Supplementary Table 1. Identification of QTLs used in the meta-QTL analysis of genes controlling barley malt

quality.
QTL names Traits Chr. MQTL LOD Phen_otyplc Pe_ak From To Reference Parents
score | variance position
Walker et al., .
QME-1H Malt extract 1H MQTL1.1 | 10.8 9.3 63.21 53.21 | 73.21 2013 Vlamingh x Buloke
QDP-1H Diastatic 1H | MQTLLL | 16 20 93 86 | 10007 | Emebirietal, VBY524 x ND11231*12
Power 2004
Grain protein Walker et al., .
QGP-1H content 1H MQTL1.1 | 3.03 31 19.01 0 46.51 2013 Vlamingh x Buloke
QMe.nab- Marquez-Cedillo .
Malt extract 1H MQTL1.2 3 20 124 24 22.4 Harrington x Morex
1H.1 et al., 2000
QMe.StMo- ” Wolfe Dominant x Wolfe
1H1 Malt extract 1H MQTL1.2 3 20 13 0 28 Sziics et al., 2009 Recessive
QAi':iTR' a'pgac't?\'l?g’y'ase 1H | mMoTLi2 | 3 20 13 0 28 | Szicsetal, 2000 | Woife Dé’gg;g‘i”vtex Wolfe
QDp.StMo-1H |  Diastatic 1H | MoTLi2 | 3 20 13 0 28 | Szicsetal, 2009 | \Volfe Dominant x Wolfe
Power Recessive
Qe SIMO- | Maltextract | 1H mgﬁg 3 20 22 0 87 | Szicsetal, 2009 | Voie D;:;é’;ginvtex Wolfe
QGpclﬁ IMo- | protein content | 1H mgp&g 3 20 13 0 28 | Szicsetal, 2009 | Wolfe D;er‘gé’;g‘invtex Wolfe
Qe HaMo | Maltextract | 1H mglﬂg 3 20 36 21 | 51 | Szicsetal, 2009 | \WOIfe Dominantxwolfe
QPv.NaTx-1H viscosity 1H mgl:j; 3.29 7.4 65.7 40.7 90.7 Wang et al., 2018 TX9425 x Naso Nijo
QWO{:BG' wort B-glucan 1H | MQTL1.3 | 15.33 13.92 5056 | 43.96 | 57.16 Cuetal., 2016 Navigator x Admiral
QVIS-1H viscosity 1H MQTL1.3 | 15.93 15.18 50.56 44.66 | 56.46 Cuetal., 2016 Navigator x Admiral
QAlpha-1Ha alpha-amylase 1H MQTL1.3 | 11.64 14.31 50.56 44.06 | 57.06 Cuetal., 2016 Navigator x Admiral
QAlpha-1Hb alpha-amylase 1H MQTL1.3 | 9.49 15.52 50.56 45.56 | 55.56 Cuetal., 2016 Navigator x Admiral
QSP-1Hb | soluble protein | 1H mglﬁi 9.07 10.05 5056 | 4166 | 59.46 | Cuetal,2016 Navigator x Admiral
QSP-1Ha | soluble protein | 1H mgﬁi 8.69 9.03 5056 | 40.66 | 60.46 | Cuetal,2016 Navigator x Admiral
QMe.StMo- MQTL1.3 . Wolfe Dominant x Wolfe
1H3 Malt extract 1H MQTL1.4 3 20 58 43 73 Szlics et al., 2009 Recessive
Qgbgl.1 glrjg;fs 1H | MQTL14 | 6.63 27.9 60.3 555 | 651 | Laidoetal., 2009 Nure x Tremois
Quvisl.l Wort viscosity 1H MQTL1.4 | 10.75 39.5 60.3 58.5 62.1 Laido et al., 2009 Nure x Tremois
QBgrlﬁtMo- B-glucan 1H mgllljzsl 3 20 79 14 144 Sziics et al., 2009 | Wolfe D;ggg;zinvtex Wolfe
QBgsk.StMo- | P-glucanase MQTL1.4 Sztics etal., 2009 | \yo1te pominant x Wolfe
:“_i 1 activity (kilned 1H MQTL1.5 3 20 79 14 144 Recessive
) malt) )
QS/T.1I|—|_|aMo- Sol;lr);teg;]otal 1H mgllljzsl 3 20 79 14 144 Sziics et al., 2009 | Wolfe D;g;legginvtex Wolfe
QBgsg.StMo- | beta-glucanase MQTL1.4 Szlics et al., 2009 | Wolfe Dominant x Wolfe
1H activity 1H MQTL1.5 35 161 10 9 148 Recessive
QPC-1H ProteinContent 1H MQTL1.5 | 5.77 23.3 59.9 59.8 60 Elia et al., 2010 Triumph x Morex
_ Soluble protein MQTL1.5 Marquez-Cedillo .
QS/T.nab-1H to total protein 1H MQTL1.6 3 20 72.1 62.1 82.1 etal., 2000 Harrington x Morex
QMiﬁ;’\""' Maltextract | 1H | MQTLL6 | 3 20 112 97 | 127 | szicsetal, 2009 | WOl D;e"ggs‘zi”vtex Wolfe
QMe.nab- Marquez-Cedillo .
1H.2 Malt extract 1H MQTL1.6 3 20 99.2 89.2 102.9 etal., 2000 Harrington x Morex
QMe.StMo- Malt extract 1H MQTLL.6 3 20 112 97 127 Sziics et al., 2009 | Wolfe Domma_nt x Wolfe
1H.4 Recessive
Qpcl.1 G"’(‘:'gn‘t’;ﬁte'” 1H | MQTLL6 | 573 29.1 1087 | 1041 | 1133 | Srlesetal, 2009 Nure x Tremois
QBgnm.StMo- beta-glucan Sziics et al., 2009 | Wolfe Dominant x Wolfe
1H.1 (malt) 1H MQTL1.6 3 20 112 97 127 Recessive
QFge.HaTR- Malt extract 1H MQTLL.6 3 20 112 97 127 Sziics et al., 2009 | Wolfe Domlna_nt x Wolfe
1H.1 Recessive
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beta-glucanase .
QBYSk.SIM | ctivity (kilned | 1H | MQTLL6 3 20 112 97 127 | Sziicsetal, 2009 | VWolfe Dominant x Wolfe
0-1H.2 malt) Recessive
Qgbgl.2 Grain b-glucans 1H MQTL1.6 4.48 16.9 101.1 94.1 108.1 Laido et al., 2009 Nure x Tremois
beta-glucanase Szlics et al., 2009 .
QBOS-SIM | ctivity (green | 1H | MQTLL6 3 20 112 97 127 Wolfe Dominant x Wolfe
0-1H.3 malt) Recessive
QMe.StMo Sziics et al., 2009 Wolfe Dominant x Wolfe
1H5 Malt extract 1H MQTL1.7 3 20 155 140 170 Recessive
QFge.HaT Malt extract 1H MQTLL7 3 20 142 127 157 Szlics et al., 2009 Wolfe Dominant x Wolfe
R-1H.2 Recessive
QBgnm.St beta-glucan Szlics et al., 2009 Wolfe Dominant x Wolfe
Mo-1H.2 (malt) 1H MQTL1.7 3 20 140 125 155 Recessive
QAa.StMo- alpha-gnjylase 1H MQTLL7 3 20 155 140 170 Sziics et al., 2009 Wolfe Dominant x Wolfe
1H activity Recessive
QPV'Z'ﬂ'aTX' viscosity 2H | MQTL21 | 639 15.2 439 364 | 514 | Wangetal., 2018 TX9425 x Naso Nijo
QDp.nab- . . Marquez-Cedillo .
oH Diastatic Power 2H MQTL2.1 3 20 36.5 26.5 46.5 etal., 2000 Harrington x Morex
QPc.nab- . . Marquez-Cedillo .
o1 Grain protein 2H MQTL2.1 3 20 36.5 26.5 46.5 etal., 2000 Harrington x Morex
QFv.NaTx- . . MQTL2.1 .
oH viscosity 2H MQTL2.2 7.49 184 55.6 45.6 65.6 Wang et al., 2018 TX9425 x Naso Nijo
QGpc.HaM Grain protein MQTL2.1 Szlics et al., 2009 Wolfe Dominant x Wolfe
0-2H.1 content 2H MQTL2.2 3 20 a4 29 59 Recessive
QMe.GaH MQTL2.1 Sziics et al., 2009 Wolfe Dominant x Wolfe
N-2H Malt extract 2H MQTL2.2 3 20 44 29 59 Recessive
QMe.DiMo MQTL2.1 Sziics et al., 2009 Wolfe Dominant x Wolfe
2H Malt extract 2H MQTL2.2 3 20 44 29 59 Recessive
QGpc.StM . MQTL2.1 Sziics et al., 2009 Wolfe Dominant x Wolfe
0-2H1 Protein content 2H MQTL2.2 3 20 57 42 72 Recessive
QDp.StMo- . . MQTL2.1 Sziics et al., 2009 Wolfe Dominant x Wolfe
oH Diastatic Power 2H MQTL2.2 3 20 57 42 72 Recessive
MQTL2.1 Szlics et al., 2009 .
Q?}’Z”HS;M beta-glican | 2H | MQTL2.2 3 20 63 48 78 Wolfe D;é‘g'e';;”\fe" Wolfe
: MQTL2.3
QGpc.StM Grain protein MQTL2.1 Sztics et al., 2009 Wolfe Dominant x Wolfe
0-2H.2 content 2H MQTL2.2 59 9.2 62 2 % Recessive
: MQTL2.3
. . MQTL2.2 p .
QDP-2Hb Diastatic Power 2H MQTL2.3 3.76 15.9 65.6 65.43 65.77 Elia et al., 2010 Triumph x Morex
QDP.StMo- . . MQTL2.2 . Wolfe Dominant x Wolfe
2H.3 Diastatic Power 2H MQTL2.3 3 20 73 58 88 Sziics et al., 2009 Recessive
QME-2H Malt extract 2H MQTL2.3 9.3 34.8 81.25 81.18 81.32 Elia et al., 2010 Triumph x Morex
QP-2Ha ProteinContent 2H MQTL2.3 17 53.4 81.25 81.2 81.3 Elia et al., 2010 Triumph x Morex
QDP-2Hc Diastatic Power 2H MQTL2.3 4.52 18.8 81.25 81.11 81.39 Elia et al., 2010 Triumph x Morex
QAa.StMo- alpha-amylase MQTL2.3 Sziics et al., 2009 Wolfe Dominant x Wolfe
2H.1 activity 2H MQTL2.4 4 18.9 16 0 32 Recessive
QGpCHaM | ein content | 2H | MQTL2.4 3 20 114 99 129 | Szicsetal, 2000 | Wolfe Dominant x Wolfe
0-2H.2 Recessive
QS/T.HaM Soluble/Total . Wolfe Dominant x Wolfe
0-2H protein 2H MQTL2.4 3 20 114 99 129 Sziics et al., 2009 Recessive
QPc.nab- . . Marquez-Cedillo .
2H.2 Grain protein 2H MQTL2.4 3 20 935 88.5 98.5 etal., 2000 Harrington x Morex
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QTL Traits Chr. MQTL LOD Phen_otyplc Pe_a_k From To Reference Parents
names score variance position
QS/T.nab- Soluble protein Marquez-Cedillo .
oH to total protein 2H MQTL2.4 3 20 935 83.5 103.5 etal., 2000 Harrington x Morex
gDP.3H | Diastatic Power | 3H | MQTL3.1 3 114 50.4 50.33 | 50.47 GOdd;é‘iget al, Chevallier x NFC Tipple

