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AYtE Sutet 229 BAZ 53] S4sta, BUd AW FS3Fo] gt RS0 Hit
nEEAtE AT

(O} A A vtE =4 = A Ayt= o]y &(Minitabl7, Minitab Inc., University Park, PA,
USA)Z o] &3sto] F4AFHEA(ANOVA)E AAISHA AL p<0.05 Fof|A] FHH7E Xfolof tfjgt



® 2-1-1. Qub 22 24 Ax!
2 2(%) el (%) 3]2(%) F/N(sec)
2734 11.87+0.06™ 10.49+0.01¢ 1.4240.01% 476.67+1.53°
274 12.27+0.15% 14.21+0.01° 1.65+0.01° 573.00+2.00°
oty 12.43+0.12° 12.25+0.01°¢ 1.61+0.01% 469.33+1.15°
Sw 9.57+0.70% 9.95+0.24f 2.08+2.26% 344.70+5.12
HRW 10.12+0.43¢ 11.65+0.17¢ 2.23+2.56° 418.50+2.42¢
HRS 11.68+0.52° 14.1040.17° 2.57+3.42% 418.70+3.13¢
2CWRS 13.47+0.12? 13.66+0.23" 2.69+3.87% 387.60+11.77°
ASW 9.08+0.78° 10.57+0.14° 1.91+2.17° 428.00+8.19¢
AH 9.61+0.79% 11.58+0.26° 2.12+2.66% 453.30+30.80°
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man
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g

1.80+0.26"
12.60£1.08°
10.27+£1.15°

55.87+1.05¢
60.83+1.10°

L
To

K]

854.33+23.50%

Ll

N
fo

839.33+30.73"

63.40+£0.92°
49.89+2.47"

5N

<F

657.80+117.75¢

2.83+0.83¢

SW
HRW

732.50+116.85%

26.41+4.55%
20.05+4.47°
12.38+1.65°
25.75+2.72%
23.43+4.91%°

53.61+1.39°
57.89+1.32°

495.70+£83.12°

HRS
2CWRS
ASW
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5 WiT AAE AR

AMAMNIE RREERDA SEIME NN MR A SEIMANAE) BRI M

U 2Q AR B

AR 615 2 352 BEoto] AlY AT WiRet 2UAY g Brheo B AL By At
= ® 2-1-739 Zor, 228 5442 & 2-1-83F o, SRC #A42 & 2 2-1-99 . o]2fgt
B A 5o oAt 7HEAIEC] BAS oA & Qi AER 24} FFBEIAE A] BA Adts
Z1st9 . Solvent retention capamty(olo} SRC)= ‘?3‘7}—,—-1 2K}7}%’— =74 A|B =2 water SRC

gluten performance index(°]st GPI)+= of2fje] Al 1.1} o] ﬂ]ﬁé}%q.

Lacticacid SRC

Al 1. GPI = -
(Sodium carbonate SRC + Sucorse SRC)
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B 2-1-6. Y715 4S8+ L X G &4 Zo
O a]ual oliL PSS
}\]Kﬂ%tg _l"a = =2/ w&
MEes 22d <2]Y 2473
AFE YU ! =44 2oty s
=4 g5 71&+44 - - -
Ad2F(Kcal/100g) - 357.51 357.45 358.24
g LHE 2 (mg/100g) - 0.95 0.78 1.02
EF25}2(g/100g) - 78.23 73.64 75.77
94 g=(g/100g) - 4.19 3.98 7.74
g ZA%(g/100g) - 0.59 0.93 1.00
of EM2XY(g/1008) - el el 245
. 25X (g/1008) - 0.34 0.37 0.35
- ZoAHZ(mg/100g) - el el =0E _
ChuR R (g/100g) - 9.82 13.63 11.54 SEAHE
% ofZtEAl HAY
(B1,B2,G1,G29] &, - 245 24% 245 ALIESEY)
ng/ke)
Q F2}EAIA(ng/kg) - ks 245 ks
Al =(ng/ke) - el 245 el
gAY = N _ _
- ks 245 ks
(mg/kg)
H(mg/Kg) - 0.
7tE&(mg/keg) - 0.
= = =
AR}
thekw
AlZ B
A
ote]l J2fm
o1 o e IR =L - N o
S (%) (%) (%) =T LA &
(%) (min) min)
2739 13.91+0.01° 0.44+0.00° 9.22+0.019  55.51+0.0208 1.71+0.02" 1.71+0.02"
Z7ral 13.90+0.2°  0.44+0.00° 12.35+0.02*  60.71+0.01¢ 11.22+0.012 11.22+0.012
2otal  13.60+0.02° 0.39+0.00" 10.97+0.02° 62.86+0.02% 7.31+0.02¢ 7.31+0.02¢
AH 13.70+£0.02¢ 0.43+0.00¢ 9.82+0.01°¢  62.11+0.01° 1.81+0.028 1.81+0.028
ASW  13.61+0.01° 0.45+0.00° 9.51+0.01¢  56.52+0.01° 9.03+0.01° 9.03+0.01°
SW 13.50+£0.10" 0.42+0.00°  7.52+0.07°  52.71+0.01" 1.30+0.01" 1.30+0.01
NS 13.60+0.02° 0.41+0.00®8 12.31+0.01*  63.52+0.02° 2.41+0.02° 2.41+0.02¢
HRW  14.20+0.01* 0.46+0.00* 10.62+0.01° 59.21+0.01°¢ 2.21+0.01f 2.21+0.01f
CWRS 14.00+0.08° 0.42+0.00° 11.54+0.01*® 67.02+0.01?% 4.71+0.01¢ 4.71+0.014
b3y ubE Mgt Hagtat mEEAL
** columntjof Al 2 alphabete & &9
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AARE 24 23 AFARE7] A Zaef gAFsE 24 235 e oL, »otdo] H Q2 AlE
g & o2 fuy vlwstey T 57 2 Q5 S
B 2-1-8. Al AL AlE A2 JHE 2UIR9 22X &4 24 2y
RVA(RVU) S SAbR] Y
o EI_}‘] Break . Oﬂ_?ﬂx} \_}2){_11'_'
= Peak Final Set back (m %)
down
279 141.25+0.02° 56.92+0.01° 184.52+0.03° 91.25+0.00° 47.70+36.22" 6.70+0.028
2739l 145.17+40.02¢  58.42+0.01*  13.07+0.03*  90.42+0.00° 53.37+36.28¢ 6.07+0.02"
2otal  15583+0.02° 40.93+0.02%8 189.10+0.08° 76.92+0.00%8 47.00+32.67% 7.32+0.01¢
AH 171.42+0.01°  54.92+0.01° 191.83+0.01°> 77.33+0.00"° 42.06+30.78" 8.66+0.01?
ASW  168.33+0.02° 45.33+0.02" 188.51+0.01¢ 78.58+0.00° 51.51+36.84° 7.53+0.02°
SW 130.51+0.01"  47.01+0.03¢ 167.57+0.01" 78.01+0.01° 41.36+35.54' 5.44+0.01
NS 125.25+0.028  38.02+0.02" 138.82+0.01" 68.50+0.00" 62.87+39.10° 7.00+0.02°
HRW  122.17+0.02" 42.51+0.03" 160.83+0.01% 84.01+0.00° 62.97+40.84* 6.73+0.02"
CWRS 117.16+0.09' 43.74+0.01° 117.16+0.01' 50.33+0.00' 60.04+37.08° 8.08+0.04°
bo3d wkE Algle Watut mEEAL
' columnUfjofl Al 2 alphabet2 22 279
B 2-1-9. Al AL A& 242 7 271R9] SRC #4
) ) Sodium
Lactic acid
Skl Water SRC Sucrose SRC SRC carbonate GPI
SRC
279 64.95+0.898 95.61+0.288 117.03+1.91" 83.45+0.068 0.65+0.014
=2714] 66.71+0.721 95.94+0.048 137.99+1.41° 81.28+0.22" 0.78+0.01%
o 72.77+0.86° 104.77£0.12¢  136.03+1.07° 93.89+0.11¢ 0.68+0.01°¢
AH 78.46+0.58% 114.84+0.57*  151.78+0.65>  115.84+0.58?2 0.66+0.004
ASW 69.08+0.48° 98.95+0.48" 124.25+1.04° 92.04+0.13° 0.65+0.00¢
SW 55.79+0.07" 84.60+0.43" 95.19+2.928 61.75+1.63 0.65+0.024
NS 75.59+0.26° 107.80+0.15°  154.06+0.17° 95.7+0.12°¢ 0.76+0.00°
HRW 71.69+0.51¢ 101.56+1.15°  132.96+0.15¢ 89.24+0.14" 0.70+£0.01°¢
CWRS 78.74+0.58% 110.80+£0.22°  164.13+1.57°  105.51+0.07° 0.76+0.01°
L3 oukE AEst WAy sEMA}
** columnUfjofl Al 2 alphabet 22 279
o} 2 73 A+
(1) ™ 7h5 A

AE A A "rlzol AlE A
A shoit. ASW 27}
0.38%2} 0.44%2] XA A|=&

1
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® HAX BA: x2HO] 24 B¥idt= TA(TA XT plus, Stable micro systems, England)&
AHgste] TPAYOR S51900], ® &2 3 70°C FLpnolH RS $49 Pite
BTARZY 0%, 4%, 7, 10%0] TA $42 UAISY

@ H587E AR AU BeeollA 52t 29 & W4l 7 1021 Bty uj2] s+
o W57 Y 1590] 7140 108 5 AZe Bolstg oo, BBt BaRe 3
o BUsty Lol BFL L B2 o, FL AYGOn, Pt FRo2L ANy, Het
q, By, Hees aAstelc

2. Color difference =1/(Z,— L, )* + (ay—a,)? + (b, — b, )?

Lo. Ln @ ®C] W 0X7k} nalzre] L gt

ao, an @ WO B3 0AIZH} nAJZHe] a gf

by, by, @ AT B 0A[ZtE nA7ke] b gk
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B 2-1-11. AP 3o mas Lgat MEX §Hs} o] 44

L-value Color difference
BRR R’ BRR R’
ASW(0.38) y=-0.2185x+84.652 0.75 y=0.0915x+3.925 1.00
ASW(0.42) y=-0.2537x+82.914 0.69 y=0.0817x+5.16 0.98
£74(0.44) y=-0.22x+82.752 0.82 y=0.1183x+3.02 0.99
=273(0.44) y=0.2461x+80.642 0.69 y=0.0792x+5.035 0.99
£29H0.39) y=-0.2661x+82.104 0.71 y=0.1032x+4.865 0.91

B 2-1-12. YW =2] A] £7] TPA BAXAq}

Hardness Adhesiveness o ) . . .
Springiness Cohesiveness Gumminess Chewiness Resilience

(g) (g.sec)
ASW(0.38) 5,637.837 -98.357 0.857 0.802 4,518.949  3,873.385 0.546
ASW(0.42) 5,230.217 -100.615 0.753 0.734 3,837.340  2,890.327 0.459
273(0.44) 6,155.915 -85.373 0.926 0.775 4.773.619 4,421.980 0.539
=730.44) 6,224.639 -73.662 0.843 0.819 5,100.142  4,301.732 0.589
£0H0.39) 6,222.527 -72.216 0.881 0.814 5,062.960 4,460.824 0.591
Hardness(g)
£,500
£,300
5,100 ¢ "
5,900
B o ASW(0.42)
g 5,500 . ASW(0.38)
5 5300 F Z74(0.44)
5,100 . . ©
4,900 Sei0s
4700 +2HD39)
4,500 :
0 2 4 6 8 0 12
Storage time{min)

39 2-1-12. AW x2] $ 70°C A] 4= ¥}

Zze|Ho] 27] e SUUN g2 B AdS UEaL, RAYd2 ASW(0.42)7F 7HE
=on, gEg2 2dY, add, ASW(0.38)0] vlw A = Yebgth A2 242 o
ofdo] daid oz =7 Yepdon], g4 248, o428, aUEo] AUERT. ASWE
2718 At mAlgol Hot =Ul | AOllA 7 ol AREEAL len, AH AFoM = 2
HY] wAlR o2 0.38% AlEo] 22 AR B x2Ho) FEWels £7] =Tt
=2 Tt Eo] ASWEDH =7 §/d=o lon, 2FHe] = Heprt 7MY W2 Zloz yEehd
HA/gdol 71g A& ez odEoAd.



