25-50 % of the plant exhibited disease symptoms
grade 7 : <25 % of the plant exhibited disease symptoms
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FE4F MET 4009 SNP9 genotypingoﬂ 717 BA&Holgte AES &
Z3t3 FHdA §F ampli-seq TAE MES 28] £ AAA 7] E=H
8382 AF SNP vAE t=3le] 400470 Wl niAE Adslr] 93
A Y5t Aok
B 24 2d SNP 9] %] P value Major Minor
Loe a Tl odel 5:30361868 | 5.82E-07 | A T
Number
L e a f
. K model 5:947341 7.97E-07 G T
Weight
1:23718022 | 9.55E-07 T G
K model | 3:26877154 | 1.10E-06 A G
Length  of | @ ormeq | 25119386 | LIGE-06 C G
Silique (mm) 9:6055887 | 2.98E-07 A G
) 9:37198378 | 1.13E-06 G T
9:38179095 | 1.38E-06 G A
2:31961173 | 3.13E-07 T C
3.13109017 | 5.96E-07 C A
5:6114368 | 4.58E-07 A T
5.10198519 | 2.97E-07 A G
5.16600595 | 4.05E-07 A C
5:16741995 | 1.93E-07 A G
5.24203377 | 8.76E-08 A C
5:41871555 | 1.16E-06 A G
5.44098840 | 5.46E-07 C A
6:164947 1.33E-07 A C
6487067 6.38E-07 G C
6:487181 3.23E-07 G T
6487182 2.92E-07 A T
6:1057607 | 4.80E-07 C T
6:1665124 | 1.23E-06 T C
R o ot 61671653 | 9.93E-07 C T
Diameter [ K model 6:1671661 | 9.93E-07 C G
(cm) 6:1671680 | 7.90E-07 T G
6:1671697 | 7.90E-07 A G
6:1671747 | 9.93E-07 T C
6:1671771 | 9.93E-07 A G
6:1671772 | 9.93E-07 A C
6:2069353 | 4.04E-08 T G
6:2331401 | 5.77E-09 G A
6:4136849 | 4.60E-07 T C
6:4257698 | 4.26E-07 G A
64257711 | 4.26E-07 T A
6:5942825 | 2.28E-07 G T
6:8112387 | 1.70E-08 C A
6:8396000 | 6.31E-07 C G
6:9245967 | 7.02E-07 C T
6:11901498 | 1.69E-07 T A
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6:13623179 | 1.28E-06 A T
6:15561725 | 1.98E-07 A G
6:41773669 | 1.OSE-07 T G
6:43122826 | 7.02E-07 T C
6:43129679 | 3.95E-07 A C
6:43129719 | 3.95E-07 G T
6:46403082 | 6.35E-07 A G
6:46642935 | L47E-06 T C
6:48274559 | 2.96E-07 G A
6:48367686 | L.OBE-07 C A
6:48880537 | 5.04E-07 G C
6:49860975 | 6.81E-07 G T
6:50450300 | 3.98E-07 C T
6:50450301 | 6.99E-08 G A
6:52104133 | 5.56E-07 G A
6:52857046 | 2.46E-07 G T
6:52862529 | 1.19E-06 G A
8:388662 5.57E-07 G A
8:20012694 | 7.87E-09 T G
8:27150455 | 3.09E-07 T C
R o o t
K model 6:49861002 | 4.56E-07 T C
Length (cm)
T ot a 11k model | 227120657 | T4IE-06 G C
Number of | (transformed J:3642288 7.69E-07 G A
N 9:3642297 | 7.42E-07 A G
Silique ) 93642330 | 742807 | A T
Bloom day | QK model | 2:36788233 | 8.00E-07 G A
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8:11234707 | 2.91E-08 G A
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Black

Blanc L*=100%

Magenta

White

Yellow

Green

Noir L=0

RGB color space La*b* color space

19 46. A F7F W3k RGB—La*b*
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Ikl o]u]A] stitching g Foles 2 7HA F8% dA7E Utk A
HA, 4= oA oA A4 ZJAEE FRIT ths FEF
O23YEE FE813 o|u]AE AboloA mfjd =th. 1 %, random sample
consensus(RANSAC)¢} 22 sxm |y = 2
E< AH83t= homography WEE] 28 FAste &&F o] ) mpxeto 2,
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sy njEg 2= warping mosaic ©|v]|X|E AAdslr] 98] warping ¥
3 T2 FAZLE o] =&l =[1]91A4 Brownoll A A|¢ke stitching &t
2lE5< A83sted RGB dlolH Ale]l gt mosaic ZEA2~E AFSFIL o)A
a9 110904 & 5 Utk

KR
L

Input: » unordered images

I. Extract SIFT features from all n» images

1. Find &k nearest-neighbours for each feature using a k-d
tree

I1l. For each image:
(i) Select rn candidate matching images that hawve
the most feature matches to this image

(11) Find geometrically consistent feature matches)
using RANSAC to solve for the homography be-
tween pairs of images

(111) Verify image maitches using a probabilistic model

IV. Find connected components of image matches

V. For each connected component:
(i) Perform bundle adjustiment to solve for the rota-|
tion &3 . &=, #3 and focal length f of all cameras

(11) Render panorama using multi-band blending

Output: Panoramic image(s)

19 110. A5 panorama stitching &ate] &2l
d4E, =9 9 A A4

ol WA 359 OpenCV #olB WA 2.7& A83te] RGB9 NIR ©l o]
E] Alo] Ak® o)u]R] stitching 71%-< T8 Th. RGB2 ©lolE] Aol 3m
o] mxoA 1370 olm A& =717} 8,404 x 3,567 (L 1112 stitching®
ol A& AestgaL, o] 15me] A=A 3471712] o] n X7} stitching®
NIR olmA & A3t AHEE AT Z7]= 9,933%6,149 (2 112)°] o}

a9 111. 3% 3 vHollA 13 7§¢] RGB o]m| Ao gt
stitching A3} (o]v]A] =Z7]&= 8,404 x 3,567)
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¥ 112, 1% 15 v E oA 34 7¢] NIR o]u| x| thgk
stitching A3} (o]v] %] =Z7]+= 9,933 x 6,149)

WAE stitching® oM A S-S stitching 9|7} G2 Wmuk ole} w]sHA

o2% &2t AT OpenCV ©]F|A] stitching Fel2 AH&2] 713
Z BA™E F slhvb= 23 homography 38 AAE EZEst] Y HF ALke] &
& ¥Ee 245 83 drks Aol

@ Alwm F9 Ao ol A
Linear spectral clustering (LSC)2 [2]914] A|QFE superpixel €E|FO=E,

H

of =2 WEy TS 24T F Ak omA 9 H HAdo] NI A7,
EA B EXEE ON)ol™H o= o]% superpixel Bt} T ©<=3stt). LSC
dagFolA ZE JAS2 10-3d 5 oA 7 Aoz AdEH
A S Y ZEA
gFo 3 g
shA REd
gar o]
superpixel
o] AR 2

al
Ith O3 9 & K-means®} 22 weighted clustering ¢8|
2 AREHI T 10-20Y 54 F3belA FE2EHE &
of 7] JAd FxtolA dutstd FiE, ¥ A Y3t ARE
O LSC ¢ngF ALtel B4, w=e
Ao B EAS HET F At AH LSCe olxe

AIRE el Hle) prsits e HYFn LCL

= B b o )
ue
e =)
Loy

< I8 704 st Yok F VA 83 A2 HELS .9 superpixel
T K& x3sta FasHA Adgsfor &t} r @tol E7E ESF A0
O =2 superpixels WHEw Z£O 2 AYHEE= WA, 71 45 ZAAE A
71+ Aol o F4.
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1: Map each point p = (I, ap, Gp. p.yp) 10 a ten di-
mensional vector ¢(p) in the feature space.

2: Sampling K seeds over the image uniformly at fixed
horizontal and vertical intervals v, and v,,.

3: Move each seed to its lowest gradient neighbor in the
3 x 3 neighborhood.

4: Initialize weighted mean my and search center ¢p of]
each cluster using the corresponding seed.

5: Set label L(p) = 0 for each point p.

f: Set distance D(p) = oc for each point p.

7: repeat
8 for each weighted means my and search center ¢y
do
L for point p in the Tv, x 7v, neighborhood of ¢
in the image plane do
10 D = Euclidean distance between ¢(p) and my

in the feature space.
11: if D < d(p) then

12: dip)=D
13: Lip)=Fk
14: end if
15: end for

i end for

17:  Update weighted means and search centers for all
clusters.

18: until weighted means of i cluster converge.

19: Merge small superpixels to their neighbors.

1% 113. superpixel &ag]&2] ¢4, &9 A
A A=}

“?—E]E LSC superpixel ¢dFe TSI 7= =F2]0 2= 0
ATH pHE SHE =FA 0.0752 AAH AAT superpixel F= 500,
1000, 200002 FEHATH o]fF= stitching® oW A& 7|& =FA 7=
H o]mA] Aoz} HlWE|A B Z7] wjEo|th

I9E 1142 o2 59] superpixel FEHr]E]E0] &&= %S o superpixel Al
OHE ZA3}E RAFET superpixeld ¢ w7 H 47} SOOJ 4% Byt A
Zek Al W 99o] 2ol 253 HE AFo] et o] YL ozt A
A zol7h Q7] wWiRolt} o9} Ze A$E 1 sehelA B F A 1
2 superpixel®] W7l W] 47 B EOW(1000 =& 2000), superpixel

g LY ES EY 99 A4 Alm M F90] ¥ 8(c2) 1H 8(c3)
2} Zo] ANE UE superpixelZ £ EH7] wjFo] Y Z2AM20 @ & 5
PET. AHHO=Z superpixel M|IHMEE F=317] 93l 20004 2 KE
AgtAth I19 s 64 x 64 IR H AES Ao|=2E H 83t F 7,3367
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o] Al
oA

=
=
s

239t} o] AITEE ALY ¥ dd wde gow
Hae 98 Agstar.

=
e

E
E

) Original image b) Zoom image

ci} 500 superpixels c2) 1000 superpixels c3) 2000 superpixels

19 114. ©E superpixel #< 7} superpixel £330} 92 &= Y& o]n] A
@A 54 s 99 bE st 1 3, 73 A BT (cl) 500 superpixel,
(c2) 1000 superpixel ! (c3) 2000 superpixel= Z33= Aold 9] superpixel=
zb= g oln Ao A&HH.

l"

0?~

y

@ RadRGB Z=H 4 ¢1=e] AlF-3} A3

Z1H3E CNN oHEIHE ZAA s oF st AAZQ Mol A &3 o]
A AT HIME 7HFeZ 64 X 649 AdZH =719 57019 convolutional @ o] o]
P 239 CNNS Addstdoh 28 o 2 gojojdd A Ad arlE
AElste] 64 x 649 dE olH|AE 1 x 39 Ao wjFIH.
convolutional #e]ojell= Agst A Z7|7F BR3EZ w7 Wy 358
aRHoE AT £ Jdoh. I9 9= dgar], Ad 7 2 =9 AV|E
HojF= Alk"d CNN Edol A op7|EAE HogEnh. dubzom
RadRGB =P 64 x 64 onAEY Jygoz Wy gy 57Hf4
convolutional #|°]of(cl~c5), 370 &FFH #HoloJEMI~M3), TI&|aL 2719 1
U4 golol2 Y Hd =% #Heoloe 54 |y Xt 279 A4
AE Fol7] Y3l ALY vpx9 yUE Fo] EHL ¥ plastic mulch

= EeIT3].

N

b Mo
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19 115. 64 x 642
4 dolo] & 3 /e &4
M2 Hd =9

1

Ml 3

o
A

geololE yehd)e AR 7=

6. A|¢tE RadRGB o}7) 8l Ao st zZ2 el

4

&l

MY L&

RadRGB
Name Structure (widths, heights,
channels)
Input 64x64
Convollutlon_ X7 (58, 58, 32)
Convo?}ution_ 5%5 (54, 54, 64)
Maxpool 1 2x2 (27, 27, 64)
Dropout 1 | Probability: 0.2
Convojution_ 3x3 (25, 25, 128)
Maxpool 2 2x2 (12, 12, 128)
Dropout 2 | Probability: 0.2
Convoél‘utlon_ 353 (10, 10, 256)
Maxpool 3 2x2 (5, 5, 256)
Dropout 3 | Probability: 0.2
Convoslutlon_ 33 3, 3, 512)
BatchNorm (3, 3, 512)
Dropout 4 | Probability: 0.5
Flatten (4068)
Dense 3)
25 WA oA, BRE ¥ o] BEo] FEHo] Ay A
ZeAse) gYow AgHT
F Yol Az & 99S FHEE] A8l AddE | HY =

- 113 -

olu] =], 5 79l convolutional #°]o], 3 7} H4
2 (C= convolutional #lo]oE YE L
S X33 RadRGB ©}7]H A
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571 93] RGB-A HlolE HNEE 85159 £ &= F /9 39 P
2 2930 3 HA sk fAe2 S tlolE He(1,445 ol A)eE ARG
ng\;q o} = ]:H/yﬂ o}ﬂ ;(11:1-0 ];ﬂ/\E-_‘ Ez—l oz /\g/HE]Oj\E]. (255 o]u];(]) ?ﬂ-
= HolE A3 HZE Holg Mol AAR Z2l= & 79 AR EH A

£ 7. E#old MEY Z+ S (F, EY H plastic mulch)®] o]n]A] 4

ining set Testing set
k Subt

Radish 510 90
Soil 493 87
Plastic mulch 442 78
Total 1445 255

a8 g8 &8 AEJA 479 uxt 4%(Four fold cross-validation)2 &
HAa o] doly AL WA dHiolg MEE 4719 AH AR UFATh
g9 M-S 49 AAsta 42 Heoll tigk TH HolHE 3709 AH M-S

7)
ARERT U A B AlE HAE S 0w ARREHIIY. 1 % T4 HolH
2 AREE 370 A E Aol 2709 ABE Ao E ¥ EFREIL Edeld TlolH
o] 80%7F Ajtd Edo] FgEo UEYA 7IFAE FHAF s, HeolH 9
20%7F A= Hloly Ao E &80 HAH3 serHES AASATH

NVIDIA HEld GPU T A"l E¥l2~& CNN Ed& 98l AH8= AT
AR A X ¥ Ubuntu 16.04 2 Intel Core i7-5930K CPU, 64GB DDR4 % 4 7}
o] Titan X 12GB GPUZ} Uth(Z GPU= 3,072 7He] CUDA Zoj7} US).
EE 2392 Python UolZ FHH TS Tensorflow § W Ho]E
g & H&3td RAS FASY AFIdUo. 22 30 epochs T3l THES
a1, ¥lx] =7](batch size)E= 32 A AL F EF ol AFdE 022 AA
HAJ A HA =F o2 AdE 0.5 Atk Adam H A3 g9 SgGELS
0.001, beta_1-> 0.9, beta 2= 0.999, epsilon< 1e-08°] T}

a9 1162 A5t 80 %2 FA3] Z7H3F whd, S 5 /M9 epoch F¢F
4L 35 %E A FA2YeS BoEt. T A= 9 F84 AA AF

EE 73 vkt Ul Ed Z2A|zdA oF 86 %R bgstETh o
2Ho 2, 4 8 AT TEAX9 EHL O AL 30 %E ST
ol A= Foll 4 AL 239 A4 3 AT AEs #dste] Hge
A3E LA
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0.8 0.8
0.7 0.7
0.6 4 0.6 4
0.5 0.5
— loss — loss
04 _ e 0.4 s
e e SN A e T
— val_loss =
034 | 034 val_loss
0 5 10 15 20 25 30 0 5 10 15 20 25 0
Fold 1 Fold 2
== ¥ e
0.9 “— ol =
0.8 |/
/
0.8 1 4
0.7
0.7 q
0.6
0.6
0.5 \
0.5 1
\
— loss — loss
0.4
DA |- acc —acC
AL v o SR
— val_loss F = val_loss
0.3 T T T T T T T : T T T T T T T
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Fold 3 Fold 4

19 116. 30 epochell thgk ZF 3 ~7]¢] RadRGB =4 A3}

# 82 RGB-A HZE Ho|E A E°| O3 &5 P& A5 Hilsto
A FHEEE 998 2EEtE RadRGB Rdo A%S XAMSCH CNN &
2 29} plastic mulch E 2= ZFoNA 96 % Hy HIgT=E F oA 3 71A
FE9 d9S SntEA A4,

F 8 AgtE | Y 2dS A83F RGB-A HZE Holg HNE9 &% 34

Ground truth . . Plastic

Radish 87 3 1

Soil 1 84 2

Plastic mulch 2 0 75
Accuracy (%) 96.6 96.5 96.1
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©® CNN =g Hd
CNN rdo] Zg2~F 2Hsta AAste WHES BoF7] 93l #olo &
33}, CAM (Class Activation Map) [4] % Saliency Maps [5]& Z &3 Al 714
A Ztet el Hdoh o] WS keras-vis ZholB g [6]F AHES 2
Hlow, £HH keras AW 2ds AZbststa oM AsHy] H9 1w &
Zl o]t

