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Supplementary Texts

Gene expression pattern in Semiaphis heraclei

We analyzed the global gene expression patterns in both sexual females and males of S.
heraclei, confirming dosage compensation across the X chromosome, despite minor differences in
X-linked gene expression between sexes (Supplementary Figure 13a and Supplementary Figure 14).
We observed that the X chromosome of S. heraclei exhibited significantly lower gene expression
compared to autosomes, with a lower proportion of expressed genes (Supplementary Table 19,
Mann-Whitney U test, p-value = 0.00011). This pattern was characterized by reduced gene
expression density and levels, especially in the terminal regions of the X chromosome
(Supplementary Figure 13c, d and Supplementary Figure 15). Interestingly, the decrease in X
chromosome gene expression was inversely correlated with the density of DNA transposons, LTR
retrotransposons, and LINE retrotransposons (Supplementary figs. 16-17 and Supplementary Tables
20-21). This correlation was not observed with SINE retrotransposons, likely due to their shorter
length. These findings align with those of Mathers et al.!.

In our study, the gene expression of male and female of S. heraclei showed distinct patterns.
Males exhibited upregulation of 2,350 genes (including 635 on the X chromosome and 1,719 on
autosomes), which is higher than 915 upregulated genes of females (195 on the X chromosome and
715 on autosomes) (Supplementary Table 19, 22-23). The upregulated autosomal genes in males
were enriched in functions related to olfactory sensation, response to foreign compounds, and
metabolism, possibly aiding in their winged migration and environmental adaptation. The fln gene,
crucial for insect flight> and located on chromosome SH4, was significantly upregulated in
males(Supplementary Figure 13b). In contrast, male X-linked genes were enriched in functions
related to cilia assembly, motility, and reproduction. Females showed a different profile with
upregulated autosomal genes enriched in functions related to meiosis, chromosome organization,
and double-strand break repair. Female X-linked genes were enriched in functions related to
transposon regulation, oocyte development, and meiotic chromosome organization (Supplementary
Figure 18 and table 24). These results suggested a divergence in genetic expression patterns tailored

to the distinct reproductive and survival strategies of each sex.



Supplementary Methods

Gene expression analysis

We used newly generated RNA-seq data to explore gene expression patterns within the S.
heraclei genome, including sexual females and winged males, with each group consisting of three
biological replicates (Supplementary Table 31). Gene expression level for each sample was
estimated using StringTie v2.2.13. Subsequently, we identified differentially expressed genes
between sexual reproduction females and winged males of S. heraclei using the DESeq2 v1.32.0 R
package*. The analyzed genes needed to exhibit an average TPM greater than 1 in at least one of the
morphs. To generate gene expression and expression level distribution on S. heraclei chromosomes
(Supplementary fig 13ce), we used newly generated RNA-seq data from S. heraclei asexual female
to calculate TPM for each protein-coding gene (Supplementary Table 31). Genes with TPM values
greater than 1 were considered as expressed genes. We counted the number of expressed genes in

100 kb fixed windows and the distribution of log10 values for TPM of expressed genes.
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Supplementary Figure 1. The GC-content-coverage plot of the S.heraclei genome assembly. Each circle represents a sequence,
with circle size scaled by sequence length, and colored according to the NCBI classification assigned by Blobtools. The x-axis
represents the average GC content of each sequence, while the y-axis displays the average coverage calculated from the alignment
of original Illumina reads. The marginal histograms depict the cumulative genome content (in kb) within GC content (x-axis) and

coverage (y-axis) intervals.
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Supplementary Figure 2. K-mer frequency distribution plot. The x-axis represents k-mer coverage depth, while the y-axis
indicates the count of corresponding k-mers. The red dashed line represents the peak depth of k-mer frequency distribution (kmer

