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Supplementary Note

1. Evaluation of the watermelon ‘97103’ genome assembly

1.1 Coverage by Illumina reads

A total of 45,504,289 ‘97103’ cleaned Illumina read pairs with read lengths of 150 bp, which
corresponded to ~13.5 Gb sequences covering ~31.4x of the watermelon genome, were aligned to
the newly assembled ‘97103’ genome (v2) using the BWA aln algorithm! with parameters “-n 0.03
-0 1 -e 2”. About 94.30% of the reads were mapped to the v2 assembly, whereas 88.01% could be
mapped to the previous version of ‘97103’ genome assembly? (v1). In the 359,800,263 bp non-
gapped region of the v2 assembly, 359,433,964 bp (~99.9%) were covered by at least 1 read, and
358,962,274 bp (~99.7%) were covered by at least 5 reads. Further check of the 5.7% unmapped
reads showed that 83.9% of them could be mapped to the plastid (GenBank acc#: KY430692) or
mitochondrion (GenBank acc#: NC 014043) genomes, indicating their organelle origin.

To confirm that there were no potential contaminated sequences of microorganism or
organelle origin in the ‘97103 v2 assembly, we calculated the GC content of each of the non-
overlapping 500-bp sliding windows and the average per-base sequencing coverage of the region,
which indicated no signature of these contaminations (Extended Data Fig. 5).

Potential collapsed repeat regions were identified based on the Illumina read coverage.
Genomic regions with an average coverage higher than three times of the genome-wide average
coverage were considered as potential repeats. Our result indicated that these potential collapsed

repeat regions had an accumulative length of ~891 kb (0.25% of the ‘97103’ v2 assembly).

1.2 Evaluation of gene space coverage
The completeness of the ‘97103’ v2 assembly in terms of gene content was first evaluated by
BUSCO? (v2.0.1) with the “embryophyta_odb10” dataset. About 96.80% of the core conserved
plant genes (1,331 out of 1,375 BUSCOs) were found complete in the v2 genome assembly, and
94.69% (1,302 out of 1,375) were found complete in the v2 predicted genes (Supplementary
Table 3).

We then evaluated the gene space coverage by mapping RNA-Seq reads to the ‘97103 v2
assembly using HISAT2 (ref. #) allowing up to 3% mismatches. RNA-Seq reads from a total of 72

libraries, which were constructed from six different tissues of ‘97103’ (apical point, carpopodium,



fruit flesh, stem, leaf and root) sampled at four different time points (10, 18, 26 and 34 days after
pollination), were used for mapping. Up to 96.5% of the RNA-Seq reads could be aligned to the
v2 assembly, and the mean mapping rate of RNA-Seq data from all libraries was 92.55%. The high
BUSCO coverage and RNA-Seq read mapping rates indicated the watermelon genes were well
captured by the v2 assembly.

Furthermore, we evaluated the quality of genes predicted in the ‘97103’ v2 assembly. Of the
22,596 predicted genes, 21,048 (93.15%) were supported by the RNA-Seq data, with an RPKM
(reads per kilobase exon model per million mapped reads) of at least one, 20,008 (88.55%) were
supported by homologous proteins from public databases, and 18,927 (83.76%) were supported
by both. Only 467 (2.01%) genes were purely derived from ab initio predictions without support
from the RNA-Seq data or homologous proteins. These results together with the high BUSCO
coverage by the predicted genes (above) suggested the high quality of the predicted genes in the
‘97103 v2 assembly.

1.3 Assessment of assembly contiguity with Long terminal repeat (LTR) Assembly Index

LTR Assembly Index’ (LAI) of the ‘97103’ v2 assembly was calculated to evaluate the contiguity
and compared to those of other genomes. The intact LTR retrotransposon content of ‘97103 v1
assembly was too low for performing this analysis. Therefore, the recently published Illumina
short-read assembly of watermelon ‘Charleston Gray’® and the PacBio long-read assembly of
cucumber ‘Chinese long’’ were used here for comparison. The LAI score of ‘97103’ v2 assembly
was 7.8+3.4, which was much better than that of the ‘Charleston Gray’ assembly (4.7+2.6), and
comparable to that of the ‘Chinese long’ long-read assembly (8.3+6.1), supporting the high
contiguity of the ‘97103’ v2 assembly.