@b Layer activation

It 23 E A #Holor dgs 01‘9
sith whebA] o] MAdA = CNNe F3t 5=
convolutional #| O]Oii E3] olm oA Rk W AT
< SEshe WS BAFAn 2Rdo] A7 4 e AAE A
o] FYolu= /\17—1@}3}717} H4o. S 243 ANFskeE HES AolA
convolutional #oloje] A <l 75 W& FA S 3 g
gAos SYA ¢l 7S U+ 3Pt’i o8 715 W& ANAstst=
E e EE ALY &S 2D ovAR EYH O R FESH= Aot

WAl 2 wkxEt convolutional & o] ool

I3 117. A5 olvA 4L 98 A WA convolutional d o] o]
(convolution_1e] 16 7] &3+ &43} 2 v}x9} convolutional & o]
(convolution_5)¢] 128 7 =7+ &A1 3}
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= A WHA Zoloirt o] dHe WA RS FARGE e #
gl & 4 Atk 4 olmA Y R AA =S gFa 27] ARl 9l
© 719 EE ARV} fAEH. 23y UEYAVE § de W 243 2
O FdAela Aaz oz 4577t o Heh @ HFE, 24, A% B
Azt 22 ag Hde gFsh] ARRH. 2] e F ovA9] A
242 8ol tig FR7F A olmA] Fefzok ddd HEVF P wopx
=3

O Class activation maps (CAM)
CAMS AM&3sld mdo] 54 FY2E ZAT o oA o'l o)
Hegel sleA ZUHT & 5 ok 29 1182 CAM= 3
of gt 54 FYP2E AT o SHE 9 5

[¢)
Ado] 21e D& vl

iby_

18 118, 9 F# 22 3 7} AE CAM. (a) ¥, (b) mulching 2 &, (c) A ™

@ Saliency maps
de olmA tig =9 FUW2=9 7E7E AL Saliency WS =Y
=]

o[ulA grel 4 olux HAo AL wste] oA WgHEA mejETh
a9 1199 EAR AAHG 718719 BE F5 e A FAL 23 W
Askw B4 2o gol F719g Uehit. AgHoz oed evlE

]
wdo JR A@e AT
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{e_s})

a9 119, g& SWze] 4 /) A& i Saliency ¥ (@) 7, (b B4 25 2

(©A14

718 ZeAzolth RE 98 o[ RGBe| Hls) RGBelA HSVE w3
Qom, HSVE olu]x Zws} A JnE TRIUT webs HSV 4 23
A F2H olrA HraPHE BE A G zgolu 1hA AAd &
3} o] THT]
ANE AAE B4 QA7 FAE7) del, S HSV olmA G HAl
O~

Algorithm 1: Wilt severity analysis

0: Initialize count seg black, count white equals to O and total pixel equals to

total number of pixels in img;
for in img do

if equals to O then

1

end if
end for
adaptiveThreshold(img, blockSize, C)
for in bin_img do

if equals to 255 then

e ARl S Ny

0: end if
11: end for
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12 healt to — count_white 100
’ catty-rate = total_pixel— count_seg_black

duelF 19 A5 A @& ZEA2E a3 2ol A¥EUn.
~Josifsre(z,y) > T(x,y)
des (,y) = { 255, otherwise )

desx, y)= ©o]% olm x| 9] x, y #F|o] A+= Aol src (X, )= &2 9]
o) z]9] x, y 21X Q= Aot} AA 3 T &, y)= src &, y)olA CE
(block_Size Dby block Size) o9 7t&s & b2 xRk 3ol
block_Size= {AIFkS A4t ® HE&HE I AH Z7]olth des x, y)
2 Co #e 75 HHolA W o)t
o]zl olHAE Agste] AW PGS EAT F Utk ¢4

a4 7= veida, 4 HA

o o [e]

. . -1 —/ .
Wtk Alss B kA gACA e dWel 2] dACA e T
e AEE FEY O 85 AL FES VRIUE]L A3 er AdeH 54
< A F ZEAZ AGHo 17 1209 o] 7 ¥ o|HAE AT A
B, 7H R AW s AAS dlor ER3. d4 Aol XA om x| ¢
90 % ol’de AAL A5, A B=¢ 10 % 7|t Na HAol

o
ZQ3lA 7] R AR = EFHC I o]
A1 90 % Abo] Q1 B¢ olmA= W AW JJo=
ol & =

24 25l 60 % v
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COhriananl HEN conversion Thresholding

Healthy

Light
disease

Sernous
dizscase

a9 120. 7t 64x64 F olw]#] (A WA &) HSV 4 ¥ HA d)o=E A3
g A gt LA (WA DE Sdsel A A4S A% (0
@), e Ao ERPUT (F WA 2) =t 42w 9y

(T NIR Hlo]8 Ag o] &8 ¥ A% ¥ 27

o] #|41& RGB wlolel M9 RadRGB sz b2 g4 <l NR Hlo]¢]
AL 71MroR NDVI ghe Aldstel T el A% ¥e 243,

Sl 0F 29EY onXE Agstel NDVIE A 918 ol <
T2 wstth [9] [10] 29 E dolgeld =4 A (600-700nm)F NR A
9 (700-900nm)& NDVIE Al4she F8 Wsdth =40 29 @ 228
wal BAe] 2Eo As) A RS ZoA Feke W, oo Ay
2 NR Qo] &3t 4& =7 WAt NDVIE R 2 NR Ad& 443
stel 2189 A7 JHUE UehiE AZe A5E AZACHIL

NDVIe] W44 & g3t 2
NDVI= (NIR—R)/ (NIR+ R) (2)
NDVI= A3t WS 7|Ho 2 ALt og gk "= 0014 17hA olth, &3 <
L]/\L A Ao Z HbgslH A Eo] A2 Yo E 2T 4 Atk NDVI %k
S dutr o g 2 E YrlE Fd3= Aol A&, canopy photosynthesis 3}

leaf area index (LAD) E5¢} &g o] 0;1— Ao Z A= JH11]
NDVIE E<F ujAol wl-¢ ®173ste] A B o|m| Ao ro]=7} WA
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42 A% 2UHIS 2L Y S Fopl A9, EF Igo| grre
A A 5t7] W] 53 Aol AW Z7] @A g W HolE 3
ZeAs F OEF WA IS AASNAL Folt ol Fasth FE
of AetAA o] EFe Beol wet FAANA FH dolEH e
9 wiRe FFe vud FEo 4P ZaUth UAVE de 1)y
5 9 we 3% ouAelq 74 A8 4A FAs EFe MAY 5 9
o OYels BTHD ANPER AW olmANH EF F9L AAGE
Qe ofele Lol 24 HAL HEe wARY T EF WAl o5 o
F2 7] Wl

2120l Richardson¥} Wiegand [12]= E% el EAS ZAStY 2 E3
EF miAde 737 $13l SAVI (variant frequency identification)ol] ok &
A daglEolgtes WS =93tk o]Z& NIR¥ R AE Ato]o] E¢F 29
EQ WhAbg gho) 2xkd EXbol] tidk A3 d#eE FHEuY. A3z o=
SHH o2 RE O Wit ¢ EF 2HEY HolEd tht
=

=
bt
N,
ST
i,
bt
1>

o OSAVIgtarst= 7HA & A A& wHEdd ol *
A Aol BEF e 255 AT

T3} o] Alted.

OSAVI= (NIR— R)/ (NIR+ R+0.16) (3)

9 122 7HA BE (34, 271 AW 2 2] Aol Fof ¥ NIR
A

S W 2o Ao] WM3tr] AFS 0.4590 4 0.7 B]9FS. 2 NDVI Fko)
™, NDVI g2 37] A3to] A9 tFE 045 ol =2 A
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(a) Healthy (b) Early disease (c) Late disease

a9 122 (@ A%, (b =7 A3 2 (o) 7] A3
3 3 719 sl NDVI ®He +3

o] Aol AHE&H NR HlolE MEC = F 7HY FHo] A=t st <
g A F Fddolgon b2 d=& FHE°] Fusarium wilt Ao =
Holz Zo=E RHIHJIY Fe 14T S3dA F5 10 7K,
dolA 10 7fe 25 Iy, =88 Aol ¢ AAsHS U
NDVI A && &<lst7] el + 7/he A= & Azt (01/12/18 2 01/28/18)
of Z+ Axlmit} shto] o|m A& A= AREEHJAT. wEks NDVI gh
Zyzbol #E IR ZRE FRE F 20719 olu Ao tisl Al4ksA T
232 2018 ¥ 1€ 12¢ 3 28U A5 Wl 2dd FitelA AF
sk 10 7fe] ¥ AEF 10 7l F AlEe] NDVI g2 Hoj=r)h 20184 1€
12, A7 Foke A& sl 714 =2 NDVI #t& 7| &3ttt Fusarium
wilt Aghol] ZdE AR MFol A= F NDVI grol 24Tk A&
Dol thall 16 o Fofl &5 3 NDVI gt =gjA HA 1L
QAT 3 Q45 oFsA7]7] wj&Eol NDVI ko] &4 t©f ggton A&
o dtdo] HE AL & F UATH

N

1—4 e
g
i,
o
g

[
o
—
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04 W Normal

NIWT walue

M Disease

01/12 0128

Observation date

901231 € 12 g7 1 ¢ 28 Lol NDVI #k# Fusarium wilt 2% 2]
FBBAE RoFE= Boxplot. 1#lZ= NDVIS 24 AIES 1,}1:,}141134

AGR FAAE B B FE ABS PO 298 T O o
ghe 7HAE, WIVL A8kl $7] el A o ojs] 71S€ H2 NDVI
=5

]
@t pe

%7 Fom 1 Aee] mobo] Eejun) melbA OSAVI A5E Eako] 7
=3 B3l Hel: ® (AZF AWn NDVIF E£HE ¥ (A3 P
gAsr] glal Aed 4 Atk 17 1248 swew A4d Agel dge
WE Fo dRE BT 5 U
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a9 124 AEe] A 5 Qe AW e ¥ (Fe A Faeh)s)
Ay 4 A5 B9 GHrs FaeE)S Fxshs T 0SAVI 99
FA=

B S G ASE ol B EE nIE Edgol g g9e oy
A ANE MBHAL T @) % nho] o) A(biomass)e] Hholof ®©
BAE FHE 5 AFUTH OSAVI A ek whpgz o) o 2 WA
& 58 & Atk NDVIL ofg 25 §39 Aol 24 Weleh uhol o
Wag AASE W o443 HeHAT me £ AGolAe 4B OSAVI
of uls) EA .
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BN = z y 12 A9 22 A4
HAETT oBAFAD) HEFFT oI AFA1D)
72 o} 3 - 25 4.8 25 5.0
73 ERoas 25 4.7 25 5.0
74 =t A 17 3.5 25 5.0
75 GSA =+ 25 2.8 25 4.0
76 YRL 20 3.8 25 4.9
7 ul = 25 3.8 25 4.1
78 o]l 2w 25 4.7 25 4.6
79 TR 15 1.1 25 2.0
80 FEreTA 25 3.0 25 3.2
81 2R B} 17 1.2 22 14
82 ofo] ¥ v 25 4.6 25 4.4
83 ZH| 17 1.2 20 2.6
84 =% 25 3.3 25 4.1
85 A& 25 2.3 25 3.4
86 B 25 3.2 25 3.3
87 E 25 5.0 25 4.8
88 AFET 25 3.3 25 4.6
89 X vl 25 4.1 25 3.9
90 ZE Y 25 4.2 25 3.6
91 ZELEY 25 4.2 25 4.6
92 A2 ee 25 4.5 25 4.9
93 S 22 4.8 22 4.6
94 Yls 25 4.2 25 3.6
95 A& 25 5.0 25 5.0
96 LR 25 4.1 25 3.8
97 A4 25 4.9 25 4.7
98 YRE#F<L 21 2.2 25 2.5
99 TFE 25 4.8 25 4.8
100 A 9HE 24 2.0 25 4.1
101 ARrEA T 25 3.7 25 4.4
102 LI E ) 23 5.0 23 5.0
103 9] 533 16 3.9 20 4.8
104 534 25 4.2 25 4.8
105 ST 25 1.4 25 2.7
106 TROPIC IVORY 25 1.1 25 1.0
107 R67 25 1.9 25 2.5
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BN = z o 12 A3 22} A3
HAETT oBAFAD FHITFT  ol¥AF1-H)
108 S50140 23 3.1 25 4.5
109 of] o] X] 4| -4 25 4.1 25 4.5
110 of] o] X] &2l 666 25 2.6 25 2.1
111 o] S A uf 25 1.6 25 2.9
112 Ay B5 25 3.3 25 4.3
113 A L&-26 25 2.6 25 1.9
114 A &-28 25 1.9 25 4.0
115 ] o o] 40813 12 2.7 10 3.3
116 R64 25 15 25 15
117 2320 F- 25 2.2 25 14
118 L} 22 22 74 AL 22 3.5 22 4.1
119 Ffm 18 5.0 20 5.0
120 Sz} 8 1.4 10 1.8
121 R-55 25 4.4 25 3.3
122 R-116 25 4.9 25 4.9
123 NO.50140 25 4.2 25 4.6
124 NO.51964 25 4.5 25 4.9
125 ORK-041002 25 2.5 25 14
126 ORK-22406 25 3.7 25 4.7
127 ORK-22643 25 4.1 25 4.7
128 FadEF 25 3.8 25 4.2
129 A8-<EHE 25 4.7 25 4.2
130 o4 5 25 4.7 25 5.0
131 o AHE- 25 1.0 25 1.6
132 FAZEE 25 5.0 25 5.0
133 U S-UEHE 25 4.5 25 4.4
134 Aot ErE] 25 3.2 25 4.2
135 s 30 1.6 30 4.0

12} AlE 9}E 2017. 5. 4, AE 5.9, ZAF 5. 29; 23} 3E 5. 26, HE 6.1, A 6. 20
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BN 59 = (1-5) BN 51 = T
1-5)

1 11 25 4.8 26 274 25 5.0

2 25 20 4.0 27 284 25 5.0

3 45 25 3.8 28 286 25 5.0

4 50 25 4.6 29 291 25 5.0

5 51 25 4.0 30 375 25 3.7

6 53 25 3.6 31 381 25 4.6

7 55 25 5.0 32 385 25 5.0

8 56 25 5.0 33 389 25 4.7

9 67 25 4.9 34 397 25 5.0
10 74 25 5.0 35 415 25 5.0
11 76 25 5.0 36 418 25 5.0
12 82 25 5.0 37 426 25 5.0
13 83 25 3.6 38 435 25 5.0
14 100 25 5.0 39 464 25 4.3
15 118 25 5.0 40 489 20 5.0
16 120 25 4.8 41 497 25 4.1
17 121 25 4.9 42 508 25 1.1
18 223 25 5.0 43 515 24 2.8
19 228 25 4.9 44 524 25 4.9
20 231 25 5.0 45 528 25 4.2
21 245 25 1.0 46 529 25 3.6
22 249 5 3.8 47 533 25 5.0
23 263 25 4.2 48 573 25 3.1
24 264 25 5.0 49 815 25 1.8
25 268 25 4.8

3 2017. 9. 21, FF 9. 28, A+ 10. 10
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@) sFHel e A 54

3l Z} potell
ZAF D GRERALE BEtY oWMAF(IME)E 3
A3} . FFto]le §4 65 2Fel Uid F AlE HEAND A3
FPo 2 1720 e, AsAAd s 53l 54 glstua 3
14 F9vtole S48 Fr 2l tig + AlEs JEA 3}
v 1z oA - qz  oI%A
BN ™o Ué] _?_ (‘|1‘N5) BN R=1re] Ug _?431*: (_'1_~5)
1 NWRO001 25 3.4 43  NWR043 25 3.4
2 NWRO002 25 5.0 44  NWR044 25 1.8
3 NWRO003 25 4.1 45  NWRO045 25 1.7
4 NWR004 25 2.6 46  NWRO046 25 2.1
5 NWRO005 25 4.7 47  NWR047 25 1.8
6 NWRO006 25 4.9 48  NWR048 25 14
7 NWRO007 25 4.9 49  NWR049 25 1.2
8 NWRO008 25 5.0 50  NWRO050 25 5.0
9 NWRO009 25 5.0 51 NWRO051 25 5.0
10 NWRO10 25 5.0 52 NWRO052 25 3.6
11 NWRO11 25 4.4 53  NWRO053 25 4.1
12 NWRO012 23 3.4 54  NWR054 25 3.2
13 NWRO013 ujitko} 55  NWRO055 25 5.0
14 NWRO014 25 4.1 56  NWRO056 25 3.1
15 NWRO015 25 5.0 57  NWRO057 25 1.8
16 NWRO016 21 4.4 58  NWRO058 25 2.9
17 NWRO17 25 4.7 59  NWRO059 25 2.8
18 NWRO018 25 34 60 NWRO060 25 5.0
19 NWRO019 25 2.0 61 NWRO061 uj kol
20  NWRO020 25 3.5 62 NWRO062 25 1.2
21 NWRO021 25 4.7 63 NWRO063 25 1.9
22 NWR022 25 5.0 64 NWRO064 25 14
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23 NWRO023 25 4.9 65 NWRO065 25 2.0

