Statistics of re-sequence de novo assemblies
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Figure S1. Statistics of pan-Zea NGS de novo assemblies.
(A): Distribution of total assembly length and contig N50 for each population. (B): Distribution of the unaligned to
reference sequence total size and proportions. Red numbers indicated the mean values. “teo” indicated teosinte.



Raw alignment After filtering
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Figure S2. Schematic diagram illustrated the filtering of assembly-to-assembly alignment.
The plot showed the raw and filtered alignment between the top 100 contigs of maize inbred line JIAO51 and the
B73 (AGPv4) reference genome. The filtering strategy clearly reduced the noise hits with the main hits retained.



Assembly & WGA Anchoring, clustering and de-redundance

~ r

Ve
For eaCh reseq Sample Class anchored records by supports Clustering based on anchoring position and
: : imilarit
Trimmed-Reads Anchoring based on 3 evidences Ref-assemblies ALN REF sequer’\‘c'eisiuj-liliairiliy_\
Assembly-align-evidence (ALN) - { Cluster1 ‘1 Cluster 2
Query Non-ref-sequences - ALN+ [RP | SR] PASS Sample A i |
| Remove duplications | ALN only sample | !
Ref ————————————— i i
P e [ Class clusters Sample C i ;
Assembhng Read pairs-evidence (RP) N ;
Query Clusterl - PASS_WithRef Ref L J
i Cluster? mm = PASS OnlyRef | A | 1T
| WGA for NRSs | e, Cluster3 mm mm = PASS_NoRef ‘ I —————————————— l ——————————— N
I kel = Clusters LOWQUAL ! Consensus pa—
- P e N “ Non-ref-insertion 1 Non-ref-insertion 2
Decontamination Split reads-evidence (SR) take LOWQUAL cluster as unanchored | ~------------ e /
Query —_— Get represent Final non-ref-genome
Filtering et - sequence
Final NRSs {1 Final
[ ]»[ Pan-genome

:

Population-level NRSs

Figure S3. Sketch of the non-reference sequence anchoring and clustering pipeline.

The WGS reads of each inbred line were trimmed, de-duplicated and then assembled into contigs. The
contigs were aligned to the reference genome to get the non-reference sequences (NRSs). The NRSs were
filtered then anchored to the reference genome based on evidences of genome-to-genome alignment (ALN)
and two short reads mapping evidences (RP and SR, for read pairs and split reads, respectively). The non-
reference sequence was then classified into three classes based on the supported evidences. The sequences
anchored to the same regions were clustered to get the non-redundant representations according to the
non-reference sequence support classes. The un-anchored non-reference sequence were de-duplicated then
combined with the anchored non-reference sequence to get the final non-reference sequence set.
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Figure S4. Pan-Zea gene annotation and functional annotation pipeline.
The non-reference genome was masked and annotated by combination of hybrid evidences and ab initio gene
prediction. The predicted genes were filtered and mapped to common databases for functional annotation.
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Figure S5. Statistics of the proportions of functionally annotated genes.
X axis indicated each functional annotation items while “SUM” represent for the summary of all functional
annotations. Greys indicated genes without annotations on that item while blues indicated those with annotations.
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Figure S6. Validation of the gene present and absent variations (gPAVSs).

(A): Heat map distribution of correlation r? values of the gPAVs of maize inbred ZHENG58 from NGS data of
different read depths (X15-X28 in the Y-axis). (B): Schematic showed a continuous gene absent cluster on
chromosome 6. Blue cells indicated gene presence. (C): The validation of a ~2.6 Mb deletion on chromosome 6
from PCR amplifications. Green indicated successful amplification for a particular inbred by primer combination
while red indicates no amplification. Modified from the Supplementary Figure 5 of Yang et al. 2017 with permission.
(D): The gPAV patterns of the genes located within the ~2.6 Mb deletion and of the same individuals used in the
PCR validation in (C), with blue cells indicated gene presence. (E): The gPAV genotyping accuracy was estimated
by the gPAV genotyping results of B73, which in expectation would have 100% reference genes present and 100%
non-reference genes absent.



+ Z nicaraguensis

= Zluxurians

« Z diploperenis

* Z perenis

« Z huehustenangensis
* Zmexicana

« Z parviglumis

« Tecsinte(mix)

Pt st b, )

SNP gene PAV
« Zmays(TST)
« Z.mays(TEM)
- Zmays(mi) @ 05 005
o~
0.00 g .00
-0.05 005
A
-0.10
0.10
PC1
PC1

Figure S7. PCA and SNP LD rank analysis of gPAV.