® s 37} A
xe@e] WsYsh Avke I 2-1-13.9 2

[ - ]
TR

EIASW(0.42)

i

Pl

=
L

ASW(0.38)
T3(0.44)
22(0.44)
B 4=0H0.39)

(=T N R ]
P

%
S
“r‘
o
rm
9?.:
_‘[:l
o
=
o,
2
fol
H1
Hd
4n
x>
n
=
©
W
*
o
N
N
>
2

4
>
&
P
|o
hu
% O
m
C
H
r2
ne
1°

- Ho o
o
-
rg
3u
=2
i)

)
ol
Ol
offl
opx
djm
oX.
=
>
2
2
1o
oX.
Ho
)
fon
M
lo
tu
oz
o
i)
2
ri
or

rE ofl Y
= o
=2 i

W o L

ot L0

rr oo xC

Dall
2
uju
o,

>
ol
)
by O
rr
o
rg
N
N
of4
=
off
ne
o
e
AN
N
r
uju
>
>
ofo
ol
o,
4%
o

A9 A& Ao} Alxs 2H-E AU7](noodle pilot, AP+ EH], Korea)s AH-5HITY.

a

©

=
o 0 rg N
C

)
A
rfo
H1
N
9
a
o
=
i)y
K1
fop)
=)
X
=2
>
w1
>
-~
off
2
<~ Ol

o2
ro
ol
ok
>
> 0
=2 T
In}
Mo o

Y offl r
rg o

r i% g

or == |»

oH

AN

-

>, 1 ol

D

i) -
rg
1o
mo
O>‘
r&
o
rlr
;
rg
(@]
N
N
10
o
(@]
M
-~
el
rlo
o
0%
=
i)
offl
ne
ol
=)
)
.%
o
e
oX

2 ® 2 e rE O rd e
b
uu
2 1
>,

=
ol
opy
o
il
n
rOl‘

o
T oz
N
u
=
ot
rlo
2
he)

ol
ol
bath
I

() 4 Az
@ AB A
AEE Ao $AS 3743 A% 12 2-1-147 Zo] S

_18_



A FH
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£ 150
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T 050
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33044 40H039)
|
o fAR 43
AHY] TAl= W7HF ¥hE AR A §E59] Awof mef X Al 501X d4do] =7 YEhY
o, W5 ARl F4Fu WAV Ack ST Y] B2 MY 0 Fago] ¥ ARt °
Szo2 Hof, 3ozl e ARt Al WEo e Uepdt) wEo AL g
o, SARE S, aoujo] ghao] ARstu], Bl 0.44%2 AAE A7} SR o)
0.39%= AJir=l 2otdof vlgl H HAX A] © 0 o5l 50]X]= o] TALAUD,

@ 2% HAA W)
xejg ATl TPA

A
Al w2t Hejel 7

2
L wis}

B 2-1-13. AW X7 A] £7] TPA EA AN}
Adhesivenes .
Hardness Springines  Cohesivenes . . ..
Gumminess Chewiness Resilience
(8) s s
(g.sec)

ASW(0.38) 3,659.011 -54.591 0.821 0.680 2,489.575  2,043.947 0.472
ASW(0.42) 3,450.674 -27.908 0.864 0.701 2,419.998 2,089.868 0.480
274(0.44) 4,032.887 -35.096 0.816 0.663 2,673.687  2,182.409 0.484
=730.44) 4,183.259 -33.623 0.797 0.661 2,766.649  2,205.395 0.495
20H0.39) 4,272.214 -42.313 0.828 0.681 2,910.266  2,410.172 0.485
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AEWE 39, 2%, 69e L F7I5t9nt A7) YU} Eo0] AWAEIL LY ARl 2
AR g2 Ao Led AUEES UEUol MY FA2 7ME ¢4 sidlen, 242
YRR ettt 02 UEETH BRARY Gato] mhep Yk, QAT fAro] W
z3t& o2 UEh=
MEAE ARWE 39, 89, 5¥lo] Mg wre wislkg UEon, AR¥E 1¥, 109,
7P H2 HEE WEUSH. Ud AR &£7]9] g7]el HaAgte] mhEs Pro) wig)

A ARS] et 7HY %%f% e B WSSk *li% 2¥ Alm=2 A Aol me fithol

Wishs 7P 9435 2o Uepdo
£ 2-1-23. A ato] M2+ Lottt it wigh 3] H A4
L-value Color difference
344 R? BRR R’

B e y=-2.7243x+85.202 0.8076 y=0.9316x+6.417 0.9767

1 y=-2.4937x+83.462 0.8283 y=1.0356x+4.9117 0.9833

2 y=-2.3643x+86.202 0.7765 y=0.5603x+8.2082 0.9853

3 y=-2.9213x+85.512 0.7273 y=1.048x+7.5118 0.9457

4 y=-3.2703x+86.18 0.8204 y=1.2292x+7.0639 0.9767

5 y=-2.9337x+86.95 0.76 y=0.8392x+7.4144 0.9184

6 y=-2.694x+85.513 0.7581 y=0.6489x+6.8099 0.9957

7 y=-2.6703x+84.903 0.7938 y=0.9367x+5.7777 0.9041

8 y=-3.1313x+87.695 0.8067 y=0.6269x+6.4053 0.9968

9 y=-2.7347x+85.697 0.8084 y=0.9413x+6.264 0.9818

10 y=-2.505x+85.913 0.7981 y=0.8836x+5.547 0.9684
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Hardness  Adhesiveness o ) i . .
Springiness  Cohesiveness  Gumminess Chewiness Resilience

(g) (g.sec)
=5 3997.619 -84.991 0.796 0.802 3204.839  2551.624 0.532
1 6053.549 -163.181 0.854 0.806 4880.190  4167.103 0.584
2 5360.367  -121.002 0.913 0.794 4257.581 3887.714 0.556
3 6071.117  -130.450 0.904 0.812 4927.866  4453.770 0.560
4 5478.146 -84.781 0.844 0.803 4400.259  3715.505 0.563
5 5311.699 -81.501 0.882 0.800 4249.924  3747.245 0.554
6 5775.062 -116.751 0.882 0.795 4593.410  4052.504 0.566
7 6123.577  -122.002 0.850 0.799 4891.012  4156.093 0.560
8 5627.798 -137.839 0.941 0.795 4472.763  4206.972 0.546
9 5780.800  -116.715 0.877 0.780 4510.409  3953.413 0.544
10 5873.294 -92.230 0.890 0.773 4542.071 4042.185 0.539
A9 £7] 4= Alefle 7T, 39, 1¥o] &2 Jos YEHon, Alave 5H. 2%,
Atol W2 7108 e, tiE49 £7] Zurt 7P RS A0 YR =qbd 23 Algo
Frert ARG B 24 SPENH. £2] & 70°CoAM 1024 Bk & J= 57 A
27 AEAAN a7t B2 Aes Aleve 19, 79, 28 olglon, dart W2 Ales
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Springines  Cohesivenes . . -
Gumminess Chewiness Resilience

Adhesivenes

Hardness
(

4,119.09 -50.59 0.77 0.77 3,187.43 2,454.28 0.61

CE=

0.58

0.83 0.76

-92.86

1

3,445.78

4,170.96

5,486.98
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0.62
0.64
0.63
0.62
0.63
0.59

0.74

0.78
0.83
0.80
0.87
0.84
0.80
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-67.11

2,787.14

3,553.60
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0.77
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3,338.73
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-45.10
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0.78

-61.13

6
7

3,177.97
3,693.49
3,106.98

3,805.09

4,895.24

0.77

-73.91
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# 2-1-35. 4t 3% A9 AEEA ZiK(n=33)
g% owd WRYsd ayRE §48 as AT
AAT NIAS -0.440 -0.49 -0.747"  0.773"  -0.193  -0.315  -0.414
e gojgtg  0.176 0.119 0.008 0.005 0.569 0.346 0.206
REFA gEAs -0.111 -0.258 -0.607" 0631 -0.164 -0.295 -0.548
T ° RYEE 0.744 0.444 0.048 0.037 0.631 0.378 0.081
HAIA FeAS 0166 _ggge”  -0.251 0.242 -0.553 0.299 -0.190
ST ° foEE 0.627 0.020 0.456 0.474 0.078 0.371 0.576
Mec 9EAR -0275 0337 _og57° 0699 -0.137  -0.352  -0.486
g9ty 0412 0.310 0.028 0.017 0.687 0.288 0.129
Av AAZ -0.128 0.131 0.009 0.191 0.075 -0.340  -0.354
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o FR HEY 713 Wine & AW Y BN A7
( ) 7;1]33} 7<4/\-1 731_]-
Tt aho] A A A
IFS RltdE A2
sl 228 Ay £b 2
ZCER

(71 A= Z2F8(Dry gluten)e] A& : A2 ZFFH(Dry gluten)?] A& =2to] @ B(WFO-52
OW, EYELA, Japan)g& AFg st9th 7Ax ZFEI(Dry gluten)?] A|&2= AACC-38-10.01

@malmdemmmgMHMﬁE. A5t o, WIte 25g+E1hg—»ulAl»HlEdd>s 2=
=2 NA->AEBERA-AL F2EI(Wet gluten)—105°C, 8A|ZF o]At Ax—->dd—>0x ZF2E

(Dry gluten)®] A= ﬁg sheict.

