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Figure S1. Heat map of the genomic relationships among 518 elite European
winter wheat varieties based on 39,908 marker genotypes. The varieties are
ordered according to hierarchical cluster analysis. The scale of genomic relationships is
given in the figure.
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Figure S2. Population structure analysis of the 518 elite European winter wheat
varieties based on 39,809 marker genotypes. (a) Bar plots show the existence of
admixed sub-populations, (b) The cross-entropy plot shows that there exists a
minimal sub-structuring in the panel.
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Figure S3. Summary of the genome-wide association studies (GWAS) of spike
length in the population of 518 elite European winter wheat varieties. (a)
Manhattan plot shows the distribution of markers significance —log,(P — value)
along the chromosomes. The correction for population stratification and familial
relatedness was performed by using the first three principal components (PCj1.3;) and an
additive genomic relationship matrix (G) in a linear mixed-effect model. The red dashed
line marks the multiple testing criteria of false discovery rate (FDR) <0.10, (b) Quantile-
quantile plot showing the distribution of observed versus expected (red dashed
line) —logo(P — value). The naive model represents the GWAS without the correction
of population structure, the PC;1.33 model represents the population structure corrected
with the first three PCs, the G model represents the familial relatedness corrected with a
genomic relationship matrix, and the PCj.3+*G model represents the population
structure and familial relatedness corrected with the PCs and the G matrix. The color
code for different models is given in the figure legend.
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Figure S4: Summary of the genome-wide association studies (GWAS) of flowering
time in the population of 518 elite European winter wheat varieties. (a) Manhattan
plot shows the distribution of markers significance —log,o(P — value) along the
chromosomes. The correction for population stratification and familial relatedness was
performed by using the first three principal components (PCji.3) and an additive
genomic relationship matrix (G) in a linear mixed-effect model. The red dashed line
marks the multiple testing criteria of false discovery rate (FDR) <0.05, (b) Quantile-
quantile plot showing the distribution of observed versus expected (red dashed
line) —log,o(P — value). The naive model represents the GWAS without the correction
of population structure, the PC;1.33 model represents the population structure corrected
with the first three PCs, the G model represents the familial relatedness corrected with a
genomic relationship matrix, and the PCj.3+*G model represents the population
structure and familial relatedness corrected with the PCs and the G matrix. The color
code for different models is given in the figure legend.
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Figure S5. Summary of the genome-wide association studies (GWAS) of total
spikelet number per spike in the population of 518 elite European winter wheat
varieties. (a) Manhattan plot shows the distribution of markers significance
—log.o(P — value) along the chromosomes. The correction for population
stratification and familial relatedness was performed by using the first three principal
components (PCji-3;) and an additive genomic relationship matrix (G) in a linear mixed-
effect model. The red dashed line marks the multiple testing criteria of false discovery
rate (FDR) <0.05, (b) Quantile-quantile plot showing the distribution of observed
versus expected (red dashed line) —log,,(P — value). The naive model represents
the GWAS without the correction of population structure, the PCi1.3; model represents
the population structure corrected with the first three PCs, the G model represents the
familial relatedness corrected with a genomic relationship matrix, and the PC.3+G
model represents the population structure and familial relatedness corrected with the
PCs and the G matrix. The color code for different models is given in the figure legend.
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CGCATAAATGGAAAGGGGTTCATGTACATAATTTTTTTCCCCATACGATCCAAGAATGGACGTGCAAA
CGCATAAATGGAAAGGGGTTCATGTACATAATTTTTTTCCCCATACGATCCAAGAATGGACGTGCAAA
EgCATAAATGGAAAGGGGTTCATGTACATAATTTTTTTCCCCATACGATCCAAGAATGGACGTGCAAA