24 NWRO024 25 2.2 66  NWRO066 25 3.0
25 NWRO025 25 5.0 67  NWRO067 15 3.0
26 NWRO026 25 11 68  NWRO068 14 2.8
27 NWRO027 25 1.5 69  NWRO069 24 4.7
28  NWRO028 25 1.6 70 NWRO070 25 1.1
29  NWRO029 25 4.9 71 NWRO071 25 1.2
30 NWRO030 25 4.8 72 NWRO072 25 4.3
31  NWRO031 25 1.0 73 NWRO073 25 5.0
32 NWRO032 25 4.7 74 NWRO074 25 4.9
33 NWRO033 25 5.0 75 NWRO075 25 3.9
34 NWR034 25 4.0 76 NWRO076 25 3.7
35 NWRO035 25 3.7 77 NWRO77 25 3.2
36 NWRO036 25 2.3 78 NWRO078 25 3.8
37 NWRO037 25 2.7 79  NWRO079 25 1.7
38  NWRO038 25 4.9 80  NWRO080 25 1.9
39  NWRO039 25 1.5 81 NWRO081 25 4.2
40  NWRO040 25 4.0 82  NWRO082 25 3.2
41  NWRO041 25 1.8 83  NWRO083 30 2.5
42 NWRO042 25 4.8

*ILF 2017, 4. 14, A5 4. 21, ZAF 5. 8
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O HFTY Fo: igd HaF d8HES 1x106spore/mlE =2 FH]

@ WAdT HAF: FEY Bs YT dgde HAAG & FujE Fga
gl Egolo] 7}&sta 7 potol]l YT dEY 10mly #AF

ZAL . GRRALE FEtA WA F1HE A

Ay} FEulole §A4 2274 AT U ¥ AEW HEAY A3
A NA 414N AE Adste o FAE LA g
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F 15, wprlele A4 AlFl Ut * AW HIAE 23
. HE omAs A - Az olwWA = A4

BN #3549 = (1-5) = BN #3549 _zl‘j_g[o: (1~5) =2
1 701 50 3.9 8 39 739 50 4.5 2
2 702 50 3.8 8 40 740 50 4.4 3
3 703 50 3.7 10 41 741 50 4.8

4 704 50 3.5 10 42 742 50 4.3 2
5 705 49 3.6 10 43 743 50 4.4 4
6 706 50 4.2 5 44 744 50 4.4 3
7 707 50 3.3 12 45 745 50 4.5 2
8 708 50 3.8 8 46 746 50 4.5 4
9 709 50 3.6 10 47 747 50 4.4 4
10 710 50 3.6 10 48 748 50 4.6 4
11 711 50 3.4 8 49 749 50 4.3 3
12 712 50 4.0 6 50 750 50 4.3 3
13 713 50 3.8 8 51 751 50 4.3 6
14 714 50 4.1 6 52 752 50 4.6 2
15 715 45 34 11 53 753 50 4.5 3
16 716 50 2.3 24 54 754 50 4.4 5
17 717 50 3.8 9 55 755 50 4.6 2
18 718 50 3.5 10 56 756 50 4.6 1
19 719 50 4.2 6 57 757 50 4.1 6
20 720 50 3.8 10 58 758 50 4.0 5
21 721 50 3.7 10 59 759 50 4.6 2
22 722 50 3.7 8 60 760 50 4.4 5
23 723 50 4.1 7 61 761 50 3.8 10
24 724 50 3.3 12 62 762 50 3.9 7
25 725 50 4.2 3 63 763 50 3.8 8
26 726 50 3.6 13 64 764 50 4.4 2
27 727 50 3.6 6 65 765 50 4.1 6
28 728 50 4.1 6 66 766 50 4.3 4
29 729 50 4.4 3 67 767 50 4.3 5
30 730 50 4.3 3 68 768 50 4.3 5
31 731 50 5.0 69 769 50 4.3 2
32 732 50 4.9 70 770 50 3.8 8
33 733 50 4.9 1 71 771 50 4.2 5
34 734 50 4.7 2 72 772 50 4.5 3
35 735 50 4.5 1 73 773 50 4.3 5
36 736 50 4.2 5 74 774 50 4.1 5
37 737 50 4.6 1 75 775 50 4.5 2
38 738 50 4.5 3 76 776 50 3.9 6
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= ol x| Z= Ala = ol x 2] g
v owew 2F 05T £X 0 evowww 23 OOGGT 2R
(Y 50 3.7 2 117 817 50 3.1 13
78 778 o0 4.8 - 118 818 44 3.6 9
79 779 50 5.0 - 119 819 50 2.8 16
80 780 50 5.0 - 120 820 50 3.6 10
81 781 o0 5.0 - 121 821 50 3.5 14
82 782 50 5.0 - 122 822 50 3.2 14
83 783 50 3.8 7 123 823 47 3.6 8
84 784 45 2.0 32 124 824 46 3.3 11
85 785 50 2.8 17 125 825 49 3.5 12
86 786 o0 2.2 28 126 826 50 3.5 13
87 787 50 3.4 12 127 827 50 3.9 9
88 788 50 2.5 23 128 828 50 4.0 10
89 789 50 3.1 16 129 829 50 3.5 6
90 790 50 2.6 23 130 830 49 3.2 14
91 791 50 3.4 13 131 831 40 3.3 13
92 792 47 1.7 36 132 832 48 3.1 18
93 793 o0 2.8 19 133 833 50 3.4 13
94 794 50 1.8 33 134 834 50 3.6 12
9% 79 50 3.3 15 135 835 50 3.9 7
9% 796 o0 2.4 22 136 836 90 2.6 21
97 197 50 3.1 13 137 837 48 3.3 15
98 798 44 2.6 22 138 838 50 2.7 24
99 799 50 3.2 11 139 839 50 1.9 35
100 800 o0 2.0 29 140 840 50 1.7 39
101 801 o0 3.4 14 141 841 50 2.4 27
102 802 50 2.4 26 142 842 50 1.8 35
103 803 o0 3.8 4 143 843 50 2.5 22
104 804 50 2.5 23 144 844 50 2.1 30
105 805 49 3.5 12 145 845 50 2.3 29
106 806 50 2.5 27 146 846 50 2.8 19
107 807 48 1.7 24 147 847 50 2.8 22
108 808 50 3.1 22 148 848 50 2.3 27
109 809 50 3.1 12 149 849 50 3.0 18
110 810 o0 2.0 31 150 850 50 2.6 22
111 811 50 3.5 8 151 851 50 2.7 20
112 812 50 4.0 11 152 852 50 2.4 26
113 813 50 3.8 8 153 853 49 3.2 11
114 814 o0 3.7 12 154 854 50 2.4 22
115 815 o0 3.8 8 155 855 46 3.5 8
116 816 50 3.7 11 156 856 50 2.4 23
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U = O]iﬂé;q 4 - = ZE o]l’Hx vl
aooesd 220 S0 ER e omew 2R 5T i
157 857 50 3.4 9 197 897 50 34 13
158 858 50 2.8 19 198 898 50 3.1 17
159 859 50 3.7 5 199 899 50 2.9 18
160 860 50 3.3 12 200 900 50 2.6 23
161 861 49 3.7 8 201 901 50 2.5 24
162 862 50 3.3 12 202 902 50 2.6 20
163 863 50 3.4 11 203 903 50 2.1 30
164 864 50 3.3 12 204 904 48 1.8 35
165 865 50 4.1 6 205 905 50 3.2 10
166 866 50 3.2 17 206 906 50 1.9 32
167 867 50 4.0 5 207 907 o0 3.0 18
168 868 50 3.3 14 208 908 o0 1.8 35
169 869 50 2.2 27 209 909 ol 3.4 15
170 870 50 2.0 30 210 910 52 2.2 29
171 871 50 2.9 21 211 911 53 3.0 15
172 872 50 2.1 32 212 912 54 1.9 29
173 873 50 2.9 21 213 913 55 3.5 7
174 874 50 2.4 27 214 914 56 2.0 29
175 875 50 3.3 13 215 915 o7 3.8 3
176 876 50 2.1 31 216 916 58 2.2 24
177 877 50 1.8 29 217 917 49 4.3 3
178 878 50 2.2 29 218 918 50 2.5 26
179 879 50 2.8 16 219 919 50 4.2 4
180 880 50 2.1 32 220 920 90 4.2 5
181 881 50 2.7 21 221 921 50 4.0 7
182 882 50 2.5 22 222 922 50 3.7 6
183 883 50 2.8 23 223 923 o0 3.4 13
184 884 50 2.8 23 224 924 50 3.5 10
185 885 50 3.0 21 225 925 50 4.1 5
186 886 50 2.8 24 226 926 50 3.6 12
187 887 50 3.5 14 227 927 90 3.9 8
188 888 50 3.0 19
189 889 50 3.4 13
190 890 50 2.7 24
191 891 50 3.5 11
192 892 50 3.2 15
193 893 50 2.8 15
194 894 50 2.5 25
195 895 50 3.5 11
196 896 50 2.6 22
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(h FFHole A A AT 2 Fol tig - AeEs HEs 2%

106spore/mls =2 <=H], 714

@ 24 FHEAES Bdto] o WAL1-HE FH

A3} s pulole AT 36 F ABH AA 32078 Awstel Foje
AFFIA o), 46 F) BF 2 272 AFE A% 404 AFHL
Gerhsl e

E 16, Feutole SAAFA U@ RAESY HE AW A
+8AF Fi =3 5 A&EF
BN ___, A% ol9A%F BN o A% oIBAT
™6 o = WSS =

T (1~H) T  (1-~H)
1 701 50 1.1 1 NWRI1001 25 2.5
2 702 50 14 2 NWRI1002 25 3.9
3 703 50 1.2 3 NWR1003 25 5.0
4 704 50 1.0 4 NWR1004 25 4.9
5 705 50 14 S NWR1005 25 4.7
6 706 50 1.2 6  NWR1006 25 5.0
7707 54 1.6 7 NWRI1007 25 2.8
8 708 45 1.8 8  NWRI1008 25 3.1
9 709 50 1.3 9  NWRI1009 25 14
10 710 51 1.3 10 NWR1010 25 3.0
11 711 50 1.2 11 NWR1011 25 4.2
12 712 50 1.2 12 NWR1012 25 5.0
13 713 90 1.3 13 NWR1013 25 4.5
14 714 90 2.4 14 NWR1014 25 4.0
15 715 50 1.3 15 NWRI1015 25 5.0
16 716 50 1.7 16 NWR1016 25 5.0
17 717 50 14 17 NWR1017 25 2.9
18 718 50 2.1 18  NWR1018 25 4.9
19 719 50 3.4 19  NWR1019 24 4.3
20 720 90 44 20 NWR1020 25 1.8
21 721 90 4.2 21  NWR1021 25 1.1
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22 722 50

23 723 50
24 724 50
25 725 50
26 726 50
27 727 50
28 728 50
29 729 50
30 730 50
31 731 50
32 732 50
33 733 49
34 734 50
35 735 50
36 736 50

4.2 22 NWR1022
4.2 23 NWR1023
4.3 24 NWR1024
3.2 25 NWRI1025
2.7 26 NWR1026
2.3 27 NWR1027
3.0 28 NWR1028
3.3 29 NWR1029
2.5 30  NWR1030
1.2 31 NWRI1031
1.6 32 NWRI1032
1.0 33 NWR1033
1.1 34 NWR1034
1.0 35 NWRI1035
1.2 36 NWR1036
37  NWR1037
38 NWRI1038
39  NWRI1039
40 NWR1040
41 NWR1041
42 NWR1042
43  NWR1043
44  NWR1044
45 NWRI1045
46  NWR1046

25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
50
50
50
47
50
50

2.3
1.5
5.0
4.5
5.0
5.0
4.8
3.8
4.9
4.6
2.9
3.6
3.2
3.6
2.8
4.6
4.2
3.1
3.4
5.0
1.2
5.0
3.3
2.2
4.6
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[$18] ZAZA =T 2
7k 193k (20169)
D W =32
O ¥ GWAS %% 543}
O ANESH 2 77 Fa3dd g GWAS % QTL #4
AE

ool Aol g
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e
)
it
i3
=2
=
e

(2 71 g 2 e
b F As 54 gt GBS WS 23
- DNA quality 2 % 391& 9J3 QC £4
- GBS library #|Z}
- Sequencing
(h ¥ GBSE A elHes A
(th GBS ©loEl &4 do]zefe]l &4
- Demultiplexing
- Demultiplexing GBS raw data
- Variant calling

- After filtering variants
(2P Association analysis

- opulation Stratification
- rdered Logistic Regression %} &
- ommon loci

Q) A2
Oh ¥ A% 54l s GBS WS HHsh
(@ DNA quality ¥ 5% 321S 93 QC &4
- Sample QC results (Picogreen assay)
GBSE DNAS| %3} Ho] o 8400, o|& g A3 DNA HFL
23l picogreen A FS 433 AT
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Sample ID | OD (Picogreen) Concentration Sample ID | QD (Picogreen) Concentration
Go01 45813 15048 G044 35538 FrET
G002 42122 89219 G045 20830 45 57
GO03 44047 8540 348 24388 B335
(004 35198 7922 G047 30825 87.01
G005 43860 8588 Gl48 28421 82,19
G008 31355 88681 G048 28112 £1.81
G007 35718 78.18 GO50 220458 48.23
G608 46118 100.94 3551 42728 §3.52
Gooe 45234 88.00 G052 44137 85.50
Go10 32808 71.79 G353 22638 4952
GO11 45711 100.05 Gi54 48388 101.52
E612 46079 160.85 GO55 16512 3811
G013 44508 87.41 GD58 14045 30.71
G814 38432 7873 G057 18359 43,15
G416 30851 56.85 G058 35154 7883
G018 27170 58 45 058 38121 78.65
S817 21282 45.55 L5080 34884 7E£.88
G518 33801 74.19 &061 368288 7941
&618 37580 8280 G062 27561 8G.30
G020 38798 84.30 3063 40495 3853
G021 44948 98.38 3064 28585 83,45
Go22 41827 81.54 G065 44272 £6.80
G523 41584 o1.01 G066 47085 103.01
Go24 30853 87.51 Go6e7 34787 7815
G425 41924 8175 Gi68 48417 101.59
428 39248 85.89 G68 36708 80,33
G627 46933 102.74 G470 46271 101.27
5028 31238 88.36 G071 45157 28.83
G028 42230 9242 G072 37280 8154
G030 23373 5113 G073 38873 87.26
G031 18103 38.58 G074 410679 39 90
Go32 28031 2133 GO75 28288 £7.47
G533 31118 83.09 G786 32054 7211
3034 38734 8477 GO77 42483 ©Z.189
G035 18805 41,13 GO78 38800 34 48
5038 17720 3378 GO78 25075 E4 36
G437 37201 81.41 G080 40951 8882
G638 22153 48 48 081 30127 £582
=038 33350 72.98 &082 32204 7047
G540 43848 95.53 &083 36837 80,83
G041 34588 7882 5084 23832 52 14
G042 45343 S8.24 S085 35831 78.41
G043 25540 55858 0868 24070 8268
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Sample ID | OD (Picogreen) Concentration Sample ID | OD (Picogreen) Concentration
GO87 27121 5934 G130 33217 73.36
G083 26375 5771 G131 45818 101.10
G083 40172 8702 G132 40812 80.08
Goso 21695 47,46 G133 37639 83.10
fehfeg! 35838 45753 G134 33465 73.91
GG92 39623 88.72 G135 43¢22 94.55
GGo3 33004 7242 G136 32913 7270
G4 382687 8375 G137 19270 42,88
fetelel 38834 80.17 138 41882 92.44
G096 23534 51.49 G138 42233 83.21
o087 36927 8153 G140 425887 83.35
GOS8 38113 84.14 G141 37328 8241
G0S9 35584 78.58 G142 32586 7193
G100 20943 4835 G143 38665 85.36
G101 36225 7988 G144 32877 7262
102 26370 5825 G145 38336 84.6%
5103 33153 7322 ©148 39585 87.34
5104 40505 89,41 G147 26832 59.31
5105 32699 7222 ¢148 26810 5926
G108 10846 24.34 G149 41923 8254
G107 46347 0228 G150 27618 61.04

G151 284E7 62,89
G108 38101 79.71

G152 47470 104.74
G109 35068 77.44

G153 32558 71.91
G110 9138 20.26

G152 42357 93.48
Git1 31715 7006

G155 26329 £8.20
Git2 37133 3188

G156 44483 gi57
Gi13 35166 64 45 EiEs SEETE £5 45
G114 42440 93.67 E155 37056 Z A
G115 45458 100.31 Y 19508 5773
Gi16 27807 6102 160 39031 =73
Git7 24830 5446 o161 31473 3555
G118 32858 T2 67 o165 33519 =103
G112 43053 9502 163 29704 5784
G120 30311 86.97 o164 15741 0513
G121 24980 55.23 o165 34854 TN
G122 32436 7165 G166 55143 54 40
G123 38272 8689 167 45882 16128
G124 34282 7871 G968 44715 8886
G128 24364 8387 3969 37658 8380
G128 38747 8114 3970 42434 8385
G127 31017 68.52 G171 187472 41 50
G128 17725 38.26 o172 23730 52 43
G128 22144 48.8% G173 24755 5364