(U) dx 28 (Dry gluten) d82-& #4 : 44X ZF8I(Dry gluten)?] d%-&2 Balance(ML
3002T, METTLER TOLEDO, Switzerland)& At8sto] &% o}OE‘OD# AAPSA L o33 2o
Ax 228 (Dry gluten) {185 = A2 2F8(Dry g

luten) FA/27FE 24 x 100

o] e T
oram Dry gluten .
« (%) _ R
=5&(%)
A4 16.0 65.9 Aw 7rae
CE 15.7 60.7 Q= oay
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U2 SAPE(SR)Y 278 & Alole njulsiAH. 2R S4E2 oF 5% o9
Atol & Bl =78 &Y Atoldot 228 AA Rto] B Wt S48 Apo|z Qe 54

Kol (W A4 Aol)z Wi,

(4) A% A Y

(7h 258 4 WIE 45 B 24 A& A4S S5 Al R € AR e 2 4 IS
Aoz Hol SALU(SFE) AE A igols &£ 2-1-500 22 2 A=vg Ut stof
APE U8 sttt ®. 2-1-500] U2 &2 Baker’s percentage 7]FC22 A5t

Ber A8 k! 374 ulw

g 224 - 0.3 EE LI
3= - 0.48 Y F2E F2e 16v)
SAA - 0.2 Wi 58 2Y

(L) Alwko] A= Alwro] A&+ e YA]7](SK-20, S.K.Mixer, Japan), @& 7](AA24B1DC,
PANEM, France), d3.2E(COMPO, SANKO, Japan)S A5ttt ZO|A|THZ)oA] ABAL-
o &0l Alwh vigH(C]u])S Al A xo] AFRSHYLH AW MEe SEHTE-5EUE-55

E PR ORFUF R P OW 2T E 2 RGP 242 Yol

c}.
(ch v 8&A 24 Aol v 842 3D A7 (Volscan profiler 300, Stable Micro Systems,
England) AF830] 35190000, AW A4 W7 2A Y BB -12407F 5 ] 8] B4

SRETES
A ¥3st= TA(TA-XT plus, Stable micro systems, England)S
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AHE5to] TPAYH O 2
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7141 £ Texture Analzer (CT310K, BROOKFIELD)Z o]&3&to] ® 2-1-529 7
o7 EAsIA. Ales WS R O3 Ao ®84 51 & ko) A3 71E AlA
ZAGE F75H. 53] A& ¥b=E £574ds5to] 4 = (hardness), &

(chewiness)2 Hzro =z VeI

A (cohesiveness), &3&

a3 2-1-73. Texture Analyzer

B 2-1-52. Texture Analyzer

Sample Dimentions

Block
Test Type

TPA
Target Load

Load 2,000g
General Test Parameters Trigger Load 7 g

(€h 7t ARES] e 57
MRS AHgSte] 2t Al

ne
1z
H1
i
M
ko)
ol
ok
4%
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ET



/7|

Deformaion

Color

Chewiness at
(m) hardness
(%)

Cohesivenes
s
(%)

B
AIZE

Hog

L* 70.32
ax -2.21
b* 13.78
L* 69.38
ax -0.76
bx 12.98
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26
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259 2 407hg 2HololRIE Satol FA0l FANL & FYWSE & 2-1-583 2o}

H. 2-1-58. 28 XX A-3 © ZF Wz}

Aladls AA A ZHe) X & ZH(e) Zd8alg)
1 112.5 119.5 70
2 106.5 112.5 6.0
3 105.5 111.5 6.0
4 106 112 6.0
5 101 107 6.0
6 103.5 109 55
7 102 108 6.0
8 105 111 6.0
9 104 111.5 75
10 103 109 6.0
11 101 107.5 6.5
12 103.5 110.5 7.0
13 103 108.5 55
14 111 117.5 6.5
15 107 114 70
16 103.5 110 6.5
17 99 106 7.0
18 103 109 6.0
19 105 111.5 6.5
20 108.5 116 75
21 106 113 7.0
22 103 110 70
23 105 111.5 6.5
24 99 107 8.0
25 101 109.5 8.5
26 103.5 110.5 7.0
27 107 114.5 75
28 106 113 7.0
29 105 112 7.0
30 110.5 119 8.5
31 108 114.5 6.5
32 110.5 117 6.5
33 102 109 7.0
34 109 117.5 8.5
35 107.5 115.5 8.0



36 108.5 116 7.5

37 99 105.5 6.5
38 104 111.5 7.5
39 106.5 114 7.5
40 104 112.5 8.5
%ﬂ'l) 104.96+3.31 111.86+3.55 6.90+0.83
Y Mean+SD
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- @E AP/lme ToteAd, BUA, SHAES Suaslued AT Y Wies
8ot Aut-Ag-AE AES EA1T. JA] A5 Ak ¢hs sldlon, e JATd Wt
oot F7beel Aldets A ol
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2-2. FAt W FF A APy A
2-2-1. §AA
ob A

oX
ko
o
=
Q
125)
Mz
ax
N
>
o
S
ofo
2
Ho
i)
ng
)l
opt
1o
Jo
)
__)lal_l"
o)
ng
=
R
Mz
1

g
o
opt
Jm
S

7} AT U
(1) S84 ot NGS £47]42 ol 8¢ FAY B50) QMR AQ ulwey U B5 5o
e

ua
- oY SAY 2 RY 4 35859 SAE Sl ols &8 7RSS, WA, A,
SoF Wi, 27, a4) b "luvt 7 SNP Ut S ZiEstr] {770 &350l tish
[llumina Miseq platform-S 0]-85tqd NGS A& 4388511 ZF 957 Mb ~ 1.37 Gb9] o] E]
= AAbstdot (2-2-1).

# 2-2-1. A@0] o] gF 357) 2L EF
A 234 g2 Adxt H| D o E£34 g2 Azt HlD
1 E= TJ EZHS 19 ol HB =5E
2 ELES) BC AT 20 HE A EZHS
3 =5 JoJ EZES 21 CIES BJ ZxH3 HEZZE
4 NE=>is SKK EZRS H23 22 CHe DB B8R
5 B 7t BK EZHD H3E 23 dOjE1= SMC1 EZHS
6 E} JA EZHS 24 =" JK EzHs R3S
7 F2 2012 IM2012 EZSHS 25 e IN =553
8 =5 HJ E3Ez 26 MojE SMC =5E
9 =0 2004 JM2004 EzZHD 27 = Jp EZED
10 =2 2008 JM2008 EZHDS 28 Ofe AB EZHS
11 CHs DJ EZTHS 29 B JE EZHS
12 IniS GS EzHs 223 30 2 MS EZHS
13 EziA Trans E3HED 31 UE JP ETED
14 22003 IM2003 25z 32 Iz KK 28EZ, 253
15 Exa SA ZEzHs 223E 33 i) GB EZHS
16 ESE CwW ETES 34 M SO E23ED
17 of el YB ETES 35 ME SD E2TED
18 =z SG EZHDS
A 2 TET

- B ALAlofA] 7iESE de novo assembly of low-coverage whole-genome sequence
(dnaLCW) ®}¥-2 o850 771 8 359 ASA A2 L/dsidt. &= 771 59
)=

4sfo] wolg wastsict

(ch & SHA 92 BY7kn SNP w2
-2 W GAARRE UYL 2o ) B 2 lRs) ke SNPE WS o) @ ol
golgH|o]A 'CerealsDB'(https://www.cerealsdb.uk.net/cerealgenomics/CerealsDB/)
£ olgstart (13 2-1-1),
- ©@d7to SNPE dwstr] Yol tlolHuo]A W =& SNP} offd SNPQ] 28 MIEPJEE
278t

- BLAST m2 3288 o]t z SNP 5% 150bp AL 9 & 98 AAo] vl wst, o
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U7tm 2 EAfsHH= SNPES Algstgict.
- TYHEAIE o2 R AlTge 34tY &% GBS tlolEHE &&sto] 71 SNPE EAsHic.
olEMolAsNe | | FwMEwy | | SNP Y | | mour sz zs
FEHAFE NG =Y CHel SNP A 150bp M2 =5 HEYQHHMM S @

Evalue 10
|
v
HES ™MK -TR-% °P*
s e s || doEmozoe | oo ST u [ aseuiolg
T aNp M ZEto|H R g = Cixtol 70| 2

Evalue 10

a2 2-2-1. 94 7|9t ¥ glo]gjdo] A ‘CerealsDB’ o]§8 SNP A4l mto]mz}el

MAZEE gh=2= o8 SNP‘; S AZ3517|198] allele-specific PCR(ASP) ot
2aystoict.
%9 DNAE 77§ 7}AE poolingsto] &5

2ol B At G| ol MTt FEE 1 7 £Q EF 2 S Wolk SNPo| s n&
& +AANE 24 0l TaqManD}ﬂE Jferstoict
HLE TagMantAE 85259 © 3570 &350 o) Agstel gaye B5stact

(oh) =42 g8 =4

- TagManOFA S &5l dojxl 357 At =&0] QA& L, dloJEHo]A ‘CerealsDB o]
HY 97U ARHL o83 TP A4S Sapslct
. 47 2t
(1) 95A JHel NGS EA7]&2 o] 85t 22|12 £59 344 A€ vugAd U &5 So] opA
7“1:"-
(7H =42 ASEA G8A Y WHol =
- A 77H 292 50 Yol A5A A€ ¢S dsIATHE 2-2-2, IF 2-2-2). 77
29 =& 0% 1719 large single copy (LSC)?t small single copy (SSC), 2719] inverted
repeat (IR) o= /& Qla, LSC FHo|A 27| Ajo]5 Hols= ZZ 2RI
- 4" T8 29 E359 A=A §AAE vlaloto] 4712e] SNPet 4719 InDel& Haotth
(® 2-2-3).
B 2-2-2. BN 5@ 7] BE NGS ¥4 23t 9 A=A S8A AR
85 o (e e O Gk
bases (bp) otal reads (x) 0 o
HH = 957,761,332 3,241,732 90.4 135,909 80,014 12,791 21,552 MW889054
HHZ¢ 1.139.847.268 3.786.868 152.3 135,900 80.005 12,791 21.552 MWR889055
EA 1,315,569,262 4,370,662 231.0 135,909 80,014 12,791 21,552  MW889056
x4 1,134,534,618 3,769,218 204.1 135,900 80,005 12,791 21,552  MW889057
=4 1,371,467,972 4,556,372 133.5 135,909 80,014 12,791 21,552  MW889058
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=
op
oN

1
o

F

1,191,377,866 3,958,066 125.1 135,909 80,014 12,791 21,552 MW889059
1,298,377,948 4,313,548 103.8 135,909 80,014 12,791 21,552 MW889060

- B Triticum aestivum
® 135,900 ~ 135,909 bp

o)

B photosystem |

B photosystem II

[l cyochrome b complex
B ATP synthase

] NADH dehydrogenase
[ RubisCO large subunit
[ ANA polymerase

[ ribosomal proteins (SSU)

B ribosomal proteing (LSU)
W cipP. matk
W cther genes
[[] hypothetical chioroplast reading frames (ycf)
W vanster ANAs ay -] '
M ribosomal ANAs £5F {Ed

a3 2-2-2. ) 59 2¥Y E50] 4=A 9AA 2& L Wo| K]

=) SNP
=) |nDel

Variant type Position” Sl Wz ik~ =4 MaZ =3 Wz
29,539 T T T T T C C
46,215 A A A A A T T
SNP
74,336 A A A A A G G
77,287 T T T T T C C
60,785 (M6 (T)16 (T)1s (s (Mhs (D17 (D17
InDel 62,666 (T (Mn (M (M (M (M2 (D2
65,666 5x2 5x2 5x2 5x2 5x2 5x1 5x1
78,601 (A (A)14 (A)1s (A (A)a (A)g (A)s
W A=A fAA AE 71

a8 QAR 9 WYty SNP *2
s QA U paralogous ¥ QI3 Antsialel @ 7e Melstr] sh ofefet 22 W]
TS AR 907700 BUstm e Exjste SNPE AlUstgict. 1% 557 SNPo] csl ASPot

7‘1§_ 7{1]7(?0}021 77H _'_-_9_ -‘-'-Zﬁoﬂ q16H ﬂ-o]%}i}‘% _/F‘(—s-]oqa‘]»gaq
@ dlolEjwlo]A U 93,3637 SNP HE U =¥ AE &
@ MY Y 9dz Exfst= SNP 7,7727] Ag

@ 7.7727} SNP &4 150bp A& F&
@ 9 HmAA AEe] vig Soff AGRAA W BT 2 EAfsk= 90778 SNP A



=13
=

® 9077} SNP % 5572 =iglo 2 Mulslo] ASPUIH 2 A}

(C}) 24ty == Thd SNP U 7Y 2 X8

- F=Af|A] 23 4719] SNP} doflA W&t 9077) & 557 SNPoj| tfjsf] Ito] A4S 4
5t7] 9Js) ASPulAH =2 A|Rbshgict.

- T 78 F55 ol&dl oM ] S o
52 SNPoJA] TUR|A Eojdog ZEsiD 77 £ EF 7 hPAS Hol: 718 shols)
ACHRE 2-2-4, 19 2-2-3).