=9).
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Supplementary Figure 3. Synteny dot plot between the genomes of four aphid species in Aphidini. AG4, AF1, RM3, and RP3

correspond to the X chromosome of the respective species, shown in red font.
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Supplementary Figure 4. The chromosomal Synteny of E. lanigerum, S. chinensis and other insects in Hemiptera. Synteny
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diagrams are generated based on the order of genes, with different chromosomes encoded with different colors of connecting lines,
while the X chromosome of each species is positioned on the far left and represented in gray. Bars in 4. cooleyi represent the top

10 largest scaffolds.
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Supplementary Figure 5. Distribution of repetitive sequences on the chromosomes of S.Aeraclei (SH1, SH2, SH3, and SH4) and
A.pisum (AP1, AP2, AP3, and AP4). The Y-axis represents the proportion of repetitive sequences in 100 kb windows, while the X-

axis represents the starting position of the windows. The blue curve represents the fitted curve. SH2 and AP1 are X chromosomes.
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Supplementary Figure 6. Repetitive sequence content of chromosomes in the 9 aphid genomes. The Y-axis represents the

proportion of repetitive sequences in the chromosomes, and the X-axis represents the ID of chromosomes. The X chromosomes

are marked with red circles.
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Supplementary Figure 7. Correlation between repetitive sequence content and genome size. Dots represent species, and the
correlation analysis reveals a positive correlation between repetitive sequence content and genome assembly size in the seven aphid
genomes from Aphidinae (Pearson correlation coefficient, r = 0.74, p-value = 0.02334). Two species from Aphidini (R.maidis and

A.gossypii) and two species from Eriosomatinae (E./anigerum and S.chinensis) are highlighted in the graph.
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Supplementary Figure 8. Age distribution of DNA transposons in the genomes of the 9 aphid species. The dashed gray and black

boxes represent two DNA transposon expansion events shared by seven aphids in Aphidinae.
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Supplementary Figure 9. Age distribution of SINE retrotransposons in the genomes of the 9 aphid species.
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Supplementary Figure 12. GO functional enrichment bar chart of genes in the non-synteny region of the X chromosome in

A.pisum. The X-axis represents the number of genes.
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Supplementary Figure 13. X chromosome gene expression patterns. (a) Scatterplot depicting the distribution of log2-transformed
male-to-female gene expression ratios in S. heraclei along the chromosomes for genes with an average expression of at least 1
TPM in both males and females. Each point represents a gene, with a black line indicating the LOESS smoothed average. The gray
dashed lines represent the expected range of male-to-female expression ratio under complete dosage compensation (log2[M:F
expression ratio] = 0) and without dosage compensation (log2[M:F expression ratio] = -1). (b) Volcano plot illustrating the
differential gene expression in male and female S. heraclei aphids. Each point represents a gene, with blue indicating genes
downregulated in males and red indicating genes upregulated in males. The fln gene is highlighted in red. (c) Distribution of gene
expression on the chromosomes and TE content in S. heraclei. Genes with an average TPM > 1 in all male and female samples
were considered as expressed genes. Lines depict LOESS smoothed average curves for the percentage of various TE classes and
the number of expressed genes in 100 kb windows. (d) Violin plot comparing gene expression density and expression level on S.

heraclei autosomes and X chromosome (Mann-Whitney U test, p-value <2.2 X 107¢) (n = 3).
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Supplementary Figure 14. Comparison of log2 values of the ratio of expression levels between male and female genes on
autosomes and the X chromosome in S.Aeraclei. The violin plots depict the distribution of log2 M to FA gene expression ratios for
autosomes (autosome) and the X chromosome (X) for genes with an average expression of at least 1 TPM in males and females.
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interquartile range (n = 3).
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gene, and the black line represents the LOESS smoothed average.
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Supplementary Figure 16. Relationship between TE density and expressed gene density in the S.heraclei genome. Each point

represents the feature density in individual 1 Mb windows of the genome.
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Supplementary Figure 23. Phylogenetic relationships, domain and motif between p450s from different aphids. Highlight the gene
names belonging to Semiaphis heraclei with distinct colors. The gene branches in Semiaphis heraclei that underwent species-

specific expansion are highlighted in red.
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Continued Supplementary Figure 23. Phylogenetic relationships, domain and motif between p450s from different aphids.
Highlight the gene names belonging to Semiaphis heraclei with distinct colors. The gene branches in Semiaphis heraclei that

underwent species-specific expansion are highlighted in red.
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Continued Supplementary Figure 23. Phylogenetic relationships, domain and motif between p450s from different aphids.