(A): Comparison between the PCA result using pan-Zea SNPs and gPAVs. (B): Distribution of the number of gPAV
r? ranks (0-300) that are above the SNP-based median r? value for common gPAVs.
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Figure S8. Core and dispensable genes and ortholog groups.

(A): Schematic of the present and absent (PAV) patterns of pan-Zea genes and ortholog groups. X and Y axes
were genes (or ortholog groups) and individuals, respectively. The top-most grey bar indicated the dispensable
items, while the top-most purple (or dark blue) bar indicated core or candidate core items. (B): Sankey plot of the
proportions of the core and dispensable ortholog groups in pan-Zea (PANZ), teosinte sub-group (TEO) and maize
sub-group. The “core” tracks represented the combinations of the core and candidate core ortholog groups. (C):
Distribution of the pairwise comparison of the gPAV genotype differences between any two individuals. Comparison
between the PCA result using pan-Zea SNPs and gPAVs. (D and E): Distributions of the size variation of pan and
core genes (D) and ortholog groups (E) along with 100 times random addition of individuals for pan-Zea, pan-
teosinte and pan-maize. X-axes indicated the total included individuals. The boxplots indicated the distributions of
the sizes of the core or pan genes (or ortholog groups) in the 100 randomization. The lines were the connections
of the mean values in each boxplot.
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Figure S9.

number of KOs related to the current pathway.

600S10
0L0ST1O
110S10

10ST10

4

N

3
b

DNA replication proteins [BR:zma03032]
Spliceosome [PATH:zma03040]
Spliceosome [BR:zma03041] 3.5
Mitochondrial biogenesis [BR:zma03029]

Ribosome biogenesis [BR:zma03009]

Ubiquitin system [BR:zma04121] 3
Messenger RNA biogenesis [BR:zma03019]

Membrane trafficking [BR:dosa04131] 2.5
Chromosome and associated proteins [BR:zma03036]
Protein phosphatases and associated proteins [BR:zma01009] 2
Transcription machinery [BR:zma03021]
Plant-pathogen interaction [PATH:zma04626]
Protein kinases [BR:zma01001] 1.5
Exosome [BR:zma04147]
Transporters [BR:zma02000] 1
DNA repair and recombination proteins [BR:zma03400]
Enzymes with EC numbers

Protein processing in endoplasmic reticulum [PATH:zma04141] 0.5
Chaperones and folding catalysts [BR:zma03110]
Peptidases and inhibitors [BR:zma01002] o)
MAPK signaling pathway — plant [PATH:zma04016]

Phenylpropanoid biosynthesis [PATH:zma00940]

Plant hormone signal transduction [PATH:zma04075]

Transcription factors [BR:zma03000]

RNA polymerase [PATH:zma03020]

Lipid biosynthesis proteins [BR:zma01004]

Peroxisome [PATH:zma04146]

Pyruvate metabolism [PATH:zma00620]

Citrate cycle (TCA cycle) [PATH:zma00020]

Glycolysis / Gluconeogenesis [PATH:zma00010]

Fructose and mannose metabolism [PATH:zma00051]

Carbon fixation in photosynthetic organisms [PATH:zma00710]

Biotin metabolism [PATH:zma00780]

Domain-containing proteins not elsewhere classified [BR:zma04990]
Ascorbate and aldarate metabolism [PATH:zma00053]

Tropane, piperidine and pyridine alkaloid biosynthesis [PATH:zma00960]
Fatty acid biosynthesis [PATH:zma00061]

Prodigiosin biosynthesis

Pentose phosphate pathway [PATH:zma00030]

Arginine biosynthesis [PATH:zma00220]

ABC transporters [PATH:dosa02010]

Alanine, aspartate and glutamate metabolism [PATH:zma00250]

Pyrimidine metabolism [PATH:zma00240]

Nicotinate and nicotinamide metabolism [PATH:zma00760]

General function prediction only

Biosynthesis of ansamycins

One carbon pool by folate [PATH:zma00670]

D-Glutamine and D—glutamate metabolism

Glycosaminoglycan binding proteins [BR:ats00536]

Photosynthesis proteins [BR:zma00194]