~ WhASP018, whASP026 O}#ol|A] 7 Z&0] heterogeneousdt SRAFE S Hol= 712 5t
Qlsto], o]% 7t A4S ¥ttt

- 424 SAA Sl SNPO] 742, 4719 SNP7} 77} &8 EZE0|A & 722 SXAIY 1
S wol7] o] 270E AMslo] 1§ 8§ TaqManOlA & HEsIQTHE 2-2-5).

- & 9MA 8 67§ SNP ©F TagMantbA 2 HESHATHE 2-2-5).

o2

A

= 2-2-4. A& 107]9] ASPOIA B®

Product size

Genome  ASP marker ID  Genotype Forward primer sequence (5'->3')" Reverse primer sequence (5'->3') (bp)
Plastid whepASP001 C R®  AAACAATTTTTATGAGACATAAGAACGC ATTGTTCCGAGAGAACCTTGTAC 247
T ¢ CAAACAATTTTTATGAGACATAAGAACGT 248
whepASP002 A R AGCATATCAAGCTAACTTTATCTTTAAGTA GATGACCCTCGCATTACAAATG 222
T A AGCATATCAAGCTAACTTTATCTTTAAGIT 222
whepASP003 G R CTGAGTTCTGTCTGATATCCAGG CTCTATGGAGTTAGAGACGCATC 188
A A TCTGAGTTCTGTCTGATATCCAGA 189
whepASP004 G R GGGTATCCGTTGTTAAACCTCG CGAGCTCCACTATTATCTGCTAC 296
A A GGGTATCCGTTGTTAAACCTCA 296
Nuclear whASP010 A R GAACAGGGATCTTGTTCATATGCA CTACGGGGAAGCAGATGAGA 112
G A GAACAGGGATCTTGTTCATATGCG 112
whASPO015 C R ACGCGGAGATAAACGCATCATAC CTTGTGCTTCTGGCATTTGAATT 116
T A ACGCGGAGATAAACGCATCATAT 116
whASP018 A R CAGCGAACAAGGAAGTTAAACTCA GGAGGGAAATGCAATGGACTAT 101
G A CAGCGAACAAGGAAGTTAAACTCG 101
whASP019 C R TTCAACAGATGGCTTATAAGGTATCTTAC GCAGCTTAGGCAAAGTTCAAACT 144
G A TTCAACAGATGGCTTATAAGGTATCTTAG 144
whASP026 A R GCCACAGGCTCTTAATAAACAGTTA GCTATGGTACATCAATCTAGCTACAGT 176
C A GCCACAGGCTCTTAATAAACAGTIC 176
whASP034 G R TGATCACCCTTGACGAGCG TGCCCATTGATAGGGTTCACT 173
A A ATGATCACCCTTGACGAGCA 174
a TZ0] A4 GIAZE IPHCR UE D20 = oJolE.

b Reference
c Alternative
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(A) L =0t =3H Hns

whcpASPOD1 (ciT)

whcpASP0O02 (tiA)

----- ----1 200

=t 20k
= 100D
- 200K
- 100K

whcpASPO03 (g/A)

whcpASPOD4 (ciT)

(B)
whASPO10 {a/G)
whASPO15 (Cit)
whASPO018 (a/G)

whASPO19 (ciG)

whASPO26 (Alc)

whASPO34 (ciT)

73 2-2-3. GEAA) L A(B) SAA 71 ASP 0l A§ A

ﬂ el 8 Hq TagManotA & 35719 =
[AY wEo] 7hsst AE
—75—73 Z%0] heterogeneousst

whTMOO03 tpAHofA] o7 d3] =7

At E50 &) A8-5t 21}, 87) opro|A getst
sholstith 1y 2-2-4, 13 2-2-5).
SRRES BYH ASPULAY

Z2Z0| heterogeneousst S-X A&

slrsl= whTMOO1,
Hol= AZ =lstyd

=

B 2-2-5. AI&= 8719] TagManUA 4

TaqMan

ASP

Forward Primer

Reverse Primer

Genome VIC FAM Reporter Sequence (5'->3'
D marker ID Sequence (5'->3') Sequence (5'->3') P q ( )
Plastid CTTGATAGTTCTTTCTG ~ TGACAGAGCCCATTGAT
whTM004  whcpASP003 A G AGTTCTGTCTGA TTCTG V  ATCCACAATCTCTCTT
F  ATCCACGATCTCTC
CAGATACTCCCCCCAT ~ GGGTCCCCCGAATATTG
whTMO005 whepASP004 T C TTCATAAA G V  ATACGATCAGGTTTAAC
F  TATACGACCAGGTTTAACAA
Nuclear TGACATTGGCAGCGAA  TTATGCATGCTCTGTAT
whTMO001 whASP018 G A CAAG GTGTATTGC V  AAGTTAAACACGATGACC
F  AAGTTAAACACAATGACC
GCAAGTTTACGAATCG ~ GCAATGCTTCTCTTGCA ATGGCTTATAAGGTATCTAAGT
whTM002 whASP019 G C AGTTCAA AAGTT Vo
F  TGGCTTATAAGGTATCTAACTT
TCCGTCAAGCCCAAAC  ACAGTTTCCGAGGCCTA
whTMO003 whASP026 C A V  CTCTTAATAAACAGTACGCC
CA CAACTA
F  CTCTTAATAAACAGTAAGCC
CATGTCTTTGGTGGTG ~ GCTTGGATTCAACGGGA
whTMO006 whASP010 G A GAACTAAG ACA V  ATCTTGTTCATATCCGTCA
F  ATCTTGTTCATATCCATC
CCGTCCGCTGATGCTA ~ CCACCCCACACTCCACA
whTMO007 whASPO15 T C GATC CA V  CGCATCAAATGCTTGA
F  CGCATCAAACGCT
CCAGCAGGAGACGTGA  CTGGAGAAGGGTATGT
whTMO008 whASP034 T C ACTCT GATGATCA V  CTCCACCATCCTC

F  CTCCACCACCCTC
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whTM001 whTM002 whTMO003 whTM004

14 5 ]
G:G] [C:C] .
+ 1GG] 12 £ ©e St s (AA]
- - 20 7
10 &
f ! 15 ¢« [AC]
8 ) v : 5
[C:C)
[AG) ¢ oo 10 4
T M p .."' 3 [G.G]
” ‘f:'r\l i [A f\-! 3 )
- ® 2 -
." 1
. » .
o o o
2 3 4 5 6 7 8 9 0 4 B 12 15 20 1] -] 10 15 20 5 30 o L] 10 15 20 25
whTMO005 whTM006 whTMO07 whTM008
8 7 6
* [TT] [TT]
[TT) 7 * [GG] 6 .o ! g .
{ i 3 » F.
5
’ 5 " : 4 [ Y @
i : ' [C:C]
a ; E .o.
||_ l] - 3 [C I\l '
3 . 2
- AA 2 o
Fa 2 VAl -’
1 w0 i - -" -
- . .
0 0 0
5 10 15 20 25 30 0 1 2 3 4 5 6 7 B8 0 4 8 12 16 20 0 4 8 12 16 20

ag 2-2-4. 42 357 5o X85 87 TagMantpA Zat

IS4y £

7 | wh T2

o o e e )k TR

0000000

Homozygous X
Homozygous ™"
Heterozygous

Negative

(oo R ]
0000000 n

3% 2-2-5. 87] TagMan OpA{ o] Oigh 3442 3570 &5 FARME B
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(2} 24 chby A

- tlo]Ej#o] A ‘CerealsDB” 22| W25t 3 GAA| i SNP 5740 cjat 1127 ol 2o]
SHAXY AEE Aot =2dyt 24Ul whTM001, whTMO002, whTMO003,
whTM006, whTM007 OFAo] Tj3h SHAIES ol st chopy BAS 2astoch 13l
2-2-6A).

- 1127) 97 Yol ATS Mute] Bu 2 RESYE 9, 3] AL EF L T Y 1g0
2 PYHE AT P BEC WP 55 BFL 3N O AW FFoens
Bel WolA RISk g Fstunt

(4)

@& Korean

@ Foreign

W ST

A
",

Y I_—:"—':é-
" ——uz
Ji Y i
da I G4 ]
| p O
_|_“-'-%‘ B
j‘lJ
0.05 = L
x
a3 2-2-6. FAE F59 OFE FUS AT Ass 24

- 87l opA ol dieh RAAIE S ol&sl 7 28 =AE FF Y fddAE EAsIRHH Y



2-2-6B). 274, oz LAY stue] I MR b7l EFCo® A" YMA 1F5e
2,5 F Y 2802 UHe A& sttt E£3, 87] TagMantt# & o]&sl 771 &9
252 BF WET & e AS s
(oh =4d 25 w8 R84 25

- THSAME LR R Alewe 27 &35 77HAlE poolingsto] &3t DNAO] opA & A&
si-S o, whASP018, whASP026 OFAHOJ|A] heterogeneousst SAXIHS Hol= Z1& =19l
shoict.

S 8 RS Hsl] Sl SAtlo2 el we A & SAe] DNAS Ao

=375t0], heterogeneousdt RAAIE S BAH &+ 719 upAE AESHATHIH. 2-2-7A).
Poolingst DNAQ} &2] 7iA|¥ DNAE ©% homozygousst SHAANE S HYP 1, o224 &
3 F5Y 2ol gt heterogeneitys F5 4 ot
- SR Q9] OhE 719 27 F59 MAEHE &sh] Yol vHudusRE 27 %
Alswrot oF 307§AE poolingsto] DNAE #&5191L, whASP0260IHE 418510 {-%
J 27

82 stolsldrH( 18l 2-2-7B). maitjo]A] o5t ZZ% T3} heterogeneityst 712 &
AL 4 AT

- 2 AoA EE oA E o] &5l A 5 I &Y o f &elo] Thsst, 559 HE]
7hset f-&3F oA et A skt

A
(A) L Mixed =ZF1  E=F2 =43 =P4 EFP5  =P6 =PT =P8 L

Heteregeneous Homozygous
(B) L _Tay

Mixed Mixed Individual Individual

% 2-2-7. 273 £30] heterogeneity 2%

2-2-2. SNP E2AHH}[3EE o]83F W DNA profile database &

b HE
A (Triticum aestivum L. X=7)& QA XE A A|A Qo] 389 1 o]Ato] FAlo=z Alord = Q
Argold, ¥ s 2018d0Aof si=o]l frHJUT. T olfe Al I7Pt 1.8-
1010bp(18Ga) =2 AFH(3.23Ga), &44(2.3Ga), ¥(0.4Ga)qt H

o AgAfolct. U AL 6ul|(2N-6X-42 AABBDD)?] QMRS 203 9100 k2] A B - D7l
2 73 9l

2A] @ Az AlEAY AAAILG(ISGSC: International Wheat Genome Sequencing Consortium)<
20189 stA'E Afo]AAXE Fol E Als Al= ¢S Lusith AlAl 2071=0] Aot =Al5&
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20
21
22
23

(2)

s Epopel 43 22 SRREE S
B 2585, 53%('15,'16) 44 29 CWSEE S
o 2555 45 Lo PEE-ES
Alojal s ER & 45 =3
5288 SNPUIA 7iE3 {3t SNP &
Ol 342 = (FE 2-2-6)9] GBSE: 7]&0] 42Xl whole genome sequencing2 reference=

>+

AARsH] p88E SHYTHE 2-2-15). GBSEAS 95t Barcode sequencesS o|-8-c}o]
demultiplexing& 4385}al, adapter sequence A7 % equence quality trimmingS 438
519} Adapter trimming cutadapt (version 1.8.3) [1] 2 7388 A}85}11, sequence
qualitytrimming2 SolexaQA (v.1.13) package [2]9] DynamicTrimy} LengthSort &
=88 AFE5H9TH DynamicTrime phred scoreof| ©2} short read?] &% 2] bad
quality baseS A1l IJA9] cleaned read® AA|st= AL 43851H, LengthSort=
DynamicTrimo]A] Y& Wbase’t & read& A|7sh= 5 Y5ttt
DynamicTrim®] phred score > 202, LengthSort 112 short read length > 25bp
/\}%ﬁ}oﬂt} MAe] BAS ESE cleaned readsS BWA (0.6.1-r104) [3] =2 7388 ALS
5tol BEFAA mapping2 4°89}. mapping> BFEFAARE AlEAASH AMELEO] raw
SNP (In/Del)Z& detections}?] st A5 10 2 4 BAM format?] oS Aj/dsto, th2
o] 4 olQofl= 7]2= AM&SHA

- seed length (-1) = 30

- maximum differences in the seed (-k) = 1

- number of threads (-t) = 16

- mismatch penalty (-M) = 6

- gap open penalty (-O) = 15

- gap extension penalty (-E) = 8

Raw SNP detection @ consensus sequence F&& 2Jsto Clean readsS BEZES7AA0
mapping sto] AA = BAM formatQ] mtd-S SAMtools (0.1.16)[4] =2 730S A}8510] raw
SNP (In/Del)& detectionstil, consensus sequencesS F&Eo5IF T o|tf, SNP detection
st= 14 Ao SEEDERS in-house script [5]5 AFE-5to] SNP validationg A%l &, raw
SNP (In/Del) detectiong o839t 029 &4 ool 7I2us AM&stAH.

