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OPEN:16S rRNA and Metagenomic
paTapescriPTor Datasets of Gastrointestinal
Microbiota in Fetal and 7-Day-Old
Goat Kids

Wenmeng Jiang¥?, Rongsheng Xi'%, Junjuan Zhou'?, Yu Pei'?, Peng Huang?3™ & Mei Liu2*

The perinatal period (from late gestation to the neonatal stage) in ruminants is a critical phase for
fetal organ maturation, where ecological succession of gastrointestinal microbial communities
significantly impacts livestock production efficiency. However, research remains insufficient regarding
the distribution patterns and functional annotation of microbial communities across different
gastrointestinal compartments during this period. This study characterized early microbiota dynamics
in Hutianshi Goats using 16S rRNA sequencing (4 fetal goats at 90 4- 10 gestational days) and
metagenomics (3 7-day-old goat kids). The fetal goat group generated 852,694 valid reads, yielding
688,277 high-quality reads after chimera removal for downstream analysis. The 7-day-old goat kids
group produced 1,081,588,182 final valid reads, after data processing and assembly, 8,561,345 contigs
were generated. Gene prediction identified 6,095,352 genes. Multi-database annotations (NR, KEGG,
CAZy, etc.) revealed functional potential and antimicrobial resistance traits. The public release of

this dataset facilitates academic understanding of microbial community dynamics and host-microbe
interactions during this developmental stage, providing both theoretical foundations and data
resources for ruminant developmental biology and precision breeding regulation.

Background & Summary
The gastrointestinal microbiota are vast in number and diverse in composition'?. Compared to monogas-
tric animals, ruminant gastrointestinal microbiota exhibit higher diversity®. Studies have shown* that the gut
microbiota of ruminants mainly consists of bacteria, fungi, archaea, and viruses, with bacteria being the most
abundant, accounting for approximately 80% of the total microbial population in the gut®. The gut microbi-
ome is an important regulatory factor in host health and physiological functions, playing a critical role in the
host’s growth and development®, nutritional metabolism”?#, immune regulation®!!, and disease resistance'>'*.
Goats, as important livestock with strong adaptability and high economic value, have been shown to have a
strong correlation between their rumen or intestinal microbiota and the fatty acids in their longissimus dorsi
muscle, revealing specific bacteria associated with these fatty acids'®. The gastrointestinal microbiota of goats
significantly affects the digestibility of dietary calcium, with Prevotella species in the rumen being beneficial to
the digestion of dietary calcium, supporting normal physiological functions and growth'®>. However, previous
research has mainly focused on the rumen and intestinal microbiota of adult goats, emphasizing the impact of
microbial communities on the health and production performance of mature animals. In contrast, studies on
the microbiota of fetal and young goats are limited, especially regarding the establishment of gastrointestinal
microbiota during the fetal stage and the early microbial community’s impact on goat growth and development,
which restricts our understanding of microbial dynamics throughout the goat’s life cycle and its early effects on
immunity and nutrient absorption.

With the advancement of molecular biology techniques, researchers have utilized high-throughput sequenc-
ing to analyze the gut microbiota community structure of ruminants under various breeds, growth stages, and
feeding environments'®. 16S rRNA sequencing and metagenomic sequencing have become essential tools for
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studying microbiota community structure and function. Studies have found that factors such as breed'’, age'®,
and feeding environment'® influence the composition of animal gastrointestinal microbiota. Metagenomic
sequencing, which involves sequencing the total DNA of microbial communities, provides a comprehensive
understanding of microbiota structure and function, uncovering functional genes and metabolic pathways, and
revealing the relationship between microbiota and host growth and development?, as well as disease occur-
rence?!. Currently, 16S rRNA sequencing and metagenomic sequencing are widely used in gastrointestinal
microbiota research.

Recent advances in agricultural microbiome research underscore the value of cross-species methodological
integration. For instance, Wang et al. employed metagenomics to constructed a chicken multi-kingdom micro-
biome catalog (CMKMC)??, while our study establishes a dataset combining 16S rRNA sequencing (fetal goat)
and metagenomics (7-day-old goat). This dual approach addresses technical challenges in low-biomass fetal
environments while enhancing functional insights in neonates. Both studies focused on the host gut microbi-
ome, with bacteria dominating during initial colonization. The eukaryotic microbial catalog from Wang et al.
further aids annotation of eukaryotic signals in our dataset, whereas our protocols for prenatal sampling offer
methodological insights for embryonic microbiome studies.