Photosynthesis [PATH:zma00195]

Signaling proteins

Nitrogen metabolism [PATH:zma00910]

Glycosylphosphatidylinositol (GPI)-anchored proteins [BR:zma00537]
SNARE interactions in vesicular transport [PATH:zma04130]

Proteasome [PATH:zma03050]

Betalain biosynthesis [PATH:zma00965]

lon channels [BR:zma04040]

Other types of O—glycan biosynthesis [PATH:bvg00514]

Pantothenate and CoA biosynthesis [PATH:zma00770]

Glycine, serine and threonine metabolism [PATH:zma00260]

Valine, leucine and isoleucine biosynthesis [PATH:zma00290]

Polyketide biosynthesis proteins [BR:zma01008]

Vitamin B6 metabolism [PATH:zma00750]

Various types of N—glycan biosynthesis [PATH:zma00513]

Stilbenoid, diarylheptanoid and gingerol biosynthesis [PATH:zma00945]
Monobactam biosynthesis [PATH:zma00261]

Prokaryotic defense system [BR:zma02048]

Transcription

Bacterial toxins [BR:zma02042]

Sesquiterpenoid and triterpenoid biosynthesis [PATH:zma00909]
Carbohydrate metabolism

Neomycin, kanamycin and gentamicin biosynthesis

CD molecules [BR:zma04090]

Others

Phenylalanine, tyrosine and tryptophan biosynthesis [PATH:zma00400]
Lysine biosynthesis [PATH:zma00300]

GTP-binding proteins [BR:zma04031]

Lysine degradation [PATH:zma00310]

Function unknown

Autophagy - other [PATH:zma04136]

Isoquinoline alkaloid biosynthesis [PATH:zma00950]

Glycosphingolipid biosynthesis — lacto and neolacto series [PATH:zma00601]
Glycosphingolipid biosynthesis — globo and isoglobo series [PATH:zma00603]
N-Glycan biosynthesis [PATH:zma00510]

Mannose type O—glycan biosynthesis [PATH:pda00515]

Arachidonic acid metabolism [PATH:zma00590]

Tyrosine metabolism [PATH:zma00350]

Other glycan degradation [PATH:zma00511]

Ubiquinone and other terpenoid—quinone biosynthesis [PATH:zma00130]
Protein export [PATH:zma03060]

Folate biosynthesis [PATH:zma00790]

Histidine metabolism [PATH:zma00340]

Sulfur relay system [PATH:zma04122]

Carotenoid biosynthesis [PATH:zma00906]

Fatty acid degradation [PATH:zma00071]

Ribosome biogenesis in eukaryotes [PATH:zma03008]

Glycerophospholipid metabolism [PATH:zma00564]

Terpenoid backbone biosynthesis [PATH:zma00900]

Phenylalanine metabolism [PATH:zma00360]

Tryptophan metabolism [PATH:zma00380]

Arginine and proline metabolism [PATH:zma00330]

Cutin, suberine and wax biosynthesis [PATH:zma00073]

Pentose and glucuronate interconversions [PATH:zma00040]

Sulfur metabolism [PATH:zma00920]

Steroid biosynthesis [PATH:zma00100]

Glycerolipid metabolism [PATH:zma00561]

mRNA surveillance pathway [PATH:zma03015]

Inositol phosphate metabolism [PATH:ccaj00562]

Phosphatidylinositol signaling system [PATH:ccaj04070]

Porphyrin and chlorophyll metabolism [PATH:zma00860]

Fatty acid elongation [PATH:zma00062]

Biosynthesis of unsaturated fatty acids [PATH:zma01040]

Amino acid related enzymes [BR:zma01007]

Valine, leucine and isoleucine degradation [PATH:zma00280]
Aminoacyl-tRNA biosynthesis [PATH:zma00970]

Glyoxylate and dicarboxylate metabolism [PATH:zma00630]

Zeatin biosynthesis [PATH:aly00908]

Propanoate metabolism [PATH:zma00640]

Glucosinolate biosynthesis [PATH:zma00966]

Thiamine metabolism [PATH:zma00730]

C5-Branched dibasic acid metabolism [PATH:zma00660]

beta—Alanine metabolism [PATH:zma00410]

Cytochrome P450 [BR:zma00199]

Prenyltransferases [BR:zma01006]

Ether lipid metabolism [PATH:zma00565]

