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Comparative analysis of gut microbiota composition and short-
chain fatty acids in Tibetan pigs across different growth stages
from birth to the fattening stage
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Abstract: Tibetan pigs, a typical high-altitude indigenous breed in China, have developed unique
physiological and metabolic characteristics through long-term natural selection under extreme
plateau environmental conditions such as low oxygen and low temperature. However, stage-
specific differences in their gut microbiota composition remain to be investigated. [Objective] To
compare the rectal fecal microbiota composition and short-chain fatty acids (SCFAs) in Tibetan
pigs at different growth stages from birth to the fattening stage. [Methods] Ten pregnant Tibetan
sows with similar parity (2 -3) and good body condition were selected and allowed to farrow
synchronously. The offspring were reared from birth to 140 days old. A cross-sectional sampling
design was adopted to collect rectal fecal samples from 10 pigs at 1, 7, 21, 70, and 140 days old for
16S rRNA gene sequencing and determination of SCFA concentrations. [Results] Microbial
diversity in rectal fecal samples of Tibetan pigs gradually increased with age and stabilized during
the later growth stage. Bacillota and Bacteroidota remained dominant throughout development. At
the genus level, the gut microbiota of neonatal piglets was primarily colonized by Clostridium,
Escherichia-Shigella, Streptococcus, and Fusobacterium. Notably, dominant genera in the gut
during the suckling stage, such as Lactobacillus and Rikenellaceae RC9 gut group, remained
abundant after weaning. Christensenellaceae R-7 group and Treponema showed low relative
abundance before weaning but were significantly enriched after weaning and were among the
dominant genera at 70 and 140 days old. PICRUSt2-based functional prediction analysis showed
that the rectal fecal microbiota of Tibetan pigs at 21 days old was mainly enriched in pathways
related to the citrate cycle and oxidative phosphorylation, whereas that at 70 and 140 days old was
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mainly enriched in amino sugar and nucleotide sugar metabolism, glycolysis/gluconeogenesis, and
starch and sucrose metabolism. The concentrations of acetate, propionate, butyrate, and total
SCFAs in rectal fecal samples at 70 and 140 days old were significantly higher than those at
21 days old. Correlation analysis revealed that Treponema and Rikenellaceae RC9 gut group had
significantly positive correlations with acetate, propionate, butyrate, and total SCFA concentrations.
[Conclusion] The gut microbiota composition differed markedly among Tibetan pigs at different
growth stages. Beneficial bacteria such as Lactobacillus maintained relatively high abundance
throughout the growth stages, while Christensenellaceae R-7 group remained abundant during the
fattening stage. Moreover, the significant enrichment of complex carbohydrate-fermenting bacteria,
represented by Treponema and Rikenellaceae RC9 gut group, during the growing-finishing stage

suggests their key role in the hindgut fermentation of Tibetan pigs.
Keywords: Tibetan pigs; gut microbiota; different growth stages; short-chain fatty acids
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FH 1% S e re vk I e e . USRI
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rRNA L[ V3 - V4 548 X, PCR Jx I f& &
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3min; 95 °CZAEME 30s, 55°CiEk 30s, 72 °CHE
fif 45, 4t 30 MEH; 72 CCAAE A 10 min,
PCR ¥ 34 iy Lt v AR YR A RS 7 58 Bl
PCR 7= ¥ fifi ] NanoDrop 2000 43 ¢ )t F& it
(ThermoFisher Scientific 23 Fl ) il 40 5 A1k &,
% | AxyPrep DNA Gel Extraction Kit (Axygen
Biosciences 23 7)) #EAT7 [l 2lifh, &2 = )E
AR A IR A o RS R FH NEXTFLEX
Rapid DNA-Seq Kit (Bioo Scientific 23 7)) 4 2 il
J¥ 3, Jf#F DNBSEQ-G99 /& i 1 Il ¥ 5 &
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Table 1 Diet composition and nutrient levels of

