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Supplementary Methods

Supplementary Method 1. Genome assembly

Stage 1: PacBio assembly

Genomic DNA was isolated from a female Xingguo gray goose (XGG) through a traditional
phenol-chloroform protocol, the qualified genomic DNA was fragmented by 26 G Needle,
and then PacBio SMRTbell libraries (20 Kb insert) were prepared for single-molecule real-
time sequencing with a sequencing depth of 101.33x and raw data was 123.62 Gb
(Supplementary Figure 1 and Supplementary Table 1).

Using wtdbg v2.4' for de novo assembly based on the data generated by PacBio
sequencing above, the assembly process was as follows:

(1) Alignment: KBM (Kmer-Bin-Mapping) algorithm was used to cut the sequenced long
reads into several bins with 256-bp as a unit without overlapping. The k-mers in the fragment
were then classified into a bin, and a k-mer has at least 4 x 256-bp. If most k-mers in a bin
occur at a higher frequency, the bin will be filtered out as a high repeat bin. Finally, the linear
relationship between matched bins in the sequence was searched by dynamic programming.

(2) Assembly: FBG (Fuzzy Bruijn Graph) was used to break reads into multiple 1024-bp
k-mers as vertices in FBG graph, and then these points were connected to form FBG graph
according to the reading path, and contigs were obtained by simplifying FBG graph.

(3) Polish: To improve the assembly quality, the reads generated by PacBio sequencing
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were used to polish the assembled contigs. The high-confidence bases were obtained by
comparing and correcting each other between sequences, and finally high-quality

consensus sequences were produced.
Stage 2: Super-scaffolding

10x Genomics is based on GemCode platform to amplify the long fragment sequence,
introduces barcode sequence and adapter primers, then break the sequences into
appropriate fragments for sequencing, and assemble multiple reads through barcode
sequence information to obtain 99.10x Linked-reads data (120.90 Gb; Supplementary
Figure 1 and Supplementary Table 1).

The Linked-reads generated by the 10x Genomics were assembled with the consensus
sequences of Stage 1 using fragScaff v140324.12 to generate the supper-scaffold, and the

final 10x Genomics assembly version was obtained.
Stage 3: Super-scaffold gap filling

To improve the assembly of complex regions of the genome, we constructed the BioNano
library for high-depth sequencing (137.47x, 167.72 Gb) using the Irys system, and used the
obtained physical map to span repetitive fragments and some regions containing complex
elements to acquire highly continuous Super-scaffold (Supplementary Table 1).

The process of BioNano assisted genome assembly was as follows:

(1) The assembled version of Stage 2 was electronically digested and converted into a
cmap file, which was recorded as NGS cmap.

(2) Enzyme site spacing was normalized by bionano data bnx, NGS map and estimated
genome size, and the optimal assembly parameters were screened out. BioNano data were
assembled to generate a BioNano assembly version, which was recorded as BNG cmap.

(3) The bnx, NGS map, BNG map and initial assembly version were based on
hybridScaffold software3, and reasonable parameters were set to obtain the final assembly

version of BioNano.
Stage 4: Assembly polishing using lllumina reads

In addition, we sequenced by constructing a 350-bp insert library based on a standardized

process of lllumina NOVASEQ 6000 platform with a sequencing depth of 111.59x%, resulting
2
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in a total of 136.14 Gb of data (Supplementary Table 1). Using lllumina pair-end reads to
polish the assembled version of Stage 3 and the specific process was as follows:

(1) The reads generated by lllumina sequencing were aligned to the assembled version
of Stage 3 by BWA v0.7.174, and the Sequence Alignment/MAP format (BAM) files were
obtained and sorted.

(2) Subsequently, combined with the mapping results, the assembled version was

polished iteratively 2 to 3 times to improve the single-base correct rate using Pilon v1.23°.
Stage 5: Hi-C aided chromosome-level whole-genome assembly

Hi-C technology obtains the interaction information of spatially connected DNA fragments
through special experimental techniques. Different contigs or scaffolds are classified into
different chromosomes according to the probability of internal chromosome interaction
significantly higher than that between chromosomes. Contigs or scaffolds of the same
chromosome are ordered and orientated according to the probability which decreases with
the increase of the interaction distance. To anchor assembled scaffolds onto the
chromosome, we constructed the Hi-C library and obtained sequencing data (112.91x,
137.75 Gb) via the lllumina HiSeq X Ten platform. The detailed auxiliary anchoring process
was as follows:

(1) Alignment: Hi-C data were aligned to the assembled scaffolds constructed by Stage 4
through BWA, and duplicated and non-aligned data were removed by SAMtools v1.10° to
obtain high-quality alignment data while extracting reads near the restriction site for auxiliary
assembly.

(2) Clustering: Through the physical coverage information of the comparison results, the
incorrect assembly from the previous step was interrupted and corrected. If read pairs
captured by Hi-C technology on two contigs, it is determined that there is an interaction
between the two contigs. The greater the number of interacting reads on two contigs, the
stronger the interaction, and the more they tend to cluster together. Subsequently, we
counted the number of interactions between contigs to cluster the contigs and divided them
into designated classes according to the number of chromosomes of the species.

(3) Sorting and orientation: According to the results of clustering, the position of each two

contigs and the intensity of interaction, LACHESIS v2017017
3
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(https://github.com/shendurelab/LACHESIS) was used to sort and orientate the assembled
sequences to the chromosome level.

Finally, we performed artificial correction of the LACHESIS-assembled results and gap
filling or sequence de-duplication to increase the accuracy and completeness of the

assembled genome.
Assembly quality assessment

(1) Sequence consistency assessment

To evaluate the accuracy of genome assembly, we used BWA to re-align the lllumina pair-
end reads to the assembled genome of XGG and counted the mapping rate, the coverage
and sequencing depth of the genome to assess consistency of assembly and the
homogeneity of sequencing. The alignment rate was about 99.19%, and the coverage rate
was about 97.96%, indicating that the reads and the assembled genome had a good
consistency (Supplementary Table 6). The heterozygous SNP ratio of XGG was 0.2777%
and the homozygous SNP ratio was 0.0005%, which generally reflected the accuracy of
genome assembly. This result indicated that the XGG genome had a higher single-base
accuracy.

(2) Sequence integrity assessment

To further investigate the quality of the genome assembly, the assembled transcriptome
Unigenes were mapped to the genome sequences and performed CEGMA v2.58 (Core
Eukaryotic Genes Mapping Approach: http://korflab.ucdavis.eGO/dataseda/cegma/) and
BUSCO v.5.2.2° (Benchmarking Universal Single-Copy Orthologs: http://busco.ezlab.org/)
assessments. CEGMA assessment was to select conserved genes (248 genes) in 6
eukaryotic model organisms to form the core gene library, and combined with tblastn’® and
GeneWise'! to evaluate the completeness of assembled genome. BUSCO assessment
based on metaeuk v5.34'2 and hmmer v3.1'3 to assess the integrity of XGG genome
assembly of 8,338 orthologous single-copy genes in the Aves database. Results showed
that over 92.3% of 248 core genes could be covered by the genome indicating its
completeness. BUSCO results also indicated that more than 95.7% of 8,338 avian
orthologous genes could be found in the XGG genome, also reflecting its high quality

(Supplementary Table 7).
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Supplementary Method 2. Genome annotation

Stage 1: Repeat annotation

We used homologous alignment and de novo search to annotate whole-genome repeat
sequences of XGG in our repeat annotation pipeline (Supplementary Figure 3). Tandem
Repeat was extracted wusing Tandem Repeats Finder (TRF) v4.09"
(http://tandem.bu.edu/trf/trf.html) by ab initio prediction. Based on the repeat sequence
database RepBase'’® (http://www.girinst.org/repbase/), we used RepeatMasker v4.0.76
(http://www.repeatmasker.org/) software and its in-house scripts (RepeatProteinMask) with
default parameters to identify and classify sequences similar to known repetitive sequences.
And ab initio prediction built de novo repetitive elements database by LTR_FINDER v1.05"
(http:/itlife.fudan.edu.cn/Itr_finder/), RepeatScout v1.05'® (http://www.repeatmasker.org/),
RepeatModeler v1.0.3"9 (http://www.repeatmasker.org/RepeatModeler.html) with default
parameters, then all repeat sequences with lengths >100bp and gap ‘N’ less than 5%
constituted the raw transposable element (TE) library. A custom library (a combination of
Repbase and our de novo TE library which was processed by uclust v1.2.22g%° to yield a
non-redundant library) was supplied to RepeatMasker for DNA-level repeat identification.
Finally, we obtained 2.04% tandem repeats by TRF, 8.55% transposable elements by
RepeatMasker and 4.55% transposable element proteins by RepeatProteinMask, and totally
of 10.17% non-redundant repetitive sequences. Additionally, we annotated 0.16% DNA
transposable elements, 6.26% LINE, 0.03% SINE and 2.54% LTR (Supplementary Tables
10-11).

Stage 2: Gene annotation

(1) Gene structure annotation

Structural annotation of XGG genome incorporates homology-based prediction, de novo
prediction, and transcriptome data-based approach. First, the homology prediction was
performed, using coding sequences of the homologous species (Anas platyrhynchos, Anser
cygnoides, Gallus gallus, Meleagris gallopavo, and Coturnix japonica) to compare with the
genome sequence of XGG through BLAST v2.28"0 (http://blast.ncbi.nim.nih.gov/Blast.cgi),

and then the matching proteins were aligned to the homologous genome sequences for
5
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accurate spliced alignments with GeneWise v2.4.12" (http://www.ebi.ac.uk/~birney/wise2/)
software which was used to predict gene structure contained in each protein region.
Afterward, we conducted de novo prediction and used Augustus v3.3.3%? (http://bioinf.uni-
greifswald.de/augustus/), Geneid v1.4%%, Genescan v3.1.2%, GlimmerHMM v3.042%
(http://ccb.jhu.edu/software/glimmerhmm/) and SNAP v2013.11.29%
(http://homepage.mac.com/iankorf/) to predict gene structure based on the statistical
characteristics of Xingguo gray goose genome sequence data. To optimize the genome
annotation, the transcriptome reads from different tissues that were aligned to XGG genome
using TopHat v2.0.8%7 with default parameters to identify exons region and splice positions.
The alignment results were then used as input for Cufflinks v2.1.128 with default parameters
for genome-based transcript assembly. Furthermore, combining the genes supported by
various methods through EVidenceModeler (EVM) v1.1.1%°
(http://evidencemodeler.sourceforge.net/) to generate a non-redundant and more complete
gene set. In the end, using PASA v2.4.1%° (http://pasa.sourceforge.net/) to correct the EVM
annotation results, add UTR and variable shear, and other information to get the final gene
set.