1.4 BAC sequence alignment

Four fully sequenced watermelon ‘97103 BAC sequences (GenBank accessions: JN402338,
JN402339, JX027061 and JX027062) were aligned to the ‘97103 vl and v2 assemblies using
BLASTS® with no filtering of low complexity regions. For all BACs, their complete sequences were
covered by the v2 assembly except the first 32 bases of the BAC JX027061, compared to 97.8%
(JN402338), 97.6% (JIN402339), 90.2% (JX027061) and 64.2% (JX027062) covered by the vl
assembly” (Extended Data Fig. 6). Further comparison of the first 32 bases of the BAC JX027061



to the GenBank nt database indicated this 32-bp sequence was from a cloning vector. Therefore,
the v2 assembly correctly captured the entire sequences of the four fully sequenced BACs. In
addition to the increased coverage, the v2 assembly also had higher sequence identity to the BAC

sequences (Extended Data Fig. 6).

1.5 Collinearity with genetic maps

The 97103 v2 assembly had high collinearity with the three published watermelon genetic
maps’!! for most chromosomes (Extended Data Fig. 3). An inversion on chromosome 11 was
suggested by two genetic maps. However, the structure of chromosome 11 was consistent with the
BioNano map and the regions near the potential “breakpoints” were well supported by ‘97103’
mate-pair reads (Extended Data Fig. 7), indicating the accuracy of the assembly. The
inconsistency between the assembly and the genetic maps could be due to naturally occurring
structural variations in the populations used for map construction: C. amarus USVL246 x
USVLI114 (ref. °) and elite watermelon HMwO17 (Fon race 1 resistant) x HMw013 (susceptible)'?,

or errors in the genetic map'!.

2. Repeat contents in the watermelon ‘97103’ genome assemblies

A total of 202.8 Mb of repeat sequences were identified in the ‘97103’ v2 assembly, accounting
for 55.55% of the assembly (Supplementary Table 4). On the other hand, 164.7 Mb of repeats
(46.6%) were found in the ‘97103’ v1 assembly. Among the repeats in the v2 assembly, 156.1 Mb
(77.15% of identified repeats) were classified into known repeat families, with the Gypsy- (72.5
Mb; 35.83% of the identified repeats) and Copia-type (30.6 Mb; 15.13% of the identified repeats)
LTR retrotransposons (LTR-RTs) being the predominant types. The repeat composition of ‘97103’
v2 assembly was largely consistent with that in the vl assembly (Supplementary Table 4). A
total of 519 intact (fully-assembled) LTR-RTs with an accumulative length of 4,432,097 bp were
identified in the ‘97103’ v2 assembly, whereas only 65 (330,102 bp) full-length LTR-RTs could
be identified in the vl assembly. Together, the ‘97103 v2 assembly captured more repeat
sequences and had a higher abundance of intact LTR-RTs in comparison to vl owing to the

improved assembly using PacBio long reads.

3. Candidate fruit quality-related genes in the selective sweeps



Selective sweeps overlapping with fruit weight QTLs QOfwt2-1 and Ofwt3 contained a gene
(Cla97C02G038570) homologous to SLOW GROWTH 1 (ref. '?), and an auxin transporter
(Cla97C03G060620) and cell wall metabolism (Cla97C02G036910 and Cla97C03G060980)
genes, all of which could to be involved in regulating organ size (Supplementary Table 15).
Cla97C02G036910, encoding a xyloglucan endotransglucosylase/hydrolase, was highly expressed
in the flesh at the early stages of fruit development of cultivated watermelon while expressed at
very low levels in the flesh of wild watermelon. Cla97C03G060620 was mainly expressed in the
rind of cultivated fruit while Cla97C02G038570 and Cla97C03G060980 were either not expressed
or expressed at a very low level in the flesh and rind (Supplementary Table 15).

The candidate gene underlying QTL QOBRX2-1, which overlaps with both domestication
improvement sweeps, is C/TST2, which encodes a sugar transporter and has been functionally
proved to be a key transporter responsible for accumulating sucrose, fructose, and glucose in the
vacuole of watermelon fruit cells'®>. QTL OBrix6, only overlapping with domestication sweeps,
contains another sugar transporter gene, Cla97C06G 118310, which is homologous to Arabidopsis
AtPMT5/AtPLTS that transports sugars into the specific sink tissue'* and was expressed in the flesh
at the early stage of fruit development (Supplementary Table 15). In addition, a cluster of three
sugar transporter genes, Cla97CI10G190640, Cla97CI10G190650 and Cla97CI10G190690,
homologous to tomato SISTPI (ref. '°), were found in the improvement sweeps overlapping with
QTL FCEI0.1 (Fig. 3c). However, all three genes were expressed at very low levels in the flesh
during fruit development (Supplementary Table 15). Further experiments are required to
investigate whether they play roles in sugar accumulation in watermelon flesh cells.

