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Fig. S2 The Hi-C interacted heatmap for chromosome-scale genome assembly.
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Fig. S3 The high-density genetic linkage map of safflower constructed from the F> population of a cross between the
parents AHO04 and YHO4.
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Fig. S4 Synteny plot between our assembled safflower genome using Pacbio and Hi-C, and the published draft genome of
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Fig. S5 Characteristics of the repetitive elements in the safflower genome. (a) The proportions of repetitive elements in the
safflower genome. (b) The length distribution of repetitive elements. (¢) The proportions of different classes of repetitive
elements in the safflower genome. (d) The proportions of different LTR species.



class

. Gene

. Intergenic (<1Kk)

. Intergenic (>1K)

. Sense

. Antisense
Intronic

. Bidirectional

Enhancer

Intergenic (>1k)

Fig. S6 Identification and classification of long noncoding RNAs according to their position in the safflower genome.



Gene Ontoloav (GO) component of safflower aenome

Cellular Component
13.45%

Molecular Function

0
45.08% Biological Process

41.47%

Fig. S7 Gene Ontology categories associated with the annotated genes in the safflower genome.



P
EEa sndeosinaiq uossbuz
HEE

eeenuue e1sawslly

asusbuuey WnwayuesA iy

snnuue snyjuels-

eNjes eonjoe7

ensniiojour] snueylrien)

SninounNpIed eleusd)

Classification of regulators

eloydsues eayon

eueylely; sisdopiqely

BIBJIUIN SIJi/

_ _ _ _ _ _ _
000€ 0062 000¢ 004Gl 0001 00S 0

S[gle%e)
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(PK5s) in the safflower (Carthamus tinctorius) and nine other plant genomes.
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Fig. S9 Proportions of transcriptional factors (TFs), transcriptional regulators (TRs), and protein
kinases (PKs) in the safflower and nine other plant genomes.
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Fig. S10 Types of gene duplication in the safflower (Carthamus tinctorius) genome and five other plant species. The distribution of
different duplication types was classified using MCScanX as follows: Singleton: no duplication; WGD/segmental: whole-genome or
segmental duplications (collinear genes in collinear blocks); Tandem: consecutive duplication; Proximal: duplications in a nearby but
not adjacent chromosomal region; Dispersed: duplications using modes other than tandem, proximal, or WGD/segmental. Vitis vinifera:
grape; Coffea canephora: robusta coffee; Helianthus annuus: sunflower; Lactuca sativa: lettuce; Cynara cardunculus: artichoke.
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Fig. S13 Enrichment of biological process GO terms (a) and KEGG pathways (b) associated with the expanded
gene families in safflower with a g-value <0.05.
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Fig. S14 Enrichment of biological process GO terms (a) and KEGG pathways (b) associated with the contracted
gene families in safflower with g-value <0.05.
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Fig. S15 Safflower seed oil content and fatty acid composition of ‘HL’ (high linoleic acid) and ‘LL’ (low linoleic
acid) cultivar plants. DAF: day after flowering. Total oil is analyzed using gas chromatography. Values are means
+ SD from three independent experiments. Student’s t-test: *, P < 0.05; **, P < 0.01; ***, P < 0.001.
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Fig. S16 Sample distance of 12 RNA-seq samples of ‘HL’ (high linoleic acid) and ‘LL’
(low linoleic acid) cultivar seeds at 10 days after flowering (DAF) and 20 DAF. The
samples are analyzed using a principal component analysis. DAF: days after flowering.
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Fig. S17 Venn diagram of four sets of differentially upregulated and downregulated genes in DAF20
versus DAF10 of ‘HL’ and ‘LL’ cultivar.
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Fig. S19 Sample distance of 45 RNA-seq samples, including 15 ovaries from the ‘HL’ cultivar at 0 DAF,
15 seeds at 10 DAF, and 15 seeds at 20 DAF, determined using a principal component analysis.
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Fig. S20 Cotyledons at different days after germination (DAG; a) and sample distances (b) of 15 RNA-seq
samples at 1 DAG, 3 DAG, 5 DAG, and 10 DAG, as determined using a principal component analysis.
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Fig. S21 Filaments (a) and sample distances (b) of 15 RNA-seq samples at five different stages: small bud
stage (SBS), middle bud stage (MBS), initial flowering stage (IFS), peak flowering stage (PFS), and decayed
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CarFAD2-13