(2) Gene function annotation

After acquiring gene structure information, we further utilized Blastp v2.283% (E-value <
1e-5) to compare the sequences with protein databases such as SwissProt?!
(http://www.uniprot.org/), NCBI nr32 (http://www.ncbi.nlm.nih.gov/protein), Pfam33
(http://pfam.xfam.org/), KEGG3  (http://www.genome.jp/kegg/)  and InterPro3°
(https://www.ebi.ac.uk/interpro/) to predict the domain, the functions of encoding proteins of
new genes, and the metabolic pathway and signal transduction pathway. Ultimately, we
totally annotated 17,135 (98.2%) functional genes of 17,448 predicted genes, of which
16,381 (93.9%) genes from Swissprot database, 16,803 (96.3%) genes from NCBI nr
database, 14,631 (83.9%) genes from KEGG database, 17,072 (97.8%) genes from InterPro
database, 15,926 (91.3%) genes from GO?3¢ and 14,435 (82.7%) genes from Pfam database
(Supplementary Figure 4 and Supplementary Table 9).

Stage 3: Annotation of ncRNAs

Annotations of noncoding RNAs include tRNAs, rRNAs, miRNAs, and snRNAs. The
6



175
176
177
178
179
180

181

182
183
184
185

186

187
188
189

190

191
192
193
194
195

196

197
198
199
200
201

tRNAscan-SE v1.4% (http://lowelab.ucsc.edu/tRNAscan-SE/) was used to identify the tRNA
sequences in terms of the structural characteristics. According to the high conservation of
rRNA, we used the rRNA sequences of the related species as reference to predict by BLAST.
Moreover, the INFERNAL v1.1.238 (http://infernal.janelia.org/) in Rfam3® was used to predict
the sequence information of miRNA and snRNA on the genome through the covariance

model of the Rfam family (Supplementary Table 12).

Supplementary Method 3. Identification of sex chromosomes

The sex chromosomes of XGG were determined based on the genomic sequence of avian
chromosome-level genomes in the public database, which mainly encompasses four steps:
segmentation of genomic sequence, homologous analysis of sequences, sequence-based

screening and assessment. The specific process was as follows:
Step 1: Segmentation of genomic sequence

Firstly, we split sequences of XGG into short-reads with a size of 300 bp using in-house
python script, and then filtered the reads with more than 10 ambiguous bases N. The

remaining reads were used for subsequent alignment.
Step 2: Homologous analysis of sequences

We simultaneously downloaded the assembled sequences of 7 birds whose sex
chromosomes have been identified (Supplementary Table 13). Then, we separately merged
all Z and W sequences as the Z and W reference library and built the index files for each of
them using BWA. The short-reads (300 bp) of XGG that split and filtered above were then

mapped to the reference libraries and all the aligned reads were extracted by SAMtools.
Step 3: Sequence-based screening

Subsequently, we further carried out quality control on the aligned reads extracted above.
We kept the reads with Mapping Quality > 30 by SAMtools and sorted the alignments
according to scaffolds and read ID. Afterward, we filtered the alignments that were mapped
on different sequences or different regions in one scaffold. Finally, the chromosome type of

the scaffolds was inferred according to the proportion of aligned reads to the scaffold and

7
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then calculated the cumulative length of the same chromosome type of scaffolds until the

average length of the downloaded high-quality Z and W references.
Step 4: Sex chromosome assessment

Due to the close relationship between goose and duck, and considering the high assembly
quality of Pekin duck, XGG and Pekin duck*® were selected for collinearity analysis. We
used the “One Step MCScanX-Super Fast” function of TBtools v1.06*' to align the genome
sequences of Pekin duck and XGG, merged the results of MCScanX to generate a
collinearity file, and then visualized though the “File Transformat for MicroSynteny Viewer”
function to further evaluate the sex-linked sequences. Next, with the re-sequenced mapping
data of 162 Chinese domestic geese (Supplementary Table 15), the average sequencing
depth of all sequences was computed using the ‘samtool depth’ command of SAMtools in
5-kb non-overlapping windows. We regarded the sequencing depth of autosomes as a
normal value. The sequencing depths of Z and W chromosomes in females were
approximately identical, and both were half of the autosomes. The average sequencing
depth of Z chromosome in males was similar to that of autosomes, while the W chromosome
was closer to zero. Based on the above identification results, we focused on Hic_3 and

Hic_4 as Z and W chromosomes of XGG, respectively.

Supplementary Method 4. SNP calling

To improve the efficiency and accuracy of variants detection, we used the commercial
software Sentieon v201711.03%? on Tianhe-2 Supercomputer to identify SNPs and small
Indels for 994 geese. First, we built the index file for XGG and aligned high-quality reads to
the reference with BWA to generate Sequence Alignment/Map (SAM) files, which were then
format transformed to BAM files and sorted by SAMtools. For the mapping results,
“LocusCollectora” and “Realigner” functions from Sentieon were used to delete polymerase
chain reaction (PCR) duplicates and calibrated according to the quality score. Next,
“Haplotyper” function was applied to generate Genomic Variant Call Format (GVCF) files for
each individual and separately performed joint calling for 772 XGG and 222 geese using

“GVCFtyper” function. Finally, GATK v4.0.1243, BCFtools v1.15% and PLINK v1.9%° were

8
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used to filter SNPs with the following conditions:

(1) For 772 low-depth (1x) resequencing individuals: we call variants for 2 steps. For the
first step, we retained SNPs with the parameters “QD (QualByDepth) < 2.0, FS
(FisherStrand) > 60.0, MQ (RMSMappingQuality) < 40.0, SOR (StrandOddsRatio) > 3.0,
MQRankSum (MappingQualityRankSumTest) < -12.5, ReadPosRankSum
(ReadPosRankSumTest) < -8.0, SOR (StrandOddsRatio) > 3.0, MAF (Minor Allele
Frequency) > 0.003, and call rate > 0.8”. Secondly, we used SNPs obtained from the first
step as a known data set to perform joint calling again. After filtering with the same conditions
above, 163,067 SNPs were obtained to carry out whole genome imputation using STITCH
v1.6846 with the parameters of K = 40 and nGen = 50. Finally, a total of 12,415,004 SNPs
was retained with MAF > 0.01 and call rate > 0.9.

(2) For 222 high-depth (10x) resequencing individuals: after joint calling, 13,008,900
SNPs were obtained after quality control with the parameters “QD < 2.0, FS > 60.0, MQ <
40.0, SOR > 3.0, MQRankSum < -12.5, ReadPosRankSum < -8.0, SOR>3.0, MAF > 0.05,

and call rate > 0.9”.

Supplementary Tables

Supplementary Table 1. Statistics of genome sequencing data of XGG.

Pair-end Insert Total data Read length Sequence
libraries size (bp) (Gb) (bp) coverage (%)
[llumina reads 350 136.14 150 111.59
PacBio reads 20,000 123.62 15,280 (N50) 101.33

10X Genomics 600 120.90 150 99.10
Bionano - 167.71 - 137.47

Hi-C 350 137.75 150 112.91

Total - 686.12 - 562.4




248 Supplementary Table 2. Statistical results for each chromosome on XGG genome.

Hic_ ID Pseudo- Cluster length (bp) G+C (%)
chromosome number

Hic 0 1 7 209,937,520 40.16
Hic 1 2 7 161,260,155 40.04
Hic 2 3 5 121,836,162 39.94
Hic_3 38 (2) 8 78,059,545 39.64
Hic 4 4 (W) 5 18,190,528 45.29
Hic 5 5 4 77,964,326 39.83
Hic 6 6 2 65,887,397 41.49
Hic_7 7 2 40,772,850 41.41
Hic 8 8 2 38,093,052 41.88
Hic 9 9 2 32,954,318 42.25
Hic 10 10 3 26,882,679 43.10
Hic 11 11 2 20,182,763 44.98
Hic 12 12 2 22,278,886 43.40
Hic 13 13 2 22,003,932 42.55
Hic_14 14 2 22,645,356 43.25
Hic 15 15 2 21,569,393 43.09
Hic 16 16 3 18,393,121 45.26
Hic 17 17 2 16,340,960 46.30
Hic 18 18 3 15,607,799 45.79
Hic 19 19 2 13,056,453 47.62
Hic 20 20 17 12,304,091 48.79
Hic 21 21 25 12,166,798 47.25
Hic 22 22 2 9,065,161 48.44
Hic 23 23 2 7,873,851 49.76
Hic 24 24 2 7,713,126 51.44
Hic_25 25 2 7,064,174 52.59
Hic 26 26 2 6,484,800 52.70
Hic_27 27 3 5,512,697 49.52
Hic 28 28 2 6,110,239 53.50
Hic 29 29 2 3,196,551 59.17
Hic 30 30 2 2,953,559 59.97
Hic 31 39 2 1,382,414 62.90
Hic 32 31 2 1,172,193 56.62
Hic 33 32 4 1,164,976 60.47
Hic 34 33 2 780,505 62.98
Hic 35 34 46 638,055 58.32
Hic 36 35 5 931,379 63.66
Hic 37 36 17 1,369,031 57.16
Hic 38 37 15 4,330,114 51.62
Scaffold - 2,203 27,335,139 -

*

249
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250 Supplementary Table 3. The assembly rate of XGG.
Number of anchored bases (bp) 1,136,130,909
Total number of bases (bp) 1,163,486,048
Anchored Rate (%) 97.65
251
252
253
254  Supplementary Table 4. Nucleotide content of XGG.
Type Number (bp) % of genome
A 334,957,286 28.79%
T 335,072,751 28.80%
C 244,919,141 21.05%
G 244 557,032 21.02%
N 3,979,838 0.34%
255
256
257 Supplementary Table 5. Genome assemblies for scaffold N50 length comparison and
258 BUSCO analyses.
Common name Species ;Z?;Tmbly Assembly version
Xingguo gray goose  Anser cygnoides Chromosome This study
Tianfu goose Anser cygnoides*’ Chromosome GCA _013030995.1
Zhedong white goose Anser cygnoides*? Scaffold GCF_000971095.1
Sichuan white goose  Anser cygnoides*? Scaffold GCA_002166845.1
Bar-headed goose Anser indicus®® Chromosome GCA _006229135.1
Pink-footed goose Anser brachyrhynchus®’ Chromosome GCA _002592135.1
African pygmy goose Nettapus auritus Chromosome GCA _011076525.1
Canada goose Branta canadensis Chromosome GCA _006130075.1
Chicken Gallus gallus®? Chromosome GCA_000002315.5
Turkey Meleagris gallopavo®3 Chromosome GCF_000146605.3
Peregrine falcon Peregrine falcon® Chromosome GCA _001887755.1
Bengalese finch Lonchura striata domestica® Chromosome GCA_005870125.1
Pekin duck Anas platyrhynchos*° Chromosome GCA_003850225.1
Zebra finch Taeniopygia guttata®* Chromosome GCA_009859065.2
Kakapo Strigops habroptila®® Chromosome GCA_004027225.2
Superb fairywren Malurus cyaneus®’ Chromosome GCA_009741485.1
259
260
261
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Supplementary Table 6. Reads coverage of XGG.