OME-3Ha Malt extract 3H | MQTL31 | 276 22 18.61 0 63.61 Wa";‘érlgt al., Vlamingh x Buloke

QODP-3H | Diastatic Power | 3H | MQTL3.2 23 20 212 205 | 219.07 Emegg(')jt al, VB9524 x ND11231*12
MQTL3.2 Walker et al., .

QME-3Hb Malt extract 3H MQTL3.3 3.94 3.1 130.21 98.21 162.21 2013 Vlamingh x Buloke
GBG.3H | Wortpglucan | 3H | MQTL33 3 233 1851 | 18507 | 185.13 GOdd;écl’get al, Chevallier x NFC Tipple
QME-3H Malt extract 3H | MQTL3.4 1.2 20 293 286 | 3007 Emegg(')jt al, VB9524 x ND11231*12

QBgnm.Ha beta-glucan Szlics et al., 2009 Wolfe Dominant x Wolfe
TR-3H.1 (malt) 3H MQTL34 3 20 35 20 50 Recessive

QBgnm.St beta-glucan 3H MQTL3.4 3 20 35 20 50 Sziics et al., 2009 Wolfe Dominant x Wolfe

Mo-3H (malt) Recessive

QS_%CHS;M protein content 3H mg%gg 3 20 85 70 100 Sziics et al., 2009 Wolfe D;gg;z:rvtex Wolfe
QSP-3H | soluble protein | 3H mgtgg 3.1 259 69.85 | 3585 | 10385 | Cuetal,2016 Navigator x Admiral

QDp.StMo- . . Szlics et al., 2009 Wolfe Dominant x Wolfe

3H Diastatic Power 3H MQTL3.5 3 20 155 140 170 Recessive

QAa.StMo- alpha-gn_\ylase 3H MQTL3.5 3 20 112 97 127 Sziics et al., 2009 Wolfe Dominant x Wolfe

3H activity Recessive

QGRCSM 1 otein content | 3H | MQTL35 3 20 155 140 170 | Szfesetal, 2000 | Wolfe Dominant x Wolfe

0-3H.2 Recessive

QBgnm.Ha beta-glucan Sziics et al., 2009 Wolfe Dominant x Wolfe
TR-3H.2 (malt) 3H MQTL3.5 3 20 112 97 127 Recessive

QGpc.StM Grain protein Szlics et al., 2009 Wolfe Dominant x Wolfe

0-3H content 3H MQTL3.5 3 20 112 97 127 Recessive

QS/T.DiMo SqubIe/TotaI 3H MQTL3.5 3 20 166 151 181 Sziics et al., 2009 Wolfe Domlna_nt x Wolfe

-3H protein Recessive
L MQTL3.5 Harrington x Mikamo
QVIS-3H Viscosity 3H MQTL3.6 3 13.7 124 102 146 Zhou et al., 2012 Golden
QP-3H protein content 3H MQTL3.6 3.9 16.5 109.6 109.44 109.76 Elia et al., 2010 Triumph x Morex

QDp.StMo- Diastatic Power 4H MQTL4.1 3 20 29 7 37 Szlics et al., 2009 Wolfe Dominant x Wolfe

4H Recessive

QMe.StMo Malt extract 4H MQTLA4.1 3 20 2% 11 m Sziics et al., 2009 Wolfe Dominant x Wolfe

-4H Recessive

QAa.HaMo alpha-grr)ylase 4H MQTLA4.1 3 20 2% 11 m Sziics et al., 2009 Wolfe Dominant x Wolfe

-4H activity Recessive
QBgnm.St beta-glucan 4H MQTL4.1 3 20 7 0 22 Sziics et al., 2009 Wolfe Domlna_nt x Wolfe
Mo-4H (malt) Recessive

QAa.StMo- alpha-gmylase 4H MQTL4.1 3 20 2% 1 a Szlics et al., 2009 Wolfe Domlna_nt x Wolfe

4H.1 activity Recessive

QS/T.nab- Soluble protein 4H MQTL4.1 Marquez-Cedillo .

m to total protein 3 20 304 20.4 40.4 et al., 2000 Harrington x Morex

QAa.nab- ) 4H MQTL4.1 Marquez-Cedillo .

4H a-amylase 3 20 304 20.4 404 etal., 2000 Harrington x Morex

QPc.nab- . . Marquez-Cedillo .

AH1 Grain protein 4H MQTL4.1 3 20 30.4 20.4 40.4 etal., 2000 Harrington x Morex

QGpc.HaM Grain protein 4H MQTL4.1 3 20 2% 1 a Sziics et al., 2009 Wolfe Domlna_nt x Wolfe

0-4H content Recessive

QS/T.HaM Soluble/TotaI IH MQTLA4.1 3 20 2% 11 M Szlics et al., 2009 Wolfe Domlna_nt x Wolfe