- 187 -




Sample |ID|OD (Picogreen)| Concentration Sample ID|OD (Picogreen)| Concentration
G174 22066 48.82 3201 35738 78.91
G175 21606 47 .81 202 41461 81.51
G176 24836 54 92 G203 39487 a7.17
G177 20947 48 .35 G204 18362 40.66
5178 35337 78.03 G205 30767 87.97
&1i7¢ 29295 84.73 3206 33753 74.54
G180 32258 71.25 G207 32827 72.51
3181 21018 48.51 3208 32577 71.98
3182 21581 47.75 3209 35853 7917
5183 19814 44 08 G210 26006 57.4%9
5184 22901 50.68 G211 30853 67.72
3185 29818 85,88 G212 41080 90.67
188 42061 92.83 G213 24388 53.83
3187 15235 33.78 G244 25251 55.83
5188 23098 5168 3215 39850 87.53
3189 28085 57.67 G218 40250 88.85
G180 42077 82.87 3247 45330 100.03
C191 23497 51.97 3218 22974 50.82
G192 22772 53.37 G219 a31e3 73.31
G193 34723 76.68 G220 25480 56.29
G184 36415 83.44 G221 26882 59.00
G195 23543 52.07 G222 32829 72.51
G196 19266 42 65 3223 42879 94.82
G197 44852 g8.98 3224 20782 45.89
G158 41626 9188 3095 12831 28.48
G188 37554 82 91 3228 20854 B8.16
G200 22829 5G.5G G227 22074 £6.82

@ GBS library #|2}
& 22109 AES 3A0 2A golBHE Az At
Library preparation reagent
- A1Z DNA Z}+ 250ng
- Restriction Enzyme : Apekl (NEB Cat# R0643L)
- T4 DNA Ligase (NEB Cat# M0202)
- Accupower pfu PCR Premix (Bioneer Cat# K2025)
- QIAquick PCR Purification Kit(Qiagen Cat# 28106

AZE 7+ golneiEle] g 9

bioanalyzer 48 433} o,
gol B8 g7t EAIgo ARHISE I

sheic.
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<1z
- sample QC results:

Peak table Region table

'Average| CONC. | Volume
Size | (nghul) | (u) | (ng)

100.0 | 10000 | 352.0 | 17.5 ¢ 69.0 | 12059

- Electropherogram Summary:
el

oy
=3

Ladder

[FUl
100

50 L h,.w‘l‘-‘ L

() B S ) ‘\.A_:‘.,......J A

TT T 1T 1T T T T 11T Tr 011
i 35 150 300 500 10380 [bp]

8
RN

g
1

2A>
- sample QC results:

Peak table Region table

No. Sample ID. Average

(bp) | (pg/u) | (pmol) (bp) | (bp) | Size | (nguh)  (u) | (ug)

14540 | 9130 | 323.0 | 7.2 | o600 | 43320

- Electropherogram Summary:

1000 : RS-2-3
700 —
[FU] )

100 ‘ 1\ | ﬂ

[ J
B S A
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32>

- sample QC results:

IAverage Volume

(bp) | (pg/ul) | (pmol/)| (bp) | (bp) | Size | (mg/u) | (u) | (ng)
150 | 843 | 361 | 2629 | 800 | 21032

—

LI LI rit
15 100 300 500 1500 [bp

@ Sequencing
Az GBS #olBeglE 3xel AA illumina NextSeqb00E
150bp single-end == Z} 20Gb A|lEA S F3stAth

NextSeqb00 Running information

System Name Catalog #
NextSeq 500 Sequencing System lHumina 5Y-415-1601

Output Kit Name Catalog #

NextSeq 500 High Output kit v2 (150 cycles) illumina FC-404-2002
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Run Summary (12} Sequencing 2 3})

Status
Bracted 151

Flow Cell Chart

Celled: 151

HEBFBARO Itensty

Itensity 1 Surses ke | ed Creroel

Scored: 151

e

Eox

sox

> - QScore Distribution

LareAl

HEGFGATXNAI L2nes

Run Summary (22} Sequencing 2 3})

Status
Extracted: 151

Irknsly

Called: 151

Flow Cell Chart

HENLAPYK Itens

A Sumes Crle

Chuve

Scored 151

Gl

s

Data By Cycle
Inteneity HEGFGAFXK & Lares Al Crarvels
v 7000}
et
e
SueAl &
H
W f
Cramethl
v i
Fx
S
Data By Lane >
Density HEGFGATX) Read 1
v | g
5 15
SuraceAl Ew = % = %
i
S 2y
& o
L
i
x
T 2 7, 72
7 3 [ 13
tane
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rlensty HBNNLAPX) AlLanes A) Chamngls
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00 e
LaneAl
g
v k,\\w
Szl
L
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s FI R T T R
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Density HRNLA R |
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21y
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S
g
5 of
x
n » R, B
1 1 i
Lane

- 191 -

Qscore Heatmap
LAl FSEGAN AL 2nss
Sl
QScore Distribution ?
LaneAl HSNNLAPOUAIl Lanes
Y o
Sufaedl ,m‘
RS
CoeAl £ s
g
W : o
ax
Fx
Scl b
082
Qscore Heatmap >
LanzAl ENLATEKA Laves
Suracedl




Run Summary (3%} Sequencing 2 3})

Staws

Extracted: 151 Celled: 151 Scored: 151
Flow Cell Chart
TATVAFX:

TV
Infersity g surfa

Data By Cycle > | QScere Distribution

Ignsly HIBTYARXOK Al Langs Al Cranrs Larel
e AR

H737YAFXX All Lanes

ity
¥ . = |
Surface:All i Lare:Al Surface Al
v v v
Cyele:t Surface:All ; Cyelel
3001
v | v
20)
Channelred CharnelAll
v
Fix
Seal

Densiy

HTTYARKK Read 1 LareAl HT3TYAFXK Al Lanes

v

Surface:All

ISR T CT T TITTTETT T 1 17 EISIENEE

200
Wby = E
% v

00 Fix

v 'acz[ | Seale 2
F G T
Stale Cycle

60 Data By Lane > | Qscore Heatmap

EECEEREEEH LR TTET L
I LT T IS

(W) 7 GBSE HA% s A

- GBSE A% #ydx AdS fja @A 2%

o e Ll %otmax
=
= i
{ e — L= — SufaceAl  xff
- Ll
| 4

330 B Anes 7

wol e g=gig H2EE JPsqunt. Aikd 957H A E2] GBSHl ol

ZF QA2 Alsel PFAASA =2
o ywA =& 74% A= AAE HAH A F
pseudo-molecule FFo =YL
HH2E GBSE #HAx=2 Attt

KOREA Dokyo
overall alignment rate 74.31% 79.04%
genome coverage 98% 63%
genome status reference draft
(th GBS dle]E] &4 vto]xzeidl g

* GBS pipeline
D merged® sample®] demultiplexingS- %13 (GBSX)
@ sampleol gk quality check (FASTQC)
@ sample< referenceel alignment (Bowtie2)
@ AthZ mapping® A ¥ FE-S realignment (GATK)
® Variant Callings 3} SNP % INDELS & 53
® markerEoll
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A% AR

oiste] ATt 719%2 7P =%
ko]
WP Aol oyt AR gonT T

Dohoku
74.18%
75.90%
draft

o8 AR FZF (GATK)
3l missing rate >20% 2 MAF <0.05 71&<
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(plink)

@ Missing dataoll tjgt 24 (Beagle)

Association®4]& 93 ¥t FAE4: population structure stratification
(STRUCTURE), Ordered logistic regression (R package)

(D Demultiplexing
GBS sequencing NGS data
GBS sequencing raw 3¥ -8 sequence % o]o 483t qualityE ERY
= fastq@ 4 9] b= Tdoln.

T

1 RS_S1_LOO1_R1_001.fastq.gz

2 RS_S1_LO0O2_R1_001.fastq.gz

3 RS_S1_LO0O3_R1_001.fastq.gz

4 RS_S1_LO04_R1_001.fastq.gz

5 RS_2-3_S1_LO0O1_R1_001.fastgq.gz

6 RS_2-3_S1_L002_R1_001.fastqg.gz

7 RS_2-3_S1_LO0O3_R1_001.fastqg.gz

8 RS_2-3_S1_L004_R1_001.fastqg.gz

2] RS3_BOS1_S1_LO0O1_R1_001.fastg.gz
10 RS3_BOS1_S1_L0O02_R1_001.fastq.gz
11 RS3_BOS1_S1_L0O0O3_R1_001.fastq.gz
12 RS3_BOS1_S1_L004_R1_001.fastg.gz

(@ Demultiplexing GBS raw data

GBS raw datat= <J2] sample©| multiplexing €l ¢] sequencing 3}Yo] ==
7} sample® datas ¥7] ¢Isi demultiplexing Y-S FFsA 1 A= o}
=9 Ho]
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GO1 1,032,528 G26 1,087,071 G51 1,894,418 G76 1,452,078
Go2 1,439,041 G227 1,275,679 G52 1,628,561 G 1,610,893
GO3 S07,179 G28 1,258,504 G53 1,487,515 G78 1,417,256
Go4 940,366 G29 1,475,057 G54 1,695,847 G79 850,320
GO5 1,197,591 G30 1,073,846 G55 2,527,601 G80 1,512,833
GO6 1,630,114 G31 1,877,380 G56 1,702,869 G81 2,627,799
GO7 1,345,478 G32 1,647,923 G57 1,127.358 G82 2,266,742
G08 1,838,357 G33 1,568,431 G58 1,703,085 G83 1,560,708
GO9 1,253,603 G34 1,134,154 G59 810,079 G84 1,305,235
G10 2,858,184 G35 1,021,285 G60 1,821,273 G85 940,602
G611 1,605,027 G36 1,186,093 G61 1,681,393 G86 1,858,233
G2 2,069,106 G37 2,212,731 G62 1,283,224 G87 1,130,534
Gi13 817,549 G38 1,283,002 G63 2,334,487 G88s 988,773
G14 1,397,575 G39 1,613,600 G64 2,567,614 G89 2742638
G15 1,384,779 G40 1,184,769 G65 1,851,624 G90 2,826,628
G16 1,565,536 G41 1,486,605 G66 2,523,780 G91 1,271,887
G17 1,622,564 G42 1,338,631 G67 2,298,465 G92 1,197,821
G18 908,676 G43 2,071,636 G68 1,338,874 G93 2,150,147
G19 1,767,610 Ga4 1,730,567 G69 2,081,805 G94 2,328,919
G20 1,331,674 G45 1,325,321 G70 1,161,814 G95 2,215,369
G21 1,417,483 G46 853448 G71 1,879,600 G96 885,729
G22 1,823,824 GA7 1,185,489 G72 1,102,649 G97 2,367,880
G23 1,043,816 G48 808,155 G73 1,468,810 G98 2,311,847
G24 1,354,134 G49 1,033,607 G74 1,457,890 G99 1,744,878
G25 1,154,860 G50 1,047,088 G75 1,053,201 G100 966,599

| samplelD Read count samplelD Read count samplelD Read count samplelD Read count
G101 2,895,735 G133 1,587,747 G165 1,627,741 G197 $55,288
G102 2,656,258 G134 312,383 G166 1,070,841 G198 1,461,530
G103 1,611,959 G135 2,457,411 G167 2,013,172 G199 983,049
G104 1,662,472 G136 1,561,788 G168 1,676,456 G200 756,875
G105 1,619,305 G137 1,830,336 G169 1,300,033 G201 1,690,830
G106 3.622,994 G138 $93,474 G170 2,094,076 G202 2,769,506
G107 2,192,147 G139 2,451,165 G171 812,541 G203 1,902,229
G108 2,946,778 G140 1,070,695 G2 1,351,311 G204 1,634,267
G109 1,224,711 G141 1,442,825 G173 1,839,768 G205 1,594,562
G110 2,267,302 G142 506,608 G174 3,433,051 G206 2,222,471
G111 1.413,138 G143 1,785,366 G175 1,113,292 G207 1,102,064
G112 1,404,893 G144 1,363,442 G176 1,736,134 G208 1,076,231
G113 1,374,428 G145 1,148,290 G177 1,312,893 G209 1,815,904
G114 844,312 G146 1,342,277 G178 2,123,430 G210 1,706,573
G115 1,315,200 G147 943,635 G179 1,982,960 G211 2,327,846
G116 2,069,587 G148 872,408 G180 575,540 G212 2,414,044
G117 1,797,230 G149 1,167,658 G181 857.696 G213 2,050,782
G118 3,345,531 G150 1,014,430 G182 880,752 G214 1,769,340
G119 1,042,611 G151 969,156 G183 1,254,433 G215 1,293,636
G120 1,570,185 G152 1,339,833 G184 1,652,420 G216 1,397,924
G121 2,246,569 G153 1,189,533 G185 1,533,834 G217 1,878,572
G122 1,491,121 G154 2,228,771 G186 1,188,857 G218 1,788,323
G123 2,984,067 G155 1,558,381 G187 2,055,251 G219 2,168,091
G124 1,374,940 G156 885,435 G188 316,163 G220 1,560,436
G125 1,212,938 G157 1,119,186 G189 1,592,583 G221 1,840,915
G126 3,080,514 G158 1,165,955 G190 1,201,010 G222 2,172,160
G127 1,475,339 G159 1,456,382 G191 960,879 G223 1,151,848
G128 3,550,686 G160 1,745,827 G192 1,262,795 G224 1,628,508
G129 1,503,428 G161 979,384 G193 1,767,421 G225 1,535,716
G130 1,963,453 G162 955,651 G194 2,560,064 G226 2,552,173
G131 1,445,038 G163 1,287,024 G195 1,055,147 G227 1,656,508
G132 1,642,572 G164 1,095,651 G196 1297174 |undetermined  §,867,933
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@ Variant calling

mapping rate

Undetermined readES A|23F sample®® readd R (fastqutY)S o] &3}
Bowtie2 ZE13& o]8&3te] mappingd AL FHstATE Tz mE
read”} referenceo| mappinge] €vriyt HA=AE HeERAH, A¥rH o= 75%

el g 23s 2

overall alignment rate

85.00%

75.00%

-
55.00% ‘
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461
Go2
463
G684
Ga5
G586
687
588
Go%
G160
a1l
G12
413
G614
G153
G16
G617
G518
G618
G20
621
4G22
a3
G624
az5
G626
G527
G628
628
&30
G31
432
G633
434
ais

aligned 1 time
433000(41.94%;)
517135(35.94%}
361562(39.86%)
397320(42.25%)
470558(39.33%)
661477(40.58%)
537807(39.97%)
718030(39.06%}
515584(41.13%)
1290992(45.17%)
614332(38.28%}
770821(37.25%)
324201(39.66%}
547609(39.18%)
662843(43.53%)
630585(40.28%)
652241(40.20%)
362095(39.85%}
567553(32.11%}
540042(40.55%}
B04818(42.67%)
821932(45.61%)
433545(41.53%}
584519(43.17%)
503303(43.58%}
467448{43.00%)
548238(42.98%)
539691(42.87%})
567735(38.49%)
432462(40.27%}
666186(35.48%)
768315(42.98%)
529168(33.74%)
439535(38.75%)
4729732(42.08%;)

aligned >1 times alignment rate

350096(33.91%)
451762(31.35%)
288573{21.81%;)
353594{37.60%)
370806(30.96%)
514568(31.57%}
£49904(33.44%)
729459(39.68%)
383603(30.60%)
1038375{36.33%)
560771{34.94%)
505848(28.80%)
270803(33.03%)
459118(32.85%)
525869(37.97%)
505713(32.30%)
533791(32.90%)
286720(31.55%)
£94540(27.98%)
£60512(34.58%)
4259750(30.32%)
612750(33.60%)
315345(30.21%)
408166(30,14%)
346934(30.04%)
344845(31.72%)
380333(29.81%)
401677(31.91%)
535289(37.65%)
332112(30.93%)
792131(42.19%)
519038(31.50%)
650424{41.47%)
345988(30.51%)
346812(33.96%)

75.84%
67.33%
71.67%
79.85%
70.28%
72.15%
73.41%
78.74%
71.73%
81.50%
73.21%
66.05%
72.68%
72.03%
81.51%
72.58%
73.10%
71.40%
60.09%
75.14%
72.99%
79.21%
71.75%
73.31%
73.62%
7472%
712.79%
7478%
76.13%
71.20%
71.68%
T4.48%
75.21%
69.26%
76.04%