Reads Mapping rate (%) 99.19
Average sequencing depth 100.88
Coverage (%) 97.96

Genome  Coverage at least 4x (%) 97.87
Coverage at least 10x (%) 97.76
Coverage at least 20x (%) 97.56

Note: Coverage at least Nx(%), the proportion of the genome covered with Nx Reads.

Supplementary Table 7. The results of assembly quality assessment of CEGMA and
BUSCO.

CEGMA BUSCO
complete complete + partial Complete Fragmented Missing
171 (68.95%) 230 (92.30%) 95.70% 1.0% 3.30%

12



269 Supplementary Table 8. Basic statistical results of gene structure prediction in XGG.
Mean Mean Exons Mean Mean
vethod  Geneset  (EIE (U length transcri length  length
(bp) (bp) pt (bp) (bp)
De novo  Augustus?? 20,204 14,520.68 1,313.99 7.75 169.54  1,956.45
GlimmerHMM?> 211,371 4,751.23 480.92 2.69 17852  2,520.96
SNAP>S8 66,746  25,705.76 663.00 5.52 120.04  5,536.67
Geneid?? 35,320 22,781.80 1,148.26 6.11 187.86  4,231.63
Genscan? 43,982  19,943.00 1,368.08 7.97 17171  2,666.07
Homolog Ansercygnoides 33,702  9,941.82 959.90 4.96 193.37 2,265.80
2;";';rhynchos 21,983 15062.37 1,263.90 6.67 189.36  2,431.61
jigi’; 70’;( 10,020 17,262.92 1,405.10 7.64 183.90  2,388.01
Gallus gallus 24,233 12,354.55 1,090.99 5.74 190.01 2,375.31
g’(’:l;jzg‘r/’j 32,801 831585 900.67  4.71 19127  1,999.30
RNA-seq PASA 60,697 14,925.87 1,132.57 6.88 16457  2,344.99
Cufflinks®® 35577 24,131.15 3,309.39 8.38 394.76  2,820.16
EVM 24,855 16,188.96 1,228.27 7.27 168.92  2,385.63
Pasa-update* 24,688 17,192.64 1,244.96 7.34 169.66  2,516.29
Final set** 17,448 23,019.79 1,533.17 9.52 160.98  2,520.65
270 Note: * includes the UTR region, others do not. ** contains the UTR region, which was
271 obtained by removing the alternative splicing, selecting the longest transcript, removing
272 redundant exons and filtering from the gene set of pasa2 update. Filtering conditions:
273 overlap with TE greater than or equal to 20%, stop gain, only supported by de novo evidence,
274  and rpkm expression in each tissue was less than 1.
275

13
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Supplementary Table 9. Statistical results of gene function annotation.

Database Gene number  Percent (%)
Swissprot 16,381 93.90

Nr 16,803 96.30
KEGG 14,631 83.90
InterPro 17,072 97.80

GO 15,926 91.30

Pfam 14,435 82.70
Annotated 17,135 98.20
Unannotated 313 1.80

Total 17,448 -

Supplementary Table 10. The predicted genome-wide repetitive sequences of XGG.

Method Repeat Size (bp) Percent (%)
TRF 23,771,262 2.04
RepeatMasker 99,737,512 8.55
RepeatProteinMask 53,067,289 4.55

Total 118,586,730 10.17

14



283 Supplementary Table 11. Whole genome transposable elements (TE) of XGG.

Denovo+Rep % in TE proteins % in Combined % in
TE type base Length TEs Length
Genome Length (bp) Genome Genome
(bp) (bp)
DNA 1,737,587 0.15 218,250 0.02 1,919,410 0.16
LINE 67,441,314 5.78 45,338,969 3.89 72,973,327 6.26
SINE 292,458 0.03 0 0 292,458 0.03
LTR 28,477,183 2.44 7,597,143 0.65 29,561,807 2.54
Simple_re 171633 0.19 0 0 2,171,633  0.19
peat
Unknown 4,584,688 0.39 0 0 4,584,688 0.39
Total 99,737,512 8.55 53,067,289 4.55 103,475,240 8.87

284  Note: Denovo+Repbase is a library predicted by RepeatModeler, RepeatScout and LTR_FINDER
285  software combined with RepBase nucleotide library, using Uclust software to integrate according to the
286  80-80-80 principle, and then using RepeatMasker software to identify TEs; TE proteins are based on
287 RepBase protein library, using RepeatProteinMask software to identify TEs; Combined TEs is the result
288  of integrating the above two methods and removing redundancy. Unknown indicates that the repeat
289  sequence cannot be classified by RepeatMasker.

290
291
292
293 Supplementary Table 12. Noncoding RNA statistics in XGG.
ncRNA Type Copy Mean length (bp) Total length % of
number (bp) genome
miRNA 424 85.59 36,290 0.003112
tRNA 371 74.68 27,706 0.002376
rRNA rRNA 234 247.90 58,009 0.004975
18S 20 683.45 13,669 0.001172
28S 85 339.14 28,827 0.002472
5.8S 8 155.38 1,243 0.000107
58 121 117.93 14,270 0.001224
snRNA  snRNA 346 126.76 43,858 0.003761
CD-box 114 92.05 10,494 0.000900
HACA- 81 139.48 11,298 0.000969
box
splicing 132 142.40 18,797 0.001612
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295 Supplementary Table 13. Reference chromosomes used in sex chromosomes
296 identification.

Chromosome Species Length (bp) Assembly version
Z Anas platyrhynchos*® 84,547,829 GCF_015476345.1
Z Coturnix japonica®® 67,000,979 GCA _001577835.1
Z Gallus gallus®? 82,529,921 GCA_000002315.5
Z Numididae®’ 75,261,281 GCA _002078875.2
Z Parus major®? 74,514,349 GCA _001522545.3
Z Taeniopygia guttata®* 78,980,481 GCA _008822125.1
W Anas platyrhynchos*® 16,693,329 GCF_015476345.1
W Coturnix japonica®® 122,254 GCA _001577835.1
W Gallus gallus®? 6,813,114 GCA_000002315.5
W Meleagris gallopavo® 313,225 GCA_000146605.4

297

16



298 Supplementary Table 14. Sex-linked sequences identified in the genome of XGG.

Chromosome gequence ID Length (bp)
type

w Hic_4 18,190,528
W original_scaffold_2066_obj_pilon 6,053

Z Hic_3 78,059,545
V4 fragScaff_scaffold_42_ obj_pilon:::fragment_2:::debris 10,000

V4 Super-Scaffold_84 pilon:::fragment_4:::debris 10,000

V4 Super-Scaffold_29 pilon:::fragment_4:::debris 30,000

V4 original_scaffold_1774_obj_pilon 23,497

V4 original_scaffold_265_obj_pilon 31,285

Z original_scaffold_1886_obj_pilon 14,535

Z Super-Scaffold_66_pilon:::fragment_6:::debris 20,000

Z original_scaffold_1674_obj_pilon 50,807

Z original_scaffold_2242 obj_pilon 13,126

Z original_scaffold_512_obj_pilon 17,222

Z Super-Scaffold_29 pilon:::fragment_10:::debris 10,000

Z original_scaffold_462_obj_pilon 11,778

Z Super-Scaffold_29 pilon:::fragment_14:::debris 30,000

Z original_scaffold_1741_obj_pilon 10,647

Z Super-Scaffold_84 pilon:::fragment_6:::debris 50,000

Z Super-Scaffold_66_pilon:::fragment_2:::debris 50,000

Z Super-Scaffold_27 pilon:::fragment_2:::debris 50,000

Z original_scaffold_1602_obj_pilon 10,177

Z original_scaffold_1079_obj_pilon 7,689

Z Super-Scaffold_66_pilon:::fragment_4:::debris 50,000

Z Super-Scaffold_50_pilon:::fragment_2:::debris 10,000
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301

Supplementary Table 15. Sequencing depth for each individual and their chromosomes in
162 geese.