0-4H protein Recessive

QGpc.DIM . 4H MQTL4.1 Sziics et al., 2009 Wolfe Dominant x Wolfe

0-4H protein content MQTL4 2 3 20 42 27 57 Recessive
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QTL Traits Chr. MQTL LOD Phen_otyplc Pe_a_k From To Reference Parents
names score variance position
QGpc.HaT Grain protein MQTL4.1 Sziics et al., 2009 Wolfe Dominant x Wolfe
R-4H.1 content 4H MQTL4.2 3 20 42 27 57 Recessive
QBgsg.StM beta-glucanase Sziics et al., 2009 Wolfe Dominant x Wolfe
0-4H activity 4H MQTL4.2 6 226 56 43 69 Recessive
MQTL4.2 103 Cuetal., 2016
QBeta-4Ha B-amylase 4H MQTL4.3 4.56 3.08 74.21 45.21 21‘ Navigator x Admiral
MQTL4.4
MQTL4.2 100 Cuetal., 2016
QDP-4Ha Diastatic Power 4H MQTL4.3 4.83 3.34 74.21 48.21 21' Navigator x Admiral
MQTLA4.4
QPc.nab- - - MQTL4.3 109. Marquez-Cedillo et .
4H.2 Grain protein 4H MQTL4.4 3 20 99.85 89.85 85 al., 2000 Harrington x Morex
QDP-4Hc | Diastatic Power | 4H | MQTL44 | 22.28 30.74 13464 | 132.64 122 Cuetal, 2016 Navigator x Admiral
QDP-4Hb | Diastatic Power | 4H | MQTL44 | 435 49.66 13064 | 13364 | 1o | Cuetal, 2018 Navigator x Admiral
QDP-4H Diastatic Power 4H MQTL4.4 3.6 15.30 91.2 91.03 917'3 Elia et al., 2010 Triumph x Morex
QGpc.HaT Grain protein 4H MQTL4.4 3 20 81 66 % Sziics et al., 2009 Wolfe Domma_nt x Wolfe
R-4H.2 content Recessive
QBeta-4Hc p-amylase 4H | MQTL44 | 225 31 13464 | 13184 | o Cuetal, 2016 Navigator x Admiral
QBeta-4Hb p-amylase 4H | MQTL44 | 4453 50.64 13464 | 133.14 lff' Cuetal, 2016 Navigator x Admiral
QAa.StMo- alpha-amylase 4H MQTL4.4 27 15.3 81 61 101 Sziics et al., 2009 Wolfe Dominant x Wolfe
4H.2 activity ' ) ) Recessive
QFge.HaT Malt extract 5H MQTL5.1 3 20 13 0 28 Szlics et al., 2009 Wolfe Domma_nt x Wolfe
R-5H.1 Recessive
QGpc.HaT Grain protein Sziics et al., 2009 Wolfe Dominant x Wolfe
R-5H content SH MQTLS.1 3 20 0 0 75 Recessive
QGpc.StM Grain protein 5H MQTL5.2 3 20 58 43 73 Sziics et al., 2009 Wolfe Dominant x Wolfe
0-5H content ) Recessive
QS/T.DiMo Soluble/Total 5H MQTL5.2 3 20 5 30 60 Sziics et al., 2009 Wolfe Dominant x Wolfe
-5H.1 protein ) Recessive
QDp.DiMo Diastatic Power 5H MQTL5.2 3 20 45 30 60 Sziics et al., 2009 Wolfe Dominant x Wolfe
-5H Recessive
QAa.DiMo alpha-amylase Sziics et al., 2009 Wolfe Dominant x Wolfe
-5H activity 5H MQTL5.2 3 20 45 30 60 Recessive
QGpc.DIM Grain protein 5H MQTL5.2 3 20 5 30 60 Sziics et al., 2009 Wolfe Dominant x Wolfe
0-5H.1 content ) Recessive
QBgnw.Di beta-glucan (wort) 5H MQTL5.2 3 20 5 30 60 Sziics et al., 2009 Wolfe Dominant x Wolfe
Mo-5H Recessive
QMe.DiMo Malt extract 5H MQTL5.2 3 20 45 30 60 Sziics et al., 2009 Wolfe Domma_nt x Wolfe
-5H.1 Recessive
QDp.StMo- . . Sziics et al., 2009 Wolfe Dominant x Wolfe
N Diastatic Power 5H MQTL5.2 3 20 58 43 73 Recessive
QMe.DiMo Malt extract 5H MQTL5.3 3 20 92 77 107 Sziics et al., 2009 Wolfe Domlna_nt x Wolfe
-5H.2 Recessive
QAa.StMo- alpha-amylase 5H MQTL5.3 3 20 111 96 126 Sziics et al., 2009 Wolfe Dominant x Wolfe
5H.1 activity ) Recessive
QAa.HaMo alpha-amylase Sziics et al., 2009 Wolfe Dominant x Wolfe
5H activity 5H MQTL5.3 3 20 111 96 126 Recessive
QW‘;:'BG' wortB-glucan | 5H | MQTL53 | 664 6.08 12892 | 114.92 1;"22' Cuetal., 2016 Navigator x Admiral
QBgsg.StM beta-glucanase 5H MQTL5.3 6.4 23 92 79 105 Sziics et al., 2009 Wolfe Dominant x Wolfe
0-5H activity ) ) Recessive
QAa.ChHa- alpha-amylase 5H MQTL5.3 3 20 111 96 126 Sziics et al., 2009 Wolfe Dominant x Wolfe
5H activity ) Recessive
QBgsk.StM beta-glucanase Szlics et al., 2009 Wolfe Dominant x Wolfe
o-5H activity 5H MQTL5.3 5.3 20.3 92 77 107 Recessive
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QTL names Traits Chr. MQTL LOD Phen'otyplc an_k From To Reference Parents
score variance posmon
Qs/ ;HD'ZMO' SO';E(')fé iTnOta' 5H | MQTL5.3 | 3 20 111 9% 126 | Seilesetal 2009 | \y i Dominant x Wolfe Recessive
QAa.StMo-5H | alpha-amylase 5H MQTL5.3 | 5.2 22.7 111 98 124 Sziics et al., 2009 | Wolfe Dominant x Wolfe Recessive
QAa.HaTR-5H a'pr;i't?\'l?g’;ase 5H | MQTL5.3 | 3 20 111 96 126 | Seitesetal 2009 | \yoite pominant x Wolfe Recessive
QGP‘;:""MO' fz’(r)(r’]tt‘é'n”t 5H | MOTL53 | 3 20 92 77 107 | Settesetal, 2009 | \y i Dominant x Wolfe Recessive
.. MQTL5.3 . .
QVIS-5H viscosity 5H MQTL5.4 5.8 5.33 130.04 | 114.04 | 146.04 Cuetal., 2016 Navigator x Admiral
QB FiaTR: beté’n'qg;ﬁ)ca” 5H | MQTL54 | 3 20 159 144 | 179 | Srlesetal, 2009 | \yo e pominant x Wolfe Recessive
QEv.HaTR-5H V'izsxctézictty 5H | MQTL5.4 | 3 20 159 144 179 | S#lesetal, 2009 | \\oiee pominant x Wolfe Recessive
QGP;HDZ'MO' Eg‘r)]ttz'n”t 5H mg%gg 3 20 177 162 192 | Selesetal 2009 | \yoie pominant x Wolfe Recessive
Harring-
QME-5Hb Malt extract 5H MQTL5.5 | 15.8 53.6 137 132 142 Zhou et al., 2012 ton x Mikamo Golden
Harring-
QME-5Hc Malt extract 5H MQTL5.5 | 15.2 52.1 145 140 150 Zhou et al., 2012 ton x Mikamo Golden
QMe.DiMo- | 1ot extract | 5H | MQTLSS5 | 3 20 218 203 | 233 | Szicsetal,2009 | Wolfe Dominant x Wolfe Recessive
5H.3
VISO. ort VISCOSIty . . . . aido et al., ure X Iremois
Quis5.1 Wort viscosi 5H | MQTL55 | 4.55 24.3 1375 132 143 | Laido etal., 2009 Nure x Tremoi
Harring-
QME-5Ha Malt extract 5H | MQTL5.5 | 9.1 35.7 145 137 153 | Zhouetal., 2012 ton x Mikamo Golden
Diastatic MQTL5.5 Harring-
QDP-5H Power 5H | moTies | 34 15 157 137 177 | Zhouetal., 2012 ton x Mikamo Golden
- alt extract . . A X
OME-6H Mal 6H | MQTL6.1 | 19 20 172 165 | 179.07 Emeg'&')jt al, VBY524 x ND11231*12
QMe.StMo-6H Malt extract 6H MQTL6.2 3 20 3 0 18 Sziics et al.,, 2009 | Wolfe Dominant x Wolfe Recessive
Diastatic Emebiri et al., -
QDP-6H Power 6H | MQTL6.3 | 3.7 20 242 235 | 249.07 2004 VB9524 x ND11231*12
QAa.StMo-6H alpgi;?\?%/' ase 6H mg$tgi 3 20 68 53 83 Szlics etal., 2009 Wolfe Dominant x Wolfe Recessive
Diastatic MQTL6.3 Sziics et al., 2009 . -
QDp.StMo-6H Power 6H MQTL6.4 3 20 86 71 101 Wolfe Dominant x Wolfe Recessive
. . MQTL6.3 Harring-
QVIS-6H viscosity 6H | MoTLea | 35 15.8 49 30 68 Zhou et al., 2012 1o x Mikamo Golden
QAa.HaTR-6H a'pgi'tm’y'ase 6H mgp[gi 3 20 105 o0 | 120 | Seliesetal2009 1y e pominant x Wolfe Recessive
Diastatic MQTL6.3 Sziics et al., 2009 . .
QDp.HaTR-6H Power 6H MQTL6.4 3 20 105 90 120 Wolfe Dominant x Wolfe Recessive
QEv.HaTR-6H inEsXctcl;z?tty 6H mgtgj 3 20 105 90 120 Szics etal., 2009 Wolfe Dominant x Wolfe Recessive
QAa.ChHa-6H a'p';i't?\fi‘ty;ase 6H mg%gi 3 20 105 90 10 | Sriesetal 2009 | \yoie pominant x Wolfe Recessive
QBG-6Ha Beta-glucan | 6H mgp[gi 3 13.8 45 24 66 | Zhouetal,2012 Harrington x Mikamo Golden
QBG-6Hb Beta-glucan 6H mg$tgi 3.9 17.2 45 28 62 Zhou et al., 2012 Harrington x Mikamo Golden
QWort-BG-6H | wort p-glucan | 6H mgtgi 5.68 6.63 923 | 793 | 1053 | Cuetal, 2016 Navigator x Admiral
Qpc6.1 Greggnpt’gﬁte'” 6H | MQTL6.4 | 3.94 18.7 1179 | 1109 | 1249 | Laido etal., 2009 Nure x Tremois
QAlpha-6H alpha-amylase 6H MQTL6.4 | 5.21 5.64 113.64 98.64 128.65 Cuetal., 2016 Navigator x Admiral
QVIS-7Hc viscosity 7H MQTL7.1 | 8.02 9.49 18.48 9.08 27.88 Cuetal., 2016 Navigator x Admiral
QSP-7Hb Zc;:;g's 7H | MQTL71 | 543 6.07 341 0 1741 | Cuetal, 2016 Navigator x Admiral
QDP-7Ha e | ™ otz | 3 20 11 | 033 | 167 | Hanetal, 2004 Steptoe x Morex
QWort-BG- . .
wort B-glucan 7H MQTL7.2 | 5.13 5.87 72.14 57.14 87.14 Cuetal., 2016 Navigator x Admiral