This study focuses on the 16S rRNA gene sequencing of the two stomachs (rumen and reticulum) as well as
the large and small intestines of fetal Hunan local goats (Hutianshi Goat). Additionally, metagenomic sequencing
was performed on the contents of the four stomachs (rumen, omasum, abomasum, and reticulum) and the large
intestine (cecum, rectum, colon) and small intestine (ileum, jejunum) of 7-day-old goat kids. Understanding the
interaction mechanisms between gut microbiota composition and ruminant health status will help in developing
effective preventive and management strategies. The generation of these data provides an important molecular
basis for understanding the interaction mechanisms between goat gastrointestinal microbiota and their host.
This study provides the 16S rRNA sequencing data of fetal goat gastrointestinal microbiota (PRJNA1159466)
and metagenomic sequencing data of 7-day-old goat kid gastrointestinal microbiota (PRJNA1160040). These
datasets not only enrich the microbiome database of Hunan local goats but also provide solid data support for
future functional gene research, microbiota-host interaction mechanism analysis, and precision breeding strat-
egies. By making these high-quality microbiome data publicly available, we aim to promote further academic
understanding of goat gastrointestinal microbiota ecology, foster healthy farming practices, and encourage sus-
tainable development in animal husbandry. Additionally, these data provide a valuable reference resource for
livestock microbiome research globally and hold significant application prospects and scientific value.

Methods

Ethical declaration. Animal handling and experimental procedures were approved by the animal protection
and utilization committee of Hunan Agricultural University (protocol number: HAU ACC 2022120). All animal
treatments and experiments comply with the guidelines for ethical review of animal welfare in the national stand-
ards of the People’s Republic of China (151). This study does not involve any endangered or protected species, so
no additional specific permits are required in addition to standard ethical approvals.

Experimental animal sample collection and DNA.  All animals in this study were sourced from the
Hutianshi Goat breeding farm in Xiangtan City. Details of the sample classification and its sequence reading
counts are shown in Tables 1, 2. The content of Table 1 includes the individuals of the fetal goat group, the sample
name labels, the number of effective sequences obtained from denoising the contents of each part of the fetal goat
through 16S rRNA sequencing, and the quantity of high-quality sequences after removing chimeras. The content
of Table 2 includes the individual and sample name annotations for the 7-day-old goat kid group, the number of
final effective reads obtained from metagenomic sequencing of the contents from various parts of the 7-day-old
goat kid, the number of contigs generated after data processing and assembly, the number of genes predicted, and
the number of Genesets obtained after redundancy removal. The Hutianshi Goats were all raised under standard
conditions with free access to water and feed. Six adult (720 = 30 days) female goats (22.37 & 4.93kg) with similar
body weights were selected at 90 & 10 days of pregnancy. They were fasted for 12 hours before slaughter, with free
access to water. At the Hutianshi Goat slaughterhouse, experienced personnel performed anesthesia and exsan-
guination according to commercial practices, followed by skinning. Contents from the reticulum, rumen, small
intestine, and large intestine of four fetal goats were collected, totaling 13 samples, which were quickly frozen in
liquid nitrogen and then stored at —80°C in a freezer. Subsequently, under the same feeding conditions, three
7-day-old goat kids were randomly selected for slaughter and sampling. Professional personnel collected contents
from the four stomachs (rumen, omasum, abomasum, and reticulum), large intestine (cecum, colon, and rec-
tum), and small intestine (ileum and jejunum) of each goat kid, yielding a total of 27 samples, which were rapidly
frozen in liquid nitrogen and transported back to the laboratory for storage at —80°C. All experimental proce-
dures involving goats in this study were conducted in strict compliance with the Guidelines for Ethical Review of
Experimental Animal Welfare and institutional protocols. The research protocol underwent formal review and
approval by the Animal Experimental Ethics Committee of Hunan Agricultural University (protocol number:
HAU ACC 2022120) to ensure adherence to ethical principles. The DNA extraction was performed using the
TGuide S96 magnetic bead-based soil/fecal genomic DNA extraction kit.