A cluster of genes on chromosome 2, including five benzyl alcohol O-benzoyltransferase
(BEBT) genes (Cla97C02G034580, Cla97C02G034590, Cla97C02G034600, Cla97C02G034610
and Cla97C02G034620) in the volatile ester biosynthesis pathway, were found in the improvement
sweeps, but were not under selection during the domestication of sweet watermelon or the
speciation process of C. mucosospermus (Fig. 3c¢). Among these BEBT genes, only
Cla97C02G034580 was expressed in fruit flesh and its expression was substantially higher in
cultivated watermelon than in wild (Supplementary Table 15), suggesting its potential
contribution to the fruit aromatic flavor of sweet watermelon. Several other fruit quality-related
genes were found in the improvement sweeps, including those encoding [-galactosidase

(Cla97C01G005260, Cla97C01G005270  and Cla97C07G140540),  pectinesterase



(Cla97C07G141130 and Cla97C09G179380) and carotenoid isomerase (Cla97C10G190930),
among which the -galactosidase gene Cla97C07G140540, the two pectinesterase genes and the
carotenoid isomerase gene were expressed in fruit flesh and rind (Supplementary Table 15),
indicating that these genes may contribute to the improved texture and nutritional profiles of

cultivated watermelon fruit.
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Supplementary Fig. 1 Distribution of nucleotide diversity (n) for C. mucosospermus (blue) and
C. colocynthis (red) across the 11 watermelon chromosomes. Red bars below the x-axis indicated
candidate selective sweeps.
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Supplementary Fig. 2 Distribution of nucleotide diversity (n) for C. lanatus landrace (blue) and
C. mucosospermus (red) across the 11 watermelon chromosomes. Red bars below the x-axis
indicated candidate selective sweeps.
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Supplementary Fig. 3 Distribution of nucleotide diversity (m) for C. lanatus cultivar (blue) and
C. lanatus landrace (red) across the 11 watermelon chromosomes. Red bars below the x-axis
indicated candidate selective sweeps.
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Supplementary Fig. 4 Venn diagram of genes in selective sweeps during watermelon speciation,
domestication and improvement. CM vs CC, selective sweeps in C. mucosospermus (CM)
compared to C. colocynthis (CC) (speciation sweeps); CL_LR vs CM, selective sweeps in C.
lanatus landraces (CL_LR) compared to CM (domestication sweeps); CA vs CC, selective sweeps
in C. amarus (CA) compared to CC (speciation sweeps); CL_ CUL vs CL_LR, selective sweeps in
C. lanatus cultivar (CL_CUL) compared to CL_LR (improvement sweeps).

11



8.0-

6.0 .
]
=
=)
(0]
Z 4.0
:E
L
2.0
[
I
0.0-
cc CA CM CL_ LR CL_CUL

Supplementary Fig. 5 Fruit weight in different Citrullus species. CC, C. colocynthis (n = 7
accessions); CA, C. amarus (n = 21 accessions); CM, C. mucosospermus (n = 16 accessions);
CL LR, C. lanatus landrace (n = 85 accessions); CL_CUL, C. lanatus cultivar (n =221 accessions).
For each boxplot, the lower and upper bounds of the box indicate the first and third quartiles,
respectively, and the center line indicates the median.
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Supplementary Fig. 6 Fruit flesh bitterness in different Citrullus species. CC, C. colocynthis (n =
9 accessions); CA, C. amarus (n = 25 accessions); CM, C. mucosospermus (n = 16 accessions);
CL LR, C. lanatus landrace (n =84 accessions); CL_CUL, C. lanatus cultivar (n =240 accessions).
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Supplementary Fig. 7 Population differentiation between C. lanatus landraces and C.
mucosospermus measured by Fst. The loci underlying fruit flesh bitterness and coloration are
highlighted. Candidate genes within the loci are pointed by arrows.
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Supplementary Fig. 8 Genetic diversities in C. mucosospermus (CM) and C. lanatus landraces
(CL_LR) in genome regions surrounding the C/Bt gene. The location of CIBt is indicated by the
grey dot.
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Supplementary Fig. 9 Flesh sweetness (soluble solid content; °Brix) in different Citrullus species.
CC, C. colocynthis (n =T accessions); CA, C. amarus (n =21 accessions); CM, C. mucosospermus
(n=16 accessions); CL_LR, C. lanatus landrace (n = 84 accessions); CL_CUL, C. lanatus cultivar
(n = 218 accessions). For each boxplot, the lower and upper bounds of the box indicate the first
and third quartiles, respectively, and the center line indicates the median.