Highlight the gene names belonging to Semiaphis heraclei with distinct colors.
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Continued Supplementary Figure 23. Phylogenetic relationships, domain and motif between p450s from different aphids.
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Highlight the gene names belonging to Semiaphis heraclei with distinct colors. The gene branches in Semiaphis heraclei that

underwent species-specific expansion are highlighted in red.



ﬂ
i

i

ﬂ
it

0 200 400 600 800 1000 1200 1400 0 800 1000 1200 1400

B
§
g
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underwent species-specific expansion are highlighted in red.
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Continued Supplementary Figure 25. Phylogenetic relationships, domain and motif between UGTs from different aphids.
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Supplementary Figure 27. Comparison of the expression levels of CCEs, P450s, and UGTs genes in sexual females and males
aphids of S. heraclei. (a) Expression differences of CCEs genes between sexual females and males. (b) Expression differences of

P450s genes between sexual females and males. (c) Expression differences of UGTs genes between sexual females and males.
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Supplementary Figure 28. The insertion event in the gene SHE.evm.model.SH1.1550 may have impacted its function. (a)
Alignment of GST sigma protein sequences from nine aphid species. (b) Verification of annotation and assembly errors using IGV.
The upper track represents transcriptome reads from female aphids, while the lower track represents transcriptome reads from male

aphids. The inserted sequences are circled in red with dashed lines. (¢) Comparison of GST protein structures before and after



insertion. The green structure represents the protein structure after the insertion event, and the blue structure represents the protein

structure before the insertion event. The structural differences caused by the two insertion events are highlighted with red circles.
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AAGTTCTAATAGGTTCTATTGTGATAAACCAAAACGATTTTCTGTGAAAATGTTTTCAATATTATTTAAGTATAATATTATCCTTATAGTACTATGCATC

GGAATGGAATTGATTCATAATTCGTCACAAACAATAACTGAAGCAGAAAGTTTAGACTCGATCGAGAAACGCACCAATGCATCTATATACATCAGCTTAC
- - -ATGGAATTGATTCATAATTCTTCACAAACAATAACTGA - - -AGAAAGTTCAGACTCGATCGAGAAACGCACCAATGGATCTATACACATCAGCTTAC

GCTGTTCAATTGACAATCCGTCATGCAGATCTGTGTTGCTGACTGCCAAAGCTCTAGGTTTGGAAATTTCTTTACTACCTATAGATCTTTTACATGGTGA
GATGTTCAATTGACAATCCGTCATGCAGATCTGTGTTGCTGACTGCCAAAGCTCTAGGTTTGGAAATTTCTTTACTACCTATAGATCTTTTACATGGTGA

ACAACTAGATCACGAATTCTTAGAGATACATATTGAACACACTTTACCGACAAAACAGAAAGATACCCTTGTTTTGT CAGAGAGTCGCGTAATTATTGTT
ACAACTAGATCACGAATTCTTAGAGATACATATTGAACACACTTTACCGACAAAACAGAAAGATACCCTTGTTTTGTCAGATAGTCGCGTAATTATTGTT

TACTTGGTTCAAAAATATGGAGGAGAAAACAACCCGATGTACCCCAATGATCCTAAACAACAAGCAAAAATAAACGTAATACTGGGTTTCAACTACGAAG
TACTTGGTTCAAAAATATGGAGGAGAAAACAACCCGATGTACCCCAATGATCCTAAACAACAAGCAAAAATAAACGTAATACTGGGTTTCAACTACGAAG