CATAAATGGAAAGGGGTTCATGTACATAATTTTTTTCCCCATACGATCCAAGAATGGACGTGCAAA
820 830 840 850 860 870 880

TraesCS7A01G481600-E2
TaAPO-AT
TTTCTGATTATGGGEGGTTGATCTGTGTCCTTTGAAGGTTCTACTGCATGAGCTCGTCGCCGTTCEGAG
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TTTCTGATTATGGGCGGTTGATCTGEBGTCCTTTGAAGGTTCTACTGCATGAGCTCGTCGCCGTTCGCG
TTTCTGATTATGGGCGGTTGATCTGEBGTCCTTTGAAGGTTCTACTGCATGAGCTCGTCGCCGTTCGCG
TTTCTGATTATGGGCGGTTGATCTGEGTCCTTTGAAGGTTCTACTGCATGAGCTCGTCGCCGTTCGCG
TTTCTGATTATGGGCGGTTGATCTGEBGTCCTTTGAAGGTTCTACTGCATGAGCTCGTCGCCGTTCGCG
TTTCTGATTATGGGCGGTTGATCTGTGTCCTTTGAAGGTTCTACTGCATGAGCTCGTCGCCGTTCGCG
TTTCTGATTATGGGCGGTTGATCTGTGTCCTTTGAAGGTTCTACTGCATGAGCTCGTCGCCGTTCGCG
TTTCTGATTATGGGCGGTTGATCTGTGTCCTTTGAAGGTTCTACTGCATGAGCTCGTCGCCGTTCGCG
TTTCTGATTATGGGCGGTTGATCTGTGTCCTTTGAAGGTTCTACTGCATGAGCTCGTCGCCGTTCGCG
TTTCTGATTATGGGCGGTTGATCTGTGTCCTTTGAAGGTTCTACTGCATGAGCTCGTCGCCGTTCGCG
TTTCTGATTATGGGCGGTTGATCTGTGTCCTTTGAAGGTTCTACTGCATGAGCTCGTCGCCGTTCGCG

890 900 910 920 930 940

TraesCS7A01G481600-E2

TaAPO-A1

CGGCGAACGTCTGGAGCAAGGTGCAGCCGCCGATGAGGEGGTTCECTGCA
A N VvV W S K P P EMT R R F FLT Q
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GTTCTCGTGTTCGACGTGGCGGCGAACGTCTGGAGCAAGGTGCAGCCGCCGATGAGGCGGETTCCTGCA
GTTCTCGTGTTCGACGTGGCGGCGAACGTCTGGAGCAAGGTGCAGCCGCCGATGAGGCGEGETTCCTGCA
GTTCTCGTGTTCGACGTGGCGGCGAACGTCTGGAGCAAGGTGCAGCCGCCGEATGAGGCGEGETTCCTGCA
GTTCTCGTGTTCGACGTGGCGGCGAACGTCTGGAGCAAGGTGCAGCCGCCGEATGAGGCGEGETTCCTGCA
GTTCTCGTGTTCGACGTGGCGGCGAACGTCTGGAGCAAGGTGCAGCCGCCGATGAGGCGEGETTCCTGCA
GTTCTCGTGTTCGACGTGGCGGCGAACGTCTGGAGCAAGGTGCAGCCGCCGEATGAGGCGGETTCCTGCA
GTTCTCGTGTTCGACGTGGCGGCGAACGTCTGGAGCAAGGTGCAGCCGCCGATGAGGCGEGETTCCTGCA
GTTCTCGTGTTCGACGTGGCGGCGAACGTCTGGAGCAAGGTGCAGCCGCCGATGAGGCGEGETTCCTGCA
GTTCTCGTGTTCGACGTGGCGGCGAACGTCTGGAGCAAGGTGCAGCCGCCGATGAGGCGEGETTCCTGCA
GTTCTCGTGTTCGACGTGGCGGCGAACGTCTGGAGCAAGGTGCAGCCGCCGATGAGGCGEGETTCCTGCA