Sphingolipid metabolism [PATH:zma00600]

Basal transcription factors [PATH:zma03022]

alpha-Linolenic acid metabolism [PATH:zma00592]

Secretion system [BR:zma02044]

Transport

DNA replication [PATH:zma03030]

Nucleotide excision repair [PATH:zma03420]

Base excision repair [PATH:zma03410]

Mismatch repair [PATH:zma03430]

Homologous recombination [PATH:zma03440]

RNA transport [PATH:zma03013]

Transfer RNA biogenesis [BR:zma03016]

Glutathione metabolism [PATH:zma00480]

Purine metabolism [PATH:zma00230]

Circadian rhythm - plant [PATH:zma04712]

Amino sugar and nucleotide sugar metabolism [PATH:zma00520]

RNA degradation [PATH:zma03018]

Translation factors [BR:zma03012]

Ubiquitin mediated proteolysis [PATH:zma04120]

Selenocompound metabolism [PATH:zma00450]

Galactose metabolism [PATH:zma00052]

Cysteine and methionine metabolism [PATH:zma00270]

Starch and sucrose metabolism [PATH:zma00500]

Flavonoid biosynthesis [PATH:zma00941]

Cyanoamino acid metabolism [PATH:zma00460]

Oxidative phosphorylation [PATH:zma00190]

Proteasome [BR:zma03051]

Phagosome [PATH:zma04145]

Glycosyltransferases [BR:zma01003]

Ribosome [PATH:zma03010]

Ribosome [BR:zma03011]

Endocytosis [PATH:zma04144]

Cytoskeleton proteins [BR:zma04812]

KEGG pathways of each dispensable ortholog group cluster.
The heat map plot indicated the KEGG pathways in each ortholog group cluster. The color gradient indicated the



T B Exosome [BR:zma04147]
I Chromosome and associated proteins [BR:zma03036]
Iy Il Protein phosphatases and associated proteins [BR:zma01009]
B DNA repair and recombination proteins [BR:zma03400]
Transcription
— Biotin metabolism [PATH:zma00780]
Bacterial toxins [BR:zma02042]
Base excision repair [PATH:zma03410]
Basal transcription factors [PATH:zma03022]
Cutin, suberine and wax biosynthesis [PATH:zma00073]
Carbohydrate metabolism
Phagosome [PATH:zma04145]
Sulfur metabolism [PATH:zma00920]
Amino acid related enzymes [BR:zma01007]
Sesquiterpenoid and triterpenoid biosynthesis [PATH:zma00909]
Homologous recombination [PATH:zma03440]
Prokaryotic defense system [BR:zma020438]
| Flavonoid biosynthesis [PATH:zma00941]
Glutathione metabolism [PATH:zma00480]
Pentose and glucuronate interconversions [PATH:zma00040]
Mismatch repair [PATH:zma03430]
Nucleotide excision repair [PATH:zma03420]
DNA replication [PATH:zma03030]
Ribosome [PATH:zma03010]
Ribosome [BR:zma03011]
Cyanoamino acid metabolism [PATH:zma00460]
r Ether lipid metabolism [PATH:zma00565]
RNA transport [PATH:zma03013]
DNA replication proteins [BR:zma03032]
Protein processing in endoplasmic reticulum [PATH:zma04141]
L Glycosyltransferases [BR:zma01003]
Proteasome [BR:zma03051]
Enzymes with EC numbers
Spliceosome [PATH:zma03040]
Cysteine and methionine metabolism [PATH:zma00270]
RNA polymerase [PATH:zma03020]
Plant hormone signal transduction [PATH:zma04075]
Arginine and proline metabolism [PATH:zma00330]
Transfer RNA biogenesis [BR:zma03016]
T Mitochondrial biogenesis [BR:zma03029]
MAPK signaling pathway - plant [PATH:zma04016]
Phenylpropanoid biosynthesis [PATH:zma00940]
Transcription machinery [BR:zma03021]
L I Peptidases and inhibitors [BR:zma01002]
B Transcription factors [BR:zma03000]
ﬁ B Protein kinases [BR:zma01001]

I Spliceosome [BR:zma03041]
B Transporters [BR:zma02000]
B Plant-pathogen interaction [PATH:zma04626]

900S7190
,00S7100

3.5

2.5

1.5

0.5

Figure S10. The KEGG pathways enriched in maize concentrated ortholog groups when compared

with teosinte concentrated ortholog groups.
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Figure S11. Distribution of sub-population enriched genes and ortholog groups.
(A) and (B): Pie plots of proportions of sub-population enriched genes (A) and ortholog groups (B). (C): Distribution
of sub-population enriched ortholog groups along with the ortholog group size.
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Figure S12. The sketch of SV calling and genotyping pipeline.