G36
437
Gig
G634
G40
G641
G642
543
G644
G645
G46
G647
G48
649
G50
451
G52
633
G54
G55
656
G57
458
G539
450
661
G862
663
G54
G55
G56
487
668
459
G670
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aligned 1 time
4£68540(39.54%)
855722(38.67%)
524208(40.86%)
784857{41.03%)
454575(38.37%)
552027(37.13%)
553401(41.34%)
738400(35.64%)
667574(38.58%)
528908(39.91%)
346806{40.64%)
471243(39.75%)
330777(40.93%)
404945(39.18%)
372683({35.55%)
T21314({38.06%)
629907(38.68%)
591210(39.74%)
694555(40.96%)
877415{34.71%)
659140(38.71%)
468454(41.55%)
706342(41.46%)
332367{41.03%)
743765(40.84%)
701890{41.74%)
531098(41.35%)
965435{41.36%)
932071(36.30%;
796067(42.99%)
979270(38.80%;)
908342(39.52%)
523148{39.07%)
815224(39.16%)
453815(39.06%)

aligned >1 times alignment rate

463821(34.05%}
T87775(34.70%}
428772{33.42%)
628572(32.86%)
402497{33.97%)
498763(33.52%}
447169(33.46%)
877427(42.35%}
543355{31.40%}
448427{30.82%}
277068(32.46%)
494745(34.14%}
275447{34.08%}
357870(34.62%;}
326362{(31.17%)
644365{34.01%;}
491790(30.17%;}
483694(32.52%}
615830(36.31%;}
119897H(47.44%)
Ta7016(45.04%)
423860{35.82%)
647327(38.01%}
274062(33.83%}
683668(37.54%}
616260{36.655%;}
438240(34.15%}
789485{33.82%)
11601006(45.18%)
603572(32.69%}
862921(34.19%;}
873686(38.01%)
450513{33.68%}
788806(37.89%}
4720815(36.22%}

73.58%
73.37%
74.28%
73.89%
72.34%
70.65%
74.75%
78.00%
69.97%
10.73%
73.10%
73.89%
75.01%
73.80%
66.76%
712.07%
68.85%
72.26%
1.27%
82.15%
83.75%
77.38%
79.47%
74.86%
78.38%
78.40%
75.54%
75.17%
§1.48%
75.59%
72.99%
77.53%
12.75%
77.05%
75.28%



aligned 1 time aligned >1 times alignment rate

G71 786555{41.84%) 634577(36.95%)
G72 458066{41.54%) 371045(33.65%)
G73 560805(38.15%) 566055(34.43%
G74 564842(38.42%} 521399(35.52%
G735 420732(39.95%) 375389(35.64%
G76

G77 5281B1(32.79%) 823303(51.11%

G78
G79
GEO
G81
G82
683
G84
585
G86
G87
G88

(

{ )
( )
{ )
623811(42.09%) 545437(36.80%)
{ )
574751(40.55%} 584410(35.59%)
335443(39.45%) 317577(37.35%)
634191(41.92%) 5453721{36.07%)
948242(36.09%) 1294706(49.27%)
TT1515(34.04%) 1034744{45.65%)
583711(37.40%) 703198{45.06%)
520276{39.86%) 40208%{(30.81%)
382893(40.71%}) 3%17120(33.71%)
691993(37.24%) 769753(41.42%)
498067(44.06%) 401338(35.58%)
4708306(42.56%) 339774(36.39%)

B8 976506(35.62%) 1229601(44.84%)
630 1000455(35.39%) 1358380(49.12%)
G381 458608{36.05%) 540266{42.47%)
GS2 520719(44.22%) 409925(34.22%)
G83 755114(35.12%) 474254{45.31%)
G894 830904(38.25%) 1081295(46.43%)
G853 760846(34.34%) 1106165(49.93%)
(86 369223(41.69%) 30G3347(34.25%)
GE7 8T4468(36.93%) 1023376{43.22%)
(98 814645(35.24%} 968357(42.75%)
G99 672582(38.55%) 682531(38.12%)
G100 335387(36,77%) 398842(41.26%)
G101 1188725(38.32%;) 1181647(40.81%)
G102 1039433(38.13%) 11635586(43.81%)
G103 589688(36.58%) 660381(37.25%)
6104 589652(36.07%) 640724(38.54%)
G103 383771(35.68%) 373668(36.66%)
G106 1386615(38.27%) 1486241{41.02%)
G107 794085(36.22%) 802694{36.62%)
6108 1164163(39.51%) 1089601(36.98%)
G109 471483(38.50%) 523811{42.77%)
G110 822467{36.28%) 787701{34.74%)

78.7%%
75.19%
72.58%
73.94%
75.39%
78.89%
£3.90%
76.14%
76.80%
7799%
83.35%
79.69%
82.46%
70.67%
74.42%
78.66%
79.56%
78.95%
80.46%
84.52%
78.53%
78.44%
80.43%
B4.68%
§4.28%
75393%
80.15%
71.99%
77.66%
7803%
79.13%
82.94%
73.83%
7461%
72.35%
79.30%
72.84%
76.48%
81.27%
711.02%

aligned 1 time

aligned >1 times alignment rate

G111 498683{35.29%) 570041(40.34%)  7563%
G112 567654{40.41%) 514198(43.72%)  84.12%
G113 483840(35.93%) 570099(41.92%)  77.85%
G114 333382(39.51%) 326B08(38.711%)  78.22%
G115 483895(36.79%) 336325(40.78%)  77.57%
G116 783271(37.85%) B865285{41.81%)  79.66%
G117 €35939(36.50%) 778532(43.32%)  79.82%
G118 1221249(36.50%} 1506640(45.03%)  81.54%
G119 382748(37.67%) 353780(33.83%)  71.60%
G120 582633{37.74%) 670136(42.68%)  B04%
G121 852463(37.95%) B57316(38.16%}  76.11%
G122 548395(36.78%) 648521(43.49%)  B0.27%
G123 1142603(38.28%) 1285466(43.08%)  B1.37%
G124 522152{37.98%) 601067(43.72%}  B1.69%
G125 436714(36.00%) 313000(42.29%)  78.30%
G126 1167161(37.88%]) 1337263(43.41%)  81.29%
G127 571731(38.73%) 590004(33.96%)  78.69%
G128 1316209(37.07%} 1536695(43.28%}  80.35%
G129 584204(38.86%) 631404(42.80%)  80.86%
G130 693773(35.33%) 7394B0(37.56%)  73.00%
G131 579888{40.13%) 5259463(35.40%)  76.53%
G132 631582{38.45%) 695967(42.37%)  B0.82%
G133 572733{36.07%) 741323(d46.69%)  B276%
G134 322028(39.64%) 324025(3%.89%)  79.53%
G135 906472{36.8%%) 977225(39.77%)  76.65%
G136 633638(34.03%) 789104(42.38%}  7642%
G137 631622(34.50%) 923823(52.46%)  B4.95%
G138 358101(35.83%) 391707(39.19%)  75.02%
G139 1187355(34.41%) 1645891(47.65%}  82.10%
G140 437967(40.90%) 445983(4185%)  §2.56%
G141 459438(34.61%) 517017(42.76%)  77.38%
G142 347074(38.28%) 403415(44.72%)  83.00%
G143 615959(34.50%) 800582(44.84%)  79.34%
G144 478248{35.08%) 627858(46.25%)  B81.13%
G145 472126{41.12%) 457605(38.85%)  BOST%
G146 46459%{34.61%) 604122(45.81%)  T79.62%
G147 355175(37.40%) 385445(40.59%)  77.89%
G148 344535{39.4%%) 358614(41.22%)  8071%
G149 459932(39.35%) 511996(43.85%)  83.24%
G130 370377{36.51%) 453836(d4.74%)  B81.25%
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G151
G132
G153
G154
G153
G156
G157
G158
G158
G160
G161
Gl1a2
G163
G164
G163
G166
G167
G168
G169
G170
G171
G172
G173
G174
G175
G176
G177
G178
G179
G180
G181
G182
G183
G184
G185
G186
G187
Gias
G189

aligned 1 time
377435(38.94%}
521085{38.89%)
472112(39.69%}
743037(33.34%}
546678{35.07%)
324612(36.66%}
428841(38.32%)
414565(35,56%}
558144(38.32%}
732675(41.97%)
374759(38.26%}
353672{37.01%)
456862(35.50%)
379938(34,68%;
595199{36.57%)
372212(34.76%}
792493(39.37%)
733742(43.77%}
472812(36.37%}
T46782(35.66%)
291575(35.88%;
584224{41.75%)
§56617(36.23%}

aligned >1 times alignment rate

418424(43.28%)
485676(37.00%)
516118{43.39%)
1009807(45.313%)
775189(49.72%)
382748(43.23%;)
459757(41.08%)
504785{43.29%])
569802(38.12%)
$88430(39.43%)
420896(42.98%)
404742(42.35%)
491897(38.22%)
492564(44.96%)
629158(38.65%)
373749(34.90%)
785743(39.03%)
637042(38.00%)
493602(37.97%)
951354(45.43%)
326526{40.24%)
560761(41.50%)
797670(43.36%)

1332530(38.81%) 1432176(41.72%)

423259{38.02%)
708667(40.82%)
461482(35.15%)
8094656(38.12%}
T27595{36.71%)
367548(37.66%)
334775(39.03%}
326763{37.10%)
479499(38.22%}
668225(40.44%)
520578{33.94%)
437273(36.78%}
733778(35.70%)
343285(37.47%}
586299(37.44%)

4466930(41.94%)
607397(34.99%)
$34246(38.31%)
982622{46.28%)
914134(46.10%)
381238(39.06%)
348468{40.74%})
329808(37.45%)
499600(38.78%)
656823(38.75%)
546171(35.61%)
547265(46.03%)
1082413(52.67%)
328712{35.93%)
760562(47.76%)

82.22%
75.89%
83.08%
78.65%
84.79%
79.85%
79.40%
78.85%
77.45%
81.40%
81.24%
79.35%
73.72%
78.63%
15.22%
§9.65%
78.40%
81.77%
74.34%
81.08%
76.12%
83.25%
79.58%
80.53%
79.96%
75.80%
83.46%
84.40%
82.81%
16.72%
79.78%
74.55%
78.00%
80.13%
§9.55%
82.81%
88.37%
73.45%
85.20%

G180
G191
G192
G183
G184
G195
G196
G197
G198
G199
G200
G201
G292
G293
G204
G295
G206
G207
G208
G209
G210
G211
G212
G213
G214
G215
G216
G217
G218
G219
G220
G221
G222
G223
G224
G225
G226
G227
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aligned 1 time
497616(41.43%)
368853(38.39%)
474722{37.59%)
§15133(34.80%)
938652(36.67%)
416149(39.44%}
467131(36.01%)
366475(38.33%)
517258(35.39%)
341605(34.54%)
264478(34.94%)
591195{34.96%)
966021{34.88%}
721394(37.92%)
537482(39.01%}
594798(37.30%)
857247(38.57%)
408243{36.32%)
397852(36.97%)
§33245{34.87%}
§00535(35.19%)
908952(39.05%}
589629(35.85%)
759817(37.05%)
588813(33.28%)
447801{34.62%)
515301(35.86%)
71009%{37.80%)
647642{36.21%)
767350(35.39%)
597020(38.26%)
551835(29.98%)
802415(36.94%)
392695(34.09%)
513388(31.53%)
577466(37.60%)
803261{34.85%)}
519645(37.41%}

aligned >1 times alignment rate

448415(37.34%}
368144(38.31%)
485620(38.46%)
823447(52.25%)
1117255{43.64%)
417811(39.60%;
563613{43.45%;
417442(43.67%)
870112(45.85%)
479191(48.45%)
376207{48.51%)
831149(45.16%)
1295576{46.78%)
855531{44.98%
T17427{43.90%)
§92838(43.45%)
820462(41.42%}
538264(48.84%)
438540{46.75%)
847833(46.69%)
TI7TTHAL58%)
1026625(44.08%)
1125336{46.62%])
1024246(49.94%)
875150(48.46%)
511610(47.28%)
508735(43.35%]
735291(38.14%})
815439(45.60%)
945454{43.61%;
579435{43.54%;)
866532(47.G7%)
838551(43.21%}
5311859(44.44%)
701782(43.69%)
§68987(43.56%)
1102442{42.53%)
731510{44.16%;)

78.77%
76.76%
76.05%
87.05%
80.31%
79.04%
78.46%
82.00%
81.24%
82.99%
83.85%
84.12%
81.66%
82.90%
82.91%
80.75%
79.98%
85.16%
7L1%
81.56%
80.76%
83.12%
83.47%
87.00%
82.74%
81.89%
80.41%
76.94%
81.81%
79.00%
81.80%
T7.05%
80.15%
78.53%
74.62%
81.16%
77.38%
81.57%



Count

@ Variant calling
GATK Z 2138 o] &3}o] multisample calling 433+ th (Total 188,813
7} SNP). 2} chromosome B raw SNP$} f-Ax R9d Axte= ohg3 2o

35,000
20,417
30,000 78,940
24,432
25,000 ! 23,088
20,054
20,0600 17410
14,435 16,050
15,000 . 13,587
10,300
5,000
s
]1 R2 R3 R4 ]S RE A7 28 RY
Chromosems
SNP effects by region
30
B Downstraam
25 B TEon

W intergenic

20
= Intron
35 W Spice Site Acceptor
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g W Transcript
B Upsiream
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® After filtering variants
callingdt snpElA MAF(minor allele frequency)”} 0.05 w9k missing®
genotypeo] A A sampleol| Al 20% ©]A4el AEL A AT

- 2015 data

2015 = Phenotype #4-& 18t 225 sample?] variant 7}t 99| ZH
g S ZHgste] 32,751709) variantE &1 & Th

R1 R2 R3 R4 R5 R6 R7 R8 R9

Chromosome
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300
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- 2016 data
2016'd = Phenotype #41& Z183k 225 sample?] variant 7} 91 ZH
g &AL A&t 32442709 variantES gH &)
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=
> 3000
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o
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(2}) Association analysis

(D Population Stratification

5 227samplezte] population stratificationd =& STRUCTURE == 139
A} Burnin period 50000 MCMC replication 500000.2 7z K& 5H w23
o8 A3 4 F & delta K tﬂz‘z} O EZE EUE K7 3¢ o
dolEl W populationg 7H¢ & FEZ F AFE EAsATh

Delta K

600

500

400

300

200

100

1.00
0.80
0.60
0.40

n.zo

0.00

@ Ordered Logistic Regression %] &

NESH A3A AW EFAF L Categorical variablee] =2 Continuous
variabled 74 SAHOZ AE3t= linear modeldt= ©E =21 Ordered
logistic regression BE&-& &3t AT A 20159 %, 20169 =
AR A F Alew B g 2AE AL Ao WA
HAE F 273 9 3F7ad AEY AEE ZAE stk 2ARE &
tolHHE EWE genotype#o| A Attt Naive 2o 75
phenotype¥} genotypezte] #AE obF EA glo] YR Q =]
% population covariateS ©o]&3le] TS HAZ éﬂro]ﬂi rojm
pvalue threshold= FDR 0.05& 7|52 EA31H T

r {

2
o oM rf ot o O

3T
o

rulm
Hﬂi b

o
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=logle)

20159 = W HF 25 & QRAAA 9709 Fu|3 locis | 3+ &
QEANA 80749] loci® AAFUT T PHOo l6EEAE 2
13770, 232719] locige &3St

- 2015 data
D HE 25 F 2A
Naive
8 E
6 il L ]
=
§
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Naive
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Chromosome
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Rs148230 pyridoxine biosynthesis protein
Rs498780 tir-nbs-lrr class disease resistance protein
Rs180900 at5g46290 mpll2_7

Rs345180 leucine-rich repeat receptor-like protein kinase
Rs181890 transcription elongation factor 1
Rs223390 neutral invertase

Rs171090 wrky dna-binding protein 18 [BLAST2GO]
Rs364450 molecular_function unknown [AT2G46000]
Rs4745840 uncharacterized protein 1728-like
Rs014470 protein brassinazole-resistant 2
Rs136670 ring u-box domain-containing protein
Rs388690 carboxyphosphonoenolpyruvate mutase
Rs118240 beta-galactosidase 8

Rs362740 kinase family protein

Rsd48450 major facilitator superfamily protein
Rs267700 transcription factor ilr3

Rs160720 pentatricopeptide repeat-containing protein

Rs045120 1-phosphatidylinositol-3-phaosphate 5-kinase-like protein
Rs450820 sugar transport protein 14-like
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L. 2idzk (20173)
D M ==
O 7 GWAS ®y A3}

O ANEs8 2 T FaFd tigk GWAS = QTL &4
O AleaH Xif%“é ool A Aol tid HE AF 1043 S0l diF

2 N g 2 U
Ob FAFd A w2
(D Standalone TASSEL v5.0%} RS AF8-3F GWAEA]
@ £83 dlo]H 9 log transformation
@ Z+ FAW HZ association B4 A Al
@b Naive =&
@ Q(structure) ==
@ K(kinship) =<
@ QK(structure+kinship) =4
Wb A= AFAE FaAe T2
(™ ¥ A= AT Jo GBS
@ DNA quality ¥ &% #<<s 913 QC &4
@ GBS library A2}
@ Sequencing

