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INTRODUCTION

o Porcine Gut Microbiome
® Essential for health and performance.

® Genes: 17.2 million vs. pig genome: 25,000.

® Recent studies have focused on understanding
how as a biomarker it reflects physiological state
and identifies environmental factors that affect
performance of the animal.



Proper and accurate characterization of the microbiome in pigs can only
be achieved when standardized protocols are applied across the various
facets of microbiome studies.

Without standards, inconsistencies can compromise research reliability!!!

o Published Standards/ Protocols on Studying the Microbiome
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LimBiom-5 pevelopment of methodological standards as a

prerequisite for meaningful, reproducible and
application-oriented microbiome research on
livestock

> Phase 1: Literature Research, Evaluation and Standardization
» Develop a template for metadata collection and standardize it in a way that covers:

— Biological Elements
— Environmental Variables

— Technical Variables



DATA COLLECTION AND ELIGIBILITY CRITERIA
== Pubmed Database Search https://pubmed.ncbi.nlm.nih.gov/

Search Actions Details Query Results

#9 . > Search: (pig microbiome) AND (pig microbiota) Filters: Full text, from »
2003 - 2023

#3 wee b Search: (pig microbiome) AND (pig microbiota) Filters: Full text, 893
Associated data, from 2003 - 2023

#7 wee ? Search: (pig microbiome) AND (pig microbiota) Filters: Full text, 895
Associated data, from 2001 - 2023
#0 wee ? Search: (pig microbiome) AND (pig microbiota) Filters: Full text, 895 = =

Associated data

Timeframe: 2003- 31st April, 2023

#5 > Search: pig microbiome Filters: Full text, Associated data, from 2003 - 977
2023
#4 ? Search: pig microbiome Filters: Full text, from 2003 - 2023 3,232

= |n-vivo studies
=) Sequencing Data available and accessible



= Metadata Collection
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STANDARDIZING THE METADATA

16S rRNA Gene  DNA Extraction
Region Kit

Feed Frequency Sample

Storage
Medium

Storage
Temperature (°C)

Type of
Analysis

Article Name daily Location Forward Primers

dentification of the relationship

between the gut microbiome and

feed efficiency in a commercial pig

cohort Ad libitum

Genetic relationships between
feed efficiency and gut microbiome
in pig lines selected for residual
feed intake

Effects of Clostridium butyricum on
growth performance,
metabonomics and intestinal
microbial differences of weaned -
piglets ¢ Unavailable >

Ad libitum
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Barcoded pyrosequencing-based
metagenomic analysis of the
faecal microbiome of three
purebred pig lines after
cohabitation

o T gy
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feces

feces

feces

feces

Liquid Nitrogen -80 165 rRNA
Dry lce -80 165 rRNA
ATTSO 7T TSN
( Unavailable ) Unavailable ; 165 rRNA
S -~ = s N - = s
P S T TS \
( Unavailable) ( Unavailable / 16s rRNA

\~_’ \ﬁ_’

V3-V4

V3-V4

V4-\i5

V1-V3

QIAamp Fast DNA
Stool Mini Kit
(Qiagen) 338F

Quick-DNA

Fecal/Soil Microbe
Miniprep Kit

(Zymo Research) 343F
TIANamp Stool

DNA Kit (Tiangen),
QlAamp

PowerFecal DNA

Kit (Qiagen) 515F

UltraClean Fecal
DNA Isolation Kits

(MO BIO TS
Laboratories)  { Unavailable ,
~ -

—
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STANDARDIZING THE METADATA

Quality Classification Classification Taoxonomic Taxonomic
Article Name Control Metrics Software Annotation Database Annotation Tool

Characterization of Bacterial

Microbiota Composition in Healthy _ -— -

and Diarrheal Early-Weaned Tibetan ~ - -~ ~ Operational Taxonomic / r

Piglets ( Unavailable )  Units Uclust Unite \ \I.Inavailahle,)

Use of Host Feeding Behavior and T~ - 7 ===

Gut Microbiome Data in Estimating

Variance Components and Predicting - =~ ==~ ———— P

Growth and Body Composition Traits ; y Amplicon Sequence \, P S / \)

in Swine \ Unavailable ,  Variants \ \Unavailable, \ Llnavailablel) \ ynavailahle,
_— - ~ e = ™ \s__f D

Gut microbiota and host genetics

contribute to the phenotypic variation

of digestive and feed efficiency traits

in growing pigs fed a conventional Amplicon Sequence

and a high fiber diet DADA2(R) Variants DADAZ2(R) SILVA v132 DADAZ2(R)

Effects of dietary supplement with a

Chinese herbal mixture on growth ———a - ——

performance, antioxidant capacity, Amplicon Sequence / T \) p ~ N

and gut microbiota in weaned pigs DADAZ2 Variants DADAZ2 \ \Unavailatlle , \ \Unavailahle;)

_— oy -

-~ ==

A comparison of dynamic

distributions of intestinal microbiota

between Large White and Chinese Operational Taxonomic
Shanxi Black pigs Mothur Units Mothur Green(Genes RDP Classifier



STANDARDIZED METADATA TEMPLATE

BIOLOGICAL METADATA \ *J
| \%
Age, Sex, Breeds & No of Pigs Sample Type Housing anditions
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STANDARDIZED METADATA TEMPLATE

