5vP AGL17 IM27 FLC SAP NF-YC4
— -— — —
. L -
b R T T B . R | g . _____7T._
. =
- L = ‘ . a
R - P — O N — = - n
F Iy
e e g e e e e e v e\“'“n“ xsﬂ"““a \_43’“““3 5 uw““““a .\a"‘w .;:ﬁﬂ“"*“ﬂ .\_ab"“““ .ia*“’w?
Chromosome 2 Chromosome 5 Chromosome 5 Chromosome 5
f
8 SNP
di-SNP
® Haplotype
A RAINBOWR
- RAINBOWR+
6
Q@ [ e @ oo
=]
=1
o
=)V] . X . ¥
I g 1 )
8 : 8 : g
| . » H |
i - s . H i
| g, 3 £ z i. ¢
1 { <3
] < é i g, i . i' 8 ks
pad SEiE 4 ¢ e § % P b i & it B 405
RS B | [ g by ) R R R L SRS EAEAY i TR
0 1 2 3 3 5
Chromosome
R | P=5.48e-08 h P=2.56e-06 1 P=7.24e-06 j P=8.81e-07 k P=9.17e-08
D21 ) H 2.1 : 2.1 :‘ i 214 T, - . H 2‘1.. *
— ° . 1z
E*”* = — == L % ﬁ _ == v = == 3 = 1 = -
-3 G 3 < © £ & oo
P oS S N Po\“o o CC“(’C‘ h@\‘*‘” (:((\('g\(,\éc(c\(’ze[,\(’(;é\\C::GUGB
#f
. P=1 P=1.27e-08 P=0.13 P=2.50e-06 P=2.3%-06 P=0.02 p=0.15 p=0.05 p=1 P=1 P=0.01 P=4.13e-06
Qo | - 21 B4 21 X 21 X 21 i 21 21 210 21! 21 21 21[{ !
=7 B 17 17 IJ__l | 17 : 17 ﬂ é 17 l:l i| 1,7—D¢| 1,7—D¢ 1‘7—Q¢ L7 g[g L7 é L7 Dé
El.i == L= Ll == 3 = 13 13 13 13T sl | 1z b= s
<Nl o gl < oL ol At < ol KR lp e R it < <t

Figure S1. The results of analyzing an agronomic trait in Arabidopsis, days to flowering under long days
(DFLD), where DFLD* represents the log-transformed DFLD. (a — e) Five zoomed-in loci and nearby genes
on chromosomes 2, 4, 5, 5 and 5, respectively, detected using di-SNP & SNP (a and b), SNP only (a and c),
and haplotype variants & di-SNP (d and e). In panel a, two di-SNPs and one SNP were assigned to SVP,
whereas one SNP was assigned to AGL17. (f) Manhattan plot showing the results based on single SNPs
(blue), di-SNPs (orange), haplotypes (red), and RAINBOWR analyses using PLINK-pre-selected (solid brown
triangles) and CHAP-GWAS-selected haplotypes (hollow brown triangles). (g — k) Comparison of
association strength with DFLD* between haplotype variables with the strongest signals and single SNPs
at the three genomic loci corresponding to (a — e), respectively. The upper panels show the distribution
of DFLD across haplotypes, along with the overall p-values. The lower panels show the distribution of DFLD
between the two genotypes at each SNP locus within the detected haplotype variants, together with the
corresponding p-values. In Figure S1 f, Roman numerals I, II, Ill, and IV denote variant clusters
corresponding to four distinct scenarios: | — only SNPs detected; Il — only haplotypes detected; IIl — SNPs
overlapping with di-SNPs or haplotypes; IV — haplotypes overlapping with di-SNPs.
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Figure S2. The results of analyzing an agronomic trait in Arabidopsis, days to flowering under short days
(SD), where SD* represents the log-transformed SD. (a and b) Two zoomed-in loci and nearby genes on
chromosomes 3 and 4, respectively, detected using haplotype variants only. (c) Manhattan plot showing
the results based on single SNPs (blue), di-SNPs (orange), haplotypes (red), and RAINBOWR analyses using
PLINK-pre-selected (solid brown triangles) and CHAP-GWAS-selected haplotypes (hollow brown triangles).