Q) |74
Ob FAFd A w2
20161 GBSZA#E o] &3t <, <74, 4
d, E71480), E7154, ARYs, AFYT T, AT Ao, MIre
o) &2 Aol did GWAS +4
- B up
Standalone TASSEL v5.03} RS AF83 GWAE-4
@b kinship (K) matrix was estimated based on familial relatedness between
lines in an identical-by-state (IBS) matrix
@ Skewed distributions were somewhat adjusted with log transformation

- 207 -



using R

@ GLM3} MLM models were tested for all phenotypes to attest which

model best fits each phenotype.
@ Significant p-values are chosen based on Bonferroni or FDR (B-H)
Graphs and illustrations were drawn using R
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Gene SNP Chromosome Encoding p Value
GBS-FW1, . . 8.69E-04,
Rs019110 GBS-FW?2 1 formin 8 protein 9 91E-04
Rs065080  GBS-FW3 2 WD40 repeat-like  superfamily protein 7.33E-04
GBS-FW4, Sec23/Sec24 protein  transport family 1.33E-04,
Rs045840  Gps_Fws 2 protein 1.67E-04
_ Pentatricopeptide  repeat (PPR) _
Rs116800 GBS-FW6 3 supertamily protein 1.96E-04
GBS-FW7 3 unknown 2.30E-04
GBS-FW8 3 unknown 2.30E-04
Rs191190 GBS-FW9 4 ABL interactor-like  protein 4 7.25E-04
Rs229140 GBS-FW10 5 kinase family protein 9.92E-04
GBS-FW11 : . .
Rs382210 | 7 PLC-like phosphod%e'_sterase superfamily 9 94E-04
GBS-FW12 protein
Rs392970  GBS-FW13 7 movement protein  binding protein 2C 6.02E-04
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Library

DNA

Read QC

Construction

Sequencing

1
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Demultiplexing
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Add
ReadGroup

H
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Variant
Calling

SINP Filtering
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- DNA quality ¥ &= #<l& 93 QC &4

@b Sample QC results (Picogreen assay)

« 0DZ% : Dropsensed6 (Trinean)

+ Quality check : Gel electrophoresis

« YZH%: Picogreen (nvitrogen)

Absorbance Fluorescence (Picogreen)

No. Sample ID
A260/280 A260/230 Con. (ngful) RFU Con. (ng/ub)

1 MKO001 1.900 2.083 258.451 21882 46.119
2 MKO002 1.984 2.314 421.522 22713 46.846
3 MKO003 1.989 1.934 180.889 14296 30.060
4 MKO004 1.990 2.239 315.273 21442 45.005
B) MKO005 1.986 1.833 125.132 10815 22.778
6 MKO008 1.990 1.870 147.839 10457 21.912
7 MKO009 1.996 1.955 172.737 16279 34.371
8 MKO011 1.979 1.687 96.087 9785 20.645
9 MKO012 1.981 2.244 291.741 18070 37.782
10 MKO013 1.998 2.300 363.706 16821 34.461
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11 MKO014 1.984 1.979 178.849 10248 21.337
12 MKO015 1.969 1.962 179.322 20988 44.503
13 MKO017 1.980 1.845 137.385 15061 31.886
14 MKO019 1.940 2.295 350.396 21611 45.284
15 MK022 1.978 2.314 356.460 14952 30.897
16 MKO023 1.997 2.123 247.814 15447 32.291
17 MK024 2.002 2.240 372.003 22508 46.469
18 MK025 1.947 1.940 172.856 13559 28.500
19 MK026 1.959 1.798 120.434 11972 25.292
20 MK028 2.023 1.809 150.931 9116 19.007
21 MK029 1.973 2.255 367.370 28221 58.988
22 MKO030 2.003 1.890 142.889 11530 24.248
23 MKO031 1.970 1.949 149.024 11034 23.154
24 MKO032 1.984 2.365 355.434 41361 87.400
25 MKO033 1.990 2.299 294.512 13643 28.298
26 MKO034 1.982 2.303 320.445 20122 41.505
27 MKO038 2.004 2.314 367.488 22735 47.158
28 MKO040 1.995 1.989 149.508 13344 28.142
29 MKO041 1.997 2.256 315.380 14689 30.413
30 MK042 1.937 2.209 283.419 23395 49.301

Absorbance Fluorescence (Picogreen)
No. Sample ID

A260/280 A260/230 Con. (ng/ul) RFU Con. (ng/ul)

31 MK043 1.966 2.071 169.318 20168 42.776
32 MK044 1.994 2.412 342.925 22427 46.625
33 MK045 1.960 1.883 162.866 14558 30.692
34 MK046 1.970 2.164 449.642 28437 59.038
35 MKO047 1.954 2.027 267.660 17463 36.544
36 MK048 1.971 1.921 217.739 13484 28.155
37 MKO050 1.973 2.207 279.467 22248 46.867
38 MKO051 1.956 2.280 412.943 24770 51.333
39 MKO052 1.972 2.067 221.587 13698 28.608
40 MKO053 1.986 2.332 332.298 25021 52.292
41 MKO055 1.975 1.802 127.674 11211 23.621
42 MKO056 1.981 2.353 368.512 20451 42.243
43 MKO057 1.977 2.324 314.734 25327 53.048
44 MKO058 1.988 2.245 358.915 18015 37.438
45 MK059 1.962 1.601 73.852 9083 19.131
46 MK060 1.991 2.296 305.981 19258 40.003
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47 MKO061 1.977 2.088 185.848 22300 47.307
48 MKO062 1.990 2.171 292.378 18609 38.915
49 MK063 1.977 2.325 430.422 24631 50.931
50 MKO064 1.994 2.227 421.727 20682 42.457
51 MK067 1.988 1.968 300.784 13399 27.644
52 MKO068 1.971 2.141 385.720 21563 44.576
93 MKO069 1.965 1.972 205.273 15241 31.994
54 MK070 1.970 2.031 251.800 14326 29.838
55 MKO071 1.979 2.374 283.260 16611 34.389
56 MKO073 1.979 2.170 319.491 17791 37.096
o7 MKO074 1.992 2.158 462.581 20777 43.037
58 MKO076 1.972 2.030 297.741 19798 41.485
99 MKO77 1.990 1.677 119.918 9157 19.224
60 MKO078 1.987 2.301 346.526 18387 37.891

Absorbance Fluorescence (Picogreen)
No. Sample D

A260/280 A260/230 Con. (ng/ul) RFU Con. (ng/ul)

61 MKO079 1.986 2.299 311.246 15866 33.022
62 MK080 2.007 1.688 110.716 12363 26.177
63 MK081 1.990 2.266 269.930 13178 27.374
64 MKO083 1.999 2.319 255.951 13269 27.600
65 MK084 1.944 1.888 210.812 25450 53.998
66 MK085 1.947 2.169 389.400 25223 52.865
67 MK086 1.971 2.258 313.891 25455 53.336
68 MK087 1.988 2.227 451.214 23552 48.546
69 MKO089 1.975 2.058 200.939 13246 27.714
70 MK091 1.979 2.284 319.490 17793 36.774
71 MK092 1.995 1.910 123.480 13458 28.487
72 MK093 1.981 2.190 315.566 13447 27.726

Absorbance Fluorescence (Picogreen)
No. Sample ID

A260/280 A260/230 Con. (ng/ul) RFU Con. (ng/ub)

73 MK095 1.976 2.022 223.508 17237 36.237
74 MKO096 1.948 1.892 195.062 19687 41.630
75 MKO097 1.977 2.228 481.198 28252 58.521
76 MKO098 1.989 2.333 274.105 14969 30.873
7 MKO099 1.997 2.141 268.487 12672 26.227
78 MK100 1.980 2.179 304.261 13000 26.806
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79 MK101 1.969 2.317 312.889 16169 33.289
80 MK102 1.977 2.022 135.477 12802 27.024
81 MK103 1.982 2.331 376.007 30609 64.138
82 MK104 1.989 2.303 305.451 15450 32.135
83 MK105 1.964 1.487 77.252 13509 28.678
84 MK106 1.976 2.291 365.405 20413 42.178
85 MK109 1.980 2.264 298.620 17229 36.000
86 MK111 1.958 2.333 361.721 25592 53.367
87 MK112 1.991 2.412 386.659 27878 58.156
88 MK113 1.984 2.202 264.337 17987 37.706
89 MK114 1.998 2.185 299.540 13170 26.915
90 MK115 1.965 1.388 79.394 8614 18.119
91 MK116 1.980 2.213 314.734 20914 43.840
92 MK118 2.000 1.714 108.815 12375 26.213
93 MK119 2.000 1.109 31.698 6037 12.561
94 MK120 1.991 2.451 391.675 23339 48.315
95 MK121 1.982 2.034 154.522 18004 38.166
96 MK122 1.997 1.552 65.537 10132 21.394
97 MK123 1.965 2.034 205.166 15779 33.162
98 MK124 1.980 2.303 415.570 23816 49.457
99 MK125 1.974 1.970 297.939 13533 27.966
100 MK126 1.977 2.303 342.967 21502 44.648
101 MK128 1.983 2.354 392.269 20121 41.387
102 MK130 2.000 1.644 91.565 8802 18.525

Absorbance Fluorescence (Picogreen)
No. Sample ID

A260/280 | A260/230 Con. (ng/ub) RFU Con. (ng/ul)

103 MK132 1.979 2.256 318.269 21694 45.509
104 MK133 1.965 2.346 361.321 25868 53.956
105 MK134 2.000 1.606 84.580 9686 20.432
106 MK135 2.000 1.971 172.255 18757 39.719
107 MK136 1.962 2.223 304.811 25129 52.682
108 MK137 1.992 2.260 252.046 15304 32.003
109 MK139 1.997 2.222 258.402 10660 21.962
110 MK140 1.980 2.300 347.462 38100 80.410
111 MK142 2.017 2.308 332.889 17823 36.749
112 MK143 1.995 2.209 227.699 13997 29.264
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113 MK146 1.961 2.181 352.599 54482 115.740
114 MK147 1.958 2.233 388.784 28944 60.453
115 MK148 1.963 2.115 368.554 46833 99.147
116 MK150 1.968 1.841 144.260 12287 25.875
117 MK151 2.001 2.204 271.402 13307 27.579
118 MK152 1.982 2.319 362.832 19740 40.741
119 MK154 2.000 1.962 168.361 13073 27.474
120 MK155 2.010 2.282 297.595 19713 41.038
121 MK158 1.963 2.337 307.543 21473 44.782
122 MK159 1.948 2.145 296.207 23788 50.101
123 MK160 1.982 2.266 299.242 18497 38.406
124 MK162 1.981 1.870 239.254 14135 29.385
125 MK163 1.983 2.416 386.579 22548 46.418
126 MK164 1.975 1.827 111.525 12105 25.621
127 MK166 1.989 1.608 73.909 10422 22.019
128 MK167 1.973 2.042 197.061 21687 45.944
129 MK168 1.919 1.782 213.790 12304 25.614
130 MK169 1.879 1.652 245.722 20124 42.360
131 MK170 1.993 1.157 59.979 8783 18.484
132 MK171 1.934 1.548 114.748 11828 25.000

Absorbance Fluorescence (Picogreen)
No. Sample ID

A260/280 | A260/230 Con. (ng/ul) RFU Con. (ng/ul)

133 MK173 1.968 1.691 135.717 12039 25.365
134 MK174 1.941 1.744 192.798 11506 23.977
135 MK175 1.936 2.402 380.655 32500 67.356
136 MK176 1.963 2.325 425.358 42078 88.605
137 MK177 2.009 1.442 89.094 10227 21.598
138 MK178 1.982 2.300 390.296 23374 48.428
139 MK179 1.989 2.238 422.976 34203 71.368
140 MK180 1.973 1.862 133.392 13434 28.395
141 MK182 1.972 2.306 368.224 21065 43.561
142 MK183 1.981 2.405 384.593 26094 54.333
143 MK184 1.962 1.915 166.971 21496 45.644
144 MK185 1.972 1.971 178.596 11022 23.008
145 MK188 1.981 1.966 146.233 12363 26.034
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2 43 44 45 46 47 48 50 S1 52 53 55 56 57 SB SO 60 6L 62 M

63 64 &7 B8 64 D TH M

D& 309 1101 112 133 104 115 NB& 108 119 120 121132 M

- GBS library #|Z}
Z 145709 ABEE 2%o] ZA golBd g E A= stk
Library preparation reagent
@b A= DNA 7+ 250ng
@ Restriction Enzyme : Apekl (NEB Cat# R0643L)
©@ T4 DNA Ligase (NEB Cat# M0202)
@ Accupower pfu PCR Premix (Bioneer Cat# K2025)
QIAquick PCR Purification Kit(Qiagen Cat# 28106
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* Gel electrophoresis image:

* Electropherogram Summary:

3l bioanalyzer 45 33ty o, 7}

= I Radish-1
$3d '
-t ; k‘ =
Z mmrriri ) 1 LU
15 150 300 500 1500 [bp]
Lo = —
1000 — ==
=== Radish-2
500 — —
40 - — [Fi
305__
200 —
150 = —
100 =
50 —
15— S p— M T TT T T T 10
15 300 500 1500 [bp)
OD (Trinean) Region table
No. SaHn;ple
Conc. | A260 | A260 |From| To Avseégge conc. [Volumel Amount
(ng/u) | /280 /230 | (bp) | (bp) (bp) (ngiu) | @) | (ng
1 Radish-1 51.92 1.76 0.97 150 | 700 324 9.72 60 | 583.20
2 Radish-2 54.13 1.82 1.17 150 | 700 298 11.30 60 | 678.00
- Sequencing
Az GBS golBelg]E 3xto]l A illumina NextSeqs005 ©]-&3h]

150bp single-end =2 Z} 20Gb A|EA S G333tk
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@b Demultiplexing
(@ Demultiplexing GBS raw data
GBS raw datax= <2] sample©] multiplexing “3€}2] sequencing 3L o| =&
7} sample’ datags ¥7] 913l demultiplexing A4S FdstAL A= o
=9 "Hol&% 2t
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Sample ID | Read Count | Base Count (bp) | Sample ID | Read Count | Base Count (bp)
MKO001 2,891,732 436,651,532 MKO038 2,664,958 402,408,658
MK002 3,339,318 504,237,018 MK040 2,703,979 408,300,829
MKO003 2,437,831 368,112,481 MKO041 2,516,814 380,038,914
MKO004 1,806,926 272,845,826 MK042 2,580,166 389,605,066
MKO005 1,725,720 260,583,720 MK043 1,995,097 301,259,647
MKO008 2,211,496 333,935,896 MKO044 2,630,131 397,149,781
MKO009 2,404,736 363,115,136 MKO045 2,600,968 392,746,168
MKO011 1,675,255 252,963,505 MKO046 3,309,249 499,696,599
MKO012 2,436,860 367,965,860 MKO047 2,207,518 333,335,218
MKO013 3,187,830 481,362,330 MK048 2,452,016 370,254,416
MKO014 2,220,856 335,349,256 MKO050 2,755,182 416,032,482
MKO015 2,648,550 399,931,050 MKO051 2,104,825 317,828,575
MKO017 2,295,118 346,562,818 MKO052 2,316,840 349,842,840
MKO019 2,490,174 376,016,274 MKO053 2,265,581 342,102,731
MK022 1,771,279 267,463,129 MKO055 2,845,187 429,623,237
MK023 2,034,121 307,152,271 MKO056 2,773,972 418,869,772
MK024 3,300,284 498,342,884 MKO057 3,030,275 457,571,525
MKO025 2,289,930 345,779,430 MKO058 2,864,157 432,487,707
MK026 3,337,430 503,951,930 MKO059 2,590,127 391,109,177
MK028 2,741,977 414,038,527 MKO060 1,996,081 301,408,231
MKO029 2,342,288 353,685,488 MKO061 2,393,867 361,473,917
MKO030 2,796,349 422,248,699 MKO062 2,001,488 302,224,688
MKO031 1,883,792 284,452,592 MKO063 3,468,436 523,733,836
MKO032 1,820,062 274,829,362 MKO064 3,241,434 489,456,534
MKO033 4,076,446 615,543,346 MKO067 2,145,504 323,971,104
MKO034 2,301,307 347,497,357 MKO068 2,012,866 303,942,766
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Sample ID | Read Count | Base Count (bp) | Sample ID | Read Count | Base Count (bp)
MKO069 2,626,887 396,659,937 MK101 2,447,099 369,511,949
MKO70 2,664,607 402,355,657 MK102 1,978,395 298,737,645
MKO071 1,556,161 234,980,311 MK103 2,483,950 375,076,450
MK073 2,397,917 362,085,467 MK104 3,143,273 474,634,223
MKO074 2,416,402 364,876,702 MK105 2,528,486 381,801,386
MKO76 2,572,259 388,411,109 MK106 2,512,822 379,436,122
MK077 1,966,521 296,944,671 MK109 2,417,481 365,039,631
MK078 2,885,790 435,754,290 MK111 2,742,385 414,100,135
MK079 1,674,386 252,832,286 MK112 1,832,611 276,724,261
MK080 2,019,076 304,880,476 MK113 2,280,034 344,285,134
MKO081 2,168,509 327,444,859 MK114 3,016,341 455,467,491
MKO083 1,777,136 268,347,536 MK115 1,951,401 294,661,551
MK084 1,498,180 226,225,180 MK116 2,942,979 444,389,829
MKO085 2,785,464 420,605,064 MK118 2,558,118 386,275,818
MKO086 1,697,933 256,387,883 MK119 2,411,556 364,144,956
MKO087 1,533,637 231,579,187 MK120 2,950,447 445,517,497
MK089 1,311,935 198,102,185 MK121 2,167,891 327,351,541
MK091 1,287,577 194,424,127 MK122 1,955,652 295,303,452
MK092 1,512,559 228,396,409 MK123 3,973,038 599,928,738
MK093 1,341,615 202,583,865 MK124 2,328,164 351,552,764
MK095 2,800,119 422,817,969 MK125 2,476,122 373,894,422
MK096 2,832,488 427,705,688 MK126 2,714,230 409,848,730
MKO097 2,643,139 399,113,989 MK128 2,526,815 381,549,065
MK098 1,849,233 279,234,183 MK130 3,059,699 462,014,549
MK099 1,964,663 296,664,113 MK132 2,291,999 346,091,849
MK100 2,337,654 352,985,754 MK133 2,618,906 395,454,806
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Sample ID| Read Count | Base Count (bp) | Sample ID | Read Count | Base Count (bp)
MK134 2,502,295 377,846,545 MK170 1,964,309 296,610,659
MK135 3,002,064 453,311,664 MK171 2,877,165 434,451,915
MK136 2,152,010 324,953,510 MK173 1,812,982 273,760,282
MK137 2,438,305 368,184,055 MK174 2,140,370 323,195,870
MK139 2,718,135 410,438,385 MK175 2,308,378 348,565,078
MK140 1,966,178 296,892,878 MK176 1,771,614 267,513,714
MK142 2,048 441 309,314,591 MK177 2,224,498 335,899,198
MK143 2,264,536 341,944,936 MK178 3,361,626 507,605,526
MK146 2,939,959 443,933,809 MK179 2,332,362 352,186,662
MK147 2,552,825 385,476,575 MK180 2,581,798 389,851,498
MK148 3,069,870 463,550,370 MK182 2,046,313 308,993,263
MK150 2,569,823 388,043,273 MK183 2,124,437 320,789,987
MK151 2,341,365 353,546,115 MK184 2,449,721 369,907,871
MK152 2,159,827 326,133,877 MK185 2,412,158 364,235,858
MK154 2,413,093 364,377,043 MK188 2,071,186 312,749,086
MK155 1,794,112 270,910,912
MK158 3,542,303 534,887,753 U“detgrmme 8,556,472 (2.4%)