DNA sequencing. For 16S rRNA sequencing, the TruSeq Nano DNA LT Library Prep Kit from Illumina
was used to prepare the sequencing library, and paired-end sequencing of the community DNA fragments was
performed on the Illumina MiSeq/NovaSeq platform. For metagenomic sequencing, the VAHTS™ Universal
Plus DNA Library Prep Kit for Illumina was used to prepare the library. The constructed libraries were sequenced
on the Illumina NovaSeq 6000 platform, with a sequencing strategy of PE150. The raw sequencing data were
provided in FASTQ format, with quality control and trimming performed by the sequencing laboratory. The
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Sample Host Clone Specimen Denoised Non-chimeric
S4T1_ZW fetal goat 4_1 Abomasum 68,393 54,464
S4T2_ZW fetal goat 4_2 Abomasum 72,893 59,331
S10T1_ZW | fetal goat 10_1 Abomasum 81,109 66,191
S4T1_DC fetal goat 4_1 Large intestine 59,795 48,370
$4T2_DC fetal goat 4_2 Large intestine | 53,473 41,727
S10T1_DC | fetal goat 10_1 Large intestine 65,449 52,774
S12T_DC fetal goat 12 Large intestine | 59,426 50,446
S4T1_XC fetal goat 4_1 Small intestine | 64,724 51,606
S10T1_XC fetal goat 10_1 Small intestine 60,944 49,551
S12T_XC fetal goat 12 Small intestine | 66,815 55,731
S4T2_ILW fetal goat 4_2 Rumen 62,319 47,030
S10T1_LW | fetal goat 10_1 Rumen 61,957 49,190
SI12T_LW fetal goat 12 Rumen 75,397 61,866

Table 1. The fetal goat sample classification and its sequence reading counts. Sample: Sample number;
Host clone: The fetal goat number; Specimen: Contents of the corresponding site; Denoised: The amount of
sequences after denoising, the amount of effective sequences; Non-chimeric: The number of sequences after
removal of chimeras, high-quality sequence.

taxonomic identification and species abundance data of non-redundant high-quality bins are provided in attach-
ments 1-2.

Bioinformatics analysis. We performed bioinformatics analysis on both 16S rRNA and metagenomic data.
Raw data from high-throughput sequencing were first screened based on sequence quality, and problematic sam-
ples were re-sequenced or supplemented. The sequences passing the initial quality filter were sorted by index
and barcode information, and the barcode sequences were removed. Sequence denoising or OTU clustering
was performed according to the QIIME2 dada2 pipeline or the Vsearch software? pipeline. Specifically, for the
QIIME2 analysis (version 2019.4), the giime cutadapt trim-paired command was used to trim primer sequences,
discarding sequences that did not match primers. Then, giime dada2 denoise-paired was used to perform quality
control, denoising, joining, and chimera removal via DADA2. For bacterial or archaeal 16S rRNA genes, the
Greengenes database (Release 13.8, http://greengenes.secondgenome.com/) was the default reference database?,
though the Silva database (Release 132, http://www.arb-silva.de) can also be used®. The classify-sklearn algo-
rithm in QIIME2? (https://github.com/QIIME2/q2-feature-classifier) was applied for species annotation of each
ASYV or representative sequence of each OT'U using the pre-trained Naive Bayes classifier with default parameters.

For metagenomic data, raw reads obtained from sequencing were subjected to quality control using fastp?” and
bowtie2%, resulting in clean reads for subsequent bioinformatics analysis. These clean reads were assembled, and
coding genes were predicted to construct a non-redundant gene set. The non-redundant gene set was then anno-
tated for function and taxonomy using both general and specialized databases, and species composition and abun-
dance were assessed. Metagenomic assembly was performed using MEGAHIT?, with contig sequences shorter
than 300 bp being filtered out. The assembly results were evaluated using the QUAST software®’. Gene prediction
was performed using MetaGeneMark®' (http://exon.gatech.edu/meta_gmhmmp.cgi, Version 3.26) with default
parameters to identify coding regions in the genome. Redundancy was removed from the protein sequences using
MMsegs 22 (https://github.com/soedinglab/mmseqs2, Version 12-113e3), setting the protein sequence similarity
threshold to 90% and the coverage threshold to 80%, thus constructing a non-redundant gene set.