The SVs were called from the combination of hits from the whole genome alignment (WGA) based evidences (NR-
INSs and AsmSVs) and the next-generation whole genome sequencing (WGS) based SV callers (DELLY, GRIDSS,
MANTA). Each of the SV callers was polished with both individual and population level filters. The final calls of
each SV caller were integrated and additional joint SV genotyping steps were performed with SVTyper and
Bayestyper. Finally, all the SV genotype evidences were merged and filtered to get the final SV genotype matrix.
BND, break end; “Pop-*, population; aln, alignment; SPL, sample; RecipOvlp, reciprocal overlap; SUPP, number
of samples supported the presence of a certain SV in the population; cent., centromere regions; PASS, the “PASS”

filter tag in VCF4.0.
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Figure S13. Additional features of the maize genetic variation map.

(A-B): Pie plots of the proportions annotations and relative position to the genes (A) and TE-related SVs (B). (C): Distribution of
different SV sub-types and their lengths. Note that the length feature of the TRA type of SV was not available; thus, it was not
provided in the plot. (D): Distributions of genetic variants along with MAF values. (E): Distribution of heritability and equal frequency
MAF bins of the SNPs and InDels (light blue) SVs (blue), and SNP LD rank value bins of the InDels (light green) and SVs (green).
(F): Trend lines of heritability among the different genetic variant features as supplementary of Figure 3F. Light purple lines indicate
the feature item’s mean heritability of all traits for each randomization. Blue lines indicate each feature item’s mean heritability for all

100 randomizations. Red lines indicates the mean heritability of all of the feature items.
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Figure S14. Distribution of the associated QTLs and causal variations along the chromosome.
The heatmap represents the QTL density within each 1Mb window. The histograms indicated the densities of
the causal variants that were normalized with the number of all the variants within 1Mb window.
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Figure S15. Distribution of the features of associated QTLs, genes and causal variations.
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“Max.-log10(P)” indicated the negative log10 P-value of the leading genetic variation in the QTL. “QTL_GQS”
indicated the QTL general quality score calculate using Manhattan Harvester. The blue and red vertical lines
indicated the median and mean values, respectively.




SDGa25
AGPv4
PanRep_01830195

SDGa25
AGPv4
PanRep_01830195

SDGa25
AGPv4
PanRep_01830195

SDGa25
AGPv4
PanRep_01830195

SDGa25
AGPv4
PanRep_01830195

SDGa25
AGPv4
PanRep_01830195

SDGa25
AGPv4
PanRep_01830195

SDGa25
AGPv4
PanRep_01830195

SDGa25
AGPv4
PanRep_01830195

SDGa25
AGPv4
PanRep_01830195

SDGa25
AGPv4
PanRep_01830195

SDGa25
AGPv4
PanRep_01830195

SDGa25
AGPv4
PanRep_01830195

SDGa25
AGPv4
PanRep_01830195

SDGa25
AGPv4
PanRep_01830195

SDGa25
AGPv4
PanRep_01830195

GGTTGTTGGACTCAGCTAATACCTAACAGCCTTTTATCAACAACTAAAACAAAGGAACACCACTCCTTGCTATGTTCAATCACACACCTCTCATTCCAGA
GGTTGTTGGACTCAGCTAATACCTAACAGCCTTCCATCAACAACTAAARACAAAGGAACACCACTCAGTGCTATGTTCCATCACACACCTCTCATTCCTGG