Fig. S22 Distribution of CarFADZ2s in 12 safflower chromosomes. The links among chromosomes
represent collinear blocks, the genes marked with red colors represent the tandem duplication.
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Fig. S23 Sequence alignment of 5’ UTR region (a) and coding sequence (b) of CarFAD2-12 in ‘HL’ and ‘LL’ cultivars.
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Fig. S24 The phylogenetic tree of FAD2 (FATTY ACID DESATURASE 2) genes of eight species, Arabidopsis thaliana (At), Vitis

vinifera (Vit), Coffea canephora (Cof), Cynara cardunculus (Cyn), Erigeron breviscapus (Er1), Helianthus annuus (Hel), Lactuca
sativa (Lac), and Carthamus tinctorius (Car), constructed using Mega X with a Neighbor-Joining method and 500 bootstraps. Only
bootstrap values > 50 are shown. The identifier numbers of the /4D2 members in each species are ordered by their location on the

chromosomes. The highly specifically expressed FAD?2 gene in the safflower seeds i1s CarFAD2-12, marked in red.
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Fig. S25 Relationships of the coexpressed modules from 45 RNA-seq samples in seed development,
revealed by the correlation of the module eigengene values (i.e., the first principal component).
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Fig. S26 Expression pattern for each gene module from 45 RNA-seq samples in seed development.

The bar plots show eigengene values calculated from the singular value composition.
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Fig. S28 Differentially alternatively spliced (AS) genes involved in fatty acid biosynthesis. For each gene,
AS-covering and total long read counts are shown in AS variants in each stage of seed formation, and differential
expression of AS variants is indicated by APSI on the left. The ‘up’, ‘down’, and ‘-’ on the left represent upregulated,
downregulated, and no differential expression between adjacent groups, respectively. Each vertical line at the bottom
represents continuous DASGs among different stages.
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differentially alternatively spliced genes in the comparison of seeds at 10 days after flowering (DAF10)

versus DAFO.



Term

GO Terms KEGG Terms

carboxylic acid metabolic process - I——— Peroxisome - I

oxoacid metabolic process - I Fatty acid biosynthesis - m—
organic acid metabolic process - Tryptophan metabolism - I
cellular catabolic process - I Spliceosome [BR:ko03041] - s
fatty acid metabol?c Process - m— FoxO signaling pathway -
) catabol!c process - — Glyoxylate and dicarboxylate metabolism -
organic sub§tan§e catabol!c process - —— Biosynthesis of unsaturated fatty acids - m—
carmonylc acd catabol process - e Amyatophic aeralsclerosis (ALS) - ==
RNA transport - s
organonitrogen compound catabolic process - I . . P
protein glycosylation - MAPK signaling pathway - yeast - s
e . Messenger RNA biogenesis [BR:ko03019] - s
glycoprotein biosynthetic process -  I—— Lusi ) —
macromolecule glycosylation -  I— lysnne dggradatpn -
Viral carcinogenesis - s

glycoprotein metabolic process - =
glycosylation -  —

protein-DNA complex assembly - =
macromolecule catabolic process - I—

Galactose metabolism -

Glycosphingolipid biosynthesis — globo and isoglobo series - s
Non-homologous end-joining - I

protein-DNA complex subunit organization -  — Lipid biosynthesis proteins [BR:ko01004] - s Type
small molecule catabolic process - I Streptomycin biosynthesis -
response to endogenous stimulus - I Proteasome [BR:ko03051] - W . DASGs(DAF10-DAF20)
lipid metabolic process - IEEEEEE—— Spliceosome - . DEGs(DAF10-DAF20)
movement of cell or subcellular component - I Cytoskeleton proteins [BR:ko04812] -
microtubule—based movement - IEEEEEEEEE———— Steroid biosynthesis - I———_
microtubule—based process - IEEE————— Monoterpenoid biosynthesis - IEEE——
DNA replication - E_———— Flavonoid biosynthesis - II———
hexqse metabol?c process - E— Starch and sucrose metabolism - I
monosacchand‘e metabol!c process - ————— Glycolysis / Gluconeogenesis - IE—
monocarboxylls: ‘aC|d. metabol!c process - I Phenylpropanoid biosynthesis - -
fatty 2‘:;:2 2:232::222 S:gzzzz —— Other glycan degradation - EEG_——_-—_—
L ) Cell cycle — yeast - In———"
cellular lipid metabolic process - I )
DNA replication initiation - — _ Quorum sensing - F—
Prokaryotic defense system [BR:ko02048] - I