7Hb
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QTL names Traits Chr. MQTL LOD Phen_otyplc Pga_k From To Reference Parents
score variance pOSItIOn
QWort-BG-7Hb wort B-glucan 7H MQTL7.2 5.13 5.87 72.14 57.14 87.14 Cuetal., 2016 Navigator x Admiral
QWort-BG-7Hc wort B-glucan 7H MQTL7.2 4.64 7.49 52.35 41.35 63.35 Cuetal., 2016 Navigator x Admiral
QVIS-7Hd viscosity 7H MQTL7.2 | 1441 15.05 68.03 62.13 73.93 Cuetal., 2016 Navigator x Admiral
QD?S%MO' Diastatic Power 7H MQTL7.2 3 20 60 45 75 Szlics et al., 2009 Wolfe Dominant x Wolfe Recessive
QPc.nab-7H Grain protein TH | MQTL7.2 | 3 20 69.25 50.25 | 79.25 Marqgfz'z%%(g"o et Harrington x Morex
QA?ﬁta'\Ao' a'pgi't?ci‘é'ase 7H | MQTL7.2 | 3 20 60 45 75 Sziics et al., 2009 Wolfe Dominant x Wolfe Recessive
QSP-7Ha soluble protein 7H MQTL7.2 | 11.64 14.37 62.8 56.6 69 Cuetal., 2016 Navigator x Admiral
QBgr;T"?tMO' bet(an'gﬁ)ca” 7H | MQTL7.2 | 3 20 60 45 75 Sziics et al., 2009 Wolfe Dominant x Wolfe Recessive
QDp.nab-7H.1 | Diastatic Power | 7H | MQTL72 | 3 20 69.25 5925 | 79.25 Marqgfz'z%%(g"o et Harrington x Morex
QVIS-7THb viscosity 7H MQTL7.2 5.26 6.05 72.14 58.14 86.14 Cuetal., 2016 Navigator x Admiral
Qngﬂ'gtMo' bet("“r;gl‘:)can 7H | MOTL7.2 | 3 20 60 45 75 Sziics et al., 2009 Wolfe Dominant x Wolfe Recessive
QWort-BG-7Ha wort B-glucan 7H MQTL7.2 7.8 9.09 40.76 31.76 49.76 Cuetal., 2016 Navigator x Admiral
QBgsk.StMo- beta-glucanase
g7H 5 activity (kilned 7H MQTL7.2 3 20 60 45 75 Sziics et al., 2009 Wolfe Dominant x Wolfe Recessive
) malt)
QVIS-7THa viscosity 7H MQTL7.2 5.43 6.31 40.76 26.76 54.76 Cuetal.,, 2016 Navigator x Admiral
QBgsk.StMo- beta-glucanase
gm 1 activity (kilned H MQTL7.2 3 20 60 45 75 Sziics et al., 2009 Wolfe Dominant x Wolfe Recessive
) malt)
QSP-7Hc soluble protein 7H MQTL7.2 | 10.87 1241 66.16 59.16 73.16 Cuetal., 2016 Navigator x Admiral
QGP‘;:“MO' proteincontent | 7H | MQTL7.2 | 3 20 91 76 106 Sziics et al., 2009 Wolfe Dominant x Wolfe Recessive
QS/THaTR-7H SO';:’;Z ;Ota' 7TH | MQTL7.2 | 3 20 60 45 75 Széics etal., 2009 |  Wolfe Dominant x Wolfe Recessive
QEv.HaTR-7H VIiESXCt(;?i:tty H MQTL7.2 3 20 73 58 88 Szlics et al., 2009 Wolfe Dominant x Wolfe Recessive
QDP-7Hb | Diastatic Power | 7H mggg 3 20 158 | 1513 | 1647 | Hanetal,2004 Steptoe x Morex
QBG-7Hb WortB-glucan 7H mgigg 3 20 16.8 16.03 17.37 Han et al., 2004 Steptoe x Morex
QAA-7Hb alpha-amylase H mgigg 3 20 18.1 17.43 18.77 Han et al., 2004 Steptoe x Morex
] MQTL7.2
QME-7H Malt extract H MQTL7.3 3 20 19.81 19.13 20.47 Han et al., 2004 Steptoe x Morex
QAlpha-7TH | alpha-amylase | 7H mggg 392 402 9159 | 6959 | 11359 | Cuetal, 2016 Navigator x Admiral
QGpc.DiMo-7H G'i'(’;‘n'i’gﬁte'" 7H | MQTL7.3 | 3 20 120 105 135 Sziics et al., 2009 Wolfe Dominant x Wolfe Recessive
-7THa protein content . . . . . . faetal., riumph x Morex
QP-7H i 7H | MQTL7.3 | 345 14.95 4935 | 4917 | 4953 Elfa et al., 2010 Triumph x M
QME-7Hc Malt extract 7H mgpl:;i 2.57 4 137.31 113.31 161.31 | Walker etal., 2013 Vlamingh x Buloke
QDp.HaTR-7H Diastatic Power TH mgpl:;i 3 20 150 135 165 Sziics et al., 2009 Wolfe Dominant x Wolfe Recessive
QME-7Hd Malt extract 7H mgpl:;i 2.74 53 14821 | 13021 | 16621 | Walkeretal, 2013 Vlamingh x Buloke
QME-7Hb Malt extract 7H mgpl:;i 5.02 4 17231 | 14831 | 19631 | Walkeretal, 2013 Vlamingh x Buloke
QGP-7He G”‘ggni;‘r’fte'” 7H | MQTL7.4 | 804 9.8 18261 | 17211 | 19311 | Walkeretal, 2013 Vlamingh x Buloke
QGP-7Hc G”‘ggni;‘r’fte'” 7TH | MQTL7.4 | 9.48 118 16321 | 15521 | 17121 | Walkeretal, 2013 Vlamingh x Buloke
QGP-7Hd Grain Protein 7H | MQTL7.4 | 10.96 17 16821 | 16021 | 17621 | Walkeretal, 2013 Viamingh x Buloke

Content




Supplementary Table 2. Number of major QTLs and QTLs for MQTLs of genes controlling barley malt quality.

No. of
Meta-QTL original | QTLs
QTLs
MQTL1.1 3 QME-1H; QDP-1H; QGP-1H;
MQTL1.2 8 QMe.nab-1H.1; QMe.StMo-1H.1; QAa.HaTR-1H.1; QDp.StMo-1H; QMe.StMo-
' 1H.2; QGpc.DiMo-1H; QMe.HaMo-1H.1; QPv.NaTx-1H
MQTL1.3 1 QMe.StMo-1H.2; QGpc.DiMo-1H; QMe.HaMo-1H.1; QPv.NaTx-1H; QWort-BG-
' 1H; QVIS-1H; QAlpha-1Ha; QAlpha-1Hb; QSP-1Hb; QSP-1Ha; QMe.StMo-1H.3
MQTL1.4 9 QSP-1Hb; QSP-1Ha; QMe.StMo-1H.3; Qgbgl.1; Qvisl.l; QBgn.StMo-1H;
' QBgsk.StMo-1H.1; QS/T.HaMo-1H; QBgsg.StMo-1H
MQTLL5 6 QBgn.StMo-1H; QBgsk.StMo-1H.1; QS/T.HaMo-1H; QBgsg.StMo-1H; QPC-1H;
' QS/T.nab-1H
QS/T.nab-1H; QMe.HaMo-1H.2; QMe.nab-1H.2; QMe.StMo-1H.4; Qpcl.1;
MQTL1.6 10 QBgnm.StMo-1H.1; QFge.HaTR-1H.1; QBgsk.StMo-1H.2; Qgbgl.2; QBgsg.StMo-
1H.3
MQTL1.7 4 QMe.StMo-1H.5; QFge.HaTR-1H.2; QBgnm.StMo-1H.2; QAa.StMo-1H
QPv.NaTx-2H; QDp.nab-2H; QPc.nab-2H.1; QFv.NaTx-2H; QGpc.HaMo-2H.1;
MQTL2.1 11 QMe.GaHN-2H; QMe.DiMo-2H; QGpc.StMo-2H.1; QDp.StMo-2H; QBgn.StMo-
2H.2; QGpc.StMo-2H.2
QFv.NaTx-2H; QGpc.HaMo-2H.1; QMe.GaHN-2H; QMe.DiMo-2H; QGpc.StMo-
MQTL2.2 10 2H.1; QDp.StMo-2H; QBgn.StMo-2H.2; QGpc.StMo-2H.2; QDP-2Hb; QDP.StMo-
2H.3
MQTL2.3 8 QBgn.StMo-2H.2; QGpc.StMo-2H.2; QDP-2Hb; QDP.StMo-2H.3; QME-2H; QP-
' 2Ha; QDP-2Hc; QAa.StMo-2H.1
MQTL2.4 6 QAa.StMo-2H.1; QGpc.HaMo-2H.2; QS/T.HaMo-2H; QPc.nab-2H.2; QGpc.StMo-
' 2H.3; QS/T.nab-2H
MQTL3.1 2 gDP.3H; QME-3Ha
MQTL3.2 2 QDP-3H; QME-3Hb
MQTL3.3 2 QME-3Hb; gBG.3H
MQTL3.4 5 QME-3H; QBgnm.HaTR-3H.1; QBgnm.StMo-3H; QGpc.StMo-3H.1; QSP-3H
MQTL35 9 QGpc.StMo-3H.1; QSP-3H; QDp.StMo-3H; QAa.StMo-3H; QGpc.StMo-3H.2;