- minimum mapping quality for SNPs (-Q) = 30

- minimum mapping quality for gaps (-q) = 15

- minimum read depth (-d) = 3

- maximum read depth (-D) = 80

- min indel score for nearby SNP filtering (-G) = 30

- SNP within INT bp around a gap to be filtered (-w) = 15

- window size for filtering dense SNPs (-W) = 30

B AT)AF 710 SNP B @B AL As8517] 96 Al=7F £3F SNP matrix2 A5t 72F =S
HEEFAA ALat Bluste] 42 raw SNP positiong 82 stof Y] 2AES 5
stitt, ojmf, ¥l ¥ (non-SNP loci)2 AlZ9] consensus sequenceZHE Y d+=

filling WS HA matrixs At A= 7Ho] SNPH| WS E3] mis-calling®l SNPZHE

_98_



I E|5to] final SNP matrix2 24519t s &= 7|¥to 2 SNPS 93

T8 7170 e}

U Ee) 53 SNP matrivg ALGStol QAT $AL Sasrlo] YA off mo| xHo=
SNP TE| 373 HeYsTHE 2-2-7),
= 2-2-7. W3 P2 ¢ OAE Fug SNP
L T LE{SHE Individuals SNPs
1 Total SNP matrix 96 1,723,245
2 SNP missing data <30% 99,063
3 Individuals missing data (low genotyping) <40% 93 99,033
4 MAF (minor allele frequency) >5% 67,443
5 Chromosome 1 to 7 of A, B and D subgenome 66,200
6 5000 SNP random sampling (3 & £~3%) 5,000
e e e T T
L ewea
| e
[ cmmmedecen || Someemmaseeese ||
| S p— T
1 S ——
| B e
31 2-2-8. Genotyping by sequencing EA¥MH Al
B 2-2-8. ¥ Reference genome 7|4 &
Chr# CLherr(l);}? S(%Ig)e No. of Gene Len(gifkrll e(bp) No. of mRNAmRNéISHgth len(g:t[;l?bp)
chrlA 594,102,056 4,461 13,871,010 5,509 7,499,908 7,132,506
chrlB 689,851,870 4,816 15,300,202 5,938 8,340,748 7,957,762
chrlD 495,453,186 4,549 13,758,221 5,653 7,904,453 7,520,649
chrzA 780,798,557 5,939 18,170,830 7,359 10,294,062 9,780,669
chr2B 801,256,715 6,302 19,709,696 7,753 11,044,916 10,540,646
chrzD 651,852,609 6,018 18,204,463 7,429 10,651,881 10,127,213
chr3A 750,843,639 5,397 16,444,654 6,836 9,358,137 8,943,963
chr3B 830,829,764 6,129 18,674,713 7,602 10,509,695 10,037,277
chr3D 615,552,423 5,458 16,769,855 7,029 10,014,352 9,489,639
chr4A 744,588,157 4,999 15,878,736 6,219 8,679,075 8,264,142
chr4B 673,617,499 3,995 13,156,112 5,065 7,174,702 6,841,505
chr4D 509,857,067 3,664 11,889,639 4,739 6,744,657 6,442,101
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709,773,743
713,149,757
566,080,677
618,079,260
720,988,478
473,592,718
736,706,236
750,620,385
638,686,055
480,980,714

14,547,261,565

5,589
5,734
5,698
4,217
4,739
4,081
5,700
5,023
5,553
2,729
110,790

16,571,556
17,878,870
17,091,941
12,907,856
15,159,277
12,806,597
17,156,609
16,123,468
16,572,203
5,487,053
339,583,561

6,811
7,066
7,040
5,168
5,792
5,063
6,894
6,247
6,801
3,043
137,056

9,092,798
9,954,131
9,933,928
7,085,554
8,081,830
7,204,404
9,314,022
8,795,783
9,549,142
3,529,157
190,757,335

8,643,686
9,459,702
9,413,889
6,713,787
7,715,211
6,842,892
8,858,523
8,339,091
9,033,021
3,332,394
181,430,268

Q

BS 4382 Illumina HiSeq 2500 sequencing Z31Z-2 A} 8519 00 paired-endz2 E7|
ijul

A

w42 519 No. of demultiplexed reads+= 2F 745¥HF A7]o]ny oF 95%S LFERIQICY (& 2-2-9).

B 2-2-9. Sequencing raw data A g]

RLIEE B I

Sh . No. of No. of Avg. length NO'. of
ort read file barcode  sample No. of reads (bp) Total length (bp) demultiplexed
a b p reads (%)
wheat-GBS2_
] fastq 391,674,913 151 59,142,911,863 745 919,094
— (o)
wheat-GBS2_ 391,674,913 151 59142911863  (90:22%)
2.fastq 96 96
wheat-GBS2_
ond. 1 fastq 390,215,908 151 58,922,602,108 735.363.592
- (o)
wheat-GBS2_ 390,215,908 151 58922602108  (9423%)
2nd_2.fastq
Total 96 96 1,563,781,642 236,131,027,942
B A7 A9 reference genomed]| Alignment:= Demultiplexingy} sequence quality

trimmingS £3f &tH = ZF AH=Z9] clean readsE reference genome©| mappingstil EA XS

uu P
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(tten | Ldafcde | l%mglypana i . — e ms | mmad et |2 ammadifas i Sy Mz m i of magget g cimagesl_| of mapped [P

v v v v ¥ v| &vy| &y| |y ¥ v| Hy v mely [y | Wl | ol y | o
B o T | 1 T I LD i, i 8 Gl 1l ree
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S 44 LT IRt [ETT) BT 18 EhIE] i W I A s
E |mo i | M AR A 18 0% g wl o a e [HE
1o W MnGE| WS ) asem 13 101 gl A % 1t
1 e g | e | uuesal  yasnamee 10 HHigth T M e s
B | T G| AN ETTE] Tt i it Pt e i Lzt
1 i T | M GATA| T 1 s T W liK 4
1 B RANEE | |LEHEE AR GEEAE 1115 ey i 1 A a1 16k
B |me (F] e T L) T4 1 T i3 | E EH L
B | i G| MR | N o, vy i Wl R ey i

a3 2-2-9. ¥ A& mapping AR
Trimming IHJ-& HA & H % readsE reference genome©f mappingS 4333t 21}, read 0|
reference genomeo]| @ A5t F2EHS st THIH 2-2-9).
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a3 2-2-10. 5 &%9] Mappedread distribution
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7y AZ9] raw SNP& o]&35to| A& 7He] &35t SNP matrixs A/dsty, T 7|55
= O
=2 =2

s
homozygous/heterozygous/Etc §3d o2 1835t Ayt homozygous $7F a8 & 4 919]
tH®E 2-2-10).

B 2-2-10. A]2¥ homozygous?} heterozygous SNP

No. of No. of No. of No. of Etc. SNP
Sample Total SNP homozygous SNP heterozygous SNP (homo/heterozygousi
(read depth > 90%)  (40% < read depth < 60%) L -
1-1 109,973 92,296 6,336 11,341
1-2 113,258 95,207 6,251 11,800
2-1 72,018 59,800 4,253 7,965
2-2 62,447 51,666 3,791 6,990
3-1 120,792 99,389 7,346 14,057
3-2 108,346 89,405 6,526 12,415
4-1 90,490 75,347 5,439 9,704
4-2 84,913 70,629 4,903 9,381
4-3 121,969 100,720 7,265 13,984
4-4 78,821 65,720 4,658 8,443
4-5 97,580 80,813 5,966 10,801
5-1 69,806 58,110 3,925 7,771
5-2 41,565 34,385 2,753 4,427
5-3 142,981 118,874 8,274 15,833
5-4 71,697 59,680 4,182 7,835
5-5 109,885 90,992 6,578 12,315
6-1 86,471 71,243 5,336 9,892
6-2 123,515 101,646 7,584 14,285
7-1 100,846 82,225 6,573 12,048
7-2 112,876 92,845 7,161 12,870
8-1 95,180 76,898 6,296 11,986
8-2 88,767 71,544 5,931 11,292
9-1 88,354 73,622 5,237 9,495
9-2 95,261 79,358 5,464 10,439
10-1 246,291 198,795 15,573 31,923
10-2 99,295 80,582 6,677 12,036
11-1 95,820 78,956 5,909 10,955
11-2 133,699 109,272 8,369 16,058
12-1 125,368 102,741 7,685 14,942
12-2 90,322 74,200 5,517 10,605
12-3 53,597 44,330 3,225 6,042
12-4 171,248 140,155 10,123 20,970
13-1 99,175 83,733 5,353 10,089
13-2 92,198 77,237 5,166 9,795
14-1 84,531 70,217 5,006 9,308
14-2 149,281 122,968 9,089 17,224
15-1 107,821 88,413 6,783 12,625
15-2 179,306 146,599 10,997 21,710
15-3 90,981 74,972 5,692 10,317
15-4 107,140 88,476 6,595 12,069
15-5 97,399 80,249 6,084 11,066
16-1 72,425 59,888 4,249 8,288
16-2 133,460 109,377 8,376 15,707
17-1 192,721 157,766 11,958 22,997
17-2 87,991 72,161 5,654 10,176
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18-1 90,099 75,238 5,180 9,681
18-2 111,836 93,595 6,390 11,851
19-1 35,160 28,659 2,344 4,157
19-2 68,123 56,305 4,197 7,621
20-1 87,050 71,929 5,208 9,913
20-2 121,105 99,446 7,605 14,054
21-1 1,201 1,054 54 93
21-2 106,838 87,907 6,641 12,290
21-3 60,234 49,987 3,519 6,728
21-4 85,667 70,349 5,340 9,978
21-5 67,313 55,367 4,220 7,726
22-1 51,486 41,923 3,454 6,109
22-2 92,522 74,675 6,138 11,709
23-1 45,177 36,479 2,962 5,736
23-2 38,288 30,860 2,517 4,911
24-1 114,329 94,637 6,925 12,767
24-2 99,684 82,564 5,861 11,259
24-3 75,088 62,097 4,501 8,490
24-4 90,029 74,891 5,253 9,885
24-5 98,548 81,369 5,998 11,181
25-1 91,759 75,137 5,643 10,979
25-2 93,635 76,429 6,136 11,070
26-1 53,432 43,589 3,482 6,361
26-2 7,001 5,870 445 686
27-1 31,197 25,2776 2,121 3,800
2'7-2 29,357 23,560 2,121 3,676
28-1 50,125 41,731 3,001 5,393
28-2 68,237 56,647 4,104 7,486
29-1 39,205 31,670 2,659 4,876
29-2 74,468 60,984 4,817 8,667
30-1 115,383 94,004 7,363 14,016
30-2 141,420 114,226 9,235 17,959
31-1 95,462 79,553 5,592 10,317
31-2 131,039 108,616 7,604 14,819
32-1 45,675 36,744 3,024 5,907
32-2 54,850 44,021 3,680 7,149
33-1 90,900 73,388 6,064 11,448
33-2 13,643 10,852 1,007 1,784
34-1 37,191 30,026 2,529 4,636
34-2 35,789 28,931 2,323 4,535
35-1 135,087 111,933 8,021 15,133
35-2 169,772 140,392 10,081 19,299
35-3 92,503 76,936 5,477 10,090
35-4 83,012 69,055 5,180 8,777
35-5 30,798 25,542 1,844 3,412
36-1 29,891 24,247 2,052 3,592
36-2 55,697 45,416 3,513 6,768
37-1 34,419 27,780 2,263 4,376
37-2 65,395 52,569 4,376 8,450
38-1 97,645 79,614 6,235 11,796
38-2 107,362 86,738 6.970 13,654
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WEo| £ SNP matrix AL§510] QAW B4 230 %A SNP He S 4eYstedn, A
Al SNP matrix 1,723,245 %- filtered 66,200 SNPof| tst GAMA| 225 HE 5 AJATHIH
2-2-11).
Chromosomal distribution of SNPs
L e THSAM: FrTmn TES AR S5 Hakrn AN Gl
i L T ¥ T T
ChriB
Chiid
Chran
Chrage
Chr3m
Chrlid
ChrlB
ChraD
Chrds,
ChrdB
ChrdD
Chrdd
Chr2g
ChrsS0
Chrés SHP density
ChrEB [unit: smpimb})
|
ChriD o 24
Chr7d [} fE
ChiTE : 5:
ChiTD B 36
a9 2-2-11. ¥ 66,2007]2] SNPE o]&3t AMAH SNP density
GBSE 242 &sto 35 ¢
2R} shgick. 1 A, 34857
wol mje gAlES & 4 9l
2
CE‘%%
<% .
.%,_},)}7
o%/7
R
‘5‘9«:/,,?”
'32er T
I%O'*’Q"i‘ﬂ
a'quongD
18.Sugang
B .Jodn
Q'g_smf“