DNA-dependent DNA replication - IE————
small molecule biosynthetic process - I————
regulation of cellular component organization - IEEE————
sulfur compound metabolic process -
monocarboxylic acid biosynthetic process - —————
glucose metabolic process - I
carbohydrate biosynthetic process - E———
0 2 4 6 8 0 2 4 6
pvalue(-log10) pvalue(-log10)

Biosynthesis of secondary metabolites — unclassified - IEE—
Stilbenoid, diarylheptanoid and gingerol biosynthesis - I——
Fatty acid elongation - E—
Pyruvate metabolism - I
Biotin metabolism - I
Fatty acid degradation - I

Fig. S30 Top 20 GO and KEGG terms associated with the unique differentially expressed genes and differentially
alternatively spliced genes in the comparison of seeds at 20 days after flowering (DAF20) versus DAF10.
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Fig. S31 Top 20 GO and KEGG terms associated with the common differentially

expressed genes and differentially alternatively spliced genes in the comparison of seeds

at 10 days after flowering (DAF10) versus DAFO.
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Fig. S32 Top 20 GO and KEGG terms associated with the common differentially expressed genes and differentially
alternatively spliced genes in the comparison of seeds at 10 days after flowering (DAF20) versus DAF10.
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Fig. S33 The length distribution of the 52 identified miRNAs in seed formation.
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Fig. S34 Enrichment of GO terms in the miRNA-targeted genes for each cluster with a g-value < 0.05.
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Fig. S36 Contents of HSYA, rutin, luteolin, and quercetin from five different stages: small bud stage
(SBS), middle bud stage (MBS), initial flowering stage (IFS), peak flowering stage (PFS), and
decayed flowering stage (DFS) during flower development.
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Fig. S37 Schematic diagram of the flavonoid biosynthesis pathway in safflower. Intermediate compounds and
enzymes in the flavonoid biosynthesis pathway are represented in black and blue type, respectively.
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Fig. S39 Distribution of CarCHSs in 12 safflower chromosomes. The links among chromosomes
represent collinear blocks, the genes marked with red represent the tandem duplication.
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Fig. S40 Top 20 GO and KEGG terms associated with the unique differentially expressed genes and differentially
alternatively spliced genes in the comparison of flowers at the small bud stage (SBS) versus middle bud stage (MBS).
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Fig. S41 Top 20 GO and KEGG terms associated with the unique differentially expressed genes and differentially alternatively
spliced genes in the comparison of flowers at the middle bud stage (MBS) versus the initial flowering stage (IFS).
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Fig. S42 Top 20 GO and KEGG terms associated with the unique differentially expressed genes and differentially
alternatively spliced genes in the comparison of flowers at the initial flowering stage (IFS) versus the peak flower-

ing stage (PFS).
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Fig. S43 Top 20 GO and KEGG terms associated with the unique differentially expressed genes and differentially
alternatively spliced genes in the comparison of flowers at the peak flowering stage (PFS) versus the decayed flower-

ing stage (DFS).
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Fig. S44 Top 20 GO and KEGG terms associated with the common differentially expressed genes and differentially
alternatively spliced genes in the comparison of flowers at the initial flowering stage (IFS) versus the peak flowering

stage (PFS).
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Fig. S45 Top 20 GO and KEGG terms associated with the common differentially expressed genes and differentially
alternatively spliced genes in the comparison of flowers at the peak flowering stage versus (PFS) the decayed flower-

ing stage (DFS).
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Fig. S46 Expression pattern of the 11 genes common in the differentially alternatively spliced of the four
groups (SBS-MBS, MBS-IFS, IFS-PFS, and PFS-DFS). For each gene, AS-covering and total long read
counts are shown in AS variants in each stage of flower development, and differential expression of AS
variants is indicated by APSI on the left. The ‘up’, ‘down’, and ‘-’ on the left represent upregulated,
downregulated, and no differential expression between adjacent groups, respectively. Each vertical line
at the bottom represents continuous DASGs among different stages.
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Fig. S47 Protein sequence alignment of two alternative-splicing variants of CarCHS4 in flower development.
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Fig. S48 Gene structure of FAD2 members identified in safflower and sunflower.
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Fig. S49 CarCHSs-associated coexpression network in flower. Pink and green dots represent UGTs and ASPs, respectively;
blue triangles represent transcriptional factors, MYBs and bHLHs.