QBgnm.HaTR-3H.2; QGpc.StMo-3H; QS/T.DiMo-3H; QVIS-3H




Supplementary Table 2 continued

No. of
Meta-QTL original | QTLs
QTLs
MQTL3.6 2 QVIS-3H; QP-3H
QDp.StMo-4H; QMe.StMo-4H;  QAa.HaMo-4H;  QBgnm.StMo-4H;
MQTL4.1 12 QAa.StMo-4H.1; QS/T.nab-4H; QAa.nab-4H; QPc.nab-4H.1; QGpc.HaMo-
4H; QS/T.HaMo-4H; QGpc.DiMo-4H; QGpc.HaTR-4H.1
MQTL4.2 5 4Q|_?apc.D|Mo-4H; QGpc.HaTR-4H.1; QBgsg.StMo-4H; QBeta-4Ha; QDP-
MQTL4.3 3 QBeta-4Ha; QDP-4Ha; QPc.nab-4H.2
MQTL4.4 10 QBeta-4Ha; QDP-4Ha; QPc.nab-4H.2; QDP-4Hc; QDP-4Hb; QDP-4H;
' QGpc.HaTR-4H.2; QBeta-4Hc; QBeta-4Hb; QAa.StMo-4H.2
MQTL5.1 2 QFge.HaTR-5H.1; QGpc.HaTR-5H
MQTL5.2 8 QGpc.StMo-5H;  QS/T.DiMo-5H.1; QDp.DiMo-5H; QAa.DiMo-5H;
' QGpc.DiMo-5H.1; QBghw.DiMo-5H; QMe.DiMo-5H.1; QDp.StMo-5H
QMe.DiMo-5H.2; QAa.StMo-5H.1; QAa.HaMo-5H; QWort-BG-5H;
MQTL5.3 12 QBgsg.StMo-5H; QAa.ChHa-5H; QBgsk.StMo-5H; QS/T.DiMo-5H.2;
QAa.StMo-5H; QAa.HaTR-5H; QGpc.HaMo-5H; QVIS-5H
MQTL5.4 4 QVIS-5H; QBgnm.HaTR-5H.1; QEv.HaTR-5H; QGpc.DiMo-5H.2
QGpc.DiMo-5H.2; QME-5Hb; QME-5Hc; QMe.DiMo-5H.3; Qvis5.1;
MQTLS.5 ! QME-5Ha; QDP-5H
MQTL5.6 1 QDP-5H
MQTL6.1 1 QME-6H
MQTL6.2 1 QMe.StMo-6H
QDP-6H; QAa.StMo-6H; QDp.StMo-6H; QVIS-6H; QAa.HaTR-6H;
MQTL6.3 11 QDp.HaTR-6H; QEv.HaTR-6H; QAa.ChHa-6H; QBG-6Ha; QBG-6Hb;
QWort-BG-6H
QAa.StMo-6H; QDp.StMo-6H; QVIS-6H; QAa.HaTR-6H; QDp.HaTR-6H;
MQTL6.4 12 QEv.HaTR-6H; QAa.ChHa-6H; QBG-6Ha; QBG-6Hb; QWort-BG-6H;

Qpc6.1; QAlpha-6H




Supplementary Table 2 continued

No. of
Meta-QTL original QTLs
QTLs
MQTL7.1 3 QVIS-7Hc; QSP-7Hb; QDP-7Ha
QDP-7Ha; QWort-BG-7Hb;  QWort-BG-7Hc;  QVIS-7Hd;
QDp.StMo-7H.3;  QPc.nab-7H; QAa.StMo-7H.3; QSP-7Ha;
QBgnm.StMo-7H.1; QDp.nab-7H.1; QVIS-7Hb; QBgnm.StMo-
MQTL7.2 25 TH.2; QWort-BG-7Ha,; QBgsk.StMo-7H.2; QVIS-7THg;
QBgsk.StMo-7H.1; QSP-7Hc; QGpc.HaMo-7H; QS/T.HaTR-7H;
QEv.HaTR-7H; QDP-7Hb; QBG-7Hb; QAA-7Hb; QME-7H;
QAlpha-7H
QDP-7Hb; QBG-7Hb; QAA-7Hb; QME-7H; QAlpha-7H;
MQTL7.3 11 QGpc.DiMo-7H; QP-7Ha; QME-7Hc; QDp.HaTR-7H; QME-7Hd;
QME-7Hb
QME-7Hc; QDp.HaTR-7H; QME-7Hd; QME-7Hb; QGP-7He;
MQTL7.4 / QGP-7Hc; QGP-7Hd




Supplementary Table 3. MQTL, chromosome number, flanking and nearby markers, and number of QTLs, studies,
and populations in MQTLs of genes controlling barley malt quality.

MQTL

Number

Number

MQTL Chr. Flanking marker '\ggt-:-ol?m confidence Closest marker of initial of N(;JTJ?:;;OO;S
p interval (cM) QTLs studies pop
XP13MB50-115(35)-
MQTLLL | 1H | 1.0764(82.64)-2_1000(938) | 88.47 82.84-94.1 oLy 3 2 2
1 0764(82.64)-2_1000(93.8) XP13M50-115(85)-
MQTLLL | 1H 88.47 82.84-94.1 RIE)
1 0764(82.64)-2_1000(93.8) ] XP13M50-115(85)-
MQTLLL | 1H 88.47 82.84 - 94.1 RE)
P15MA47-314(164.49)- ] XpT4mA9B251 (170 5)-
MQTLL2 | 1H T ousALeT) 17055 | 164.45 - 176.65 epi(17003) 8 3 3
P15M47-314(164.49)- ] XpT4mA9B251(170 5)-
MQTLL2 | 1H  oeAreT) 17055 | 164.45- 176.65 ni(rons)
P15MA47-314(164.49)- ] Xpl4mA9B251 (170 5)-
MQTLL2 | 1H oo, 17055 | 164.45- 176.65 oniir003)
P15M47-314(164.49)- ] Xpl4mA9B251(170 5)-
MQTLL2 | 1H T 17055 | 164.45 - 176.65 opiia0a3)
P15MA47-314(164.49)- ] XpT4mA9B251 (170 5)-
MQTLL2 | 1H oo ) 17055 | 164.45 - 176.65 pi(i7003)
P15M47-314(164.49)- ] XpT4mA9B251 (170 5)-
MQTLL2 | 1H  oearen) 17055 | 164.45- 176.65 ooi(aons)
P15MA47-314(164.49)- ] XpT4mA9B251 (170 5)-
MQTLL2 | 1H oo, 17055 | 164.45- 176.65 oniir003)
P15MA47-314(164.49)- ] XpT4mA9B251(170 5)-
MQTLL2 | 1H oo, 17055 | 164.45 - 176.65 pii7003)
417979D1(193.96)- 196.605 - 3263-2865(199.2)- EA2M51-
MQTLL3 | 1H E39M62-225(201.6) 199.23 201.855 243(199.31) 1 3 8
MoTLLs | 1H 417979D1(193.96)- 19923 196.605 - 3263-2865(199.2)- EA2MB1-
: E39M62-225(201.6) 201.855 243(199.31)
MoTLLs | 1H 417979D1(193.96)- 19923 196.605 - 3263-2865(199.2)- E42M51-
: E39M62-225(201.6) 201.855 243(199.31)
e 417979D1(193.96)- 199.23 196.605 - 3263-2865(199.2)- E42M51-
: E39M62-225(201.6) 201.855 243(199.31)
MOTLLZ | 1H 417979D1(193.96)- 19923 196.605 - 3263-2865(199.2)- EA2MB1- 0 5 ;
E39M62-225(201.6) 201.855 243(199.31)
MOTLLZ | 1H 417979D1(193.96)- 19923 196.605 - 3263-2865(199.2)- EA2MB1-
E39M62-225(201.6) 201.855 243(199.31)
MQTLL3 | 1H 417979D1(193.96)- 199.23 196.605 - 3263-2865(199.2)- E42M51-
E39M62-225(201.6) 201.855 243(199.31)
MQTLL3 | 1H 417979D1(193.96)- 199.23 196.605 - 3263-2865(199.2)- E42M51-
E39M62-225(201.6) 201.855 243(199.31)
MOTLLZ | 1H 417979D1(193.96)- 19923 196.605 - 3263-2865(199.2)- EA2MB1-
E39M62-225(201.6) 201.855 243(199.31)
MOTLLZ | 1H 417979D1(193.96)- 19923 196.605 - 3263-2865(199.2)- EA2MB1-
E39M62-225(201.6) 201.855 243(199.31)
MQTLL3 | 1H 417979D1(193.96)- 199.23 196.605 - 3263-2865(199.2)- E42M51-
E39M62-225(201.6) 201.855 243(199.31)
MQTLL4 | 1H | P15M53-165(208.98)- bPb- ] ISSR16-9 (210.52)-
7609(212.22) 21054 | 208.86-212.22 Xp11m61A238(210.68) 9 8 8
MQTLL4 | 1H | P15M53-165(208.98) bPb- ] ISSR16-9 (210.52)-
7609(212.22) 21054 | 208.86-212.22 Xpl1m61A238(210.68)
MQTLL4 | 1H | P15M53-165(208.98)- bPb- ] ISSR16-9 (210.52)-
7609(212.22) 21054 | 208.86-212.22 Xp11m61A238(210.68)
MQTLL4 | 1H | P15M53-165(208.98)- bPb- ] ISSR16-9 (210.52)-
7609(212.22) 21054 | 208.86-212.22 Xp11m61A238(210.68)
MQTLL4 | 1H | P15M53-165(208.98)- bPb- ] ISSR16-9 (210.52)-
7609(212.22) 21054 | 208.86-212.22 Xp11m61A238(210.68)
MQTLL4 | 1H | P15M53-165(208.98) bPb- ] ISSR16-9 (210.52)-
7609(212.22) 21054 | 208.86-212.22 Xp11m61A238(210.68)
MQTLL4 | 1H | P15M53-165(208.98)- bPb- ] ISSR16-9 (210.52)-
7609(212.22) 21054 | 208.86-212.22 Xp11m61A238(210.68)
MQTLL4 | 1H | PI5M53-165(208.98)- bPb- ] ISSR16-0 (21052)-
7600(212.22) 21054 | 20886 -212.22 | 1111061 A238(210.68)