960 970 980 990 1,000 1,010 1,020

TraesCS7A01G481600-E2

TaAPO-AT

G-SG-PG GCGCETGGTCGAGCTCGGCGGILEG G-g GGAGG G-SG G G_TGA-E GGTGGGGETCGTCG
L v EER L G G G -G

GTCGCCGOEGCGOECTOEGETCOAGCTCOEGECOEGECOEGECAGCGEGCAGCGEGECTCOEEOECACCOGCAAGGEGETOGEGEGECTCGETCG
GTCGCCGOEGCGOECTOEGETCOAGCTCOEGECOEGECOEGECAGCGEGCAGCGEGECTCOEEOECACCOGCAAGGEGETOGEGEGECTCGETCG
GTCGCCGOEGCGOECTOEGETCOAGCTCOEGECOEGECOEGECAGCGEGCAGCGEGECTCOEEOECACCOGCAAGGEGETOGEGEGECTCGETCG
GTCGCCGOEGCGOECTOEGETCOAGCTCOEGECOEGECOEGECAGCGEGCAGCGEGECTCOEEOECACCOGCAAGGEGETOGEGEGECTCGETCG
GTCGCCGOEGCGOECTAOEOETCOAGCTCOEGECOEGECOEGECAGCGEGCAGCGEGECTCOEEECACCOGCAAGGEGETOGEGEGECTCGETCG
GTCGCCGOEGCGOECTAOEOETCOAGCTCOEGECOEGECOEGECAGCGEGCAGCGEGECTCOEEOECACCOGCAAGGEGETOEGEGEGECTCGETCG
GTCGCCGOEGCGOECTAOEOETCOAGCTCOEGECOEGECOEGECAGCGEGCAGCGEGECTCOEEOECACCOGCAAGGEGETOEGEGEGECTCGETCG
GTCGCCGOEGACOECTAOEOETCOAGCTCOEGECOEGECOEGECAGTGEGCAGCGEGECTCOEEECACCOGCAAGGEGETOEGEGEGECTCGETCG
GTCGCCGOEGACOECTAOEOETCOAGCTCOEGECOEGECOEGECAGTGEGCAGCGEGECTCOEEECACCOGCAAGGEGETOEGEGEGECTCGETCG
GTCGCCGOEGAECGOECTAOEGETCOAGCTCOEGECOEGECOEGECAGCGEGCAGGEGECTCOEEECACCOGCAAGGEGETOEGEGEGECTCGETCG
1,030 1,040 1,050 1,060 1,070 1,080
TraesCS7A01G481600-E2
TaAPO-AT

CGTCCGTGGAGAAGAGCCGTCTCAGCGTGCCGECGGAGEGTGCGEGTCTGGACACTGEGEGGCAGAGGA
A S VBEBEBE K S RFFE™m SV P R SV RV W THI R R

CGTCCGTGGAGAAGAGCCGTCTCAGCGTGCCGCGGAGCGTGCGCGTCTGGACACTGCGECGEGCAGAGGA
CGTCCGTGGAGAAGAGCCGTCTCAGCGTGCCGCGGAGCGTGCGCGTCTGGACACTGCGECGEGCAGAGGA
CGTCCGTGGAGAAGAGCCGTCTCAGCGTGCCGCGGAGCGTGCGCGTCTGGACACTGCGECGEGCAGAGGA
CGTCCGTGGAGAAGAGCCGTCTCAGCGTGCCGCGGAGCGTGCGCGTCTGGACACTGCGECGEGCAGAGGA
CGTCCGTGGAGAAGAGCCGTCTCAGCGTGCCGCGGAGCGTGCGCGTCTGGACACTGCGECGEGCAGAGGA
CGTCCGTGGAGAAGAGCCGTCTCAGCGTGCCGCGGAGCGTGCGCGTCTGGACACTGCGECGEGCAGAGGA
CGTCCGTGGAGAAGAGCCGTCTCAGCGTGCCGCGGAGCGTGCGCGTCTGGACACTGCGECGEGCAGAGGA
CGTCCGTGGAGAAGAGCCGTCTCAGCGTGCCGCGGAGCGTGCGCGTCTGGACACTGCGECGEGCAGAGGA
CGTCCGTGGAGAAGAGCCGTCTCAGCGTGCCGCGGAGCGTGCGCGTCTGGACACTGCGECGEGCAGAGGA
CGTCCGTGGAGAAGAGCCGTCTCAGCGTGCCGCGGAGCGTGCGCGTCTGGACACTGCGECGEGCAGAGGA
1,090 1,100 1,110 1,120 1,130 1,140 1,150

TraesCS7A01G481600-E2

TaAPO-A1
GGCTCCGGECGGELGGEEGGEEGGECGEGTGEGCAGCGAGGETGEGLCGCGGATGCAGCAGGACGTGCACGEGEAGTT

I
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]
GGCTCCGGCGEGECAEGECGEGECAEGECGECGETGEGEAGCGAGGETGEGECAECGEGATGECCGECAGGACGETGCACGELCGECAGTT
GGCTCCGGCGEGECAEGECGEGECAEGECGECGETGEGEAGCGAGGETGEGECAECGEGATGECCGECAGGACGETGCACGELCGECAGTT
GGCTCCGGCGEGECAEGECGEGECAEGECGECGETGEGEAGCGAGGETGEGECAECGEGATGECCGECAGGACGETGCACGELCGECAGTT
GGCTCCGGCGEGECAEGECGEGECAEGECGECGETGEGEAGCGAGGETGEGECAECGEGATGECCGECAGGACGETGCACGELCGECAGTT
GGCTCCGGCGEGECAEGECGEGECAEGECGECGETGEGEAGCGAGGETGEGECAECGEGATGECCGECAGGACGETGCACGELCGECAGTT
GGCTCCGGCGEGECAGEGECGEGECAEGECGECETGEGEAGCGAGGETGEGECAECGEGATGECCGECAGGACGETGCACGELCGECAGTT
GGCTCCGGCGEGECAEGECGEGECAEGECGECGETGEGEAGCGAGGETGEGECAECGEGATGECCGECAGGACGETGCACGELCGECAGTT
GGCTCCGGCGEGECAEGECGEGECAEGECGECETGEGEAGCGAGGETGEGECAECGEGATGECCGECAGGACGETGCACGELCGECAGTT
GGCTCCGGCGEGECAEGECGEGECAEGECGECGETGEGEAGCGAGGETGEGECAECGEGATGECCGECAGGACGETGCACGELCGECAGTT
GGCTCCGGCGEGECAGEGECGEGECAEGECGECETOEGCAGCGAGGOTGEGECAECGEGATGECCGECAGGACGTGCACGLCGCAGTT
1,160 1,170 1,180 1,190 1,200 1,210 1,220