MK159 3,107,248 469,194,448
MK160 2,078,394 313,837,494
MK162 2,232,710 337,139,210
MK163 2,520,325 380,569,075
MK164 3,003,429 453,517,779
MK166 1,664,670 251,365,170
MK167 2,443,883 369,026,333
MK168 2,272,329 343,121,679
MK169 2,866,826 432,890,726
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@ Variant calling

mapping rate

Undetermined readE #1213+ sample® read?d B (fastqu}d)S o] &3}
Bowtie2 Z=Ifs ©]83t9 mappingstd< AT T ze} m=
read”} referenceo| mappinge] €vriyt HA=AE HeERAH, A¥rH o= 75%
e Wy Ad3E Btk

Sample Total Reads % Sample Total Reads %
Reads Mapped | Mapped Reads Mapped | Mapped

MKO001 2,361,958 1,899,486 80.42 MKO038 2,167,304 1,722,169 79.46
MKO002 2,739,704 | 2,152,935 78.58 MKO040 2,201,665 | 1,751,626 79.56
MKO003 2,011,453 1,660,020 82.53 MKO041 2,045,614 1,617,412 79.07
MK004 1,485,369 1,199,240 80.74 MKO042 2,117,912 1,721,111 81.26
MKO005 1,431,517 | 1,182,731 82.62 MKO043 1,631,049 | 1,343,607 82.38
MKO008 1,830,340 | 1,506,821 82.32 MKO044 2,138,695 | 1,691,561 79.09
MKO009 1,964,439 | 1,595,673 81.23 MKO045 2,123,581 | 1,707,842 80.42
MKO011 1,389,233 | 1,167,566 84.04 MKO046 2,709,474 | 2,170,445 80.11
MKO012 2,001,308 1,577,185 78.81 MKO047 1,803,955 1,457,551 80.8
MKO013 2,599,771 | 2,063,936 79.39 MKO048 1,999,974 | 1,610,466 80.52
MKO014 1,842,130 1,486,961 80.72 MKO050 2,246,743 1,765,536 78.58
MKO015 2,176,390 1,798,389 82.63 MKO051 1,702,768 1,362,257 80

MKO17 1,895,482 1,553,900 81.98 MK052 1,899,906 1,515,305 79.76
MKO019 2,015,155 1,525,207 75.69 MKO053 1,837,383 1,445,047 78.65
MK022 1,452,237 1,168,143 80.44 MKO055 2,330,169 1,885,114 80.9
MKO023 1,678,569 | 1,330,532 79.27 MKO056 2,250,456 | 1,782,272 79.2
MK024 2,705,124 | 2,135,347 78.94 MKO057 2,475,723 1,958,198 79.1
MKO025 1,884,291 | 1,565,790 83.1 MKO058 2,312,832 | 1,794,034 77.57
MKO026 2,740,794 | 2,226,934 81.25 MKO059 2,119,030 | 1,721,197 81.23
MKO028 2,262,504 | 1,812,160 80.1 MKO060 1,593,358 | 1,265,812 79.44
MKO029 1,913,382 | 1,526,743 79.79 MKO061 1,943,092 | 1,561,493 80.36
MKO030 2,291,897 1,885,296 82.26 MKO062 1,631,998 1,290,366 79.07
MKO031 1,549,705 | 1,277,278 82.42 MKO063 2,820,541 | 2,248,101 79.7
MKO032 1,469,056 | 1,171,985 79.78 MKO064 2,632,878 | 2,061,701 78.31
MKO033 3,323,867 | 2,612,229 78.59 MKO067 1,760,644 | 1,432,862 81.38
MKO034 1,893,226 | 1,533,994 81.03 MKO068 1,628,506 | 1,281,563 78.7
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Sample Total Reads % Sample Total Reads %
Reads Mapped | Mapped Reads Mapped | Mapped

MK069 2,147,281 1,759,387 81.94 MK101 1,807,024 1,378,120 76.26
MKO070 2,179,832 | 1,713,157 78.59 MK102 1,476,571 | 1,168,084 79.11
MKO071 1,264,594 | 1,015,020 80.26 MK103 1,835,525 | 1,409,925 76.81
MKO073 1,970,316 1,599,467 81.18 MK104 2,332,064 1,781,579 76.39
MKO074 1,962,217 1,613,504 82.23 MK105 1,916,940 1,617,819 84.4
MKO076 2,090,649 1,682,658 80.48 MK106 1,861,794 1,438,702 77.28
MKO77 1,599,997 | 1,282,268 80.14 MK109 1,782,138 | 1,389,975 77.99
MKO078 2,351,359 1,882,858 80.08 MK111 2,027,427 1,547,451 76.33
MKO079 1,359,040 1,084,063 79.77 MK112 1,353,045 1,022,258 75.55
MKO080 1,647,469 1,356,228 82.32 MK113 1,690,869 1,301,191 76.95
MKO081 1,743,756 | 1,372,945 78.73 MK114 2,249,948 | 1,747,820 77.68
MKO083 1,425,844 | 1,122,377 78.72 MK115 1,464,705 1,169,198 79.82
MK084 1,209,989 989,685 81.79 MK116 2,175,017 1,661,288 76.38
MKO085 2,246,792 1,772,862 78.91 MK118 1,885,724 1,449,757 76.88
MKO086 1,378,438 1,112,372 80.7 MK119 1,829,118 1,510,385 82.57
MKO087 1,252,161 | 1,007,742 80.48 MK120 2,181,683 | 1,636,039 74.99
MKO089 1,070,968 840,080 78.44 MK121 1,622,469 1,282,060 79.02
MKO091 1,043,266 825,017 79.08 MK122 1,492,875 | 1,221,013 81.79
MK092 1,232,549 984,183 79.85 MK123 2,941,660 | 2,277,586 77.43
MKO093 1,076,823 853,206 79.23 MK124 1,730,005 | 1,309,943 75.72
MKO095 2,036,101 | 1,516,255 74.47 MK125 1,851,083 | 1,448,950 78.28
MK096 2,095,359 1,608,400 76.76 MK126 2,009,023 1,569,578 78.13
MKO097 1,935,356 1,484,203 76.69 MK128 1,878,364 1,469,017 78.21
MK098 1,357,954 1,041,621 76.71 MK130 2,278,544 1,753,614 76.96
MKO099 1,451,511 | 1,108,204 76.35 MK132 1,705,944 | 1,317,097 77.21
MK100 1,733,577 1,321,897 76.25 MK133 1,931,298 1,490,814 77.19
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Sample Total Reads % Sample Total Reads %
Reads Mapped | Mapped Reads Mapped | Mapped

MK134 1,858,727 | 1,465,936 78.87 MK170 1,477,938 | 1,184,190 80.12
MK135 2,226,730 | 1,747,463 78.48 MK171 2,143,366 | 1,697,889 79.22
MK136 1,581,509 | 1,230,096 77.78 MK173 1,330,141 | 1,032,463 77.62
MK137 1,793,209 | 1,388,818 77.45 MK174 1,587,791 | 1,252,378 78.88
MK139 2,029,924 | 1,559,724 76.84 MK175 1,700,978 | 1,294,595 76.11
MK140 1,442,200 | 1,119,294 77.61 MK176 1,297,254 983,815 75.84
MK142 1,532,493 | 1,183,794 77.25 MK177 1,625,569 | 1,253,740 77.13
MK143 1,698,785 | 1,321,049 77.76 MK178 2,458,533 | 1,862,320 75.75
MK146 2,172,358 | 1,695,882 78.07 MK179 1,714,713 | 1,315,476 76.72
MK147 1,871,059 | 1,433,173 76.6 MK180 1,932,408 | 1,546,985 80.05
MK148 2,288,368 | 1,832,584 80.08 MK182 1,499,767 | 1,130,007 75.35
MK150 1,908,074 | 1,491,831 78.19 MK183 1,564,113 | 1,195,065 76.41
MK151 1,728,067 | 1,349,093 78.07 MK184 1,847,096 | 1,483,152 80.3
MK152 1,557,079 | 1,185,468 76.13 MK185 1,785,215 | 1,394,953 78.14
MK154 1,808,717 | 1,413,509 78.15 MK188 1,526,923 | 1,190,011 77.94
MK155 1,319,184 999,964 75.8

MK158 2,619,003 | 2,031,771 77.58

MK159 2,305,252 | 1,779,065 77.17

MK160 1,528,743 | 1,189,426 77.8

MK162 1,615,055 | 1,186,343 73.46

MK163 1,853,843 | 1,425,580 76.9

MK164 2,259,981 | 1,817,686 80.43

MK166 1,255,491 | 1,003,328 79.92

MK167 1,833,724 | 1,490,271 81.27

MK168 1,671,362 | 1,311,239 78.45

MK169 2,136,899 | 1,702,162 79.66

@ Variant calling
GATK HaplotypeCallerE %3l variantg 42
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By 5& F3 3% SNPY INDELS 9+

Statistics for SNPs

Raw variants SNPs from raw | GATK quality Biallele Final SNPs
(SNP+INDEL) called variants filtering filtering
261,769 233,951 -115,345 -199 118407

* GATK filtering option : MQO >= 4 && ((MQO / (1.0*DP)) > 0.1), QUAL < 30, QD < 5.0, FS > 200.0

Statistics for INDELs
Raw variants INDELs from raw | GATK quality | _.
(SNP+INDEL) called variants filtering Final INDEEs
261,769 19,823 -674 19,149

* GATK filtering option : MQO >= 4 && ((MQO / (1.0*DP)) > 0.1), QUAL < 30, QD < 5.0, FS > 200.0
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—log;c{p-value)
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I N O
=0

U GBS-FWL

ReD45120
4 GBS-FWS5 GBES-FWG
Rs118240 GBS-FW7

GES-FWE

Re204510 GBS-FW9

Rs207830 GBS-PW10 GBS-PW11
GBS-FW12 GBS-PW13

Rs160720 GBS-FW14

Rs273390 GBS-FW15

2
:

Rs267700 GBS-FW16

Rs277800 GBS-FW17

Rs220650 GBS-FW18 GBS-FW19

R5357270 GBS-PW20 GBS-PWZ1
GBS-FW22

Rs360300 GBS-FW23

Rs384720 GBS-FW24

RsA04770 GBS-FW25 GBS-PW26
GBS-FW2Y GBS-FN23
R5393590 GBS-PW29 GBS-PW30

Rs410230 GBS-FW31
GES-FW32
Rs498760 GBS-FW33

|

=]

Rs454240 GES-FW34

GBS-PW2 GBS-PW3 GBS-PW
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Chramosomal Coordinates
O50me
2 E

Brassinosteroid signalling positive requl
ator {BZR1) family protein
1-phosphatidylinositol-3-phosphate 5-k
nases
beta-galactosidase 8
myb demain protein 121
acyl- n-acyltransferase with ring fyjve p
hd-type zinc finger domain-coniaining
protein
transcription factor bhihs1
pentatricopeptide repeat-containing pro
tein
neutral invertase
basic helix-loop-helix (bHLH) DNA-bind
ing superfamily protein
unknown function
homeobox-leucine zipper protein hdgd
unknrown function
P-loop containing nucleoside triphosph
ate hydrolases superfamily protein
subtilase family protein

glycosyltransferase family protein
Vacuolar sorting protein 9 (VPS9) doma
ankyrin repealinfamﬂy protein
major facilitator superfamily protein

tir-nbs-Irr class disease resistance protsi

n
RNA polymerase I transcription elonga
tion factor

p-Value

913E-05

B.30E-06, 3.98E-05,
4.25E-05
113E-05

117E-05
3.30E-05

492E-05
146E-05
391E-05
26B8E-05
£.09E-05
169E-05, 8.91E-05
172E-05, 3.05E-05
GABE-05

507E-05

4.60E-06 123E-05,
£.85E-05
164E-05, 342E-05

396E-05
241E-05
640E-05

7T51E-05
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Rallg-11/13
Rallg-11/15

Q)
=

3824484483333 iEEEEEREREREE
gé&gedgdizgazsa e 2§ EEEEE
4000 — - 4000 —
!Q'.'.O—-—v:_ = = ZDCO———_- B RS~
— e —_—== —t— 1 e e f— - fr—e—] ey
1000 — — _E.::_ ] R - = —_ — -
00 — s - 500 —
200 = m— ol | 200 = —
R T T S ——
L 1 2 3 4 5 6 7 & %5 10 1 12 Lot 2 31 4 5 E 7 8 8% 10
7 9UE Mg Mwste] RNA-seq #4¢ 58 (FA, Mock, 19, 2
o, 49, 74, 10, 15%)
@b Raw data A4k AR
S;::::iee ReadbLength TotalBase ReadCount GC Q20Ratio Q30Ratio
Railg-11-9 76 1,252,589,744 16481444 48 (0599997 0.954
Rall8-dui 76 1457615628 19179153 48 0.99998 0.959
Ral(6-11-5 76 2,491,367,628 32,781,153 44 0.e99%8 0962
Ralfe-11-6 76 1098717028 14456803 48 0.8e73¢6 g4z
Ral06-hul 76 1,382,720060 18,193,685 48 0.299¢8 0958
RalC6-11-7 76 1,430,130684 18,817,508 482 g.8ggo” 258
Ralle-Mu 76 1484702412 19,667,137 48 0.5958%6 G958
Rali8-Mu 76 1,325,727,508 17,443,783 48 0.5999%86 0958
Ral118-11-7 76 2,366,094,396 31,132,821 43 0893993 096
Ral18-11-6 76 1,401,061,672 18435022 48 059358 G.e6
Ral118-11-5 76 2415501692 31782917 43 0.999%5 Q.96
Rallg-11-4 76 2,301,371.884 30,281,209 44 0.899¢s 0981
Ral(6-11-9 76 1,376,375,656 18,110,206 48 0.89998 [8R=153
Ral(s6-11-4 & 2,567,585,704 33,784,154 43 0.999S5 0961
Rall®-11-11 76 1,441 278,312 18,964,162 48 059588 095%
Ral06-11-11 76 1,461,619,612 19,231,837 48 0.99996 0.958
Rall8-11-15 76 2,238,522,696 29,454,246 45 0.99995 0.96
Ral06-11-15 76 1,389,015,216 18,276,516 48 0.99995 0.958
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@ Reads alignment - HISAT 23}

Sample . Overall Concordant Zero C'onc_ordant I'»_‘Iul'tipie
Name Alignment Rate PairAlignment Alignment

Ral06-11-6 92.05% G 77.76% 9.55%
Ralig&-11-9 S9341% s} 78 94% 10.30%
Rall&-mMul 9357% G TIA2% 10.11%
Ral06-11-4 43 15% 1 31.09% 4.02%
Ral06-11-5 46.61% 1 3448% 451%
Ral0s-Mul 82.73% O 78.11% 10.04%
RalO&-11-7 91.90% e} 78.14% 10.71%
Ral06-11-9 92 86% g 7EBO3% 1021%
Rail8-Miu 93.65% O 79.27% 10.12%
Ralig&-11-7 47.14% 1 34.89% 4.46%
Ral18-11-6 93.60% o 79.26% 10621%
Ral18-11-5 48.07% 1 35.91% 4.58%
Rallg-11-4 47 .86% 1 35.48% 461%
Rai06-Mu S2.87% o 78.33% 10.07%
Ralig-11-11 93.60% &} 79.12% 180.22%
Ral06-11-11 92.92% (o} 78.14% 10.19%
Ral18-11-15 64.29% o} 51.519% 6.74%
Ral06-11-15 92.90% (¢} 78.15% 10.26%

(& AE 8 Fdx ddEE 2d54 (MDS plot)
RNA-seq data®] #4S 95t Al dolg EATetS 9sle] MDS plote
A% A3k RNA AZ Jeo w2l mRNA seqe 333 A1E3 Whole
Transcriptome Sequencing (WTS)€ 33 AMEE UiFe A=4E K, Hol

B S 35t olF #4s AL A
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Ob AEE F FA1A 7 55 AI2"Y S5 T2 A8
Az AdE AEed 2 1470 FHIFH AP Ampli-seq & vl
17007) = ¥ Adte] §93 Aol NI, AEL
T % <5 o tig SNP mhA 1097H~ amp-seq &2 Awsla st THGE
SN
Z

[k

SEeHAYA, 24, &4, &
). T3+ background seletionS 9|3} ZF 3007§2] SNP © Sl

10075 4 BEFdAl AFF JHde] o]&" FIFRE 582l o thato
illuminaAke] i-SEQ100& o]&3}o] genotypings F3sITHE 23, 24, 1¥
15D).