1

............................................................................................ ATGATGA
TAGTCCTAGGCTAGGTATCTATAAATAACAAACAAGGAGGAAGGGAGGAATAAGTAGATCGAGAARATAATAAGAAGAAGGCGACATCTCGACCATGGTGA
TAGTCCTAGGCTTGGTATCTATAACTAACAAACAAGGAGGAAGGGAGGAATAAGTAGATCGAGAAATAATAAAAAGTA. .. .ACATATCGACCATGGTGA
10 20 30 a0 50 60 70 50 90 100
TGAGTAAACAAATGCTCGTCTTGTCCCTGCTCCTAGTGTTGTTCGAGCTTGGATCTCTGCCGACGACATCGTGCAAAAAG. . .GTCTTTTTCAACTTATG
TGAGTAAACACATGCTCATATTGTCCCTGCTCCTAGTGTTGTTCGAGCTTGTATCGCTACCGACGACATCGTGCAATAGGGTCGTCTCTTTCAACTCATG
TGAGTAAACACATGCTCATATTGTCC...CTCCTAGTGTTGTTCGAGCTTGGATCGTTGCCGACGACATCATGCAATAGG. . .GTCTCTTTTAAGTTTTG
110 120 130 140 150 160 170 180 190 200

GGTGACAAACCAGCCAGCTAATGCCACCCAAGATGCGGGGTGTGCTAAGAAAGATGATGCGCTCTCCTCCGCCGACACCATTAAGGTATGGAATTACATC
GGTGAGACACCAACCAGCTAATGCCACCCAAGATGCGGGGTGTGCTAAGAAAGATGATGCGCTCTCCTCTGCCAACACCATTAAGGTAAGGAATTACATT
GGTGAGACACCAGCCAGCTAATGCCACCCAAGATGCAGGGTGTGCTAAGAAAGATGATGCACTCTCCTCTACCGACACCATTAAGGTAAGGAATTACATC

210 220 230 240 250 260 270 280 290 300
GACCCTGCCTCTCAATTGAGACCTGAAGATGGCGGTTACACGACCATTAGCGAGTCCATCGCCAARCATCCCTGAGGACAACGCCAARACGCTACCTCCTTA

GACCCTGCCTCCGAATTGAGACCTGAAGATGGTGGTTACACGACCATTAGCGAGTCCATTGCCARACATCCCTGACGACAACACCAARTGCTACGTCCTTA
GACCCTGCCTCTGAATTGAGACCTARAGATGGTGGTTACACGACCATTAGCGAGTCCATCGCCAARCATCCGTAGCGACAACACCAARACGCTATGTCTTTA

3109 320 330 340 350 360 370 380 390 a00
TCCTCAAACCTGGTGITGTGTITCCGCGAGAAGCTGTTACTCGGTAGAAGCAAGCCTTTCATCACCATAATGTCCGAGGACCCCATGAACCCTGCTGTTAT

CCCTCAAACCTGGTGTTGTGTTCCGCGAGAAGCTGTTACTCGGTAGAAGCAAGCCATTCCTCACCATAATATCCGAGGACCCCATGAACCCAGCTATTAT
CCCTCAAACCTGGTGCTGTGITCCGCGAGAAGCTGTTACTCAGTAGAAGCAAGCCATTCATCACCATAATATCCGAGG . & v v v v s o o s o v o a o s o a s

410 420 4320 440 450 460 470 480 490 500
CGTCTGGAATGACACTGCCACCACCATGGGCAAGGACGGCAAGCCCCTTGGTGTGGATGGAAGCAGTACCATGGCCATAGAGTCCGACTATTTTGTCGCC

CGTCTAGAATGACACTGCCACCACCATGGGCAAGGACGGCAAGCCCCTTGGTGTGGATGGAAGCAGCACCATGGCGATAGAGTCCAACTATTTTGTCGCC
.......................................................................... CCATAGAGTCCGACTATTTTGTCGCC

510 520 530 540 550 560 570 580 590 600
TACAACGTTGTCTTCAAGAACGACGCGCCGCTACCAAAGCTAGGGGAAARAAGAAAGGTGAGGCACCAGCACTGCGAGTGATGGGAACARAAGGCAACCTTCT

TACAACATTGTCTTCAAGAACGACGCGCCGCTACCAAAGCTAGGGGAAAAGAAAGGTGAGGCACCAGCACTGCGAGTGATGGGAACAAAGGCAACCTTCT
TACAACGTTGTCTTCAAGAACGACGCGCCGCTACCAAAGCCAGGGGAAAAGAAAGGTGAGGCACCAGCACTTCGAGTGATGGGAACARAAGGAAACCTTCT

610 620 6§30 640 650 560 670 680 590 700
ACAATTGCACCATCGAAGGCGGCCAGGGTGCTCTGTACGACCAGACGGGTCTGCACTACTTCAAGGCTTGTGCCATCAAGGGAACCATCGACTTCATCTT