Metagenomic functional annotation was carried out by aligning the sequences with general database such
as NR (Non-Redundant Protein Database), GO (Gene Ontology), KEGG (Kyoto Encyclopedia of Genes and
Genomes), eggNOG (Evolutionary Genealogy of Genes: Non-supervised Orthologous Groups), Pfam (Protein
Families Database), SwissProt, and special database such as CAZy (Carbohydrate-active Enzymes Database),
CARD (Comprehensive Antibiotic Research Database), PHI-base (Pathogen Host Interactions Database),
CYPED (The Cytochrome P450 Engineering Database), QS (Quorum Sensing), and BacMet (Antibacterial
Biocide And Metal Resistance Genes Database). Table 3 provides detailed annotation information, including
the number of genes annotated into each database.

BLASTP was used to analyze the NCBI non-redundant protein database. For annotation, the protein
sequences of the non-redundant genes were subjected to BLAST alignment with the corresponding database
(e-value set to le-5). The most similar sequence in the respective database was identified, and the annotation
information corresponding to that sequence was used as the annotation for the sequencing genome gene. The
database was constructed from the assembled metagenomic sequences of the combined samples. All reported
aligned sequences were further subjected to a reverse BLASTN search in the NCBI non-redundant nucleotide
database. Based on the alignment results from the non-redundant gene to the corresponding database, the cor-
responding annotation information was considered as the annotation for the sequencing genome genes.

Method and Cohort limitations. While this dual-sequencing study provides initial insights into micro-
bial colonization shifts from prenatal to neonatal ruminants, several analytical constraints require acknowledg-
ment: (1) Taxonomic resolution discordance between 16S rRNA (genus-level) and metagenomic (species-level)
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Sample Host clone | Specimen Number of Reads | Number of Contig | Number of Gene
LWW1 goatkid 1 | Net stomach 48,341,786 173,815 250,572
LWW2 goatkid2 | Net stomach 60,710,066 199,979 240,619
LWW3 goatkid3 | Net stomach 41,549,684 152,361 178,559
LBW1 goatkid 1 | Flap stomach 55,730,264 157,409 232,056
LBW2 goatkid2 | Flap stomach 65,819,452 187,048 260,160
LBW3 goatkid3 | Flap stomach 65,221,052 186,232 258,934
LZW1 goatkid 1 | Abomasum 53,598,322 321,803 413,130
LZW2 goatkid2 | Abomasum 77,355,464 446,292 508,089
LZW3 goatkid3 | Abomasum 67,680,608 387,071 463,084
LLW1 goatkid 1 | Rumen 42,227,580 661,122 277,336
LIW2 goatkid2 | Rumen 29,383,860 454,916 196,129
LLW3 goatkid3 | Rumen 37,396,942 638,161 269,808
LMC1 goatkid1 | Caecum 61,056,310 468,179 386,724
LMC2 goatkid2 | Caecum 53,867,704 279,496 263,693
LMC3 goatkid3 | Caecum 49,040,218 183,396 140,156
LZC1 goatkid1 | Rectum 24,589,492 289,106 198,325
LZC2 goatkid2 | Rectum 35,406,592 575,449 361,690
LZC3 goatkid3 | Rectum 27,123,138 204,626 234,526
LHC1 goatkid1 | Ileum 17,402,060 228,129 71,348
LHC2 goatkid2 | Ileum 12,423,814 117,589 39,215
LHC3 goatkid3 | Ileum 15,611,416 211,694 67,154
LKC1 goatkid1 | Jejunum 24,515,006 526,301 169,038
LKC2 goatkid2 | Jejunum 23,128,886 443,720 142,406
LKC3 goatkid3 | Jejunum 21,244,776 381,170 124,645
LJC1 goatkid1 | Colon 22,404,762 168,369 99,210
Ljc2 goatkid2 | Colon 21,967,482 228,220 109,819
Ljc3 goatkid3 | Colon 26,791,446 289,692 138,927

Table 2. The 7-day-old goat kid sample classification and its sequence reading counts. Sample: Sample
number; Host clone: The 7-day-old goat kid number; Specimen: Contents of the corresponding site; Number
of Reads:The number of reads of the final valid data; Number of Contig: The number of contigs after assembly;
Number of Gene: The number of genes predicted; Number of Geneset: The number of non-redundant genes.