Supplementary Table 3 continued

. MQTL MQTL confidence Closest marker Number of Number of | Number of
MQTL Chr Flanking marker position interval (cM) initial QTLs studies populations
P15M53-165(208.98)- bPb- ] ISSR16-9 (210.52)-

MQTLL.4 1H 7600(212.22) 210.54 208.86 - 212.22 XpLIMBLA238(220.66) 9 3 3
mQrirs | M Bmaggi(;ggggégg- bPb- 232.3 225.22 - 239.38 Ecaﬁﬁlgfs(ééla'gﬁi) 6 3 3
MQTLL5 H Bmag0105(225.15)- bPb- 2323 22522 - 239.38 CAAT5-D(231.97)-

8477(239.39) : E38M48-250(232.41)
MQTLL5 H Bmag0105(225.15)- bPb- 2323 22522 - 239.38 CAAT5-D(231.97)-

8477(239.39) : E38M48-250(232.41)
MQTLL5 H Bmag0105(225.15)- bPb- 2323 22522 - 239.38 CAAT5-D(231.97)-

8477(239.39) ' E38M48-250(232.41)
MQTLL5 H Bmag0105(225.15)- bPb- 2323 225.22 - 239.38 CAAT5-D(231.97)-

8477(239.39) : E38M48-250(232.41)
MQTLL5 H Bmag0105(225.15)- bPb- 2323 22522 - 239.38 CAAT5-D(231.97)-

8477(239.39) ' E38M48-250(232.41)
mQTLie | M E39'Vi'géj(gg§2.25)1'og)' 254.09 251 - 257.18 bHngrllocgl((zz\sSs‘lggg) 10 3 3
RTE | T | EWMLSGIT | i | s | WSmED
RTE | T | EWMLSEIT | i | s | WSmED
RIS | | SRS |y | e | WS
R | | ST | | e | e
RTE | T | EWMLSEIT | | s | WSmED
R | T | EMLSEIT | i | s | WSmEm
RS | | SRS |y | | WS
R || ST | | mowa | WRWES | o | 1 | s
RTE | T | EWMLSGIT | i | o | WSmED

H E38M62-300(291.49)- POPA2_0383(297.78)-

MQTLL.7 bpA55(306.016) 298.7 291.385 - 306.015 POPAG 0803(200.78) 4 1 1
MQTLL7 H E38M62-300(291.49)- 2987 291.385 - 306.015 POPA2_0383(297.78)-

bp455(306.016) ' POPA3_0803(299.78)
MQTLL7 H E38M62-300(291.49)- 2987 291.385 - 306.015 POPA2_0383(297.78)-

bp455(306.016) : POPA3_0803(299.78)
MQTLL7 H E38M62-300(291.49)- 2987 291.385 - 306.015 POPA2_0383(297.78)-

bp455(306.016) : POPA3_0803(299.78)
mQrie1 | 2H ABCleQ(ég'_g?)' 1447- 34.74 30.85 - 39.295 Gﬁ%é%ﬁ%fgé‘gg%) 1 3 3
R | B | ARSI | s | e | S
i Ml M TN I W
i Ml M N I W
R | W | ARSI |y | oo | it
M T R
i Ml M N I I
i Ml M R TN I W
MQTL2.1 2H ABCI56A(30.778)- 1447- ] GBM1214 (34.665)-

464(39.231) 34.74 30.85-39.295 MWG858(35.007)




Supplementary Table 3 continued

MOTL
MQTL Chr. Flanking marker MQTL confidence Closest marker _N_u_mber of Numbgr of Numbe!’ of
position . initial QTLs studies populations
interval (cM)
MQTL21 | 2H | ABCLS6A(30.778)- 1447- ] GBM1214 (34.665)-
464(39.231) 34.74 | 3085-39295 MWG858(35.007) 1 8 8
MQTL21 | 2H | ABCL56A(30.778)- 1447- ] GBM1214 (34.665)-
464(39.231) 34.74 | 3085-39295 MWG858(35.007)
2H | 1341-841(47.543)- bPb- ] bPt-6333(52.672)- bPL-
MQTL2.2 Se7s 0 800 5333 | 47.145-59.515 00 00 10 3 3
MQTL22 | 2H | 1341-841(47.543)- bPb- ] bPt-6333(52.672)- bPL-
3575(59.693) 5333 | 47.145-59.515 9839(53.923)
MQTL2.2 | 2H | 1341-841(47.543)- bPb- ] bPt-6333(52.672)- bPL-
3575(59.693) 5333 | 47.145-59.515 9839(53.923)
MQTL2.2 | 2H | 1341-841(47.543)- bPb- ] bPt-6333(52.672)- bPL-
3575(59.693) 5333 | 47.145-59.515 9839(53.923)
MQTL22 | 2H | 1341-841(47.543)- bPb- ] bPt-6333(52.672)- bPL-
3575(59.693) 5333 | 47.145-59.515 9839(53.923)
MQTL22 | 2H | 1341-841(47.543)- bPb- ] bPt-6333(52.672)- bPL-
3575(59.693) 5333 | 47.145-59.515 9839(53.923)
MQTL2.2 | 2H | 1341-841(47.543)- bPb- ] bPt-6333(52.672)- bPL-
3575(59.693) 5333 | 47.145-59.515 9839(53.923)
MQTL2.2 | 2H | 1341-841(47.543)- bPb- ] bPt-6333(52.672)- bPL-
3575(59.693) 5333 | 47.145-59.515 9839(53.923)
MQTL2.2 | 2H | 1341-841(47.543)- bPb- ] bPt-6333(52.672)- bPL-
3575(59.693) 5333 | 47.145-59.515 9839(53.923)
MQTL22 | 2H | 1341-841(47.543)- bPb- ] bPt-6333(52.672)- bPL-
3575(59.693) 5333 | 47.145-59.515 9839(53.923)
2H | GMS3(72.348)- Ipbs2240- ] Bmac0273C(77.876)-
MQTL2.3 o008 788 | 7245083215 | CpecfITUIOS 8 2 2
MQTL23 | 2H | GMS3(72.348)- Ipbs2240- ] Bmac0273C(77.876)-
3(83.988) 7788 | 72454-83215 | Tgi000711(79.143)
MQTL23 | 2H | GMS3(72.348)- Ipbs2240- ] Bmac0273C(77.876)-
3(83.988) 7788 | 72454-83215 | pna00711(79.143)
MQTL23 | 2H | GMS3(72.348)- Ipbs2240- ] Bmac0273C(77.876)-
Sios o8] 7788 | 7245-83215 | CpRetITUn T 8 2 2
MQTL23 | 2H | GMS3(72.348)- Ipbs2240- ] Bmac0273C(77.876)-
3(83.988) 7788 | 72454-83215 | pia00711(79.143)
MQTL23 | 2H | GMS3(72.348)- Ipbs2240- ] Bmac0273C(77.876)-
3(83.988) 7788 | 72454-83215 | Tgi000711(79.143)
MQTL23 | 2H | GMS3(72.348)- Ipbs2240- ] Bmac0273C(77.876)-
3(83.988) 7788 | 72454-83215 | pna00711(79.143)
MQTL23 | 2H | GMS3(72.348)- Ipbs2240- ] Bmac0273C(77.876)-
3(83.988) 7788 | 72454-83215 | pi000711(79.143)
2H | bPL-8737(103.669)- bPb- 103.125- bPb-6822(105.080)-
MQTL2.4 8274(107.285) 105.15 107.175 bPb-3769(105.437) 6 2 2
MQTL24 | 2H | bPLB737(103669)-bPb- | oo - 103.125- bPb-6822(105.080)-
8274(107.285) : 107175 bPb-3769(105.437)
MQTLZ4 | 2H | bPLB737(103.669)-bPb- | oo - 103.125- bPb-6822(105.080)-
8274(107.285) : 107.175 bPb-3769(105.437)
MQTLZ4 | 2H | bPLB737(103.669)-bPb- | ;oo - 103.125- bPb-6822(105.080)-
8274(107.285) : 107175 bPb-3769(105.437)
MQTLZ4 | 2H | bPLB737(103.669)-bPb- | oo - 103.125- bPb-6822(105.080)-
8274(107.285) : 107175 bPb-3769(105.437)
MQTL24 | 2H | bPLB737(103669)-bPb- | oo - 103.125- bPb-6822(105.080)-
8274(107.285) : 107.175 bPb-3769(105.437)




Supplementary Table 3 continued

. MQTL MQTL confidence Closest marker Number of Number of Number of

MQTL chr. Flanking marker position interval(cM) initial QTLs studies populations
MOTLS. 2 0552(74.05)- ] 42749(81.06)-