ACAATTGCACCATCCAATGCGGCCAGGGTGCTCTAAACGACCAGACGGGTCTGCACTACTTCAAGGCATGTGCCATCAARAGGGAACCATCGACTTCATCTT
ACAATTGCACCATCGAAGGTGGCTAGGGTGCTCTGTACGACAAGACGGGTCTGCACTACTTCAAGGCTTGTGCCATCAAGGGAACAATCGACTTCATCTT

710 720 730 740 750 760 770 780 790 800
CGGATCTGCCAAGTCATTTTATGAGGAATGCAAARAATCGTTTCGGTGTTGAAGGAGGCATTGGTATTGCCATTGGCACCACCGGAGCAGGACCGCTCTAGA

CGGATCTGCCAAGTCATTTTATGAGGAATGCAAAATTGTTTTGGTGTTGAAGGAGGCATTGACATTGCCAATCGTGCCACCGGAGCAGGACCGGTCTAGA
TGGATCTGCTAAGTCATTTTATGAGGAATGCAAARAATCGTTTCGATGTTGAAGGAGGCATTGGCATTGCCAATGGCACCATCGGAGARGGACCACTCTAGA

810 820 830 840 850 860 870 880 890 900
AATCCCATCGAAATCGCCCCAGGCAAGAGCGGGTTGGCATTCAAGACTTGCACAATCGAGGGGGAAGGAGAAAAAATTTACTTGGGTAGGGTGGGCACGC

AATCCCATCAARAATTGCCCCAGGCAAGAGCGGGTTGGCATTCAAGACTTGCACAATCGAGGGGGAAGAAGARAAAATTTACTTGAGTAGGGTGGGCACGC
AATCCCATCAAAGTTGCCCCAGGCAAGAGCGGGTTGGCATTCAAGACTTGCACAATCGAGGGGGTAGGAGAARAAAAATTTACTTGGGTAGGGTGGGCACGC

910 920 930 940 950 960 970 980 990 1000
CTGTGATATACTCCTACACTAATATAGGTAAGGAGATTGTAGGCATAATATCTGATGGTCGGGACGTCCAGACAGTCGAAAGGTACCACTCCTATGTCCA
CTGTGATCTACTCCTACACCGATATAGGTAAGGAGATTGTAGGCATAATATC TAATGGT TACGACGT & v v v v v v v v v v v e vt o e s o a e oo o a oo s a e e s
CTGTGATGTACTCCTACACAGATATAGGTAAGGAGATTGTAGGCATAATATCTGATGGTCGGGACGTCCAGACTATCGAAAGGTACCACTCCTACGTCCA

1010 1020 1030 1040 1050 1060 1070 1080 1090 1100

TTACATCCTCTCCTTTCTTCATATATGATTGTGTGATTAAAGGTGTTGTTCATTATCTATACTGATGAAAGGTGTTGTTGTTGCGTTIGCATT.TTTTATT
....................................................... TGTATACTAAAGAAAGG. . .TGTTGTTGCGTTGCATTCTTTITTTT
TTACATCCTCTCCTTTCTTCATATATGATTGTGTGATTAAAGGTGTTGTTCATTATCTATACTGATGAAAGGTGTTGTTGTTGCATTGCATT.CTTTATT

1110 1120 1130 1140 1150 1160 1170 11280 1190 1200
ATAGGGGGTACTACTGCGCCACTTTTAGGTGTTACGGGCCTGGGATGTCTCCAATGGTAACCTCAACTCTGACCTATGTCGAGGCAATACCCTTTCTCGG

ATAGGGGGTACTATTGCGCCACTTTCAAGTGTTACGGGCCTAGGATGTCTCCAATGGTAACCTCAACTCTAACCTATGTCCAGGCAATACCCTTTCTCGG
ATAGGGGGTACTACTACGCCACTTTCTAGTGTTACGGGCATGGGATGTCTCCAATGGTAACCTCAACTCTAACCTATGTCCAGGCAATACCCTTTCTCGG

1210 1220 12309 1240 1250 1260
GATACACTACATCTCGGGGGAGTCATGGATCCCGTCCCTACCACC CG L TG AR GA A T AR & & i i i i it e ettt sttt ettt et e e e e et e e e e e