I TraesCS7A01G481600-E2

TaAPO-AT
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CGCGGCGGECGEGAGGGECGEGECCAECGEGGETTCGAGTGCGECAGCGCACGEGECGACTTCGETCGECGCTAGCGCCCC
CGCGGCGGECGEGAGGGECGEGECCAECGEGGETTCGAGTGCGECAGCGCACGEGECGACTTCGETCGECGCTAGCGCCCC
CGCGGCGGECGEGAGGGCGEGECCAECGEGGETTCGAGTGCGECAGCGCACGEGECGACTTCGETCGECGCTAGCGCCCC
CGCGGCGGECGEGAGGGCGEGECCAECGEGGETTCGAGTGCGECAGCGCACGEGECGACTTCGETCGECGCTAGCGCCCC
CGCGGCGGECGEGAGGGCGEGECCAECGEGGETTCGAGTGCGECAGCGCACGEGECGACTTCGETCGECGCTAGCGCCCC
CGCGGCGGECGEGAGGGECGEGECCAECGEGGETTCGAGTGCGECAGCGCACGEGECGACTTCGETCGECGCTAGCGCCCC
CGCGGCGGECGEGAGGGECGEGECCAECGEGGETTCGAGTGCGECAGCGCACGEGECGACTTCGETCGECGCTAGCGCCCC
CGCGGCGGECGEGAGGGECGEGECCAECGEGGETTCGAGTGCGECAGCGCACGEGECGACTTCGETCGECGCTAGCGCCCC
CGCGGCGGECGEGAGGGECGEGECCAECGEGGETTCGAGTGCGECAGCGCACGEGECGACTTCGETCGECGCTAGCGCCCC
CGCGGCGEGECGEGAGGGCGEGECCGECGEGGETTCGAGTGCGECAGCGCACGGCGACTTCGETCGCGCTAGCGCCCC
1,230 1,240 1,250 1,260 1,270 1,280 1,290

TraesCS7A01G481600-E2

TaAPO-A1

GCGGEGGGECGGCAGCCGTGCCGGTGCCGACGACCGTGETCGTGTTCGACTCGCGCCGCAACGAGTGG
R "G G P A AN P IENT P T THEVEEEV: FIED S R N BEES W
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GCGGCGGGCCGGCAGCCGOETGCCGGTGECCGACGACCOETGCTCGTGTTCGACTCGECGCCGCGACGAGTGAG
GCGGCGGGCCGGCAGCCGOETGCCGGTGECCGACGACCOETGCTCGTGTTCGACTCGECGCCGCGACGAGTGAG
GCGGCGGGCCGGCAGCCGOETGCCGGTGECCGACGACCOETGCTCGTGTTCGACTCGCGEGCCGCGACGAGTGAG
GCGGCGGGCCGGCAGCCGOETGCCGGTGECCGACGACCOETGCTCGTGTTCGACTCGCGCCGCGACGAGTGAG
GCGGCGGGCCGGCAGCCGOETGCCGGTGECCGACGACCOETGCTCGTGTTCGACTCGCGCCGCAACGAGTGAG
GCGGCGGGCCGGCAGCCGOETGCCGGTGECCGACGACCOETGCTCGTGTTCGACTCGCGCCGCAACGAGTGAG
GCGGCGGGCCGGCAGCCGOETGCCGGTGECCGACGACCOETGCTCGTGTTCGACTCGCGCCGCAACGAGTGAG
GCGGCGGGCCGGCAGCCGOETGCCGGTGECCGACGACCOETGCTCGTGTTCGACTCGCGCCGCAACGAGTGAG
GCGGCGGGCCGGCAGCCGOETGCCGGTGECCGACGACCOETGCTCGTGTTCGACTCGCGCCGCAACGAGTGAG
GCGGCGEGEGECCAEGCAGCCOETAECCGOGETGECCGACGACCOETECTCGTGTTCGACTCGCGECCGCAACGAGTGAG