Buouorgg

a3 2-2-12. ¥ 34EZ%9] SNP 66,200 lociS ©0]£3l phylogenetic tree
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PC1 (12%)
1. Taejoong & 7.Joongmo2012 £ 13.Trans "l 19.Hanbaek #- 2B8.anbaek ® 34.Seodunmil
® 2 Baekchal <{» B.Hojoong & 14.Joongmo2003 & 20.Jeckjoong @ 29.Sinmichal 1} 35.Keumkang
& 3.Jojoong A 9.Joongmo2004 ™ 15.Sococan < 21.Baegjoong [+ 30.Jonong XX 36.Gobunmil
4.Saekeumkang 10.Joongmo2008 = 16.Cheongwoo 7 22.Dabun 31.Joeunmil [ 37.Saeolmil
5.Baekkang @ 11.Dajung ® 17.Y¥ounbaek = 23.Shinmichall 32.Milseongmil 38.Jopum
6.Joah ® 12.Goso A 18.Sugang 24.Jokyoung < 33.Jinpummil

% 2-2-13. 2 AE9] SNP 66,200 locig ©] g3t PCA Ziu}t

Population genetic structure £4-& 2]sto] Filtered SNP 66,200 lociof|A] 2410 o] & 7}=3st

~Z-9] SNP 5,000%}= random selection 33] 4885t th AA K value (population)S AH7] ¢
off ofg] KZfo =z wheE £3851HA] delta-Kmethod (an ad hoc quantity (AK) described by
Evanno et al. 2005.)2 £35}] AA K valueE AAGHETH B4 Ayt @& HEEA 9l AntE A =X
gFolskal structure ¥H2 3] sla= 1032 A7Jsto] 26kt (I 2-2-14).

DeltaK = mean(|Ln"(K)|) / sd(L(K)) Inferred population structure for k=6

oo
=
">

AN
HRWA
NERVA\

&.Joah

=
X Ssinmichal
12 Goso
I7.Sacolmil
FJoong moz2012
22 Dabun
3Z.Milseongmil
2.Hojoong
35.Gobunmil
3. Secdunmil
33 Jinpummil
Z3.Shinmichall
3 oj oo ng,
Z.Baskchal

4.5 ack eurnkang 1

= Keumkang |

9 Jaong mo200 49 1

1aloongmo2003 |

16 . Cheonge oo 1

1sTrans |

1Tasjcong |

15 Socan |

2a.sokyoung |

5. Backkang |

I soeunmil |

10 Joongmozoos |
18.Sugang
19.H an baek
2B anback
30.Jon ong
== Jopurn
1l.0aung
20 Jeokjoong
21.Bacgjoong,
AF ¥Younback

=15t random sampling ==b=2nd random sampling =de=3rd random sampling Popl MPop2 MPop3 MPopt MPops B Pops

121 2-2-14. SNP 5,0007]2 ©o]£3t population structure (K=6)
2 3433 9] SNP matrix 84,743 lociE Qo s E%F AEH g BEAEA AE 845 93 dE

=

Z 8813tk o] W, A, B, D subgenome Aol 7+

Ee A A AVIAEe] LT TF SNPE AT A Wate] FF AHE BARA AE o] &
[
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B’ 2-2-11. 9 =334 g5 SNP Y4
EE el P8 RV IR VEL Ve
1 Polymorphic SNP 8 148
2 Chromosome 1 to 7 of A, B and D subgenome 8 145
3 A, B, D subgenome A 722 9x|o]] EAJ5H= SNP*!Aur 0 743
4 A, B, D subgenome A 7ZF2 9Jx|o|A]Q] ZE SNP*2Aiut 0 24

*x1) A, B, D subgenome A} Z+& 2]X]o]] £A}5I= SNP: Flanking sequence 150bpS A= A Eoj blaststo] A, B, D

o
subgenomeof|A] Ztzk st HARIOE gligsnment (ZE7|&: identity>90%, query coverage=>50%) st= Jd Ujof ¢

xl3te SNPEFZ ofu]3t
x2) A, B, D subgenome 4} 22 JX]o|A Q] & SNP: A, B, D subgenome©j|A] Z+7} gt eHAOF g
yloll $1xIst= SNPE tl%feg A, B, D subgenome®] Z2 9IX|oflA A7|AMHo] 2& FUst SNPEHE ju|gt
*3) A, B, D subgenome A} 72 QJX|of] £X}5= SNP 77l &}
*4) A, B, D subgenome %} Z2 XA F-& SNP= A= 271 &}

lignmentst= I

571 BEAEE SNPUP] AT 2 BEAES 2

9l 34=Z%0] SNP matrix 84,743 lociS jAto g2 =& Al¥H Q2 BXIRX| A E &AHS QJsh
LHES #o8st T o] ©f, A, B, D subgenome 7fof] &2 ¢{x|of| EXf5= SNPE A1 &H
=, 22 A 01]*1 B7IMBo] LSt &5 SNPE | FAUSI &5 Al E ZAIRA] N E
o o] &5ttt SNPRAIAF S oA FEAIES st FAXFHO|(SNP) 26712] X|& A
st SNP—EJ} B l SHIS UARIst, 2|FAo s F5E RAAY A4 2 F5AE
of Z&o| 7t5gt B4 SNPEALEA] 107HE 7HEstith. 7 10719 SNPTKHME

Al
52 UES, QUSY 1LED O $3 RRF duwA 2y
NTSYSpc2.10b =& 73S /\}%6} 1-Jaccard similarity
AR GALE BHOA 45EF AE /I5EL HAstark(1y

:(o tjo
I‘_u

gy
coefficient= %%6}04
2-2-21)

My + My

% H - d — - 1 - dT.
Jaccard distance (d): @/ = 3y Ty
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a3 2-2-15. 3 SNP BALEA] 10745 o] 83 4585 E5AE

M= 07 10£-0f ot GENEALEXEA Ayt Shannon's Information Index= 0.224 - 0.691
o] A1tE Eon], PCARA ZAite ® 2-2-12, I& 2-2-169] AA|E 5FAT.
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B 2-2-12. 7" EALEA] 1050] cfgt GENEALEX®A ZAxt

Locus Band Freq. p q N Na Ne I He UHe
Wheatsom 1 0.543 0.324 0.676 35.000 2.000 1.779 0.630 0.438  0.444
Wheatsom 2 0.457 0.263  0.737 35.000 2.000 1.634  0.576  0.388 0.393
Wheatsom 3 0.371 0.207 0.793 35.000 2.000 1.489 0.510 0.329  0.333
Wheatsom 4 0.371 0.207  0.793 35.000 2.000 1.489  0.510  0.329 0.333
Wheatsom 5 0.714 0.465 0.535 35.000 2.000 1.991 0.691 0.498 0.505
Wheatsom 6 0.657 0.414  0.586 35.000 2.000 1.943 0.678 0.485  0.492
Wheatsom 7 0.543 0.324  0.676 35.000 2.000 1.779  0.630  0.438 0.444
Wheatsom 8 0.114 0.059 0.941 35.000 2.000 1.125 0.224 0.111  0.112
Wheatsom 9 0.486 0.283  0.717 35.000 2.000 1.683 0.596 0.406  0.412
Wheatsom 10 0.971 0.831 0.169 35.000 2.000 1.391 0.454  0.281 0.285

Na = No. of Different Alleles
Ne = No. of Effective Alleles = 1 / (p*2 + q*2)
[ = Shannon's Information Index = -1* (p * Ln (p) + q * Ln(q))

He = Expected Heterozygosity = 2 * p * g

UHe = Unbiased Expected Heterozygosity = (2N / (2N-1)) * He

Where for Diploid Binary data and assuming Hardy-Weinberg Equilibrium, q = (1 - Band Freq.)*0.5 and
p=1-aq

Principal Coordinates
» om
» o= =
ad
* Haemas ¢ OE
* 02 ¢ us
% E2
* M=
& MO 4 =S
+ 22 + 5zt * =7
22004
™ * EQ =22012
=
= M2
a8 e + H2
© » opm
* 5 * tojEE
* =5 # == 4 E23008
- & =E
e s & EHEMES =z
* E=
+ =3 4 HR
& 5
Coord. 1