ACTTGTACCCGCCTTTTAAAAATCAATACAAGCCGTGGATGT TCAAAGGAGTACCGAAAACCGAGGAAGCAGAGAAGGAAATCCACGTACAGCTTAGACA
ACTTGTACCCGCCTTTTAAAAATCAATACAAGCCGTGGATGTTCAAAGGAGTACCGAAAACCGAGGAAGCAGAGAAGGAAATCCACGTACAGCTTAGACA

TTTGGAAAAGTATTTAGAATCTTCCACTTTTGCTGCCGGCGAGT CAGTGACAGTGGCTGATATGGCTTTGGTTCCATCTATTTCGACCTTTGAGGTCGCC
TTTGGAAAAGTATTTAGAATCTTCCACTTTTGCTGCCGGCGAGT CAGTGACAGTGGCTGATATGGCTTTGGTTCCATCTATTTCGACCTTTGAGGTCGCC

GGTGTTGTCTTGAGAGAATACACCAAAATCAATGCATGGTTTGAAAGGTGCAAGAAAGAATTAGTGGGATATGAAGAAGCCGAT CAAATAGGAATCGATG
GGTGTTGTCTTGAGAGAATACACCAAAATCAATGCATGGTTTGAAAGGTGCAAGAAAGAATTAGTGGGATATGAAGAAGCCGATCAAATAGGAATCGATG

AAATCCAAAAGAAAATAGCCTTACGGAAAACCATTGAATCTTCAAACATCAGCTTATACTATTCAATTCTCAGTCCACCATGCAGATCTGTGTTGCTGAC
AAATCCAAAAGAAAATAGCCTTACGGAAAACCATTGAATCTTCAAACATCAGCTTATACTATTCAATTCTCAGTCCACCATGCAGATCTGTGTTGCTGAC

TGCCCAAGCTTTACAGTTGGAATTTGATTTACAACCTATAGACCTCTTGCACGGTAGACAACT CGATCCAGAATTCATAAAGATAAATTTTCAACACACT
TGCCCAAGCTTTACAGTTGGAATTTGATTTACAACCTATAGACCTCTTGCACGGTAGACAACT CGATCCAGAATTCATAAAGATAAATTTTCAACACACT

TTACCGACAATAAAGGAAGATAACTTTGTATTGTGGGATAGT CACGCAATTATCGTGTACTTGGTTAAACAATATGGAGGAGAAAACAACACGCTGTACC
TTACCGACAATAAAGGAAGATAACTTTGTATTGTGGGATAGT CACGCAATTATCGTGTACTTGGTTAAACAATATGGAGGAGAAAACAACACGCTGTACC

CCAATGATCCTGAAAAACAATCAAGAATCAACGAAATACTGTATTTCAACAACGGACAATTGTACCCGTCTTTTAAAAATCAATACAACCCGTGGGTGTT
CCAATGATCCTGAAAAACAATCAAGAATCAACGAAATACTGTATTTCAACAACGGACAATTGTACCCGTCTTTTAAAAATCAATACAACCCGTGGGTGTT

CAATGGAGTACCGAAAACCGACGAAAGAGAGGATCAAATCCACGTACAGCTGAGAAAGTTAGAAAAGTATTTAGAATCTTCCACTTTTGCTGCTGGCGTG
CAATGGAGTACCGAAAACCGACGAAAGAGAGGATCAAATCCACGTACAGCTGAGAAAGTTAGAAAAGTATTTAGAATCTTCCACTTTTGCTGCTGGCGTG