1,300 1,310 1,320 1,330 1,340 1,350 1,360

TraesCS7A01G481600-E2
TaAPO-AT

CGGTGGGCGCCACCATGCCCATACGTOGGGCACGGCATGGCCGCAGTGGTCAACGGEGGAGGEGEGGG

R W A P P C P Y 'V G H GIMI A AV VM N G G G A @
e
CGGTGGEGECGECCACCATGCCCATACOETCOUGEGECACOHGCATOHGECCOECAGQTOEGET CAACGEGECOEGAGGECGECEaEGE
CGGTGGEGECGECCACCATGCCCATACOETCOUGGECACOHGCATOHGECCOECAGQTOEGET CAACGEGECOEGEAG@GECGECAEaEGE
CGGTGGEGECGECCACCATGCCCATACOETCOUGGECACOHGCATOHGECCOECAGQTOEGET CAACEGECOEGEAGGECGECAEaEGE
CGGTGGEGECGECCACCATGCCCATACOETCOUGGECACOHGCATOHGECCOECAGQTOEGET CAACGEGECOEGEAG@GECGECAEaEGE
CGGTGGEGECGECCACCATGCCCATACOETCOUGGECACOHGCATOHGECCOECAGQTOEGET CAACGEGECOEGEAG@GECGECAEaEGE
CGGTGGEGECGECCACCATGCCCATACOETCOUGGECACOHGCATOHGECCOECAGQTOEGET CAACEGECOEGEAG@GECGECAEaEGE
CGGTGGEGECGECCACCATGCCCATACOETCOUGGECACOHGCATOHGECCOECAGQTOEGET CAACGEGECOEGEAGGECGECAEaEGE
CGGTGGEGECGECCACCATGCCCATACOETCOUGGECACOHGCATOHGECCOECAGQTOEAGET CAACEGECOEGAGGECGECAEaEGE
CGGTGGEGECGECCACCATGCCCATACOAETCOUGGECACOHGCATOHGECCOECAGQTOEGET CAACEGECOEGAG@GECGECAEaEGE
CGGTGGEGECGOECCACCATGCCCATACOETCOUGGECACOHGCATOHGECCOECAGQTOEGET CAACEGECOEGAG@GECGECAEaEGE

1,370 1,380 1,390 1,400 1,410 1,420
TraesCS7A01G481600-E2
TaAPO-AT
GTTCCGGGTCCTCGCGTACGAGCCACGCCTGGCGACGOCGGCCATCGGECCTTCTGGACGECCACGACGE
F R M IIm A YMBEE P RIFl™" A T P Al GFbmMmIErD A T T

GTTCCGGGTCCTCGCGTACGAGCCACGCCTGGCGEACGCCGGCCATCGEGCCTTCTGEGACGCCACGACGC
GTTCCGGGTCCTCGCGTACGAGCCACGCCTGGCGEACGCCGGCCATCGEGCCTTCTGEGACGCCACGACGC
GTTCCGGGTCCTCGCGTACGAGCCACGCCTGGCGEACGCCGGCCATCGEGCCTTCTGEGACGCCACGACGC
GTTCCGGGTCCTCGCGTACGAGCCACGCCTGGCGEACGCCGGCCATCGEGCCTTCTGEGACGCCACGACGC
GTTCCGGGTCCTCGCGTACGAGCCACGCCTGGCGEACGCCGGCCATCGEGCCTTCTGEGACGCCACGACGC
GTTCCGGGTCCTCGCGTACGAGCCACGCCTGGCGEACGCCGGCCATCGEGCCTTCTGEGACGCCACGACGC
GTTCCGGGTCCTCGCGTACGAGCCACGCCTGGCGEACGCCGGCCATCGEGCCTTCTGEGACGCCACGACGC
GTTCCGGGTCCTCGCGTACGAGCCACGCCTGGCGEACGCCGGCCATCGEGCCTTCTGEGACGCCACGACGC
GTTCCGGGTCCTCGCGTACGAGCCACGCCTGGCGEACGCCGGCCATCGEGCCTTCTGEGACGCCACGACGC
GTTCCGGGTCCTCGCGTACGAGCCACGCCTGGCGEACGCCGGCCATCGEGCCTTCTGEGACGCCACGACGC
1,430 1,440 1,450 1,457

TraesCS7A01G481600-E2
TaAPO-AT

Figure S6. DNA alignment of the TaAPO-A1 gene across ten

wheat varieties.