73 2-2-16. FAYY 3530 Tfet PCARY A
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=l
97holH,

olg3tgicy. PCRYISO] Ay AuZ gfste] U

Centromeric Sequece)-&-
1252 dder 45 23 1074

AA}F oA S A|&Fsto] BAo) &
BAHEAIZ BEAIE0] THsde FAUstart

23
2=

AN & 107)9] SNP £AHEA]E 971 SNP U 17 InDel2 T4 =lo] 9lck. SNPE: ©F) SNP
InDel& Wheat_DSombulH oA 8712] |7]AA(GCATTAG)Q] Arel 4

el wolg

A AHInternal STD)Z =&9] CCS(Cereal

8o FTHE 2-2-13). YAXo2 HgFE

" Size | Amplicon | Anngalin
4= OHE Forward P 9| Genotype |4ze{ 4z | 22| 52 |42 | 22 |22
(bp) size Temp
AGCGATTCAGCGGGATAGLC 20
1 |Wheat_DSom1 20 60 i)
TAAACTGCAGCTTTCCACAAGAAGG 25
TCATACTACTTCTGATTGGTTTGTTRTTG 29
2 |Wheat_DSom2 163 60
TGACGCCRAACCTRTCCAAG 20
CGETCECGGAGTGAAGTTTAC 21
3 |Wheat_DSom3 349 60 AJC
ACAGATCAGTATCAACGGATGATGG 25
TGTCACATTTGAGCATTTGTACCTTGTAL 20
4 |Wheat_DSomd 444 60
TTCTGCAACGTTCCCCAACAC 21
TCCAGCTAGGRAGTATTTAGGCATTTAG 8
5 |Wheat_DSom3 328 60 GCATTTAG
TCATATGAATCTCTCGTGTCTTTGGE 26
CACTTTCACTACTCCGAAGGGTCTTAC &7
6 |Wheat_DSomé 182 60 .G
TTCCGAATGCTCACAATAATGTAGTTG 2]
TTCACATACACCTGATCAAGCACAG 25
7 |Wheat_DSom? 319 60 i5/C
ATGGCCGRGCACTTCGAC 18
CCAAAACGCCTGAAAGAATCG 1
8 |Wheat_DSom8 19 60 G/A
ACACGCAGAAGTGAAAACAGAATG 24
AATGCAACTTGTTTTGTATTGATACGTG 28
9 |Wheat_DSom9 47 G 6T
ACTTGAACAGCTGCTTTAGTGATGG 25
CCGTTGTCCATTGATTCCCAG 21
10 |Wheat_DSom10 324 60 a7
AGACATAATTGCACTAGGGATTTCTGC &7
CAACGCAACGTCTTGTATGG 20
11 [Internal 5TD 123 60
TGAACCCTGAGTTCCTCTCG 20
a3 75852 o= 7Ide Y SNP BAIEX|S] 71 55 Holl =AY 458352 i

= 107“ 0 ol gsto] A% Aut 2%
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Whesl_LGoml

Whesl_Liome

Whest Lbania

Whes1_Lormd

Whesl_Lisomes

Whes1_DGomG

Whesl_Lbom?

Whesl_Liomd

Whesi_Dhom3

W heg_DiSamTi

WIAFEE 008

33 2-2-17. A SNP BALEA| A5 A
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Can (506E) EEZ70 (439801 -Bp BRI (3080 -Sp BRITS) (4060} -Fp

S8 2% T WO S 0 JOGe O T

a3 2-2-20. Zetoln] seo] U2 We|BAx X NP Ay

PCREA 7]7]0] S50 T}2 UEIZelA WhS o] o2 EelotuAl AIFOIN 52 AES ol
7%-9] PCR7|7](SimpliAmp, Veriti, C100, PTC200, ABI 9700)& &8&7cto] £A49] Aatr = 219]
stgion, ojff AFRH YRS 702 50°C 58, 95°C 15%, 95°C 20% - 62°C 60% - 72°C 60%&0|A]
32cycle, 72°C 320)A U2 slgich. MAIA uLS AT} PCR7]7|E ATte] Afo]= njnjgt 202 &
A=l i 2-2-21).

—_—

SimpliAmp Weriti C1000
M 4 5 12 15 21 24 33 N 4 5§ 12 15 21 24 3 N 4 § 12 15 21 24 33 N M

RTS (300)
R103 (300

T3-1F (197)

RS51F (150) n
R24(125)

CCS(100) —»|

PTC200 ABI9700
M 4 5 12 15 21 2

T g

R7S (399)
R103 (300)——+

T3AF(197)— »

R51F (150)re |
R24(125) ——»
CCSs(100) —|

19 2-2-21. 7|1718 FEEHA 2221
AEAoR g 730 tiet S5c 2ME At 2US Yo (Y 2-2-28), 23N
VA doR sHA-gAl 57H9) 0} (¥0kA R78, R103, 73-1F, R5IF)gTO 2 T8 Mo 7Hssty

O
A, 2A49] AlRe gtH 2 Qs YRS A AR = CCS(Cereal, Cetromeric Sequence) S-A AL H2]
S AREsHITHE 2-2-22).
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a3 2-2-22. B35 75 AL HE|ZAAAGL AXNS7D), 5067, 12(4), 15(59D), 218 3%),
24(27), 33837, NINTC)

(SimpliAmp, Veriti, C100, ABI 9700)S &-8-5}9] ‘—H’*\H%ﬁx}é zskst & 1059 EE}O]EH 23k
of tist £A0] A& =S &QIstg o, ojuf AMEH ¥hHE 27O ° C

£ - 62°C 40% - 72°C 60x09|A 32cycle, 72°C 3Eo|A] ¥F2-2 59T} 75_7_(1]75‘} JRS A v} PCR7]7]tﬂ
Zuto] Afol= njojgk Aoz SRRIFJITHIYH 2-2-23).

or P
Y

ol
—_

Kol
=

Rl

Q
()

)
5}

OC 5% 95°C
o 2 A ¥

n
S~
el

A EolHoz vrests ITSAAL L9lS ARstTt. EAflA ¥g £7102 5
= o

15, 95°C 40% - 62°C 60% - 72°C 60x0]|A] 32cycle, 72°C 320]|A ¥F-&-2 51
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A Al 50°C 5, 95°C 15+, 95°C 40% - 62°C 60x - 72°C 60X&0]A 3bcycle, 72°C 3704 ¥
S Stk A=Al FAeh GeiPCR ARl Cha e BAR annealingd] 258 20%, 3
cycleg 71t ol AE STECH Y 2-2-24)

M 1 2 2% 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 10 20 21 22 23 M4 M

M 25 26 27 28 20 30 31 32 33 M 33 N M

R FAFY 355 2AEO] O AFL Ystol SARNN BBF BEFAC] O 24L A
Aetgon, EAMA, oM BEAAE AR FAo] EYol UepoLt ohe EF0IAE B ApolA
AN 2 FUT AWE BGon YW BAWS 712 slof MBI UAE SHCHIY
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U8 Lo L15 Lt .4 6 501 1 6aun (51 .88

el L L T T T T L

=

10, 322004 11, 322008 2,005 13,24 11.EfA 15, 52200 16,48 11.4% 18, 28

0.3 2.t

- e s

19, 4

245 B4 O

LY

- = e s

Ll N oo - -

2, 5% 2, toig 20,58

- e S N PN S e

3.4y W08 3. M8

. . LY Y . . T
=

J 2-2-25. A 35% A8 HEEH A9 validation 2t
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frequency) >

>5%, missing data = 0% 7|&0 & =
e AROIA @71M o] 5 SU SNPE Mustel F 429719 SNPE

429 SNP Z o)A 267 =& AldHo] 7}

st

ded Las

ot

= o
_'—}i]lE'.

Flanking sequenceg ©0|&35}to] 20|t} A}o|

7t Assay+=

93t Fluidigm SNP assayS £58517] Qs A& Ade

allele-specific primer(ASP),

HIE

AlsistRct. =3, A, B, D subgenome

2323510l D3 assay design

amplification primer(STA) A 72 AL QITH (B 2-2-14).

B 2-2-14. &

2F

o

= 0 it o =
lag F5AES A

stushoirt. Sus

3t SNP 0} £3H2 gAlsto] 2|15 107] SNP 232 A

107} SNP9]
o g3to] A|ate]

|=3e)
==

locus-specific primer(LSP)?} Specific

Fluidigm genotyping O}* @7|A <&

STA_Seq (Specific

Allel ASP1_Seq (Allele ASP2_Seq (Allele LSP_Seq (Locus e
Marker Name e Specific Primer 1)  Specific Primer 2) Specific Primer) Target Amplification
Primer)
CTTCACATACACC CTTCACATACACC CTCCCGGTCCTAG
SNP_R172021 85F  G/C  TGATCAAGCAAAG ~ TGATCAAGCAAAC — TTCCTTGAT CCGTGCACTCCTTGGC
NP RSS A/ GCGCCAGAAATAC GCGCCAGAAATAC CCGTCAGTTGGCT ~GCCCTGCTCATACACTTG
- CAAACCAA CAAACCAT GCCAT G
SNP R17 /T AGCGATTCAGCGG  CAGCGATTCAGCG GCCCCTGTGAACT AGCTCATTGAAGTGTAT
GATATCC GGATATCT GACCATC AGAACTCCA
SNP_RI72021.73- ,, CCAAAACGCCTGA CCAAAACGCCTGA CCTTGGCAGCAGG AGGATAATCTCCTTGAC
IF AAGAAGCG AAGAAGCA ccc CATCGG
CACTACTCCGAAG CACTACTCCGAAG ACATCCTCAGCAG
SNP_R172021.51F  C/G  ShSlAS]S caclaels ACAIEEIS CGCTGCAGGTCCCACTT
CTGTATGTTGTAG CTGTATGTTGTAG
SNP_R104_2 C/T GTTTTAGCAGAAC GTTTTAGCAGAAC ACCGCAATTCCAC  CGCTACTACTTAGCAGTG
AGATACATAGCA ~ AAGCTAT
AATC AATT
SNP_R97 /7 CTGGTCGATCTTC GCTGGTCGATCTT GAGGGAACGTCTC GTGGAGCAGAGTTCACG
- AGGATTTGC CAGGATTTGA CTGCTCA TC
GGTCCTCTACTCA GGTCCTCTACTCA CAACCGAGGACAG CCGGACCAGACTGAAGA
SNP_R172021 52F  G/A  CTCCAGAGATAC ~ CTCCAGAGATAT — TGTTGCA AGG
GATCATCCCGGAC
CACATTTGAGCAT ACATTTGAGCATT CACTACTGATTACTCAC
SNP R86 A/C TTGTACCTTGGAA  TGTACCTTGGAC RLATAGCTAGCTA — carre
SNP_R24._2F T/c  TCTTAACTGTGAT CTTAACTGTGATG TGTCGACGCTAGC GCAGCTTTTGGAGAAGC
-R24. GGCATGGCT GCATGGCC CGCC GA

e Fluidigm 248 0175 AREsto] Add opA{of dich A5Add2 ot 2ol AAlskAit

Assay Mix&

AAI5H7] ¥ste] ZF Primer &2 ASP assay 1.5ul®t LSP assay 4.0ul A 2233t

3 diluition reagentE 14.5ul A7}sto] 50X assay mix= A|AFstc}, ZF Primer® 2 50Xassay
mix 1.0ul A 225 S diluition reagentS 24ul® A7}sto] 2X assay mixS A|AFstct ZF Primer
H2 SNP type GT master mix 2.66ul, 60X SNP Type reagent 0.09ul, 2X SNP Type assay=
72¥7y 2.75 LA 7k wello] 43510 =569t Sample Mixe] &A|S ¢]sto] STA & LSP assay
= 7t Primer#& 200uMo] ExZ S3sto] 200nM primer poolS AAFstE T 200nM primer
pool 1.4uly} Juno GT Preamp Master Mix 1.1ul®} 7t A]&9] genomic DNA 3ul (£]4 10ng/ul
o|AhE ZF wello]] 2305t =3tstal NTC(No template control)= &4 17 Zststgth Av|] L
=S 95t Fluidigm integrated fluidic circuit(IFC)e] A5l ¢]X|of] Control line fluid ¥ Juno GT
Flux Fluid 15pLA-S ZF7F 21611l IFCQ] assay inleto] ZF assay mix 4pLA i1, sample
inleto]] ZF sample mix 4pLA Eoitt. x]EA 0 2 Juno systemo|A Juno 96.96 SNP Typing<
Alsist & EP1O 2 end-point readsS A7Hsto] 7t /\]E‘*‘ SAAMY A= BA519 .