D Sex Hic_19 Hic_20 Hic_21 Hic_22 Hic_23 Hic_24 Hic_25 Hic_26 Hic_27 Hic_28 Hic_29 Hic_30 Hic_31 Hic_32 Hic_33 Hic_34 Hic_35 Hic_36 Hic_37 Hic_38 z w
FCG10 female 10.97 11.89 12.11 15.26 12.78 11.69 10.72 10.90 11.24 12.11 10.95 13.86 11.53 17.28 7.89 8.12 9.28 6.43 8.81 35.71 4.99 10.29
FCG12 female 11.68 12.85 12.98 16.82 13.71 12.50 11.39 11.85 12.11 13.04 11.55 14.22 12.35 18.29 9.37 851 9.96 6.88 9.47 37.65 541 11.00
FCG13 female 10.58 10.69 11.56 13.03 11.21 10.38 9.54 9.54 10.13 9.75 7.97 8.78 5.81 13.38 5.03 4.07 6.22 351 5.68 21.12 4.87 7.63
FCG14 female 12.41 13.17 14.33 18.26 14.54 13.16 12.08 12.39 12.55 13.59 12.26 15.32 11.98 19.70 9.46 9.25 10.19 7.13 9.73 37.39 5.70 1111
FCG16 female 13.24 13.94 15.11 19.67 15.59 13.99 12.79 13.27 13.54 14.36 12.81 16.02 13.20 18.63 12.13 9.61 10.80 7.62 10.35 39.92 6.19 11.85
FCG17 female 10.78 11.24 12.33 15.63 12.27 11.09 10.12 10.36 10.75 11.14 9.67 12.42 9.04 14.84 7.20 6.19 8.30 5.45 7.44 28.26 4.87 9.03
FCG18 female 11.96 13.71 13.52 17.97 14.67 13.17 11.99 12.50 12.63 13.81 12.46 16.41 13.55 20.21 10.11 9.64 10.68 7.43 10.44 37.47 4.65 11.21
FCG19 female 9.44 9.99 10.51 13.36 11.03 10.02 9.12 9.50 9.73 10.55 9.33 11.88 9.72 15.31 7.17 7.10 8.42 5.70 7.75 30.90 431 8.76
FCG1 female 11.12 11.65 12.42 15.96 13.11 11.81 10.71 11.17 11.42 12.20 10.71 14.23 11.54 17.53 9.10 8.24 10.31 7.08 8.68 32.80 523 10.26
FCG20 female 11.39 12.21 12.96 17.01 13.52 12.14 11.05 11.62 11.62 12.54 11.23 13.94 11.71 17.68 9.08 8.55 9.43 6.46 9.00 32.01 524 10.29
FCG21 female 10.98 11.88 12.14 15.74 12.94 11.72 10.56 11.05 11.27 12.24 10.68 13.92 11.36 17.14 9.36 8.03 9.45 6.40 9.06 31.92 5.10 10.14
FCG24 female 12.85 13.68 14.74 19.21 15.35 13.93 12.59 13.16 13.24 14.34 12.82 16.29 13.69 20.77 10.50 9.83 11.14 7.67 10.85 40.31 5.85 11.97
FCG25 female 11.85 12.07 13.03 14.65 12.89 11.74 10.97 10.51 11.29 10.66 8.84 10.24 5.83 11.24 4.29 3.86 6.41 3.83 5.60 23.79 4.64 8.25
FCG26 female 12.79 13.78 14.45 18.54 15.05 13.52 12.36 12.82 13.13 14.15 12.93 16.17 13.20 20.98 9.57 10.09 10.65 7.65 10.16 35.41 5.85 11.34
FCG27 female 14.20 14.89 15.69 19.75 16.60 15.06 13.60 13.97 14.71 15.85 13.80 17.06 14.88 23.56 12.08 10.56 12.60 9.29 11.61 44.52 6.70 13.01
FCG28 female 16.36 17.68 18.98 2434 19.42 17.40 15.87 16.36 16.87 18.28 16.18 20.78 17.12 26.29 12.29 11.90 13.29 9.98 13.27 53.03 4.65 14.65
FCG29 female 13.49 13.85 14.82 17.41 14.93 13.72 12.75 12.66 12.96 12.92 10.95 12.55 8.16 16.85 7.15 524 8.36 5.50 7.95 34.44 7.13 10.26
FCG2 female 12.41 13.53 13.92 17.49 14.51 13.12 11.94 12.37 12.65 13.49 12.23 16.34 13.01 2273 9.82 8.76 10.07 7.10 9.83 36.26 4.75 11.17
FCG30 female 12.08 12.95 13.24 17.19 13.98 12.71 11.70 12.25 12.45 13.29 11.93 14.82 12.18 18.63 8.61 8.70 9.86 6.99 9.47 37.30 4.74 10.99
FCG32 female 12.71 13.92 14.67 19.40 15.05 13.67 12.32 12.73 12.99 14.11 12.73 15.77 13.24 20.20 9.24 9.47 12.00 8.61 10.35 38.89 411 11.63
FCG33 female 13.19 14.60 14.64 18.88 15.69 14.19 12.98 13.49 1391 14.89 13.37 17.26 14.02 19.39 10.34 10.21 12.12 8.90 10.89 39.82 4.75 12.14
FCG34 female 12.67 13.71 13.79 17.38 14.71 13.42 12.33 12.65 13.00 14.00 12.53 15.75 12.99 20.77 9.28 8.80 10.13 6.99 9.97 35.28 4.24 11.27
FCG35 female 11.90 12.67 13.27 16.74 14.05 12.86 11.70 12.06 12.27 13.28 11.97 15.42 12.29 18.76 7.57 8.14 9.40 6.56 8.90 37.60 6.15 10.94
FCG37 female 13.74 14.95 15.58 19.94 16.31 14.74 13.32 13.82 14.26 15.43 13.83 16.89 14.34 21.37 10.14 10.34 11.60 8.33 11.30 43.07 4.42 12.20
FCG38 female 14.53 16.78 16.31 23.25 19.01 17.60 15.99 17.26 16.62 19.55 19.51 23.92 23.90 29.14 17.01 16.38 18.76 15.50 17.20 54.59 5.10 14.88
FCG39 female 11.84 12.54 12.79 15.48 13.07 12.07 11.07 11.14 11.61 11.81 10.45 12.73 9.23 15.58 7.37 6.89 9.32 6.38 7.99 31.74 3.89 9.38
FCG3 female 13.68 14.80 14.81 18.55 15.88 14.56 13.18 13.71 14.02 15.14 13.35 16.78 14.29 19.83 11.18 9.78 11.57 8.38 10.59 36.85 5.06 12.29
FCG40 female 11.18 11.86 12.10 15.13 12.96 11.90 10.81 11.28 11.55 12.56 11.43 15.11 11.87 17.71 8.64 8.74 9.75 6.82 9.25 3211 5.88 10.21
FCG41 female 11.92 12.76 13.46 17.02 13.93 12.54 11.45 11.88 12.13 13.00 11.45 1451 11.96 20.33 9.05 8.89 10.90 7.61 9.65 38.42 6.37 10.89
FCG42 female 11.62 12.09 13.28 16.92 13.73 12.33 11.17 11.52 11.95 12.58 11.28 14.70 11.14 18.72 9.31 7.59 9.77 6.63 9.33 39.08 4.75 10.65
FCG43 female 13.23 14.03 14.75 17.58 14.61 13.95 12.67 12.99 13.29 13.77 12.66 14.32 10.48 21.20 9.89 8.49 10.95 7.66 10.39 35.39 4.16 11.33
FCG44 female 13.66 14.99 15.44 19.86 16.13 14.67 13.26 13.82 14.15 15.27 13.78 16.63 13.99 23.95 10.58 10.94 12.85 9.08 10.66 39.02 524 12.38
FCG45 female 9.82 10.39 11.10 14.40 11.56 10.30 9.43 9.75 10.08 10.76 9.58 12.59 10.18 15.41 8.31 7.56 8.72 5.79 8.00 27.24 6.24 8.88
FCG47 female 7.84 8.06 8.70 11.12 9.13 8.24 7.48 777 7.96 8.55 7.67 9.96 8.19 12.32 5.89 572 6.94 4.58 6.17 21.95 3.56 7.24
FCG48 female 11.81 12.54 12.95 16.79 13.84 12.48 11.32 11.73 12.18 13.02 11.22 15.17 12.13 20.38 9.51 791 9.50 6.52 9.43 34.75 721 10.78
FCG51 female 10.85 11.65 12.29 16.19 13.09 11.74 10.71 11.05 11.25 12.19 10.77 14.16 11.56 16.81 9.27 8.31 9.32 6.37 8.97 30.57 4.69 9.84
FCG5 female 11.86 12.45 13.50 17.43 14.05 12.44 11.23 11.73 12.10 12.88 1111 15.20 11.87 21.18 9.10 8.65 9.86 6.51 9.00 37.44 4.62 11.05
FCG6 female 12.03 12.85 13.81 17.45 14.16 12.79 11.56 11.99 12.25 13.19 11.47 15.70 12.18 2051 8.83 8.48 10.00 6.93 9.58 36.48 5.00 10.99
FCG7 female 10.07 10.57 11.11 14.34 11.91 10.76 9.70 10.11 10.38 11.09 9.85 12.70 10.62 15.74 7.57 7.15 8.92 5.70 7.78 29.45 4.89 9.39
FCG8 female 12.21 13.31 13.71 18.44 14.86 12.88 11.44 11.99 12.87 13.90 11.69 16.68 15.41 19.58 9.68 9.66 1051 7.61 10.02 38.26 5.07 11.82
FCG9 female 10.06 10.87 11.54 14.80 11.77 10.65 9.70 10.01 10.18 10.96 9.65 12.03 9.72 15.40 8.01 7.28 8.77 5.94 7.82 30.92 4.40 9.06
GFW11 female 14.57 15.04 16.32 20.58 16.94 15.35 13.87 14.34 14.81 15.72 13.86 17.50 14.30 22.88 11.10 10.16 11.85 8.41 11.54 43.15 4.85 13.08
GFw14 female 14.89 15.77 16.10 19.59 17.09 15.49 13.88 14.48 15.07 15.78 13.52 17.38 13.28 25.16 10.77 10.82 12.52 9.03 10.98 39.32 5.67 13.46
GFwW15 female 11.62 12.23 13.11 16.55 13.54 12.09 10.86 11.34 11.79 12.45 10.82 13.94 10.88 17.75 8.92 8.33 10.25 7.16 9.29 31.47 5.29 10.74
GFW16 female 14.70 15.17 15.82 18.99 16.55 15.23 13.66 14.15 14.77 15.64 13.50 16.71 13.79 2264 11.05 10.51 11.86 8.16 11.26 40.23 4.15 13.46
GFw17 female 12.47 13.08 13.19 15.83 13.97 13.14 11.73 12.34 12.62 13.19 11.59 14.67 11.27 17.19 9.20 9.17 10.61 7.10 9.65 36.18 5.01 11.34
GFwW19 female 16.30 17.05 18.20 22.71 18.71 16.77 15.29 15.90 16.39 17.38 14.87 19.44 15.40 25.78 13.86 11.71 13.59 9.61 12.78 50.66 4.94 15.03
GFW21 female 11.73 12.38 13.30 16.11 13.17 12.32 11.06 11.51 11.56 12.10 10.71 12.28 8.67 17.78 7.97 7.52 10.50 711 8.50 27.46 4.13 10.17
GFW23 female 9.65 10.98 10.20 14.36 13.95 10.88 8.77 9.25 11.21 12.26 9.18 14.99 17.87 15.08 8.60 8.78 10.01 6.96 8.41 37.35 5.06 11.38
GFw24 female 13.75 14.95 15.02 18.77 15.99 14.93 13.24 13.90 14.12 15.06 13.57 16.36 13.96 24.05 11.04 10.67 12.19 8.66 11.54 38.55 7.44 12.37
GFw27 female 11.35 12.14 12.84 15.99 13.10 11.76 10.63 11.18 11.41 12.13 10.48 13.69 10.50 19.22 8.70 8.54 10.78 7.50 8.74 32.10 4.55 10.49
GFW29 female 12.55 13.06 13.66 16.51 13.98 12.67 11.49 11.90 12.49 13.13 11.12 14.75 10.79 20.57 8.65 7.99 10.79 7.50 8.95 36.02 4.09 11.50
GFwW2 female 14.79 16.27 16.87 22.04 17.99 15.74 13.85 14.34 15.42 16.67 13.95 18.55 17.05 22.94 12.89 11.58 13.73 10.10 12.58 48.06 5.36 14.26
GFW30 female 10.54 10.78 11.80 14.77 12.03 10.83 9.73 10.09 10.51 11.01 9.46 12.18 9.62 16.19 7.61 7.01 8.98 5.69 7.99 30.90 5.96 9.72
GFW33 female 11.96 12.88 13.33 17.37 14.23 12.53 11.29 11.65 12.34 13.22 11.10 15.18 13.26 18.29 9.72 9.64 10.67 7.42 9.58 35.21 6.01 11.36
GFW35 female 13.55 14.45 15.04 18.95 15.88 14.09 12.74 13.23 13.89 14.74 12.34 16.03 13.49 19.79 10.54 9.87 11.77 8.33 10.51 39.41 5.64 12.29
GFW36 female 13.95 14.81 15.43 19.19 15.87 14.47 13.19 13.72 14.08 14.96 13.20 17.09 13.76 22.53 10.08 10.23 11.82 8.32 10.94 43.90 6.27 13.12
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Supplementary Table 15. Sequencing depth statistics of each chromosome in 162 geese
(Continued).