The DNA sequences of all ten varieties were taken from the wheat

reference sequence v1.0 and The 10+ Wheat Genome Project.
The location of the F-box and the KASP marker for TaAPO-A1

gg¥$$ggﬁ¥gggﬁ$ggﬁ¥gg¥$ﬁg gene is indicated with blue and brown annotations, respectively.

GCTTTGCATGGGATGCATGGTTAG The threshold for the consensus calling is 50% matches and mis-

GCTTTGCATGGGATGCATGGTTAG iahli i i
CTTTCCATCCCATCCATCETTAC matches to the consensus are highlighted in the alignment.
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LLPHHHLSLPS GPGRRPS PAAABMVEMDPRVWRRLPQPLLDRVLAlLPTPSFLR
MNLLPHHHLSLPS GPGRRPS PAAABMVEMDPRVWRRLPQPLLDRVLAICILPTPSFLR
MNLLPHHHLSLPS GPGRRPS SAABMAVEMDPRVWRRLPQPLLDRVLAIFILPTPSFLR
LLPHHHLSLPS GPGRRPS SAABMAVEMDPRVWRRLPQPLLDRVLAICILPTPSFLR
MNPBIPHHHLSLPS GPGRRPS SAABMAVEMDPRVWRRLPQPLLDRVLAICLPTPSFLR
NPBIPHHHLSLPS GPGRRPS SAABMAVEMDPRVWRRLPQPLLDRVLAICILPTPSFLR
@AHHHLPLPS GPGRRPSTAAAABMVEMDPRVWRRLPQPLLDRVLAICLPTPSFLR
MMNPRRIMPPLPS SITSI---- SASAABBIMDPRVWRRLPQPLMIDRMLAICILPTPSFLR
MEINNINR HH@L P L P SISHENS'SNMIQEEP SIHSQMSSP TPAPP SPAABMSMDPRVWRRLPPPLMDRMLAICILPTPSFLR
MDSTVFHINNPSIMTLPFSYTFTSSSN SSTTTSTTTDSSSGQWNVDGRMWSKLPPPLLDRVMAIFILPPPAFER
80 90 100 110 120 130 140 150
ARANMCRRFYHIEFSSPFIEHSHIMHS PHIEPFFAFA----NPSAGHIIIED P
= I B =B BB I Bl o Bl
ARAVCRRFYHLLFSSPFLHSHLLHSPHLPFFAFA VPSAGHLLLLDP TSQPQGPSWFLLP
ARAVCRRFYHLLFSSPFLHSHLLHSPHLPFFAFA VPSAGHLLLLDP TSQPQGPSWFLLP
ARAVCRRFYHLLFSSPFLHSHLLHSPHLPFFAFA VPSAGHLLLLDP TSQPQGPSWFLLP
ARAVCRRFYHLLFSSPFLHSHLLHSPHLPFFAFA VPSAGHLLLLDP TSQPQGPSWFLLP
ARAVCRRFYHLLFSSPFLHSHLLHSPHLPFFAFA VPSAGHLLLLDP TSQPQGPSWFLLP
ARAVCRRFYHLLFSSPFLHSHLLHSPHLPFFAFA VPSAGHLLLLDP TSQPQGPSWFLLP
ARAVCRRFYHLLFSSPFLHSHLLHSPHLPFFAFA VPSAGHLLLLDP TPQPQGPSWFLLP
BMRANCRRFYHLLFSSPFLHSHLLEMSPHLPFFAFM VPBRAGHLLLLDP TAT---ASWSRL P
CRAACRRFYSLLFSSPFLHSHLLEMSPHLPFFAFMPHQQQPPSSHLLLFNPIMSAQAQAQAQARBISAWSL L P
TRCVCKRFYSLLFSNTFLETYLQIENNP - _ RENCFINF FKHKTINKS YIIYKRGG TNDDDSNKABIGFIFDP NEITRWYR
160 170 180 190 200 210 220 230