B4 Axp AdtE] 107] 0P 25 XX = YYR el JL20] &)= Scatter PlotEs 42 4 J9th
(2 2-2-27). 3t A4 495 Ef2 RAYS 75.”\40}04 ofgje} & AuE WASIT (&
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b

2 \/ali—AO1r:_ SNP_R172021_85F B. Vall’—AOZ:ﬁSNP_RSS

o = D
- =2 -

. wali-AO02: SNP_R17 D wali-AO04: SNP_R1720217T_72_1F

s
g
-
E. wali-A05: SNP_R172021_51F F. Wali-A06: SNP_R104_2
k3
- e - o -
S, Wwali-Ao8: SNP_R9S7 H. Zwvali-A11: SINP_R172021_52F2
e
= o T
- =
-
- -
I. Wvali-A12: SNPR8G6 J. Wali-A13: SINP_R24 2F
- g
=
- - - - -

a3 2-2-27. A= 107 oA o] L£3F Fluidigm assay?] Scatter Plot

# 2-2-15. & 1a & FFAE S 93t Fluidigm genotypingZ &3 43

B3/SNP S Gor 0 SNPRSS SNPR17 55 T g1 0 5 ' SNPR97 Sy sneres SNP#-2
Allele G/C A/T C/T G/A C/G C/T G/T G/A A/C T/C
2IES GG AA TT AA CcC cC TT GG AA cC
2% cC TT TT AA cC cc TT GG AA cc
=y CcC AA TT GG GG cc TT AA cc cc
Rl CcC TT cc AA GG cc TT AA cC TT
Zo} cC AA TT GG cC TT TT GG AA cc

252012 GG AA TT GG GG cC TT AA cC cC

% 22004 CcC AA TT AA GG cC TT AA cC cC

52008 GG AA cC GG GG cC TT AA AA cC
o3 CcC AA TT AA CcC cC TT GG cC cC
A cC AA TT GG cC TT TT GG cc cc

522003 GG AA TT GG CcC cc TT GG AA cc
il GG AA TT GG GG TT TT AA cc cc
Rkl GG AA cc GG GG cc GG AA AA cc
> CcC TT TT GG CcC cC TT GG AA cC
Shel CcC AA TT AA CcC TT TT GG AA cC
ESES GG AA cC AA GG cC GG AA AA cC
ELES CcC AA cC GG CcC cC GG GG AA cC

= GG AA TT AA GG TT TT AA cc cc
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AlojEls cC TT cC AA cC cC TT GG cC cC
27 CC TT cC AA GG cC TT AA cC cC
Alojzr CcC AA TT GG cc cC TT GG cC cC
2= CcC AA cC GG cc cC TT GG cC cC
otul GG TT TT GG cc TT TT GG cC cC
ud CC AA TT GG GG cC TT AA AA cC
A= CcC AA cC GG GG cC TT AA cC cC
=44 GG AA TT AA GG cC TT AA cC cC

— =

L za-se
==
L =

T T T T T T T T T
oo e.1o o220 o3 oA o S0 o 50 o7 o880 oo0 100
Coefficient

a3 2-2-28. d¥d 107) ot o]&

9
o
opt
4
g
TN
i)

Eeh T BEEd e % 24, W 24, 14 WS e A € 4 e e
Agrstoict. 1078 ob# FolA] SNP_R172021_85F, SNP_R58, SNP_R17, SNP_ R172021_73_1F,
SNP_R172021_51F, SNP_R172021_52F2, SNPR86, ¥ SNP_R24_2F 87] A[-&A] 77} B35 &
SAEO] 7hsd e =lstAn (1Y 2-2-29).

way

W

Al

g
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A e %ﬁ% 5t} 7= SNP HM]EJ Ao tigk T2 EF AMJZ Sheith

A, genomlc DNAZZ, DNAGE ¥ =9 Age 2el, st AP EA,
s oz st Alael 49 A4 Auo] g2 FA] &7] AT MIYAHH, % El
tiste] st 1‘—} F2ro] ol oisto] ARE-717] W Alf, A& ol tisto] AlAs] Aot
oA JiY Aol AREE F552 A tist FE A ARt FFAE S g /AR A
BAo] &8o] 7153ste g shgith Y 2-2-30)

g ojo cE X
2 =2 &2 H

0

P L) == S m=xie Q)
H §8(35F) 3 Protocol 2 FES(355) 8% Protocol
pC

# Protocol & POR Mixture & Cycle .

T3 2-2-30. AW 2EAPL U ALY TREHITYFAY)

v U AFTHA] F59 AEA 24

At AATER] 9] AAA ] I v EA LS f e
Lo 7dE FAM OEEAHE D8oielh 7 A8
=8 A& FARREA o Ol%é}ﬁq AlARE A2
74X 7|E Ao o} Al X3} 1.5m EHo o} 1X One-step solution 1
400ul g 211 vortexing § 44204 1023t BREAIZITE FHSH2 1027 GRS o83t &
PCRZ ZI885}9ich. PCR £712 95T 20%, 621 30%, 72C30x%, 32¢t2 02 4sistgct A 22
ol 215 sk

A AE BH, A2 1-14= 100% 27 =F 02 mAg|9on, A& 1-17S 65% M27) 30% =
, ¥ 5% DjERRIEE o WAL AR 2-87) 2-10 ©5F 100% 27 8522 AT
a3 2-2-31)

P71 918t B4t 25 QAAMRA S 98l 1P
JAFCER] 0] 15842 AA|519l o, 1A 207] Al
olo] smmX5mm 7|2  A2iA] AW wms

ol

f\o_,\lr-[u:o
f
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— e —
—1

a3 2-2-31 A& 1 D AR 29] SAREA Az

A& 3-199] QAAIRA ATt 60% M2, 15% 20t 25% 7|EFES o AR, AR 3-28S
100% M27ro2 A=tk Al 4-22 100% £7 £502 WAE oD, A& 4-34% 95% =
2, 5% ]9404% o2 BAEY (28 2-2-32)

a3y 2-2-32. Al 3 ¢

A& 5-59] AR Au} 95% W7k, 5% £7 BEOR WHE|QL, AR 5-72 100% W7 EE

oz FAEIG A& 6-12 9% 57, 5% &I ETo= WYEHNCH, A= 6-32 100% Ma74

s

F5oz A=Y (19 2-2-33).

a3 2-2-33. A2 5 @ AR 69] SEAEA A}
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AR 7-110) QAAEA A} 45% 491, 45% £73, D 10% 0] EEOR WAL, AR 7-13
2 95% %74, 5% w7y Zx o g BAMLQIct (1Y 2-2-34).

a3 2-2-34. A2 79 QAREA Az}

QAR SstA WMES} UBiA] ek @4o] WA= Sick @il 2AIQA] et
7] 95k ola W 2stA o AR WS AEEA] hokth (I 2-2-35. A). 8, B2l 944,
B, U AHE 27to] Sof RALEAIZ ol gste] AAT Ak, We| So BALEAO|A WS HE

>
- =
QItHO 2-2-35. A). A FH02 158700) 4 F 37| ve| 22 WA

L

O A F
ELE AT

— K2Gene

S HIS X MY 5

\l Foundation of
Agri, Tech,
—__k Commercialization &
Transfer

FU7 IS AT

[}
[
i
i
H
i
I
I
I

-

o e e

l

[T P ————-1 PEp——————

B

g o e s,

I
! a N2
aﬁpg %gﬁ;a / \ JIE0IH #E 13 .

~h—— — - ——— —— ————— "

- WEAPIIUY FUSAUA LY U BF AUE hE8Y B2 @olaolA FAA
= a a
=

= LN o =2

NetT glon], Agofoll A JiuE U SNP set @A G 24t U wh
B
[e)
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A5 va
3. A/t e] £ 23l ¥ FF SN T
1) el 7y Zal
(1) HMX A7}
1. =802 Ot MEZe JHEr 3 A st
- I HFY 3852 EZ £ZF 4t ¥ MYUA scale AEHAME MEL Vs 8% "It
- oA HIFL 359 | =3 U= HE
- I HIFY 228 2|8 A M E e 2 EZ "It
- MU FLE MEoh Mob-AHY-HHE AMME e 2 2R "ot
- YR HE 24 Y 23 HMEME Y 2% IS ES Mdst
2. =M =F =ol J)s e
- =4 70 T2 EZF0 st =X F #HI|HF TagMan OFAH L2 AL Hetst F1EH
- Ay EEE S5 slol 2 UAR A8st o7 75
- MY EBTE S0lS st EAHIZEES 0|8t EF AWM T 3 ARG AlA|
(2) MYH ATHUMT(AY Al ZHstn, ATTHLRRI S0l wat $3o| JhsEch
< MEA AFI|eMIlE >
(B2 - A, M)
ol 7HES %]
pr—— 20204 20214 A (%)
=559 S E(CHAE) 0 2 2 12.5
Sp— R _AECrs) 0 3 3 12.5
=== = (C} A &
= .7/ blsCleg [ E(EAE) 0 ! ! 0
i A (FH) 0 0 0 0
e | BEEAY) 1 1 2 12.5
Stauty
AN (FH) 1 3 4 12.5
ZleAA | SE(EAE) 1 1 2 12.5
(0] H) A (FH) 1 3 4 12.5
ez = 7 (chA ) 0 16,000 16,000 12.5
= AmEr) 1,080 9,000 10,080 8.1
o | SE(EAHYE) 4 3 7 12.5
of oH ehofx X =
AR i T 5 5 10 12.5
ﬁ;l’n;f’ oy sy EEGERED 670,000 1,480,000 2,150,000 12.5
. =T AR (ER) 2,735 234,964 258,698 1.4
REFEEE) 3 0 3 12.5
HEEE uw(ea) 3 3 6 125
olziory [ZEEDD) 0 1 1 12.5
AR (H) 0 1 1 12.5
A =2 g(chg) 670,009 1,496,009 2,166,018 100
AR (5 H) 3,825 243,982 247,807 84.5
* 1, ME7|& S5 - 7|8 X|FE: =2 [o|AAloto| Expanded(SCIE), HISCIE, @ rtimpact Factor(IF)], £&], ETOA &, o17A]|
MHH|, 7|sAUNE, MEH(CEZEYH, MH T), dYXA(MHEYE, HEXY), 2F=sH(3d, =H), stgrs, UES
S2 Usty, =2, stawx, £5(° 42 S oid| AXM2 J|X 5K Lotz ELCl
* 2 AN I EA vt X|E: 7|SAA(0|N), 7|82, AMHSHERA, M E3}, &Y, =& 18&E, 1853} FX}
FX), HE B, Z7Ie@E)E, AME Mz 2 eE, MR, FAFXIHM, ZHA odZ2Ea, MAXHCIsRE),
WEXE, QHAM(ME A7y, ATl EUAX S, FY, dF=Z 208 5), WY 9 YAetxg MAA 7|& ghd
Ef oA etAtdol o] 28, 7|5, SE(HA), IH s @, 2A 3 F=4FH JIEF A7 28 = MEHSI0] TRt
o Il EMEZ NS5 MUX|EE EJ18 £ laL|c)).
(3) ME M ARI|eM Il Es= st=E0 MENSI0] 2P SHE| SEIXIRE HE HEs|of ghch
[Z}ets M3}
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