(d and e) Comparison of association strength with SD* between haplotype variables with the strongest
signals and single SNPs at the three genomic loci corresponding to (a and b), respectively. The upper
panels show the distribution of SD across haplotypes, along with the overall p-values. The lower panels
show the distribution of SD between the two genotypes at each SNP locus within the detected haplotype
variants, together with the corresponding p-values. In Figure S2 c, Roman numerals |, I, Ill, and IV denote
variant clusters corresponding to four distinct scenarios: | — only SNPs detected; Il — only haplotypes
detected; Il = SNPs overlapping with di-SNPs or haplotypes; IV — haplotypes overlapping with di-SNPs.
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Figure S3. The results of analyzing an agronomic trait in Arabidopsis, days to flowering under long days
with vernalization (LDV). Manhattan plot showing the results based on single SNPs (blue), di-SNPs (orange),
haplotypes (red), and RAINBOWR analyses using PLINK-pre-selected (solid brown triangles) and CHAP-
GWAS-selected haplotypes (hollow brown triangles). In Figure S3 a, Roman numerals |, II, 1ll, and IV denote
variant clusters corresponding to four distinct scenarios: | — only SNPs detected; Il — only haplotypes
detected; Il — SNPs overlapping with di-SNPs or haplotypes; IV — haplotypes overlapping with di-SNPs.
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Figure S4. The results of analyzing an agronomic trait in Arabidopsis, days to flowering under long days
with no vernalization (OW), where OW* represents the log-transformed OW. (a) One zoomed-in loci and
nearby gene on chromosomes 4, respectively, detected using SNP, di-SNP and haplotype variants. (b)
Manhattan plot showing the results based on single SNPs (blue), di-SNPs (orange), haplotypes (red), and
RAINBOWR analyses using PLINK-pre-selected (solid brown triangles) and CHAP-GWAS-selected
haplotypes (hollow brown triangles). (c) Comparison of association strength with OW* between haplotype
variables with the strongest signals and single SNPs at the three genomic loci corresponding to (a),
respectively. The upper panels show the distribution of OW across haplotypes, along with the overall p-
values. The lower panels show the distribution of OW between the two genotypes at each SNP locus within
the detected haplotype variants, together with the corresponding p-values. In Figure S4 b, Roman
numerals 1, Il, lll, and IV denote variant clusters corresponding to four distinct scenarios: | — only SNPs
detected; Il —only haplotypes detected; Ill — SNPs overlapping with di-SNPs or haplotypes; IV — haplotypes
overlapping with di-SNPs.
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Figure S5. The results of analyzing an agronomic trait in Arabidopsis, days to flowering under long days for
two weeks vernalization (2W), where 2W* represents the log-transformed 2W. (a) One zoomed-in loci
and nearby gene on chromosomes 2, respectively, detected using haplotype variants only. (b) Manhattan
plot showing the results based on single SNPs (blue), di-SNPs (orange), haplotypes (red), and RAINBOWR
analyses using PLINK-pre-selected (solid brown triangles) and CHAP-GWAS-selected haplotypes (hollow
brown triangles). (c) Comparison of association strength with 2W* between haplotype variables with the
strongest signals and single SNPs at the three genomic loci corresponding to (a), respectively. The upper
panels show the distribution of 2W across haplotypes, along with the overall p-values. The lower panels
show the distribution of 2W between the two genotypes at each SNP locus within the detected haplotype
variants, together with the corresponding p-values. In Figure S5 b, Roman numerals |, I, lll, and IV denote
variant clusters corresponding to four distinct scenarios: | — only SNPs detected; Il — only haplotypes
detected; Il — SNPs overlapping with di-SNPs or haplotypes; IV — haplotypes overlapping with di-SNPs.