General datab Gene b Special database Gene number
NR 993,435 CAZy* 127,237

GO* 268,530 CARDY 27,574
KEGG* 354,505 PHI-base® 84,831
eggNOG* 721,802 CYPED#! 7,688

Pfam* 483,607 Qs 6,483
SwissProt* 434,946 BacMet* 38,350

Table 3. Statistics of annotation results in the function database. General database: General database; Special
database: Proprietary databases; Gene number: The number of genes.

profiling complicates cross-developmental continuity assessments. (2) Restricted fetal cohort size (n = 3) may
underpower rare taxa detection (<0.01% abundance) and inflate individual variation bias. These inherent chal-
lenges in developmental microbiome research highlight the necessity for longitudinal designs integrating syn-
chronized multi-omics and expanded cohorts.

Data Records

The sequencing data used in this study have been deposited in the NCBI Sequence Read Archive (SRA). The
assembled metagenomic data are available under the NCBI accession number PRINA1160040, the SRA under
accession number SRR30679764, SRR30679765, SRR30679766, SRR30679767, SRR30679768, SRR30679769,
SRR30679770, SRR30679771, SRR30679772, SRR30679773, SRR30679774, SRR30679775, SRR30679776,
SRR30679777, SRR30679778, SRR30679779, SRR30679780, SRR30679781, SRR30679782, SRR30679783,
SRR30679784, SRR30679785, SRR30679786, SRR30679787, SRR30679788, SRR30679789, SRR3067979033.
Additionally, the 16S rRNA sequencing data have been deposited in the NCBI SRA under the accession
number PRJNA1159466 and the SRA under accession number SRR30634697, SRR30634698, SRR30634708,
SRR30634719, SRR30634725, SRR30634726, SRR30634727, SRR30634728, SRR30634729, SRR30634730,
SRR30634731, SRR30634741, SRR30634742%,
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Fig. 1 Rarefaction Curve. (a) Rarefaction curves of fetal goat. The x-axis represents the sequencing depth, and
the y-axis shows the boxplot of the Observed_species index calculated 10 times. (b) Rarefaction curves of fetal
goat. The x-axis represents the amount of sequencing data randomly sampled; the y-axis represents the number
of observed OTUs; this indicates that the number of OTU species measured at the same sequencing depth
differs among different samples.

Technical Validation

The raw reads from 16S rRNA sequencing was first mass filtered using Trimmomatic, followed by primer
sequence identification and removal using Cutadapt. Later, for the clustering method, “denoising (dada2)” was
selected, and the dada2 package in R was used for further quality control, splicing of double-ended reads, and
removal of chimeras. For the clustering method, we chose “similarity clustering”, and we used USEARCH to
splice the double-ended reads and remove the chimeras (UCHIME, resulting in high-quality sequences for
subsequent analysis. The raw reads obtained by metagenomic sequencing contain low-quality sequences, and
the parameters —5 -W 50 -M 20 -1 60 -n 0 -g -A need to be used to filter the raw reads to obtain high-quality
clean reads, and the parameters --seed 123456 -1 200 -X 1000 --un-conc-gz are used to align with the host
genome sequence. Host contamination (https://asia.ensembl.org/Capra_hircus/Info/Index, Capra_hircus V1.0)
is removed for subsequent information analysis. As shown in Fig. 1, as the amount of sequencing increases, the
Observed_species index curve approaches flattening, indicating that the sequencing depth is sufficient to reflect
the vast majority of microbial information in the sample.

Code availability
Trimmomatic version 0.33
Cutadapt version 1.8.3
Usearch version 10

Uchime version 8.1

Fastp version 0.23. 1
Bowtie2 version 2.2.4
Vsearch version 2.4.3
QIIME2 versoin 2020.6
Greengenes version 13.5
Blastn version 2.9.0
Megahit version 1. 1.2
Quast version 2.3
MetaGeneMark version 3.26
MMseq. 2 version 11-elalc
Diamond version 0.9.29
Hmmer version 3.0
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