1 3H 57927(88.36) 811 74.185-88.015 1567966(81.36) 2 2 2
MOTLS. 2_0552(74.05)- ] 42749(81.06)-

1 8H 57927(38.36) 811 74.185 - 88.015 1567966(81.36)
MQTL3. | 3H | SCRI_RS 76971(192.33)- SCRI_RS_153148(199.12)

2 274760(206.66) 19924 | 192.355-206.125 Z60362(199.66) 2 2 2
MQTL3. | 3H | SCRI_RS 76971(192.33)- ] SCRI_RS_153148(199.12)

2 274760(206.66) 199.24 192.355 - 206.125 Z60362(199.66)
— SCRI_RS_185339 BOPAL_3787-

G| 212.71)- 216.04 213.04 - 219.04 1223(215.38)- 2 2 2

basd22i04(219.24) 2555870(216.06)

— SCRI_RS_185339 BOPAL_3787-

12| 212.71)- 216.04 213.04 - 219.04 1223(215.38)-

basd22i04(219.24) 2555870(216.06)

MQTL3. | 3H GBMSA46(271.44)- ] E38M50-102(277.41)-

4 E40M61-252(283.46) 27142 271.395 - 283.445 BG368719(277.43) 5 3 8
MQTL3. | 3H GBMSA46(271.44)- ] E38M50-102(277.41)-

4 E40M61-252(283.46) 27142 271.395 - 283.445 BG368719(277.43)
MQTL3. | 3H GBMSA46(271.44)- E38M50-102(277.41)-

4 E40M61-252(283.46) 27742 | 271.395- 283445 BG368719(277.43)
MQTL3. | 3H GBMSA46(271.44)- ] E38M50-102(277.41)-

4 E40M61-252(283.46) 27742 | 271.395-283445 BG368719(277.43)
MQTL3. | 3H GBMSA46(271.44)- ] E38M50-102(277.41)-

4 E40M61-252(283.46) 27142 271.395 - 283.445 BG368719(277.43)
MQTL3. | 3H | bPt-4750(3LL59)- bPb- ] 6871-945(317.05)- bPb-

. 2370 31748 | 311.665-323.295 15831740 9 3 3
MQTL3. | 3H | bPt-4750(3LL59)- bPb- ] 6871-945(317.05)- bPb-

5 6228(323.42) 81748 | 311.665-323.295 1183(317.49)
MQTL3. | 3H | bPt-4750(3L159)- bPb- ] 6871-045(317.05)- bPb-

5 6228(323.42) 31748 | 311665-323.295 1183(317.49)
MQTL3. | 3H | bPt-4750(31L59)- bPb- ] 6871-945(317.05)- bPb-

5 6228(323.42) 817.48 | 311.665-323.295 1183(317.49)
MQTL3. | 3H | bPt-4750(31L59)- bPb- ] 6871-945(317.05)- bPb-

5 6228(323.42) 81748 | 311.665-323.295 1183(317.49)
MQTL3. | 3H | bPt-4750(3LL59)- bPb- ] 6871-045(317.05)- bPb-

5 6228(323.42) 81748 | 311.665-323.295 1183(317.49)
MQTL3. | 3H | bPt-4750(3LL59)- bPb- ] 6871-045(317.05)- bPb-

5 6228(323.42) 817.48 | 311.665-323.295 1183(317.49)
MQTL3. | 3H | bPt-4750(31159)- bPb- ] 6871-945(317.05)- bPb-

5 6228(323.42) 817.48 | 311.665-323.295 1183(317.49)




Supplementary Table 3 continued

MQTL Number
MQTL Chr. Flanking marker MQTL confidence Closest marker of initial Numbgr of N“mbe.r of
position interval(cM) QTLs studies populations
bPt-4750(311 59)- bPb- 311.665 - 6871-045(317.05)- bPb-
MQTL35 | 3H 6228(323.42) 317.48 323.205 1183(317.49) 9 3 3
3H | AW983293C(363.62)- ] dym4(385.42)-
MQTL3.6 bPh1481(407.88) 38555 | 363.64-407.46 bPb7695(386.18) 2 2 2
3H | AW983293C(363.62)- ] dym4(385.42)-
MQTL3.6 bPh1481(407.88) 38585 | 36364 -407.46 bPh7695(386.18)
GBM1221(104.82)- ] bPb-2476(108.609)-
MQTL41 | 4H bp8724(112.775) 1088 | 104.9-1127 *E42M40-94(109.241) 12 2 2
MQTLAL | 4H | GBMI1221(104.82)- ] bPb-2476(108.609)-
bp8724(112.775) 1088 | 104.9-1127 *E42M40-94(109.241)
MQTLA1 | 4H | GBM1221(104.82)- ] bPb-2476(108.609)-
bp8724(112.775) 1088 | 104.9-1127 *E42M40-94(109.241)
MQTLA1 | 4H | GBMI221(104.82)- ] bPb-2476(108.609)-
bp8724(112.775) 1088 | 104.9-1127 *E42MA40-04(109.241)
MQTL4L | 4H | GBM1221(104.82)- ] bPb-2476(108.609)-
bp8724(112.775) 1088 | 104.9-1127 *E42MA0-94(109.241)
MQTLAL | 4H | GBM1221(104.82)- ] bPb-2476(108.609)-
bp8724(112.775) 1088 | 104.9-1127 *E42M40-94(109.241)
MQTLA1 | 4H | GBM1221(104.82)- ] bPb-2476(108.609)-
bp8724(112.775) 1088 | 104.9-1127 *E42M40-94(109.241)
MQTLA1 | 4H | GBM1221(104.82)- ] bPb-2476(108.609)-
bp8724(112.775) 1088 | 104.9-1127 *E42MA40-04(109.241)
MQTLAL | 4H | GBM1221(104.82)- ] bPb-2476(108.609)-
bp8724(112.775) 1088 | 104.9-1127 *E42M40-94(109.241)
MQTLAL | 4H | GBMI1221(104.82)- ] bPb-2476(108.609)-
bp8724(112.775) 1088 | 1049-1127 *E42M40-94(109.241)
MQTLA1 | 4H | GBM1221(104.82)- bPb-2476(108.609)-
bp8724(112.775) 1088 | 104.9-1127 *E42M40-94(109.241)
MQTLA1 | 4H | GBM1221(104.82)- ] bPb-2476(108.609)-
bp8724(112.775) 1088 | 1049-1127 *E42MA40-94(109.241)
4H | AWBMA30(127.686)- 128295 - SOLPRO(136.618)- bPb-
MQTL4.2 ABA003(145.195) 136.74 145.185 6427(137.323) 5 2 2
MQTLa2 | 4H | AWBMA30(127.685) | .o 128295 - SOLPRO(136.618)- bPb-
ABA003(145.195) : 145.185 6427(137.323)
MQTL42 | 4H | AWBMA30(127.686) | .o 128295 - SOLPRO(136.618)- bPb-
ABA003(145.195) : 145185 6427(137.323)
MQTL42 | 4H | AWBMA3O(Z7686) | 1a0 74 128295 - SOLPRO(136.618)- bPb-
ABA003(145.195) : 145185 6427(137.323)
MQTLa2 | 4H | AWBMA30(127.685) | .- 128295 - SOLPRO(136.618)- bPb-
ABA003(145.195) : 145.185 6427(137.323)
4H | DbPb-4966(170.272)- ] bagsBal4(178.739)-
MQTL4.3 E39M59-424(188.192) | 17925 | 170-29-18821 | pagvi61 367(179.292) 3 2 2
4H | bPb-4966(170.272)- ] bags8al4(178.739)-
MQTL4.3 E39M50-424(188.192) | 17925 | 17029-188.21 | .pagn61.367(179.292)
4H | bPb-4966(170.272)- ] bags8al4(178.739)-
MQTL4.3 E39M59-424(188.192) | 7925 | 17029-188.21 | pagm61.367(179.292)
bPb-0808(213.704)- 213625 - bPb-0808(213.704)- bPb-
MQTLA4 | 4H | oy g08e(213.882) | 21372 213,815 9820(213.745) 10 8 8
bPb-0808(213.704)- 213625 - bPb-0808(213.704)- bPb-
MQTL44 | 4H | o 9086(213.882) 213.72 213.815 9820(213.745)
bPb-0808(213.704)- 213625 - bPb-0808(213.704)- bPb-
MQTL44 | 4H | b 9086(213.882) 213.72 213.815 9820(213.745)
bPb-0808(213.704)- 213625 - bPb-0808(213.704)- bPb-
MQTLA4 | 4H | oy g0ge(213.882) | 21372 213.815 9820(213.745)
bPb-0808(213.704)- 213625 - bPb-0808(213.704)- bPb-
MQTLA4 | 4H | oy g0ge(213.882) | 21372 213,815 9820(213.745)
bPb-0808(213.704)- 213625 - bPb-0808(213.704)- bPb-
MQTL44 | 4H | o 9086(213.882) 213.72 213,815 9820(213.745)
bPb-0808(213.704)- 213625 - bPb-0808(213.704)- bPb-
MQTL44 | 4H | o 9086(213.882) 213.72 213.815 9820(213.745)




Supplementary Table 3 continued

MQTL Chr. Flanking marker MQ.TL col\rflf%-grl;ce Closest marker NljimttJiZI]Of Numbgrof Numbe_rof
position interval(cM) QTLs studies populations