TCACTGACATTGGCTGATATGGCTTTGGTCGCATCTATTTCAACTTTTGAGGTCACTGGTGTTGACTTGACAGAATACACCAAAATCAATGAATGGCTTG
TCACTGACATTGGCTGATATGGCTTTGGTCGCATCTATTTCAACTTTTGAGGTCACTGGTGTTGACTTGACAGAATACACCAAAATCAATGAATGGCTTG

AAAGATGCAAGAAAAAATTAGTGGGATATGAAGAAGCCAATCAAATAGGAATCGATAAAATCAAAAGGATAATAGCGCCACTAATAGTCACCGAATCTAC
AAAGATGCAAGAAAAAATTAGTGGGATATGAAGAAGCCAATCAAATAGGAATCGATAAAATCAAAAGGATAATAGCGCCACTAATAGTCACCGAATCTAC

AAAAGTCAGCCCACTATGCAGATCTATTTTGCTGACTCTCAGTGTTTTAAATATTGGTTTGAATGAAATACCTATAGAATTCATAGAGCATGCAAGTGAT
AAAAGTCAGCCCACTATGCAGATCTATTTTGCTGACTCTCAGTGTTTTAAATATTGGTTTGAATGAAATACCTATAGAATTCATAGAGCATGCAAGTGAT

GCAAATACTTCCGAGTTAAGTTTTACACACACTTCACCGAGATTACAAATTGATGACAAATTATTGGAGGACAGTCATGAAATCATCGATTTCTTGATTA
GCAAATACTTCCGAGTTAAGTTTTACACACACTTCACCGAGATTACAAATTGATGACAAATTATTGGAGGACAGTCATGAAATCATCGATTTCTTGATTA

ATGAATACGGAAAAAAAAAAAACTTGCTGTTTACCGATGATGTAAATATGAAAGAAGTAGTAAATGGTTTACTATTGTTCAACTACTCGCAATTGTACAA
ATGAATACGGAAAAAAAAAAAACTTGCTGTTTACCGATGATGTAAATATGAAAGAAGTAGTAAATGGTTTACTATTGTTCAACTACTCGCAATTGTACAA

GCCTTTTATAGATGAATATAACTCTTTGATTTTCTCTCGTCAAGATAAAAT CGAAGGGCATGATGACTTCTCCGATAAACTTTCAGAAGTGGAATCGTAT
GCCTTTTATAGATGAATATAACTCTTTGATTTTCTCTCGTCAAGATAAAATCGAAGGGCATGATGACTTCTCCGATAAACTTTCAGAAGTGGAATCGTAT

TTGAAGCAAAATAAAAATAACACTTGGGCTGCCGGTGGCGATTCAGCGACAGCGGCTGATATTGCTATGGTCGCAACTATTTCAACTATTTTTGAGGTTG
TTGAAGCAAAATAAAAATAACACTTGGGCTGCCGGTGGCGATTCAGCGACAGCGGCTGATATTGCTATGGTCGCAACTATTTCAACTATTTTTGAGGTTG

CAAATGATTCCTTGGAAAAATACCCCTCTATCAAGTCATGGCTAAACAAGTGCAAGAATGAATTATTGGGATATGAAAAAGCCAATCAAGAAGGAATCAA
CAAATGATTCCTTGGAAAAATACCCCTCTATCAAGTCATGGCTAAACAAGTGCAAGAATGAATTATTGGGATATGAAAAAGCCAATCAAGAAGGAATCAA

CATAATTAAAAAATATGTTGACGGGCGTAAAAAAAAATAGGCATCTATATTTATTCACGTTTGTTTAGATCAGAAGATTTTTGTTTCGTATTTCTAATGC
CATAATTAAAAAATATGTTGACGGGCGTAAAAAAAAATAG

ACCATTTTTATTTAACACTGTCTAATGGTATAATACTAATATTACTGCATTTTATAAATTTTAGATACATAAAAAT
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Supplementary Figure 29. Alignment of the SHE evm.model.SH1.4561 gene sequence with the corresponding transcriptome-

assembled gene sequence.
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