EXPERIMENTAL
METADATA

L —

Method; 16S rRNA

Sequencing or Shotgun  sequencing E)r(\::/r\action Primers
Metagenomics i
? Data Link Method/Kit ‘
Taxonomic
Annotation
Database
Sequencing S hoouoMuemd 00— and Tool
Platform, Strategy & QC &
Reads Clustering
Software ‘
Functional Annotation ©e SLARISECS
jorender.co . uncti ' e, Analysis & Tools
e Database & Tool @/"% Y
@ ©

10



Year

Publications Reviewed Per Year

2023

2022

2021

2020

2019

2018

2017

2016

2015

2014

2013 -

2012 4

2011

16

24

12 2

15

52

52

58

82

101

16

20

60
Count

80

T
100

Type of Analysis
Bl 165 rRNA Sequencing
W shotgun Metagenomics
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DMNA Extraction Kit

DNA Extraction Kits/Methods Targeted 16S rRNA Gene Regions

QlAamp DNA Stool Mini Kit (Qiagen) 84 V3.V4 - 231
phenol/chloroform DNA extraction val 106
V1V3 - 23
QlAamp Fast DNA Stool Mini Kit (Qiagen)
V4-V5 17
E.Z.N.A. Stool DNA Kit (Omega Bio-Tek)
Unavailable .14
PowerSoil DNA Isolation Kit (MO BIO Laboratories) - 19
E.Z.N.A. Soil DNA Kit (Omega Bio-tek) -14 0 vivzy 9
ke
o
Power Fecal DNA Isolation Kit (MO BIO Laboratories) - 10 g vi{ 8
0
QlAamp PowerFecal DNA Kit (Qiagen) = vvsd 7
DNeasy PowerLyzer PowerSoil Kit (Qiagen)
V5V64 5
Fast DNA Spin Kit (MP Biomedicals)
v |3
Fast DNA Spin Kit for Soil (MP Biomedicals)
V1-v4 2
DNeasy PowerSoil Kit (Qiagen)
- V1V5 42
TIANamp Stool DNA Kit (Tiangen)
QIAamp DNA Stool Kit (Qiagen) V6-v8 12
2|0 3|0 4|0 5|CI GIU ?ICI BICI 0 5|0 lEIlO 150 2l|)0

Count Count 12



Quality Control Tools Classification Tools

QIIME 220

QIIME

UCHIME
UPARSE

Mothur

USEARCH
Unavailable

USEARCH 27 Unavailable
Trimmomatic 25
DADA2(R) 16
DADA2(R)
VSEARCH 16
CD-HIT
FastQC 11
VSEARCH
Cutadapt 10

Chimerasl 6 Deblur(QIIME2)
Imeraslayer

PEAR 6 UCHIME

T T
0 50 100 150 200 0 20 40 60 80 100 120
Count Count
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Databases for Taxonomic Annotation

SILVA

GreenGenes

RDP -

58

NCBI

EzTaxon -

GTDB -

124

182

T T
25 50

T
75

1(|]0
Count

T
125

T
150

T
175

RDP Classifier

QIIME

Tools for Taxonomic Annotation

Unavailable

Mothur

PYNAST

DADA2(R)

BLAST

UCLUST

11

7

163

I T T T T T T
0 20 40 60 a0 100 120
Count

T
140

14

T
160




META-ANALYSIS

Will there be differences in microbial diversity based on DNA Extraction Kit used?

V4 Region (n = 106)
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Forward Primer Positions Reverse Primer Positions



META-ANALYSIS - V4 REGION

Sequences from
Studies — [ Cutadapt } — DADA2(QIIME2)
n=9
Same primers used
across all studies

Sequences Rarefaction: 25000

Bray-Curtis
Beta-Diversity

| |

Shannon [ Permanova ] [
Diversity

Differential
Abundance

|
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Shannon Entropy

Shannon Alpha Diversity
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DNA Stool Kit (Tiangen) DNeasy Powerlyzer DNeasy Powersoil Kit E.Z.N.A. Stool QlAamp Fast o
Powersoil Kit (Qiagen) DNA Kit (Omega D.NA §tool Mini
(Qiagen) Bio-tek) Kit (Qiagen)

Kruskal-Wallis test revealed significant differences in Shannon alpha diversity across different DNA

extraction kits (H = 72.91, p < 0.001), with multiple significant pairwise comparisons after correction.



Beta-Diversity — Bray Curtis : Genus Level

Axis 2 (11.53 %)

. DNAStool Kit (Tiangen)

. DNeasy Powerlyzer Powersoil Kit (Qiagen)
. DNeasy Powersoil Kit (Qiagen)
. E.Z.N.A. Stool DNAKIit (Omega Bio-tek)

. QlAamp Fast DNAStool Mini Kit (Qiagen)

|:| Zymo DNAMiniprep kit (Zymo Research)

Axis 3 (7682 %) Axis-1(15.06 %)

Different studies, same region, same primers mmp Sequences cluster based DNA kit used!!!




CHALLENGES AND FUTURE DIRECTION

% Significant constrains due to the inaccessibility of sequencing data from most of the
publications that appeared in the search results.

Eiable Aocessible nteroperable Qeusable
[ A J
JORVE:- I+

% The template developed from this review provides a foundation for developing a
standardized protocol in Pig Microbiome Studies

/

“ Next Step:
< Complete Meta-Analysis to note trends for other regions of the 16S rRNA

< Pilot Study to compare variability and composition among most used DNA extraction kits & 16S
Regions
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