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Using 16S rBRNA Gene Amplicon Sequencing

Jongan Lee',

Young-Jun Kangf, Jae-Young Choi,

Sang-Min Shin and Moon-Cheol Shin

Subtropical Livestock Research Institute, National Institute of Animal Science, RDA, Jeju 63242, Korea

Received October 18, 2022 /Revised November 29, 2022 /Accepted November 29, 2022

This study was conducted to investigate the taxonomic composition and diversity of fecal microbiota
between birth and weaning stages of Halla horses using 16S rRNA gene amplicon sequencing analysis.
Proteobacteria (35.7%) and Firmicutes (45.6%) were identified as the most common phylum in birth
and weaning, respectively. Escherichia (19.7%) and Clostridium (14.0%) were observed as the most
dominant genus in birth, and Fibrobacter (6.6%) was the highest in weaning. The results of a-diversity
showed that the richness and evenness in microbial communities were statistically significant (»<0.001)
in birth and weaning. The results of B-diversity indicated that the birth and weaning stages were
clearly divided into two groups at the genus and species levels. Permutational multivariate analysis
of variance (PERMANOVA) showed that the microbiota composition differences between birth and
weaning were statistically significant (¢<0.001). A linear discriminant analysis effect (LEfSe) was
performed to select taxonomic makers between the birth and weaning stages. On the genus level,
Escherichia, Bacteroides, Clostridium, and Methylobacterium were relatively abundant at birth, whereas
Fibrobacter was more abundant at weaning. We expect that this research can be utilized as basic
data in the identification of microbial communities involved in disease prevention and nutrient absorp-

tion in Halla horses.
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Fig. 1. The relative abundance of fecal microbiota in birth and weaning stages (A) phylum, (B) class, (C) order, (D) family,

(E) genus, (F) species level.
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Table 2. o-diversity analysis of fecal microbiota between birth and weaning stages

Stage The number of OTUs ACE Chaol Jacknife
Birth 266.11+416.28 293.48+431.19 284.61+424.70 303.40+448.73
Weaning 2557.554279.59 2718.69+283.45 2631.09+278.47 2858.114+294.17
p-value 5.6e-10 5.0e-10 5.6e-10 4.0e-10
Stage Phylogenetic diversity Shannon NPShannon Simpson
Birth 429.96+506.51 2.92+1.39 2.93+1.39 0.16+0.16
Weaning 1952.03+208.72 6.20+0.44 6.27+0.44 0.01+0.02
p-value 5.3e-9 2.3e-9 1.5e-9 4.2e-7

Data represented by mean + standard deviation (sd).
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§77] S40] Anle] HAE 240
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A4S 798 7+ 21530 TAF fFods A5 o
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metricE 7|HFo 2 £4 S . PERMANOVA #4
A3} FDR corrected p-value (g-value<0.001)7} SA1 & 2]
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71RFS. 2 LEfSe #4& T3} LDA (Linear discrim-
inant analysis) 2232 YAGES 3.022 AA3t3 FDR
corrected p-value (g-value<0.05) 7|22 FE T STt LDA
score’} ¥ A2 F(phylum), 7(class), & (order), I
(family) Tl A 27t 5% 7 % (genus), F(species) T
NA ZtzE 10%-S AL THTable 4). 71 A3} & FFA
= EZX Al Proteobacteria, Firmicutes, Fusobacteria?}t ©)
719l Spirochaetes, Fibrobacteres7} 4 th 2 0.2 o] &
Z3GTh & FRAA= AS FET § U= Escheri-
chia, Bacteroides, Clostridium, Methylobacterium®] & 0|
SN F1EE & 4 ATk olE g AAE v Fof
Hol MM AR FHofgt 2712 AAg A7 He
2 AA A A 229 83 WS oSt
= w¥o] I3ty FAHET. o)) Fibrobacter=
g =2 &2 Ex3ta QA =, Fibrobacter succi-
nogenes= /A 157 SHE HRH =R Frlef 271 L
of o]2H Au} FE7HA EEthe AHUt AAE AT
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Table 3. PERMONOVA results of fecal microbiota between birth and weaning stages

Distance metric Sample Group The number of permutations Pseudo-F g-value
Jensen-Shannon 54 2 999 55.171 <0.001
Bray-Curtis 54 2 999 36.523 <0.001
Unifrac 54 2 999 38.211 <0.001
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Table 4. Selected taxonomic markers between birth and weaning stages

Relative abundance(%)

Level Taxon name LDA score g-value - -
Birth Weaning

Proteobacteria 5.20 5.3e-09 35.76 3.21

Phylum Firmicutes 4.89 0.0004 28.93 45.66

5) Spirochaetes 4.58 1.4e-9 0.05 7.56

Fibrobacteres 4.53 1.1e-9 0.03 6.73

Fusobacteria 4.44 0.015 5.68 0.04

Gammaproteobacteria 5.09 1.4e-8 26.24 1.86

Class Clostridia 4.78 0.001 21.76 35.38

5) Bacteroidia 4.70 0.035 17.70 27.74

Spirochaetia 4.59 1.4e-9 0.05 7.56

Fibrobacteria 4.53 1.1e-9 0.03 6.73

Enterobacterales 5.02 8.0e-8 20.18 0.17

Order Clostridiales 4.78 0.001 21.76 35.36

5) Bacteroidales 4.70 0.037 17.69 27.71

Spirochaetales 4.58 1.4e-9 0.05 7.55

Fibrobacterales 4.53 1.1e-9 0.03 6.73

Enterobacteriaceae 5.01 8.8e-7 19.83 0.16

. Ruminococcaceae 4.86 3.5¢-9 1.36 15.89

Family .