EPIPGPAAG---FSPAAASAGIIEAFIESDASGHK TINEEANPI'TRIFEAALPIEGP TQRIES P TVGIHAAGS TSITAVVAGDD
Il I BT E e

LPIPGPAAG FSPAAASAGLLAFLSDASGHKTLLLANPITRLLAALPLGPTQRLSPTVGLAAGSTSI IAVVAGDD
LPIPGPAAG FSPAAASAGLLAFLSDASGHKTLLLANPITRLLAALPLGPTQRLSPTVGLAAGSTSI IAVVAGDD
LPIPGPAAG FSPAPASAGLLAFLSDASGHKTLLLANPITRLLAALPLGPTQRLSPTVGLAAGSTSI IAVVAGDD
LPIPGPAAG FSPAPASAGLLAFLSDASGHKTLLLANPITRLLAALPLGPTQRLSPTVGLAAGSTSI IAVVAGDD
LPIPGPAAG FSPAAABAGLLAFLSDASGHKTLLLANPITRLLAALPLGPTQRLSPTVGLAAGSTSI IAVVAGDD
LPIPGPAAG FSPAAASAGLLAFLSDASGHKTLLLANPITRLLAALPLGPTQRLSPTVGLAAGSTSI IAVVAGDD
LP | PAIPAAG FSPAAASAGLLAFLSDASGHKTLLLANPITRLLAALPLGPTQRLSPTVGLAAGSTSI IAVVAGDD
L PEP PRIAGIGPAAIF SPAAASAGLLAFLSDASGHKTLLLANP ITRLLAALPHSIPTPRLSPTVGLAAGPTSI IAVVAGDD
LQMPA---- FFAPAAASEBGLLAFMISSIAPGHKTLLLMINP | TRLEMIAALPLCPEQRLCPTVGLAAGPTS IMIAVVAGDD
LSFAYIPSG FYPSGS SGGLMSWMSEEAGHEK THL LCNPIENVGSMSQLPPMSRPRLFPSMGLSMTPTS IDMTVAGDD
240 250 260 270 280 290 300

V'SP FAVKNIESVDTFVADAASVPSSGFW-APSSINEPRIES SEDPRAGMAFASGRFYCMS S SP FAVIEVFDVAANVWS KV
I AT i 1 f'SSEs § IS Er e

LVSPFAVKNISVDTFVADAASVPSSGFW MIPSSLLPRLSS ASGRFYCMSSSPFAVLVFDVAANVWSKYV
LVSPEFAVKNISVDTFVADAASVPSSGFW MIPSSLLPRLSS ASGREYCMSSSPFAVLVFDVAANVWSKYV
LVSPFAVKNIS FVADAASVPSSGFW APSSLLPRLSS ASGRFYCMSSSPFAVLVFDVAANVWSKYV
LVSPFAVKNIS FVADAASVPSSGFW APSSLLPRLSS ASGREYCMSSSPFAVLVFDVAANVWSKYV
LVSPFAVKNIS FVADAASVPSSGFW APSSLLPRLSS ASGRFYCMSSSPFAVLVFDVAANVWSKYV
LVSPFAVKNIS FVADAASVPSSGFW APSSLLPRLSS ASGREYCMSSSPFAVLVFDVAANVWSKYV
LVSPFAVKNIS FVADAASVPSPGFW TPSSLLPRLSS MIAGRFYCMSSSPFAVLVFEDVABGNAWSKYV
LVSPFAVKNIS FVADAASVPPSGFW APSSLLPRLSS ASGREYCMSSSPFAVLVFDVABRNVWSKYV
LVSPFAVKNIS FVADABSVPSSGFWRAPBSLLPRLSS ASGRFYCMSHAPYIEYVLEYDVAGBNAWRK N
LIS PYAVKNMES FEMID AGGFFS--lW AMITSSILPRLICS MIQGKFYCMNYSPFSVLISYEBYTGNRWHEKMN
310 3 330 340 360 370 380