Tibetan pigs

Item Days 43-70 Days 71-140

Ingredients/%
Corn 71.56 68.20
Soybean meal 20.62 16.00
Wheat bran 4.50 9.00
Soybean oil 0.80 4.86
Calcium carbonate 0.98 0.97
Dicalcium phosphate 0.40 0.23
L-lysine hydrochloride 0.23 0.19
DL-methionine 0.04 -
DL-threonine 0.01 0.01
L-tryptophan 0.02 0.01
Salt 0.50 0.20
Choline chloride 0.10 0.10
Vitamin premix' 0.04 0.03
Mineral premix’ 0.20 0.20
Total 100.00 100.00

Nutrient levels
Metabolizable energy/(MJ/kg)  14.58 14.12
Crude protein/% 16.11 15.07
Crude fiber/% 3.11 5.00
Calcium/% 0.63 0.61
Phosphorus/% 0.42 0.39
Available phosphorus/% 0.27 0.22
Neutral detergent fiber/% 12.24 15.87
Total dietary fiber/% 13.86 17.13

!: The vitamin premix was provided per kilogram of complete
diet. Days 43 -70: Vitamin A 1 800 IU; vitamin D3 400 IU;
vitamin E 40 IU; vitamin K; 3 mg; vitamin B; 4 mg; vitamin
B, 10 mg; vitamin By 6 mg; vitamin By, 20 pg; folic acid
2 mg; biotin 200 pg; niacin 60 mg; D-pantothenic acid
21.6 mg; Days 71-140: Vitamin A 1 350 IU; vitamin D; 300
IU; vitamin E 30 IU; vitamin K3 2.25 mg; vitamin B; 3 mg;
vitamin B, 7.5 mg; vitamin B4 4.5 mg; vitamin By, 15 pg; folic
acid 1.5 mg; biotin 150 pg; niacin 45 mg; D-pantothenic acid
16.2 mg. *: The mineral premix was provided per kilogram of
complete diet. Days 43-70: Copper 4.5 mg; iron 70 mg; zinc
75 mg; manganese 4 mg; iodine 0.15 mg; selenium 0.25 mg;
Days 71 — 140: Copper 4 mg; iron 60 mg; zinc 65 mg;

manganese 3 mg; iodine 0.15 mg; selenium 0.25 mg.
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Diversity of the rectal fecal microbiota in Tibetan pigs at different growth stages. A: Shannon index; B:

Figure 1

~0.25 0.00 025 0.50
PCoAl (24.7%)

Principal coordinates analysis (PCoA) plot; C: Petal diagram showing the number of amplicon sequence variants

(ASVs) at different ages. Different lowercase letters indicate significant differences among groups (P<0.05).
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Figure 2 Phylum-level composition of the rectal fecal microbiota in Tibetan pigs at different growth stages. A:

Stacked bar plot showing the top 10 phyla; B-D: changes in the relative abundances of the major phyla. Different

lowercase letters indicate significant differences among groups (P<0.05).
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Figure 3  Genus-level composition of the rectal fecal microbiota in Tibetan pigs at different growth stages. A:

Stacked bar plot showing the top 20 genera; B —K: Changes in the relative abundances of the major genera.

Different lowercase letters indicate significant differences among groups (P<0.05).
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Figure 4 Functional prediction of the rectal fecal microbiota in Tibetan pigs at different growth stages based on
PICRUSt2. A: Carbohydrate metabolism; B: Energy metabolism. Different lowercase letters indicate significant

differences among groups (P<0.05).
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Figure 5 Concentrations of short-chain fatty acids (SCFAs) in rectal fecal samples of Tibetan pigs at different

growth stages. A: Concentrations of acetate, propionate, butyrate, valerate, isobutyrate, and isovalerate; B: Total
SCFA concentrations. * indicates P<0.05, ** indicates P<(0.01, and *** indicates P<0.001.
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Figure 6 Spearman correlation analysis between rectal fecal microbiota and short-chain fatty acid (SCFA)

concentrations in Tibetan pigs at 140 days of age. * indicates P<0.05, and ** indicates P<0.01.
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