ID Sex Hic_19 Hic_20 Hic_21 Hic_22 Hic_23 Hic_24 Hic_25 Hic_26 Hic_27 Hic_28 Hic_29 Hic_30 Hic_31 Hic_32 Hic_33 Hic_34 Hic_35 Hic_36 Hic_37 Hic_38 z w
GFW39  female 1269 12.83 1398 1594 1355 1253 11.64 1170 1195 11.79 9.94 1168 6.77  16.57 5.52 4.93 7.51 4.72 6.68  26.32 6.25 9.62
GFw45 female 14.59 14.78 16.45 20.50 16.57 14.94 13.29 13.85 14.49 15.15 12.64 17.06 13.20 22.94 10.61 9.61 11.39 7.69 10.53 40.56 7.02 13.37
GFW46 female 12.23 12.38 13.59 16.42 13.64 12.45 11.22 11.49 11.93 12.23 10.30 13.22 9.07 17.33 7.76 6.62 8.63 5.57 8.00 30.62 5.79 10.21
GFw47 female 14.24 15.30 16.02 19.57 16.46 14.81 13.11 13.59 14.37 15.27 12.95 16.34 12.93 22.06 10.49 10.00 12.17 8.16 10.46 38.84 6.20 13.47
GFW5 female 14.11 15.03 15.67 19.24 16.12 14.54 13.23 13.79 14.29 14.94 13.02 15.84 12.84 23.25 10.05 10.12 11.89 7.89 10.53 43.04 5.77 12.90
GFwW7 female 15.80 16.83 17.49 21.35 18.20 16.57 14.97 15.45 16.09 16.81 15.01 18.91 14.75 25.24 11.64 11.78 13.06 9.20 12.18 45.22 6.17 14.65
GFws8 female 11.94 12.35 13.46 17.08 13.84 12.57 11.27 11.70 12.06 12.80 11.13 14.46 11.47 18.60 9.29 8.57 10.69 7.21 9.36 35.55 5.22 10.84
GFW9 female 16.03 16.77 17.96 22.27 18.59 16.81 15.06 15.60 16.25 17.20 14.99 18.95 15.46 25.67 12.59 11.43 13.89 9.96 12.31 45.67 5.48 15.15
LHW10 female 13.68 14.72 15.12 18.53 15.60 14.05 12.78 13.14 13.74 14.38 12.42 15.48 11.95 18.36 10.16 9.35 11.71 8.26 10.30 38.31 4.33 12.83
LHW11 female 14.00 15.16 16.86 21.57 16.69 14.68 13.07 13.36 14.18 14.81 12.67 15.32 12.34 19.39 9.07 9.17 12.10 8.47 10.04 38.34 4.38 13.03
LHW1 female 1233 1250 1410 1686 13.64 1253 1146 11.84 1211 1243 1058  12.40 831 1381 7.58 5.91 9.40 6.26 8.07  33.29 6.26  10.53
LHW2 female 14.61 15.45 16.17 18.89 16.01 15.08 13.85 14.19 14.40 14.79 13.11 14.52 10.25 19.27 9.27 7.90 10.18 7.28 9.99 37.47 6.24 11.69
LHW3 female 13.31 14.20 15.17 18.56 14.83 13.71 12.67 12.87 13.25 13.45 12.04 14.69 9.79 20.73 7.79 7.25 9.60 6.38 8.64 32.84 3.29 11.29
LHWS female 15.93 17.50 18.15 23.19 18.99 16.96 15.21 15.78 16.32 17.30 15.03 18.73 15.45 25.83 12.27 11.35 13.44 9.79 12.33 42.89 5.64 14.83
LHW6 female 8.75 9.45 9.69 11.77 9.81 8.86 7.92 8.23 8.83 9.18 7.59 10.17 7.52 12.80 6.06 5.67 7.20 4.56 6.29 24.50 4.48 8.08
LHW7 female 10.06 10.72 11.75 14.93 11.72 10.33 9.34 9.78 10.23 10.63 8.94 11.78 8.94 14.50 7.31 7.21 9.38 6.15 7.72 27.59 5.26 9.34
LHW8 female 13.51 14.57 15.50 19.42 15.79 14.05 12.60 13.12 13.70 14.33 12.18 15.65 12.12 20.86 9.89 9.07 12.17 9.02 9.98 36.47 6.06 12.67
LHW9 female 13.23 14.23 14.74 17.87 15.01 13.53 12.16 12.78 13.35 13.86 11.61 15.69 11.87 19.15 9.85 9.01 10.42 7.20 9.87 38.02 5.80 12.41
LXW10 female 13.30 13.80 14.44 16.99 14.85 13.90 12.72 12.82 13.07 13.62 11.83 14.36 9.87 17.11 8.33 7.73 9.83 6.55 9.23 32.77 5.56 10.30
LXW11 female 10.06 11.07 11.32 13.52 11.54 10.42 9.25 9.68 10.26 10.59 9.03 11.33 8.64 13.51 7.41 6.86 8.55 5.57 7.55 28.23 5.35 9.50
LXW12 female 10.65 11.78 12.25 15.23 12.41 11.03 9.92 10.38 10.81 11.48 9.74 12.64 9.81 17.30 8.14 7.51 9.70 6.68 8.23 30.69 4.07 10.09
LXwW14 female 13.49 14.25 14.82 18.18 15.37 13.84 12.24 12.81 13.55 14.35 11.70 14.85 11.79 19.63 9.67 8.93 11.70 8.19 10.08 41.20 5.94 12.52
LXW16 female 12.74 13.56 13.63 16.85 14.63 13.35 12.02 12.50 12.80 13.78 12.18 16.05 12.45 19.35 9.81 9.00 10.17 7.12 10.00 37.77 3.80 11.71
LXW20 female 12.99 13.37 15.31 19.29 15.31 13.51 12.08 12.56 13.09 14.05 11.92 15.70 12.27 19.67 10.15 9.05 11.22 7.59 10.32 33.54 4.81 11.49
LXW22 female 11.00 11.24 12.01 13.32 11.76 10.58 9.94 9.59 10.40 9.80 7.85 8.81 531 10.86 4.18 3.55 6.14 3.56 6.22 20.52 6.88 7.29
LXW23 female 10.77 11.68 12.79 16.40 12.84 11.32 10.15 10.58 11.05 11.55 10.07 13.21 9.82 18.42 9.11 7.82 9.77 6.74 8.45 3241 5.04 10.15
LXwW24 female 14.86 15.21 15.89 17.43 15.64 14.43 13.32 13.05 14.08 13.46 10.78 12.70 7.65 17.35 6.86 5.55 8.29 5.27 7.52 33.09 6.40 10.60
LXW25 female 11.26 11.74 12,51 15.30 12.88 11.68 10.44 10.89 11.33 12.01 10.34 13.33 10.02 17.15 7.73 7.36 10.37 7.55 8.69 32.87 4.08 10.41
LXW27 female 11.68 12.60 12.72 15.65 13.28 11.97 10.76 11.26 11.66 12.13 10.66 13.15 10.58 16.35 8.90 7.87 10.11 6.66 8.96 34.05 5.41 10.45
LXW29 female 14.48 15.44 17.10 21.19 16.72 14.92 13.31 13.84 14.60 15.09 12.63 16.03 12.34 22.73 10.16 9.47 11.78 8.23 10.57 41.39 5.14 13.30
LXW2 female 15.07 15.98 17.21 21.23 17.22 15.61 14.12 14.64 15.33 15.76 13.77 17.88 12.45 21.66 10.84 10.10 12.22 8.56 11.50 40.82 4.92 13.60
LXW31 female 14.56 15.17 16.46 19.55 16.17 15.05 13.78 14.36 14.53 14.97 13.27 14.71 10.88 22.38 9.80 8.60 11.59 7.68 10.93 38.18 4.43 12.53
LXW32 female 13.97 15.00 16.08 19.86 15.79 14.56 13.24 13.72 13.84 14.50 1291 15.64 11.40 20.09 9.77 8.08 11.74 7.86 10.37 38.73 5.07 12.50
LXW34 female 13.71 14.49 15.04 19.25 16.05 14.52 13.15 13.65 14.18 15.40 13.63 17.21 1451 21.16 10.86 10.90 12.65 8.89 11.38 39.32 5.57 12.35
LXW36 female 11.15 11.95 12.23 15.76 12.99 11.96 10.88 11.36 11.44 12.62 11.41 14.49 11.64 15.42 8.71 8.47 11.01 8.15 9.13 32.66 5.78 10.06
LXW37 female 13.18 14.73 14.29 17.98 15.26 13.97 12.78 13.17 13.53 14.78 13.47 17.73 13.82 21.11 10.79 10.30 12.63 9.03 11.10 41.56 4.23 12.03
LXW3 female 13.26 15.09 15.53 20.05 16.31 14.50 13.05 13.69 13.89 15.39 13.60 17.65 14.49 22.50 11.15 10.52 12.54 9.27 11.44 41.71 4.40 12.88
LXW40 female 11.70 12.93 13.00 17.35 14.43 12.56 11.40 11.82 12.42 13.57 12.10 16.17 14.59 16.25 10.32 10.37 12.14 8.47 10.55 37.28 6.11 11.42
LXW42 female 17.29 18.81 19.84 25.21 20.21 18.27 16.65 17.41 17.64 18.85 16.41 20.76 16.48 26.19 13.82 12.29 15.38 10.99 13.76 49.63 4.30 16.04
LXW43 female 14.55 15.49 16.33 20.61 17.05 15.46 14.08 14.67 14.78 16.20 13.90 17.42 14.11 21.78 10.37 10.18 13.36 9.62 11.10 38.63 5.30 13.24
LXw44 female 17.68 18.39 20.09 24.10 19.70 18.56 17.23 17.82 17.59 18.73 17.20 18.19 13.25 25.21 13.28 11.61 14.71 10.77 1341 42.63 4.00 14.29
LXW46 female 13.07 14.02 14.85 18.71 15.43 13.89 12.61 13.08 13.42 14.41 12.62 15.82 12.60 20.45 9.26 9.00 12.18 8.74 10.08 34.42 4.66 11.80
LXwW48 female 13.99 14.96 16.31 21.54 16.80 14.96 13.49 14.12 14.36 15.70 13.97 17.73 14.41 21.61 11.95 10.67 13.60 9.81 11.67 39.95 5.75 12.34
LXW5 female 13.14 13.83 14.61 18.16 15.30 13.70 12.22 12.69 1341 14.24 12.09 16.30 13.38 19.69 9.88 10.05 11.54 7.78 10.54 38.90 4.62 12.00
LXW7 female 13.21 14.19 16.85 22.48 16.25 13.98 12.84 13.49 13.49 14.52 13.14 16.87 13.18 2291 10.03 10.17 12.41 8.55 10.68 40.14 4.54 12.78
LXW8 female 11.86 12.69 14.73 19.62 14.38 12.50 11.44 11.94 12.08 12.89 11.67 14.86 11.61 20.06 8.83 8.99 10.99 7.49 9.43 34.77 4.25 11.23
FCG11 male 11.98 12.87 13.60 17.58 14.16 12.61 11.64 11.99 12.40 13.21 11.59 15.20 12.09 19.26 8.76 8.43 9.99 7.04 9.28 31.87 10.80 6.32
FCG15 male 9.67 10.51 10.47 13.05 11.22 10.08 9.26 9.41 9.75 10.50 9.13 11.98 9.72 17.44 6.90 6.86 8.08 5.45 7.57 25.62 8.74 5.06
FCG22 male 13.03 14.05 15.03 20.02 15.65 13.85 12.75 13.09 13.60 14.54 12.87 16.16 13.39 19.95 9.66 9.47 11.28 8.15 10.50 35.94 11.68 6.87
FCG23 male 11.04 12.10 12.03 14.84 12.79 11.55 10.62 11.02 11.26 12.15 10.87 13.62 11.35 16.75 8.28 8.13 9.42 6.43 8.43 26.48 9.78 5.87
FCG31 male 10.41 11.22 11.66 15.11 12.32 10.99 10.05 10.46 10.81 11.63 10.32 13.32 11.01 16.01 7.79 7.76 8.95 6.21 8.35 27.72 9.78 5.52
FCG36 male 12.95 14.04 14.76 19.66 15.65 13.45 12.19 12.83 13.34 14.42 12.41 17.29 15.07 20.30 9.36 10.02 10.95 7.84 10.18 35.64 9.97 6.74
FCG46 male 11.32 12.15 12.86 16.88 13.40 11.93 11.03 11.43 11.60 12.64 11.36 13.96 11.61 17.03 8.13 8.82 9.67 6.78 8.59 28.91 11.02 6.04
FCG49 male 11.82 12.96 13.40 17.42 14.09 12.54 11.58 11.95 12.24 13.17 12.05 14.78 12,51 19.33 9.96 9.39 10.37 7.36 9.73 29.82 8.58 6.21
FCG4 male 11.43 12.57 12.60 16.30 13.57 12.20 11.21 11.67 11.90 12.72 11.29 14.53 12.19 19.62 9.20 8.36 9.88 6.99 9.44 30.51 11.47 6.11
FCG50 male 13.42 13.44 14.46 16.99 14.65 13.21 12.15 12.36 13.11 12.97 10.84 12.54 9.01 17.98 9.03 6.56 8.81 5.43 8.57 28.36 9.99 6.62
GFW10 male 13.26 13.71 14.99 19.16 16.38 13.83 12.23 12.73 13.93 15.23 12.29 17.67 16.56 21.48 10.81 9.88 11.46 8.38 10.56 36.32 7.58 6.92
GFW12 male 14.41 15.62 16.18 20.64 16.66 14.90 13.65 14.24 14.69 15.67 13.65 17.61 13.99 23.52 11.41 10.55 12.92 9.67 11.41 36.31 9.85 7.38
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Supplementary Table