3 23. amp-seq X802 M Marker

# of
No Marker Trait Chr Pos p-value detected
primer
1 GRI-01 Root length 1 3960125 1.60E-04 58/58
2 GFr-02 Fusarium 8001479 9.13E-05  58/58
resistance
3 GRI-03 Root length 1 14572774 9.10B-05  58/58
4 GRI-04 Root length 1 15649922 211E-04  58/58
5 GRd-05 g. 0 0t 16257891 383E-04  58/58
1ameter
6 GRI-06 Root length 1 18109263 263E-05  58/58
R o ot
7 GRd-07 §o o 1 21429570 3.12E-04  58/58
8 Grd-08 dR. 0 0t 25869974 375605 58/58
1ameter
GRI-09 Root length 2 10313014 147605  58/58
10 GRd-10 R © © € ) 31961173 3.13E-07  51/58
1ameter
1 GRI-11 Root length 2 33733740 536E-05  56/58
12 GBd-12 Bloom day 2 38132518 334B-05  44/58
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13
14
15
16
17
18
19
20
21
22

23
24

25
26
27

28
29
30

31

32

33

34
35

36

37

38

39

40

41

42

43

44
45
46

GRI-13
GRd-14
GBd-15
GFr-16
GRI-17
GFr-18
GRI-19
GFr-20
GRI-21
GRd-22

GRI-23
GRI-24

GFr-25
GRI-26
GFr-27

GFr-28
GBd-29
GFr-30

GRd-31

GFr-32

GFr-33

GRI-34
GRI-35

GRd-36

GRd-37

GRd-38

GRd-39

GRd-40

GRd-41

GRd-42

GRd-43

GFr-44
GRI-45
GRd-46

Root length
R o ot
diameter
Bloom day
Fusarium
resistance
Root length
Fusarium
resistance
Root length
Fusarium
resistance
Root length
R o ot
diameter
Root length
Root length
Fusarium
resistance
Root length
Fusarium
resistance
Fusarium
resistance
Bloom day
Fusarium
resistance

R o ot
diameter
Fusarium
resistance
Fusarium
resistance
Root length
Root length
R o ot
diameter

R o ot
diameter

R o ot
diameter

R o ot
diameter

R o ot
diameter

R o ot
diameter

R o ot
diameter

R o ot
diameter
Fusarium
resistance

Root length
R o ot

[ L - T . T T N~ N - N VS N (O B \S T S ]

W
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39641602
40575751
40733947
9521823

5140253

6467229

11510946
14103942
14410994
21224889

33741892
36678669

38574294
41579723
824738

825436
2221788
2548288

10198519

34137688

39670163

41833598
42421285

42497293

44386299

462769

13596396

13623179

14159550

46642935

47550282

49696836
49851243
50450465

2.33E-04
1.39E-05
8.58E-05
1.13E-05
1.19E-04
1.46E-05
2.15E-04
1.17E-05
2.09E-05
6.33E-05

2.40E-05
2.19E-04

3.30E-05
4.57E-05
1.69E-05

8.91E-05
9.31E-05
3.91E-05

2.97E-07

2.68E-05

6.09E-05

8.18E-05
8.66E-05

4.35E-04

5.14E-05

7.42E-05

1.35E-05

1.28E-06

2.09E-04

1.47E-06

1.68E-05

9.48E-05
9.80E-05
6.21E-05

58/58
58/58
58/58
58/58
58/58
58/58
58/58
51/58
0/58

58/58

58/58
58/58

46/58
55/58
58/58

58/58
58/58
58/58

58/58

58/58

58/58

56/58
58/58

58/58

45/58

58/58

58/58

58/58

58/58

58/58

27/58

58/58
58/58
55/58



47

48

49

50
51
52

53

54

55
56
57

58

59

60

61
62

63

64

65

66
67
68

69
70
71
72

73

74

75

76
77

78

79
80

GRd-47

GRd-48

GRd-49

GFr-50
GRI-51
GFr-52

GFr-53

GFr-54

GRI-55
GRI-56
GBd-57

GRd-58

GFr-59

GRd-60

GRI-61
GRI-62

GRd-63

GFr-64

GFr-65

GLw-66
GRI-67
GFr-68

GRI-69
GRI-69
GRI-69
GRI-69

GRw-70

GRw-70

GRw-70

GRI-71
GRI-71

GRw-72

GRw-72

GRd-73

diameter

R o ot
diameter

R o ot
diameter

R o ot
diameter

Fusarium
resistance

Root length

Fusarium
resistance

Fusarium
resistance

Fusarium
resistance

Root length
Root length
Bloom day

R o ot
diameter

Fusarium
resistance

R o ot
diameter

Root length
Root length

R o ot
diameter

Fusarium
resistance

Fusarium
resistance

L e a f
weight

Root length

Fusarium
resistance

Root length
Root length
Root length
Root length
R o ot
weight
R o ot
weight
R o ot
weight
Root length
Root length
R o ot
weight
R o ot
weight

R o ot

o] 0 00NN

o o0 0 o

o o \©

—_— —
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52857046

52862499

53086784

1434670
4173734
6987177

6987579

11871666

15172167
15356093
1122786

1777428

2129514

3290555

6066282
25610083

28422409

204910

3971141

34823204
34910427
36512482

6126951
6127013
6127072
6127083

13367564

13367576

13367582

15627263
15627270

17475783

17475810
32702920

2.46E-07

1.88E-06

3.33E-05

6.85E-05
1.34E-04
3.42E-05

1.64E-05

5.07E-05

1.38E-04
3.27E-05
9.23E-05

4.61E-06

3.96E-05

1.62E-06

1.24E-05
1.51E-04

3.29E-04

2.41E-05

7.91E-05

4.17E-06
9.52E-05
6.49E-05

2.17E-05
7.26E-05
2.84E-05
3.05E-06

1.02E-06

1.02E-06

1.02E-06

9.81E-05
9.81E-05

1.32E-08

1.32E-08

1.96E-04

58/58

58/58

58/58

58/58
58/58
58/58

58/58

58/58

58/58
57/58
58/58

58/58

35/58

57/58

58/58
58/58

58/58

58/58

58/58

0/58
58/58
53/58

30/58
30/58
30/58
30/58

58/58

58/58

58/58

43/58
43/58

58/58

58/58
58/58



81

82

83

&4

85

86

87
88

89

90

91

92

93

94

95

96

97

98

99

100

101

102
103

104

105

106

107

108

109

GRd-73

GFr-74

GFr-74

GFr-75

GFr-75

GFr-75

GRI-76
GRI-76

GFr-77

GFr-77

GFr-77

GFr-77

GFr-82

GFr-82

GFr-82

GRd-78

GRd-78

GRd-78

GRd-78

GRd-79

GRd-79

GBd-80
GBd-80

GLw-85

GLw-85

GRd-83

GRd-83

GRw-84

GRw-84

diameter

R o ot
diameter
Fusarium
resistance
Fusarium
resistance
Fusarium
resistance
Fusarium
resistance
Fusarium
resistance
Root length
Root length
Fusarium
resistance
Fusarium
resistance
Fusarium
resistance
Fusarium
resistance
Fusarium
resistance
Fusarium
resistance
Fusarium
resistance

R o ot
diameter

R o ot
diameter

R o ot
diameter

R o ot
diameter

R o ot
diameter

R o ot
diameter
Bloom day
Bloom day
L e a f
weight

L e a f
weight

R o ot
diameter

R o ot
diameter

R o ot
weight

Root
weight

32702947

41096883

41096959

41097093

41097103

41097111

28445704
28445707

40395866

40395879

40395905

40395920

1433148

1433172

1433201

617439

617442

617463

617464

1057607

1057638

1278201
1278230

34823091

34823103

3539120

3539195

14839673

14839674

1.56E-04

8.75E-06

8.75E-06

3.98E-05

4.25E-05

4.25E-05

2.22E-04
2.22E-04

4.92E-05

4.92E-05

4.92E-05

4.92E-05

1.23E-05

4.59E-06

1.23E-05

1.61E-05

1.74E-05

1.69E-05

1.15E-05

4.80E-07

1.57E-06

8.49E-05
5.84E-05

6.29E-06

6.29E-06

2.33E-04

2.33E-04

2.53E-08

2.53E-08

58/58

52/58

52/58

0/58

0/58

0/58

58/58
58/58

58/58

58/58

58/58

58/58

58/58

58/58

58/58

53/58

53/58

53/58

53/58

25/58

25/58

0/58
0/58

0/58

0/58

58/58

58/58

58/58

58/58

- 244 -



3 24. AdEl GWAS SNP marker
Bloom day 'r:e:isst:n;;u K welfgﬁf(g) 5icf’icr)rt1eter(cm) lengt%(zzm) welizgl?tt(g)
Samp Bd_ gi?k Fr_ fnrz;rker Lw_ Iﬁl\;]r_ke Rd_phe ii;ker RI_ ila}kel‘ Rw_ m&e
le phe | er phe (total phen | r no (total phen (total phen | r
no (Gt)otal no 31) o gt)otal 32) o3 0) o (7t)0tal

1 | G154 | 105 1 3 9 100.0 | 0 13.8 16 97113 166.7 | 5
2 | G1ss | 105 |4 2 |12 1% 1o 27 |17 157 | 13 3333 | 2
3 | G156 | 151 2 5 13 2000 [ O 4.3 12 16.0 | 15 166.7 | 2
4 [ G157 | 180 1 2 3 100.0 |1 0 6.4 10 26.0 | 8 666.7 | 2
5] G163 | 152 | 3 5 5 466.7 | 0 6.9 15 16719 666.7 | 2
6 [ Gl64 | 139 | 2 6 5 2000 | O 7.5 10 16.0 | 11 566.7 | 2
71 Gles | 153 |2 6 11 2000 | O 7.5 8 19.0 | 10 7000 | 2
8 [ G166 | 153 1 7 9 4333 | 0 6.7 12 21717 666.7 | 2
9| Gie7 | 150 |1 1 |16 1066, 1 73 |8 140 | 9 5000 | 4
10 G168 | 160 | 3 2 0 366.7 | 0 7.0 12 2471 10 7333 | 2
11| G169 | 150 1 5 4 5833 |0 6.3 7 14.7 | 10 366.7 | 2
12| G170 | 129 | 2 6 15 100.0 |1 0 3.9 12 190 | 15 200.0 | 2
13| G171 | 173 | 4 5 5 233310 7.7 15 20.7 | 11 700.0 | 2
14| G172 | 174 | 2 3 9 500 (0 5.7 9 230 |7 3000 | 2
15| G173 | 139 | 3 4 7 600.0 | O 8.2 10 280 1| 8 8333 | 2
16| G174 | 118 | 3 9 18 233310 6.1 5 26.0 | 12 400.0 | 2
17| G175 | 170 | 3 2 1 1333 1 0 6.0 4 20019 2000 | 5
18| G176 | 125 | 3 4 2 1500 | 0 4.9 5 8019 100.0 | 5
19| G177 | 145 | 1 2 |3 1066, 1 o .4 |8 187 | 5 8000 | 2
20 G178 | 117 | 3 8 18 50.0 0 5.4 9 29.0 | 10 633.3 | 2
211 G179 | 139 | 3 8 15 1000 | 0 7.0 5 370 | 6 9833 | 5
22| G180 | 114 | 3 6 14 266.7 | 0 7.2 9 28715 966.7 | 2
23| GI81 | NA 3 NA | 17 1250 | 0 8.0 7 270 | 8 8750 | 2
24 G182 | NA |0 NA | 13 NA|O NA 12 NA | 10 NA | 4
25 G183 | 173 | 2 4 6 300.0 | O 6.3 13 2871 10 66.7 | 2
26 G184 | NA | 0 NA | 9 NA |0 NA 9 NA | 8 NA |2
27| G185 [ 217 | O 1 10 500 (0 2.8 7 180 | 9 500 | 2
28 G186 | NA | 2 NA | 8 NA|O NA 14 NA |6 NA | 4
29| GI87 | NA |2 NA | 7 NA|O NA 14 NA |6 NA |2
30| G188 | NA 1 NA | 8 NA|O NA 4 NA | 7 NA |2
311 G189 [ NA | 0 NA | 10 NA|O NA 10 NA | 8 NA | 2
321 G190 [ 198 | 0 8 11 NA|O NA 10 NA | 8 NA | 2
33| G191 | 155 | 0O 8 15 1333 |1 0 4.2 5 340 | 8 4000 | 4
34| G192 [ 160 | O NA | 15 266.7 | 0 5.0 5 35318 600.0 | 4
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35| G193 | 143 | 3 2 4 NA [0 NA 16 NA | 7 NA | 4
36| G194 | 150 |1 4 14 600.0 | 0 6.2 11 310 | 6 400.0 | 4
37| G195 | 157 | 2 7 8 NA |0 NA 17 NA | 8 NA | 4
38| G196 | 135 | 2 6 8 26671 0 6.5 14 34319 900.0 | 4
39| G197 | 208 |1 4 11 1750 ] 0 5.0 7 310 [ 8 4000 | 2
40( G198 | 157 |3 1 3 9333 |0 7.8 13 210 [ 8 700.0 | 4
41 G199 | 151 |1 1 4 266,710 6.4 13 201719 966.7 | 4
42| G200 | 182 | 2 1 17 1250 [ 0 4.4 8 16.0 | 10 150.0 | 2
43( G201 | 198 |2 1 17 2500 | 0 8.5 8 10.0 | 10 1500 | 2
44( G202 | 150 |1 9 16 2500 | 0 6.6 9 24719 43331 2
45| G203 | 154 | 2 7 9 266710 10.2 8 140 | 12 9000 | 5
46| G204 | 161 | 2 7 12 275010 8.4 15 105 | 13 4000 | 5
47| G205 | 160 | 1 1 0 3333 | 0 10.3 12 13.0 | 13 7500 |5
48| G206 | 173 |1 3 2 250010 6.7 15 180 [ 11 566.7 | 2
49 G207 | NA |1 6 6 33310 6.0 14 120 | 8 233312
50| G208 | 185 |1 5 4 1000 | 0 6.7 12 15019 366.7 | 2
511 G209 [ NA [0 NA | 2 50.0 1 0 4.2 15 13.0 | 10 100.0 | 2
52| G210 | 154 |2 8 3 3000 [ 0 7.4 15 12.0 | 11 3000 | 2
53 G211 | 157 | 1 5 2 3333 | 0 7.8 14 123 | 13 5833 |5
54 G212 | 153 | 3 2 2 33310 13.4 5 26.0 | 10 400.0 | 3
55| G213 [ 157 |1 1 1 NA|O 3.3 14 50| 14 50.0 | 5
56| G214 [ 160 | O 5 NA|O NA 14 NA |9 NA |5
57| G215 [ 165 [0 6 6 NA [0 NA 14 NA | 10 NA |5
58| G216 | NA | 2 NA | 6 NA |0 NA 15 NA | 12 NA | 7

Chrl Chr2 Chr3 Chra Chr5 Chré Chr7 Chr8 Chr9
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