QPPMRRFLERSPALVELGG---GREGSGTARVGLEVASVEIKSRESVPRSVRVWTIERGRGASGGGGGAWSEVARMPQDVH
T — N

QPPMRRFLRSPALVELGG GREGSGTARVGLVASVEKSRLSVPRSVRVWTLRGRGASGGGGGAWSEV@RMPQDVH
QPPMRRFLRSPALVELGG GREGSGTARVGLVASVEKSRLSVPRSVRVWTLRGRGASGGGGGAWSEV@BRMPQDVH
QPPMRRFLEBSPALVELGG GREGSGTARVGLVASVEKSRLSVPRSVRVWTLRGRGESGGGGGAWSEVARMPQDVH
QPPMRRFLE@ISPALVELGG GREGSGTARVGLVASVEKSRLSVPRSVRVWTLRGRGESGGGGGAWSEVARMPQDVH
QPPMRRFLRSPALVELGG GREGSGTARVGLVASVEKSRLSVPRSVRVWTLRGRGASGGGGGAWSEVARMPQDVH
QPPMRRFLRSPALVELGG GREGSGTARVGLVASVEKSRLSVPRSVRVWTLRGRGASGGGGGAWSEVARMPQDVH
QPPMRRFLRSPALVELGG GREGPGISIARVGLVASVEKSRLNMVPRSVRVWTLRGRGASGGGGGAWSEVARMPQDVH
QPPMRRFLRSPALVELGG GRE--GAARVALVSAVEKSRLSVPRSVREMWTLRG-GEBEGGGGGAWTEVARMP PHVH
QPPMRRFLRWPALVELGGHGRGHEGESSISSSRVGLVACVEKSRLSVPRSVRVWTLRN-GTETGNAGAWSEVARM P EENH
QAPMRRFLRSPSILIMESKG  -------- REEMELVAAVEKSKLNVPKSEHREWS LQE@- - - - - - DINATWM ENIERMP QPIHY
390 400 410 420 430 440 450 460

AQF AAAEGGRGFECAAHGDFVVIEAPRGGPAAVPVPTTVLEVFDSRRDEWRWAPPCPYVGHGMAAVVNGGGAG--FRVL
T EEETTES T Iy e

TQFAAAEGGRGFECAAHGDFVVLAPRGGPATVPVPTTVLVFDSRRDEWRWAPPCPYVGHGMAAVANGGGAG  FRVL
TQFAAAEGGRGFECAAHGDFVVLAPRGGPATVPVPTTVLVFDSRRDEWRWAPPCPYVGHGMAAVRANGGGAG  FRVL
AQFAAAEGGRGFECAAHGDFVALAPRGGPAAVPVPTTVLVFDSRRDEWRWAPPCPYVGHGMAAVVNGGGAG  FRVL
AQFAAAEGGRGFEYAAHGDFVALAPRGGEMAAVPVPTTVLVFDSRRDEWRWAPPCPYVGHGMAAVVNGGGAG  FRVL
AQFAAAEGGRGFECAAHGDFVVLAPRGGPAAMPVPTTVLVFDSRRDEWRWAPPCPYVGHGMAAVVNGGGNG  FRVL
AQFAAAEGGRGFECAAHGDFVVLAPRGGP-AVPVPTTVLVFDSRRDEWRWAPPCPYVGHGMAAVVNGGGNG FRVL
AQF AMIAEGGRGFECAAHGDFMVLAPRISGPAAVPVPTTVLVFDSRRDEWRWAPPCPYVGHGEMAAVVAGGGTG  FRVL
AQFAAAEGGRGFECAAHGDNVVLAPRGPMIA®APT--SALVFDSRRDEWRWAPPCPYV - -NMMABBGGAGAAG FRVF
ARFAAAEBAGRGFECAAHGDFVVLAPRGGAAGAMY - - - - LVFDARRBMEWRWAPPCPYV------- VEGGGEG FRVHM
TQFAABEGGKGFECVMGNQEF VMIWIBR GTS - - - - - - - INQ L F DEMR KISWIEMWEAP P C P YISIGISIG - [GIGIS'SIGE G G/SIDI G ENVINQIG F
470 480 492

AYIEBPRIBAT P AIFGIBEDAT T PMAIR-HGMHGG  Figure S7. Protein alignment of the TaAPO-A1 orthologs

across different plant species.

AYEPRLATPAIGLLDATTPVAL HGMHG _
AYEPRLATPAIGLLDATTPVAL HGMHG The protein sequences were taken from EnsemblPlants. The F-box
AYEPRLATPAIGLLDATTPVAL HGMHG : . :
AYEPRLATPAIGLLDATTPVAL HGMHG is annotated in the blue. The non-synonymous mutation (caused by
AYEPRLATPAIGLLDATTPVAL HGMHG itution) is hiahli i

DV EPRLATP Al CLIDATTPVAL Hemuc G/T base SUbStItUtI_On).IS hlgohllghted in red frqme. The threshold for
AYEPRLATPAIGLLDATTPVAL HGMHG the consensus calling is 50% matches and mismatches to the con-
AYEPRLATPAIGLLDATAPVAL HGMHBIG ST : :
PYEPRLATPAMIGLLDAKTPVALBHGMHG sensus are highlighted in the alignment.

AYDPMLTTPMMS L LDQETHMPFP -GMC
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