) Clostridiaceae 4.79 0.021 14.09 3.05

AC160630 4.63 1.8¢-9 0.35 9.03

Spirochaetaceae 4.58 1.4e-9 0.05 7.53

Escherichia 5.01 8.8e-7 19.71 0.16

Bacteroides 4.85 0.049 14.41 0.16

Clostridium 4.79 0.025 14.08 3.05

Fibrobacter 4.52 8.6e-10 0.01 6.62

Genus Fusobacterium 4.44 0.017 5.68 0.04

(10) Sporobacter 4.38 2.4e-9 0.38 5.15

Treponema 4.34 8.6e-10 0.03 4.34

EF436358 g 4.32 2.1e-9 0.15 4.33

AB494828 g 4.30 1.6e-9 0.14 4.23

Methylobacterium 4.26 0.00001 4.34 0.00

Escherichia coli 5.01 8.8¢e-7 19.68 0.16

Bacteroides fragilis 4.44 0.0001 5.28 0.00

Streptococcus gallolyticus 4.30 0.05 0.98 5.11

EU473539 s 4.27 7.1e-10 0.00 3.63

Species Methylobacterium oryzae 4.26 1.3e-6 4.32 0.00

(10) Bacteroides vulgatus 4.18 0.016 3.08 0.04

Fusobacterium varium 4.18 0.003 2.98 0.00

Bacteroides fluxus 4.12 0.005 2.64 0.03

Fibrobacter _uc 4.00 7.1e-10 0.00 2.06

Clostridium butyricum 3.94 1.4e-6 0.31 1.96
H|Fo] Zo] 7k Ao R AThETh E3, o] f7] i &3L7)FANA &3 FAPT EH A Streptococcus gal-
o] & 2F(EF436358 g, AB494828 g) n|AY ol th3l & lolyticus7y =4 A thu] W& o] F7tlth W59 T2
A ARl RESFAT olo] U A% DAY FHE AR ABE FoI Al Sweprococeus gallolyticus7t W)
8l F7F A7 stk F A S ANA F7FslH ol 4k i AdEo Avk= A3t
W A3& dod 4 = Escherichia coli, Clostridium ce- B EJT2]. olf719 &FAE 39 W} Strepto-

latum, Bacteroides fragilis, Methylobacterium oryzae, Bac-
teroides vulgatus, Fusobacterium varium, Bacteroides fluxus

7h w2 BleR B2 %Y. olf7lde MEEE

coccus gallolyticus 57171 YERE TR HolH, 4814 &
Z0]7] 3l HAA FATE Aol BT ZoE B
Ijr. B AFolAs A ol f7]ddl 23S 93 mA
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£2: 165 UBAT AW 78 S0} SUAIQ 01F7I9] B8 DIME HIm 2
O|ZH* - LBE - HMA - Mgl - NEH
(T35 T84T dASAAT L)

2 dTe detut A o771 9 vl E 24 F T Aol thaf 16S EBEAIEA Hlo]
B 248 53 S35t Aol Proteobacteria (35.7%)7}, ©17191E Firmicutes (45.6%)7} & $Foll
A M -5t vAER RAFNY. & s S A A Escherichia (19.7%), Clostridium (14.0%)7}
SHEFTOZ BEH 0w, o|{7]o= Fibrobacter (6.6%)7F 717 &=A £33 I AT TFFA (a-diversity)
A A3 o] f7lol FHES #5% AREC] TAALE Fo3 FFAAM EA YEFRTE PCoA &4 &
Ty A SAAAG ol f7] FIAE T SAP-divesity)S & TEH T FEAA FAY IFSE
HEs FERAHJG HAE B2 dig SAH 948 AS5E 93l Al 7FA] Jensen-Shannon, Bray-Curtis,

Unifrac®] distance metricE ©]-83] PERMANOVA #4& F3)st A7 FAA 794 (¢<0.001)& Kol
24 o7t A}k EAI9 o] 7] EAS tEsHE A E vhA AEE 98] LEfSe #2415 A4
o & FFAdA S ZW ARS8 JMsAdol = Escherichia, Bacteroides, Clostridium,
Methylobacterium 5°] $H3tF o, o] f7]oll= AfF4a ol TA3= Fibrobacter?} 3 & o2 o)
XA B AFE B3l F8VE JHAI 2 bty S A9 ol {19 mAE 244 9 O YA
zholo] gt A& AASFALH AATAE AW D UL FFo At vAAE THES AT
Z|ZARE &8d F S AR 7|t