MQTL44 | 4H %E%‘%%%%(éﬁ;%“z))' 213.72 | 213.625-213.815 be-ggé)zs&zzlfg.;o;g)- bPb- 10 3 3

MQTL4.4 4H %i%‘%%%%(éll?é';%‘%' 213.72 | 213.625-213.815 be'gsgfo(élfé;Ofg)' bPb-

MQTL44 | 4H %i%‘%%%se(éﬁz%‘%' 21372 | 213,625 - 213,815 be'gsgfo((zzlfgffs))' bPb-

MQTL51 | 5H 38;712982((55327788)) 55.61 51.99 - 59.23 bpb'oolggs(?s“é?ffs))' bPb- 2 1 1
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Supplementary Table 3 continued

MQTL

- MQTL > Closest marker Number of Number of | Number of
MQTL Chr. | Flanking marker poglgtion irft%?ggle?ccl\sl) initial QTLs studies populations
MQTL55 | 5H 5126 SCRI_RS_230566(237.196)- 5925-
k%ﬁlg(g(gz%%é) 237.37 234.64 - 240.1 565(237.745) 7 3 3
MQTL55 | 5H 5126~ SCRI_RS_230566(237.196)- 5925-
klo\’j‘alg(g(?éi 571%)3) 237.37 234.64 - 240.1 565(237.745)
MQTL55 | 5H 126- SCRI_RS_230566(237.196)- 5925-
klo\’j‘alg(g(?éi 571%)3) 237.37 234.64 - 240.1 565(237.745)
MQTL55 | 5H 5126- SCRTRS 230566;237 196)-5925-
klo\’j‘alg(g(?éi 571%)?-’) 237.37 234.64 - 240.1 565(237.745)
MQTL55 | 5H 1311(232-7 ) o o1 | SCRFS 230566;237 196)-5925-
K04490(240.103) ' T
MQTL55 | 5H 126- SCRT RS 230566;237 196)-5925-
klo?zﬂlg(g(szi 571%)3) 237.37 234.64 - 240.1
bPb-
3973(263.596) ) bPb-1217(266.889)-
MQTL5.6 | 5H 0329 267.60 | 263.805 - 271.575 MWOR1IA008 260) 1 1 1
212(271 767)
SCRI_RS_166239
MQTL6.1 | 6H (216150'448 6b7PZb)- 149 | 141.965-156.035 | PPP- 6477(114671-211535”13'\"48' 1 1 1
bPb-
bPb-3965(183.92)- bPb-
MQTL62 | 6H | 4178(172.12)- 183.93 | 174.935-192.925 1 1 1
bPb-6419(192.79) 5611(183. 9g)
TP6365(218.26)- BPb-8054(223.33)- bPb-
MQTL63 | 6H JBG635228.57g 22338 | 218.28-228.48 oS3 11 4 4
MQTL6.3 TP6365(218.26)- - BPb-8054(223 33)- BPb-
6H JBGG3§22&573 22338 | 218.28-228.48 572153 f
MQTL63 TP6365(218.26)- - BPb- 8054(223 33) bPb-
6H JBGG3£228.57§ 22338 | 218.28-228.48 )
MQTL63 TP6365(218.26)- - BPb-8054(223.33)- bPb-
6H JBGG35228'57§ 22338 | 218.28-228.48 5721 (535 41)
MQTL63 TP6365(218.26)- BPB-8054(223.33)- bPb-
6H JBGB3€228.573 22338 | 218.28-228.48 6721(223.41)
MQTL63 TP6365(218.26)- BPb-8054(223.33)- bPb-
6H JBGG35228.57g 22338 | 218.28-228.48 6721((223 i)
MQTL6.3 | gy E%Gé’ggggg:g%' 22338 | 218.28-228.48 bPD- 8607524((222233343)) bPb- 11 4 4
MQTL63 TP6365(218.26)- BPb-8054(223 33)- FPb-
6H JBGG3£228.57; 22338 | 218.28-228.48 o f
MQTL63 TP6365(218.26)- - BPb- 8054(223 33) BPb-
6H JBGB35228.57§ 22338 | 218.28-228.48 )
MQTL63 TP6365(218.26)- BPb- 8054(223 33)- bPb-
6H 38663&28_57; 22338 | 218.28-228.48 “orai(275a1
TS | R | e | awaave | OORREG
& bPb-
MQTL6.4 %?]7%((2240 73%))- 244.16 240.76 - 247.56 XF’14'V'5%77 (1231%‘)1) 578- 12 4 4
n3(247
MQTL64 | 6H bPb-
%?]7%((2240 73%)) 24416 | 240.76 - 247.56 XP14'\"5‘§77‘(1231(§‘5‘;‘)‘)‘ 578-
n3(247 )
MQTL64 | 6H bPb-
] XP14M47-197(244)- 578-
zé?r%sag((zzi% .73%3)) 24416 | 240.76 - 247.56 ST on30)
MQTLed 1 ed %%793%4?6.73%))- 24416 | 240.76 - 247.56 XP14'\"5‘§77(1231(§‘;‘)‘) 578-
n3(247.
MQTLed 1 ed %%793%?6.%))- 24416 | 240.76 - 247.56 XP14'\"5‘§77‘(12%1(§‘;‘)‘)‘ 578-
n3(247. )
MQTLe4 | on 4379?556 71)- 24416 | 240.76 - 247.56 XP14M47-197(244)- 578-
dhn3(247.36) ' ' ' 587(244.19)
Mot 1 oH 4379?556 71)- 24416 | 240.76 - 247.56 XP14M47-197(244)- 578-
dhn3(247.36) ' ' ' 587(244.19)
MoTLe4 1 oH 4379?5?6.71)- 24416 | 240.76 - 247.56 XPLANAT197(244)- 578-
dhn3(247.36) (244.19)
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MQTL
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Nl I O I M il

MQTL6.4 6H bpz;]‘g(g%gg)l)' 244.16 240.76 - 247.56 XP14M5§77'(12%(_§§‘)1)' 578- 12 4 4
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Supplementary Table 3 continued

MOTL Chr Flanking marker MQTL col\rff%-grl;ce Closest marker Number of Number of Number of
' position interval (cM) initial QTLs studies populations
7H PSR117(160.792)- 161.055 - bpd054(168.478)-
MQTL7.3 BOPA2 12 30166(176.729) | 16889 176.725 ABC154A(169.165) 1 5 5
MQTL73 | 7H PSR117(160.792)- 16869 161.055 - bpd054(168.478)-
BOPA2_ 12 30166(176.729) : 176.725 ABC154A(169.165)
MQTL73 | 7H PSR117(160.792)- 16869 161.055 - bpd054(168.478)-
BOPA2_ 12 30166(176.729) : 176.725 ABC154A(169.165)
MQTL73 | 7H PSR117(160.792)- 16869 161.055 - bp4054(168.478)-
BOPA2_ 12 30166(176.729) : 176.725 ABC154A(169.165)
MQTL73 | 7H PSR117(160.792)- 16569 161.055 - bpd054(168.478)-
BOPA2 12 30166(176.729) : 176725 ABC154A(169.165)
MQTL73 | 7H PSR117(160.792)- 16869 161.055 - bpd054(168.478)-
BOPA2 12 30166(176.729) : 176.725 ABC154A(169.165)
MQTL73 | 7H PSR117(160.792)- 16869 161.055 - bpd054(168.478)-
BOPA2 12 30166(176.729) : 176.725 ABC154A(169.165)
MQTL73 | 7H PSR117(160.792)- 16869 161.055 - bpd054(168.478)-
BOPA2_ 12 30166(176.729) : 176.725 ABC154A(169.165)
MQTL73 | 7H PSR117(160.792)- 168,69 161,055 - bp4054(168.478)-
BOPA2 12 30166(176.729) : 176.725 ABC154A(169.165)
MQTL73 | 7H PSR117(160.792)- 168,69 161,055 - bp4054(168.478)-
BOPA2 12 30166(176.729) : 176.725 ABC154A(169.165)
MQTL73 | 7H PSR117(160.792)- 16869 161.055 - bpd054(168.478)-
BOPA2 12 30166(176.729) : 176.725 ABC154A(169.165)
7H | bPb-5403(197.743)- bPb- 197.705 - bPb-3566(200.371)-
MQTL7.4 6821(203.899) 200.67 203.635 bah50i23(200.901) 7 2 2
MQTL74 | 7H | DPb-5403(197.743)-BPb- | oo 197.705 - bPb-3566(200.371)-
6821(203.899) : 203.635 bah50i23(200.901)
MQTL74 | 7H | DPD-5403(197.743)-bPb- | oo 197.705 - bPb-3566(200.371)-
6821(203.899) : 203.635 bah50i23(200.901)
MQTL74 | 7H | DbPb-5403(197.743)-bPb | oo 197.705 - bPb-3566(200.371)-
6821(203.899) : 203.635 bah50i23(200.901)
MQTL74 | 7H | DPb-5403(197.743)-bPb- | oo 197.705 - bPb-3566(200.371)- : 5 5
6821(203.899) : 203.635 bah50i23(200.901)
MQTL74 | 7H | DPb-5403(197.743)-bPb- | o0 o 197.705 - bPb-3566(200.371)-
6821(203.899) : 203.635 bah50i23(200.901)
MQTL7.4 | 7H | DbPb-5403(197.743)-bPb- | oo 197.705 - bPb-3566(200.371)-
6821(203.899) : 203.635 bah50i23(200.901)