GATACACTACATCTCGAGGGAGTCGTGGATCCCGTCCCTACCACCCGCTGAAGAATAAGCTATTGCAAGAAGCATTTAGAGTCATATATGCTAGGAGCAC
GACACACTGCATCTCG.GGGAGTCGTGGATCCCGTCCCTACCACCCGAAGAAGAATAAGTTATTGC. . .AAGCATTTAGAGTCATATCTGCTAGGAGCAC

CCTTAAAGTTAAARACAAGCAAGTTGTIGCTCC
CCTTAAAGTTAARACAAGCAAGTTGTGCTCC

Figure S16. Multiple sequence alignment of the PME genes in the Ga17 locus.
The base alignments represented the PME genes and their flanking sequences in SDGa25, AGPv4 and
PanRep_01830196. The numeric ruler indicated the position of the intact PME gene in SDGa25. Conserved bases
were highlighted as darkbule. The pre-mature mutations in AGPv4 and PanRep_01830196 were highlighted with
green and red blocks, respectively. The deletions in AGPv4 and PanRep_01830196 when compared with SDGa25
were highlighted with yellow and purple blocks, respectively. The red bases indicated the additional coding
sequence that presented in PanRep 01830196 but absent in AGPv4.
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Figure S17. Multiple sequence alignments of the protein sequences of pan-Zea PME genes.
The intact PME gene in SDGa25 was also included as a comparison.
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Figure S18. Statistics of candidate causal variants.

(A): Correlation of number of causal variant within a QTL with each QTL features. “QTL Counts”, the number of
genetic variations within the QTL; “QTL Max -log10(P)”, the negative log10 P-value of the leading genetic variation
in the QTL; “QTL GQS”, the QTL general quality score calculate using Manhattan Harvester; “4CCVs”, the number
of candidate causal variants within the QTL. (B): Distribution of effect size along different type of causal variants,
with the vertical lines indicated the mean values. (C): Enrichment of candidate causal variants under different
variant features. Significant cutoff was set as Q value < 0.05.
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Figure $19. Enrichment of causal variants features within different omics trait classes. Significant cutoff was

set as Q value < 0.05.
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bins; “Bins of distance to TSS”, the equal-frequency binning of 50 bins along the flanking 1Mb and 5Kb of TSS,
respectively; “SNP”, INDEL” and “SV”, the enrichment of causal SNPs, INDELs and SVs along 50 bins flanking
5Kb to TSS, respectively; “SV SubType”, enrichment of different SV subtypes along 50 bins flanking 5Kb to TSS;

“TE related SVs”, enrichment of different TE types of TE-related SVs along 50 bins flanking 5Kb to TSS.

Figure S20. Enrichment of cis-eQTL causal variants along different distance to TSS.
Tracks from top to bottom: “Causal variants”, enrichment of all types of causal variants along 50 equal-frequency
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Adapters and low guality bases were removed using Cutadapt (v1.12) (Martin, 2011). All cleaned reads were aligned to the Z. mays inbred B73 AGPv4 genome assembly (Jiac et
al, 2017) with Bowtie2 (v2.2.3) (Langmead and Salzberg, 2012) and TopHat2 (v2.0.14) (Kim et al., 2013). Fragments Per Kilobase of transcript per Million mapped reads (FPKM)
gene expression values for Z. mays inbred B73 AGPv4 genes (Jiao et al., 2017) was quantified with Cufflinks {v2.2.1} {Trapnell et al., 2010).

Figure S21. Expression patterns of the candidate genes of the example SV-QTLs.
The expression of Zm00001d023299 under different stress treatments. The results were acquired from
the Maize eFP Browser (http://bar.utoronto.ca/efp_maize/cgi-bin/efpWeb.cgi).
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Figure S22. Blast graphic summary of PZ00001aSV02097079INS.
The PZ00001aSV02097079INS sequence was blasted against NCBI nt database with default options, only the top
18 hits were plotted.
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Figure S23. Distribution of the Zm00001d023299 expression patterns in the tenth leaf of V9 stage in
the CUBIC offspring population related to the haplotypes flanking 500Kb of Zm00001d023299.
The haplotype of parent JI53 (light red) and LV28 (dark red) were the PZ00001aSV02097079INS

containing haplotype, while the haplotype of NX110 (blue) was the PZ00001aSV02097079INS absent
haplotype.
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Figure S24. The diagram of vectors used in the luciferase reporter assays of Zm00001d023299
promoter with (A) or without (B) the predicted ABRE.
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