(Continued).

15. Sequencing depth statistics of each chromosome in 162 geese

ID3065ex

Hic_19 Hic_20 Hic_21 Hic_22 Hic_23 Hic_24 Hic_25 Hic_26 Hic_27 Hic_28 Hic_29 Hic_30 Hic_31 Hic_32 Hic_33 Hic_34 Hic_35 Hic_36 Hic_37 Hic_38 z w
GFW13 male 1357 1420 1495 1846 1574 1409 1279 1326 1364 1463 1246 16.18 1252 21.08 9.51 9.47 11.49 826 1087 3833 955  7.08
GFW18 male 13.40 13.90 14.70 18.12 15.09 13.81 12.48 12.90 13.41 14.14 12.26 15.88 12.75 21.60 10.16 9.49 11.07 7.78 10.19 31.45 10.28 6.77
GFW1 male 14.58 16.08 16.22 20.54 17.07 15.53 14.13 14.50 14.79 15.95 14.06 18.05 14.68 22.50 11.28 10.65 11.63 8.32 10.92 34.55 13.08 7.42
GFW20 male 1256 1349 1430 17.89 1433 1275 1162 1214 1256 1324 1121 1473 1155 20.03 9.06 8.52 9.93 6.81 9.34 3117 1245 6.43
GFW22 male 1275 1352 1450 1876 1483 1311 1202 1232 1286 1371 1178 1523 1255 20.19 9.83 890 10.74 721 1020 3235 1034 659
GFW25 male 12.67 13.56 13.85 17.30 14.71 13.41 12.29 12.70 12.93 14.06 12.67 16.47 13.03 22.67 10.24 10.61 11.50 8.14 10.28 32.56 9.05 6.73
GFW26 male 1412 1478 1590 1978 1626 1437 1311 1349 1423 1491 1288 16.96 1336  19.86 9.89 1018 12.04 832 1074 3414 1012 7.06
GFW28 male 1227 1309 1385 1713 13.98 1254 1141 1177 1245 1296 1090 1358 10.88  19.77 8.92 8.22 10.04 6.64 9.00 28.72 894 631
GFW31 male 13.82 14.38 15.97 20.02 15.94 13.93 12.58 12.96 13.77 14.30 11.84 15.03 11.99 21.37 9.81 8.66 10.75 6.97 10.23 34.28 11.40 7.04
GFW32 male 11.25 12.23 12.57 15.56 12.97 11.38 10.42 10.90 11.41 11.85 10.10 13.78 10.89 18.07 8.51 8.44 9.69 6.49 8.80 33.58 8.67 5.89
GFW34 male 13.04 1390 1451 1813 1513 1376 1247 1289 1335 1419 1269 1563 1227 2010 10.16 9.61 10.72 7.48 1039 3279 7.07  6.89
GFW37 male 11.63 12.40 12.88 16.32 13.39 12.10 11.04 11.36 11.80 12.58 10.90 14.25 11.39 19.74 8.40 9.07 10.81 7.49 8.85 30.10 14.25 6.13
GFW38 male 16.18 17.40 18.47 23.75 18.79 16.73 15.38 15.90 16.47 17.43 15.11 19.65 15.63 24.87 13.07 11.89 14.39 10.64 12.90 42.87 7.17 8.21
GFW3 male 1286 1339 1400 1705 1450 13.08 12.04 1247 1295 1366 11.70 1446 1200 19.83 9.61 9.03 1042 7.21 9.78 2672 1074  6.59
GFW40 male 14.90 15.85 16.81 21.10 17.64 15.54 14.03 14.56 15.42 16.09 13.94 17.75 14.48 23.76 11.37 10.97 12,51 8.61 11.72 39.08 11.55 7.75
GFw41 male 12.19 12.96 13.89 17.56 14.26 12.58 11.48 11.96 12.45 13.07 10.96 14.36 11.32 22.06 9.80 8.69 11.12 7.56 9.63 33.68 8.46 6.42
GFwW42 male 11.68 12.29 13.23 16.40 13.50 11.99 10.82 11.20 11.63 12.32 10.68 13.06 10.93 19.90 8.92 8.20 9.65 6.53 8.85 29.69 7.98 6.06
GFwW43 male 14.26 15.47 16.14 20.25 16.38 14.85 13.66 14.14 14.45 15.49 13.45 16.87 13.65 24.35 11.06 10.38 12.09 8.61 11.02 35.30 9.05 7.41
GFwW44 male 13.14 13.88 14.75 18.67 15.78 13.89 12.48 13.01 13.45 14.34 12.52 15.33 12.52 21.42 10.77 9.82 11.97 8.34 10.74 34.64 9.21 7.11
GFWwW48 male 11.98 12.64 13.52 16.70 13.93 12.32 11.14 11.50 12.16 12.66 11.07 14.24 11.31 19.49 8.61 8.33 9.58 6.59 9.09 32.79 9.60 6.35
GFwW49 male 12.94 13.51 15.07 19.56 15.10 13.33 12.13 12.60 12.95 13.62 11.98 14.79 12.51 19.32 9.54 9.26 11.23 7.51 10.11 32.17 10.11 6.71
GFw4 male 13.65 14.61 15.38 19.03 15.77 14.19 12.81 13.15 13.90 14.62 12.40 16.41 12.83 23.02 10.61 9.60 11.10 7.68 10.42 32.83 7.50 6.96
GFW50 male 13.48 14.21 14.91 18.77 15.68 14.12 12.89 13.36 13.83 14.83 13.21 16.41 13.19 21.75 11.27 10.38 12.01 8.60 10.71 32.78 8.77 6.92
GFW6 male 15.60 16.91 17.82 22.19 18.18 16.07 14.60 15.08 15.70 16.48 13.97 17.16 14.38 25.08 11.15 11.06 13.01 9.45 11.38 40.32 10.51 7.91
LHW4 male 11.42 12.57 12.93 16.42 13.57 12.13 11.04 11.42 11.84 12.36 10.94 13.44 10.58 17.90 8.63 7.72 9.66 6.65 8.72 25.84 9.19 5.85
LXW13 male 10.59 11.35 11.60 14.28 12.10 10.71 9.82 10.29 10.81 11.11 9.68 12.40 9.47 17.24 7.71 6.97 9.62 6.42 8.10 26.49 12.35 5.52
LXW15 male 12.26 13.15 13.80 17.62 14.43 12.82 11.51 12.03 12.45 13.34 11.34 14.24 11.57 17.25 9.50 9.37 10.95 7.24 9.47 30.62 11.77 6.44
LXw17 male 13.57 14.68 15.08 18.97 16.17 14.09 12.58 13.28 13.97 14.82 12.67 16.90 14.50 19.09 10.25 9.52 11.36 7.79 10.52 36.74 11.96 7.21
LXwW18 male 14.17 15.39 16.86 22.82 18.05 14.63 13.16 13.65 15.03 16.22 13.14 17.54 18.28 21.03 12.09 11.22 13.24 8.94 11.65 38.26 10.17 7.61
LXW19 male 14.26 15.24 15.55 18.95 16.18 14.75 13.53 14.02 14.52 15.15 13.36 16.42 12.42 22.98 10.73 9.42 12.13 8.52 11.21 34.86 11.69 7.17
LXW1 male 12.03 12.60 13.68 16.78 13.80 12.39 11.38 11.58 11.95 12.39 10.49 13.10 9.90 13.99 7.70 7.03 8.54 5.72 8.40 27.04 10.32 5.98
LXw21 male 10.84 11.62 12.60 16.68 12.93 11.35 10.42 10.82 11.15 12.02 10.77 14.10 10.83 16.23 8.73 7.74 10.21 7.11 8.74 26.03 10.78 5.76
LXW26 male 13.13 14.55 15.16 19.28 15.53 13.53 12.11 12.68 13.53 14.15 11.81 15.68 13.20 21.39 9.85 9.59 11.45 7.51 10.30 35.72 8.65 6.74
LXw28 male 12.84 13.46 15.27 18.90 14.88 12.96 11.78 12.14 12.89 13.09 10.97 13.59 10.09 18.08 8.46 7.86 10.15 6.84 8.91 32.53 10.48 6.42
LXW30 male 11.00 11.38 12.37 15.10 12.58 11.11 10.02 10.34 11.06 11.29 9.80 12.50 9.29 16.93 8.57 7.27 9.35 6.14 8.25 28.33 9.95 5.73
LXW33 male 11.54 12.57 13.61 17.59 14.07 12.02 10.88 11.21 12.11 12.71 11.07 15.01 12.44 19.68 9.09 8.78 10.58 7.29 9.39 31.55 6.88 6.23
LXW35 male 11.98 13.07 13.97 18.55 14.28 12.53 11.61 12.09 12.27 13.38 12.08 15.20 12.61 22.52 9.88 9.59 11.97 8.61 10.02 32.75 10.96 6.39
LXW38 male 12.66 13.46 13.87 17.50 14.79 13.43 12.20 12.71 12.92 14.07 12.84 16.03 12.84 19.07 10.90 9.61 11.96 8.51 10.60 33.61 9.35 6.64
LXW39 male 12.93 13.88 14.55 18.55 15.15 13.77 12.51 13.05 13.33 14.30 13.00 15.22 12.77 19.18 1041 10.27 12.46 9.00 10.48 34.17 8.15 6.68
LXw41 male 14.27 15.55 15.98 19.16 15.87 1471 13.69 14.22 14.21 15.19 13.48 15.29 11.56 19.55 10.65 9.03 12.60 8.74 11.15 35.18 11.36 7.05
LXwW45 male 14.75 15.52 16.40 20.35 17.28 15.67 14.19 1471 15.21 16.55 14.50 17.72 14.45 20.39 11.36 10.47 13.58 9.79 12.03 37.79 8.56 7.45
LXw47 male 12.31 13.43 14.22 18.17 14.36 12.97 12.03 12.53 12.53 13.56 12.19 14.85 11.53 17.43 10.47 8.42 11.84 8.52 10.07 33.21 13.26 6.36
LXW49 male 12.53 13.43 14.52 18.54 14.41 13.15 12.10 12.59 12.73 13.50 12.21 15.12 11.14 16.60 9.08 8.82 12.06 8.45 9.74 29.45 12.98 6.39
LXwW4 male 13.75 15.05 15.39 18.67 15.82 14.17 12.89 13.43 13.99 14.76 12.59 16.08 12.87 21.04 9.77 10.54 11.80 7.85 10.66 33.43 10.24 7.11
LXW50 male 13.74 14.88 14.82 18.70 15.89 14.53 13.32 13.77 14.16 15.35 13.76 17.01 14.95 21.21 11.36 10.93 13.31 9.79 11.28 37.14 11.74 7.32
LXW6 male 13.58 14.50 15.21 19.14 15.54 14.00 12.91 13.38 13.77 14.64 12.83 16.16 12.90 20.57 10.45 9.03 12.13 8.77 10.69 34.72 9.26 7.01
LXW9 male 15.24 15.95 17.14 21.00 17.13 15.32 13.98 14.34 15.10 15.60 13.14 16.30 12.81 21.18 9.67 8.59 11.15 7.49 10.46 36.79 9.74 7.68
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Supplementary Table 16. Genome assemblies used for gene families and phylogenetic