16



a Raffinose b Stachyose

204
5 -
154
= = 4
L s
o o
o (=]
(] (=]
& 104 S
S E 3-
5- 5]
=l
c Fructose d Sucrose
3000
= 4000 -
= 2000 = 3000
o) >
o o
o o
g g 2000
1000
1000 -
0- 0
C. colocynthis C. mucosospermus EI C. lanatus landrace C. lanatus cultivar

Supplementary Fig. 10 Levels of raffinose (a), stachyose (b), fructose (c¢) and sucrose (d) in C.
colocynthis, C. mucosospermus and C. lanatus landraces and cultivars. For each group, three
accessions (C. colocynthis: P1 386019, P1 549161, PI 388770; C. mucosospermus: P1 595203, P
1248178, P1254740; C. lanatus landraces: P1 525084, P1 512404, HBJ; C. lanatus cultivars: 97103,
Sugarlee, ZZJM), each with three independent experiments, were used to measure the sugar
contents. For each boxplot, the lower and upper bounds of the box indicate the first and third
quartiles, respectively, and the center line indicates the median.
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Supplementary Fig. 11 Nucleotide diversities and population differentiation in the genome region
of CIAGA2. a, Nucleotide diversities in the genome region surrounding C/IAGA?2 in C. colocynthis
(CC), C. mucosospermus (CM), C. lanatus landrace (CL_LR), and C. lanatus cultivar (CL_CUL).
The location of CIAGA2 is indicated by the grey dot. b, Population differentiation between C.
colocynthis and C. mucosospermus measured by Fst. The location of CIAGA?2 is indicated by the
arrow.
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Supplementary Fig. 12 Expression pattern of C/IAGA2 and characterization of the CIAGA2-
knockout watermelon fruit. a, Expression levels of CIAGA2 in C. lanatus 97103 and C. amarus
P1296341-FR fruit tissues. n=2 independent experiments. DAP, days after pollination. b,
CRISPR/Cas9 induced indels at the CIAGA2 guide RNA target sites in claga? mutant lines.
sgRNA, single guide RNA. PAM, protospacer adjacent motif. ¢, Representative mature fruits of
sweet watermelon ‘ZZJM’ plants in the Cas9-free T2 generation carrying the wild-type and
claga2-1 mutant allele (-11 nt) at CIAGA2. d, Glucose, fructose, sucrose, raffinose and soluble
solid contents in the fruit of wild-type and claga2-1 mutants. SSC, soluble solid contents. n=2
independent experiments for glucose, fructose, sucrose, raffinose and 3 for SSC. For each boxplot,
the lower and upper bounds of the box indicate the first and third quartiles, respectively, and the

center line indicates the median.
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Supplementary Fig. 13 Expression and population differentiation of the PSY/ gene,
Cla97C01G008760. a, Expression patterns of PSY/ during fruit development. n =2 independent
experiments. For each boxplot, the lower and upper bounds of the box indicate the first and third
quartiles, respectively, and the center line indicates the median. Values are mean of two biological
replicates + SE. DAP, days after pollination. b, Population differentiation measured by Fsr in the
genome region surrounding the PSY/ gene (grey dot) between C. mucosospermus (CM) and C.
lanatus landrace (CL_LR).
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Supplementary Fig. 14 Correlations among different watermelon fruit quality traits. Circle colors
and sizes represent Pearson correlation coefficients, ranging from -1 (red) to +1 (blue).
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Supplementary Fig. 15 Distribution of nucleotide diversity () for C. amarus (blue) and C.
colocynthis (red) across the 11 watermelon chromosomes. Red bars below the x-axis indicated
candidate selective sweeps.
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Supplementary Fig. 16 Introgression among different Citrullus species. a, Introgression of a
region on chromosome 6 from C. amarus (CA) to C. lanatus cultivar (CL_CUL). b, Introgression
of a region on chromosome 4 from C. colocynthis (CC) to CL_CUL. Species-specific genome
regions are shown in different colors. CM, C. mucosospermus; CL._LR, C. lanatus landrace.
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