analysis.

Common name Species Genus Family Assembly

Xingguo gray goose Anser cygnoides Anser Anatidae This study

Tianfu goose*’ Anser cygnoides Anser Anatidae GCA_013030995.1
32522429 white Anser cygnoides Anser Anatidae GCF_000971095.1
Sichuan white goose*®  Anser cygnoides Anser Anatidae GCA _002166845.1
Mallard®3 Sg?;hynchos Anas Anatidae ~ GCA_008746955.1
Ejslt(em spot-billed Anas zonorhyncha Anas Anatidae GCA _002224875.1
Pekin duck® ';g?;rhynchos Anas Anatidae ~ GCA_003850225.1
Tufted duck Aythya fuligula Aythya Anatidae GCF_009819795.1
Muscovy duck Cairina moschata  Cairina Anatidae GCA _009194515.1
Ruddy duck Oxyura Oxyura  Anatidae  GCF_011077185.1

jamaicensis
Pink-footed goose®’ Anser Anser Anatidae GCA_002592135.1
brachyrhynchus
Black swan Cygnus atratus Cygnus Anatidae GCF_013377495.1
agpie goose . nseranas Anatidae | :

Magpi 64 ?gifézrﬁzta A Anatid GCA_013399115.1
Turkey53 g/lajllssg\r/lcs) Meleagris Phasianidae GCF_000146605.3
Chicken®? Gallus gallus Gallus Phasianidae GCF_000002315.6

Note: Shaed species are used for phylogenetic analysis.

Supplementary Table 17. GO analysis for the lineage-specific gene families in XGG
compared to TFG, SCW and ZDW.

GO term Category Function p-value

GO0:0005869 GO Cellular Components  dynactin complex 3.53E-13
GO0:0005884 GO Cellular Components  actin filament 1.28E-10
G0:0030137 GO Cellular Components  COPI-coated vesicle 8.59E-07
G0:0005925 GO Cellular Components  focal adhesion 7.09E-06
GO0:0005938 GO Cellular Components  cell cortex 1.09E-03
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Supplementary Table 18. GO analysis for the significant expansion gene families in XGG.

GO term Category Function p-value

GO0:0005005 GO Molecular Functions transmembrane-ephrin receptor activity 1.80E-16
G0:0035637 GO Biological Processes multicellular organismal signaling 4.67E-09
G0:0016309 GO Molecular Functions ii'::geszzzsi‘:;"'nos'tO"S'phOSphate 200807
G0:0030424 GO Cellular Components axon 3.47E-07
G0:1902495 GO Cellular Components transmembrane transporter complex 5.85E-07
G0:0090625 GO Biological Processes ;?Izygn‘;li?\';ie,\l'zvowed 'n gene 8.30E-07
G0:0044420 GO Cellular Components extracellular matrix component 9.37E-07
G0:0046718 GO Biological Processes viral entry into host cell 1.58E-06
G0:0044449 GO Cellular Components contractile fiber part 8.58E-06
G0:0045322 GO Molecular Functions unmethylated CpG binding 1.14E-05
G0:0000139 GO Cellular Components Golgi membrane 1.54E-05
G0:0042541 GO Biological Processes hemoglobin biosynthetic process 2.43E-05
GO0:0030900 GO Biological Processes forebrain development 2.53E-05
G0:0016594 GO Molecular Functions glycine binding 7.23E-05
G0:0046982 GO Molecular Functions protein heterodimerization activity 1.41E-04
G0:0016607 GO Cellular Components nuclear speck 1.57E-04
G0:0007157 GO Biological Processes ;e;enrgf:n'léccceeul';i:'eziiezzre\(;f:epslasma 1.78E-04
G0:0030246 GO Molecular Functions carbohydrate binding 2.12E-04
G0:0001525 GO Biological Processes angiogenesis 3.20E-04
G0:0031589 GO Biological Processes cell-substrate adhesion 3.28E-04
GO0:0005509 GO Molecular Functions calcium ion binding 3.63E-04
GO0:0006907 GO Biological Processes pinocytosis 3.85E-04
G0:0007628 GO Biological Processes adult walking behavior 5.49E-04
G0:0002230 GO Biological Processes foo\sl::t/: l;igh“;z:'on of defense response 4 0 04
GO0:1904019 GO Biological Processes epithelial cell apoptotic process 7.80E-04
GO0:0005930 GO Cellular Components axoneme 8.72E-04
GO0:0009611 GO Biological Processes response to wounding 1.16E-03
GO0:0097190 GO Biological Processes apoptotic signaling pathway 1.17E-03
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Supplementary Table 18. GO analysis for the significant expansion gene families in XGG

(Continued).
GO term Category Function p-value
lati f pl b 1.37E-03
G0:0120035 GO Biological Processes regliation ot p as.ma.mem rar.1e .
bounded cell projection organization
G0:0001540 GO Molecular Functions  amyloid-beta binding 1.42E-03
G0:0032386 GO Biological Processes  regulation of intracellular transport 1.45E-03
G0:0019932 GO Biological Processes  second-messenger-mediated signaling ~ 1.74E-03
G0:0005912 GO Cellular Components  adherens junction 1.89E-03
G0:0042063 GO Biological Processes  gliogenesis 2.54E-03
double-strand break ir vi 3.07E-03
G0:0006303 GO Biological Processes ouble-strand brea r.e|.oa.ur via
nonhomologous end joining
G0:1990778 GO Biological Processes protein localization to cell periphery 4.03E-03
G0:0098900 GO Biological Processes  regulation of action potential 4.82E-03
G0:0030155 GO Biological Processes  regulation of cell adhesion 4.91E-03
G0:0009991 GO Biological Processes  response to extracellular stimulus 5.80E-03
ositive regulation of neurological 6.95E-03
G0:0031646 GO Biological Processes P g g

system process
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321 Supplementary Table 19. Overlapping genes identified by zFst between white and gray
322 geese and zHp in white geese.

323

Chromosome zFst zHp Gene_Start Gene_End Gene_Name
15 11.23 -3.84 15,758,873 15,772,560 EDNRB2
15 11.23 -3.84 15,773,733 15,779,279 POLR1D
2 10.05 -3.40 18,809,517 18,832,692 EIF3E
38 6.72 -3.44 38,080,915 38,141,883 AGTPBP1
38 6.39 -3.62 66,751,352 66,789,274 CSPGH4
2 598 -3.73 18,858,633 18,911,400 RSPO2
38 574 -413 66,642,732 66,664,363 SNX18
6 559 -3.66 17,455,295 17,593,698 TTC7B
5 5.08 -3.46 32,077,378 32,166,339 PTPN13
38 486 -4.24 23,725,129 23,779,550 ZNF462
38 451 -4.21 24165,321 24,181,476 TMEM38B-B
3 448 -3.44 67,976,648 68,050,654 SYNE1
19 3.63 -3.24 5,397,937 5,422,453 TOM1L1
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324 Supplementary Table 20. Frequency of the 14-bp insertion in wild, white, and gray goose

325 populations.

Genotype (Genotype

Breeds (plumage color) m-:-(r::z:er frequency)

+/+ +/wt wt/wt
Anser albifrons (gray)* 6 0(0) 0(0) 6(1)
Anser anser (gray)* 6 0(0) 0(0) 6(1)
Anser cygnoides (gray)* 59 0(0) 0(0) 59(1)
Anser erythropus (gray)* 6 0(0) 0(0) 6(1)
Anser fabalis (gray)* 6 0(0) 0(0) 6(1)
Cygnus columbianus (white)* 6 0(0) 0(0) 6(1)
Fengcheng gray goose (gray) 51 0(0) 4(0.08) 47(0.92)
Shitou goose (gray) 100 0(0) 0(0) 100(1)
Wuzong goose (gray) 100 0(0) 0(0) 100(1)
Xingguo gray goose (gray) 60 0(0) 0(0) 60(1)
Landaise goose (gray) 50 0(0) 0(0) 50(1)
Guangfeng white goose (white) 50 50(1) 0(0) 0(0)
Huoyan goose (white) 60 60(1) 0(0) 0(0)
Lianhua white goose (white) 11 11(1) 0(0) 0(0)
Linxian white goose (white) 50 50(1) 0(0) 0(0)
Mingbei white goose (white) 51 51(1) 0(0) 0(0)

326  Note: * represents wild population; + represents 14-bp insertion and wt represents wild-type.
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327 Supplementary Table 21. The variants with extremely significant allele frequencies in
328  wild, white, and gray geese.
Alternative  Reference Number of
CHR Position Gene description Cluster MAF MAC
allele allele alleles
Anser 0.2349 39 166
15 15763328 G A EDNRB2 intronic
Gray 0.0429 31 722
wie [ s
Anser 0.3976 66 166
Cygnus 0 0 12
15 15763384 G C EDNRB2 intronic
Gray 0.0055 4 722
wie [ ”
Anser 0.1867 31 166
Cygnus 0 0 12
15 15764237 G C EDNRB2 intronic
Gray 0.0152 11 722
woie (A - ™
Anser 0.0783 13 166
15 15764499 A G EDNRB2 intronic
Gray 0.0055 4 722
wie [ a4
Frameshift insertion, Anser 0 0 166
GCACAGGT exon3:c.602_603insCA  Cygnus 0 0 12
15 15764637 G EDNRB2
GAGCTCT CAGGTGAGCTCT:p.S  Gray 0.0055 4 722
2015 woe [ ”
Anser 0.0301 5 166
Cygnus 0 0 12
15 15765937 C A EDNRB2 intronic
Gray 0.0055 4 722
woie [ - ™
Anser 0.1325 22 166
Cygnus 0.5 6 12
15 15765943 G A EDNRB2 intronic
Gray 0.0402 29 722
woie [ - ™
Anser 0.0301 5 166
Cygnus 0 0 12
15 15765978 T G EDNRB2 intronic
Gray 0.0402 29 722
woie [ ™
Anser 0.0422 7 166
Cygnus 0 0 12
15 15765994 T C EDNRB2 intronic
Gray 0.0402 29 722
wiie [ a4
Anser 0.3735 62 166
Cygnus 0 0 12
15 15766491 Cc T EDNRB2 intronic
Gray 0.0152 11 722
wie [ o ™
15 15766502 T © EDNRB2 intronic Anser 0.3253 54 166
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15

15

15

15

15

15

15

15

15

15

15

15767006

15767117

15767847

15769453

15769504

15769505

15769683

15770566

15770880

15775255

15777558

EDNRB2

EDNRB2

EDNRB2

EDNRB2

EDNRB2

EDNRB2

EDNRB2

EDNRB2

EDNRB2

POLR1D

POLR1D

intronic

intronic

intronic

UTR3, ¢.*850C>T

UTR3, ¢.*901T>C

UTR3, ¢.*902G>A

UTR3, ¢.*1080G>A

UTR3, ¢.*1963C>T

UTRS, ¢.*2277A>G

intronic

intronic
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Cygnus
Gray
White
Anser
Cygnus
Gray
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Note: MAF, minor allele frequency; MAC, minor allele count in cluster; Anser, ancestral populations and

closely related species.
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331
332

333

Supplementary Table 22. Overlapping genes identified by zFst between XGG and other
geese and zHp in XGG population.

Chr zFst zHp Gene_start Gene_end Gene

1 4.2423609 -3.97783751 164365239 164387414 SLC5A8

2 5.1030351 -3.16406827 99128590 99194125 PPP1R17
6 5.3002111 -4.00008866 61246543 61396443 PLEKHA7
9 3.6587609 -5.16182216 17309730 17330843 Hic_asm_9.361
15 4.4666206 -4.32233659 16795527 16819262 CHIC1

15 3.7679185 -4.23615863 18373952 18475699 AMMECR1
15 8.361944 -3.95922 5804230 5991030 DIAPH2

15 4.0971025 -3.89774323 18486092 18530364 TMEM164
15 5.0179989 -3.15456429 16795527 16819262 CHIC1

15 9.3826581 -3.1264262 15758873 15772560 EDNRB

16 3.9087894 -3.12637206 11720364 11739084 LUCT7L

26 4.1295195 -4.99522952 4635431 4640908 Hic_asm_26.322
28 4.1747604 -3.88297635 5633672 5674798 MYO1F

38 6.6557467 -5.05047353 60381450 60398646 AGXT2

38 4.8800648 -4.96661217 59045958 59138210 CCBE1

38 4.0933975 -4.91338601 60410068 60430582 PRLR

38 7.1068973 -4.382922 38833035 38854797 FBP2

38 6.1352576 -4.22897146 38817894 38823677 CTSL

38 5.4233538 -4.04068453 60573405 60625640 SPEF2

38 4.5662638 -3.99617173 62224295 62249090 DAB2

38 6.9723499 -3.17589598 9001616 9192436 EDIL3
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336 Supplementary Figure 1. The genome assembling flowchart of XGG in Novogene
337  Company.
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340 Supplementary Figure 2. The Hi-C interaction contact heatmap of goose pseudo-
341 chromosome genome assembly.
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344  Supplementary Figure 3. The genome annotation pipeline of XGG genome in Novogene
345 Company.
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351 Supplementary Figure 4. Venn diagram of gene function annotation results of different
352 protein databases.
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353

354 Supplementary Figure 5. The collinearity results between XGG and Pekin duck. The
355 orange and green blocks represent the chromosomes of XGG and Pekin duck,

356 respectively.
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357

358 Supplementary Figure 6. The number of shared and unique gene families among four
359 domestic geese. SCW, Sichuan white goose; XGG, Xingguo gray goose; TFG, Tianfu goose;
360 ZDW, Zhedong white goose.
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361

362 Supplementary Figure 7. Neighbor-joining tree of 845 geese. XGG, Xingguo gray goose;
363 FCG, Fengcheng gray goose; GFW, Guangfeng white goose; LXW, Lingxian white goose;
364 LHW, Lianhua white goose; ACy, Swan goose; AAn, Greylag goose; LDG, Landaise goose.
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368 Supplementary Figure 8. Population structure analysis with the maximum likelihood. (a)
369 Cross-validation error from K=2 to K= 10 in ADMIXTURE analysis. (b) Population-structure
370 plots with K=2~10.
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Supplementary Figure 9. Linkage disequilibrium (LD) analysis for six geese breeds and
two wild species. LD values were estimated using whole-genome sequence data of all
individuals for each population. The y-axis indicates the physical distance, the ordinate

indicates the predicted LD(r?) value, and the horizontal dashed line indicates the threshold
line (r> = 0.3).
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Supplementary Figure 10. The proportion of Fron and Ho for six geese breeds and two

wild species. The box plot shows the Fron values of each population, and the broken line
shows the Ho.
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Supplementary Figure 11. The genetic distance (DST) of each population.
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Supplementary Figure 12. The inbreeding coefficient (F) of each population.
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393 X 5
394 Supplementary Figure 13. Haplotype network and the difference between 32 haplotypes
395 of 285 variants in EDNRB2 and POLR1D locus. (a) The same haplotype network diagram
396 as Fig. 4d with haplotype ID and the corresponding haplotype differences. (b) The number
397 represents the difference between every two haplotypes, the black box represents the
398 haplotype of white plumage geese, and the cyan box indicates the lowest haplotype
399 difference between gray and white geese.
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404  Supplementary Figure 14. Epidermal cysts occur on the feet of XGG population.
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407 Supplementary Figure 15. Haplotype analysis of KIT gene. White represents the Chinese
408 white geese, and Gray represents Chinese gray geese. The black box represents the
409 haplotypes of the white geese population, and the beige and orange colors represent the
410 high and low frequency alleles in the white geese, respectively.
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