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Research progress in the interaction between host genetic
background and gut microbiota

WANG Mingyu, SUN Jingchun, ZHAO Xin, YANG Gongshe, YU Taiyong*

College of Animal Science and Technology, Northwest A&F University, Yangling 712100, Shaanxi, China

Abstract: The term “microorganism” refers to tiny organisms such as archaea, bacteria,
protists, fungi, and viruses, and the term “microbiome” refers to a collection of microorganisms.
Although they share the body space of the host, their roles as determinants in host health and
diseases are ignored. As a collection of information, the microbiome includes the genomic data,
structural elements, metabolites, and environmental conditions of microorganisms. Studies
have demonstrated that the microbiome plays an essential role in maintaining host homeostasis
and regulating host phenotypes. With the advent of new technologies, including
next-generation sequencing (NGS) and sequencing-based microbiome profiling, researchers
have probed into the relationship between the microbiome and host phenotypes. By an

overview of microbiome, this paper elaborated on the microbiome-host genetics interactions

based on genome-wide association analysis and made an outlook on the future of this field.

Keywords: microbiome; host genetics; genome-wide association analysis
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Table 1 Summary of the analysis protocols for microbial genome-wide association analysis (miGWAS)
Sequencing method Traits Model References
16S seq Beta diversity Envfit: ordinaon-based, permutan test for significance [51]

16S seq Beta diversity Microbiome GWAS: distance-based, parametric [40]

16S seq; WGS Enterotype Enterotype GWAS: logistic model implemented in PLINK [52]

16S seq; WGS Bacterial taxa Combined two-part logit/lognormal model [53]

16S seq; WGS Bacterial taxa GEMMA: genomewide efficient mixed models [40]

168 seq; WGS Bacterial taxa Hurdle negative binomial model [51]

16S seq; WGS Bacterial taxa Spearman correlaon excluding zero incidence [54]

WGS Bacterial pathways Spearman correlaon excluding zero incidence [54]
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2 PP, EROAR B DR A ) A B Y R e
FRE TR 4 (T 0I5 AR AR A X
Bewmrs MM 16S rRNA KL K BRI B AR ¢
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4 EAABERERNANBED
B 35 5T

1E miGWAS I 5 H i 18 A 0 40 i 4k
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LA eI Z BN TE FERR AL vE s, BRkeT R
fdi ] mbQTLs e iH 51| 52 w4 i T A= ) Fh 2 53
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RHUAL I T Faste 5 i E AE Y BAEFSE, Bl
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Table 2

WKL R mbQTL BN, R FERHEZ
] A AR RS gE AR X T T 3 T
TS RS AR mbQTL 5% . Bonder 454
Turpin %> VH1 Wang 250PU4R B e 2% . g K
PR E R T TS 9 QTL i T
3 AN AE AR 2 A X B A R T AR ALK
T A TR0 gE (3R 2), Hid, Wang
SEPUR AR AR Y 2 DM REAIET 1 812 Mk
f7 16S rRNA JEEHE, KB T S5AFKF-RZE
W) F B B EARSCHY 40 M7k . T Bonder 20
FIF 1 514 AN AR A 7 25 R 20 0080 43 b 1
W B TAE R 3 R AR, 3R 53 B T AR AR
TR SEPR 2 i =5 B, I 38 2ok 4 DR 20 G I 43 pr
RIT 9 SAE YIS0 B A AL R 33 A4~
5 AT B RN ) BEAH DG A7 8

117 76 B30 TP S B LI 8, Lin P72
1 295 A E A SEss Ao Hh I AR st
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Summary of genome-wide mbQTL mapping studies in humans

Study Sequencing Methodology Population Microbe Gene
method sample size

Frank et  16S seq Genetic 178 Bacteroidetes, Firmicutes (particularly NOD2

al®!! association Clostridium taxa)

Wacklin et 16S seq Genetic 71 Bifdobacteria FUT2

all® association

Scheret  16S seq Genetic 114 Prevotella copri HLA-DRB1

all®*l association

Knights et 16S seq Genetic 474 Enterobacteriaceae NOD2

all® association

Blekhman WGS GWAS 93 Bifdobacterium LCT

et all®

(15%8)
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Ez3)
Study Sequencing Methodology Population Microbe Gene
method sample size
Davenport 16S seq GWAS 184 Akkermansia PLD1
et all®”
Goodrich 168 seq GWAS 1126
et all*%
Bonder et WGS GWAS 1514 Sutterellaceae, Dialister, Methanobacteria, Blautia, VANGL1, LINGO2
all*¥ Dialister, Bacteroides xylanisolvens,
Acidaminococcaceae, Lachnospiraceae,
Oscillospiraceae
Turpinet  16S seq GWAS 1 561 Rikenellaceae, Faecalibacterium, Lachnospira, UBR3, CNTNG,
al™! Eubacterium, Weissella, Weissella, DMRTB1, SALL3,
Methanobrevibacter MMRN1, LINC01559,
RNA5SP353, GRIN2B,
ACTL8
le Roy et 16S seq GWAS 3 666 Clostridiales (OTU 181 702), FHIT, TDRGL, ELAVL4
all®¥ Clogtridiales (OTU 25 576), Blautia (OTU 194 733)
Wanget 16S seq GWAS 1812 Enterobacteriaceae, Acidaminococcaceae, FBLIM1, LINC01137,
al®!] OTU13305, Fecalibacterium, species-level, Blautia, Clorf183,
Bacilli, Gammaproteobacteria, Marinilabiliaceae, RP11-521D12.1,
OTU10032, Escherichia, Lactobacillales, 9. C9A2, HBST1,
Marinilabiliaceae, Porphyromonadaceae, ACO0075571, C20rf83,
Erysipelotrichaceae, Porphyromonadaceae, CNTNG, SLC22A13,
Actinobacteria FLNB, LINC00879,
LINC00973,
LINC01192,
LOC344887,
DRD5SHROOM3,

RP11-422J15.1, CD180,
SPRY4, ABCA13, TGSL,
COL22A1, C9orf71,
RP11-55418.2,
RP11-166D19.1,
PRMTS8, AKAPS,
RAP2A, S.C35F4, SIX6,
C140rf102, TMCOB5A,
BNIP2, FLJ21408,
NAPG, SIPA1L3,
HNF4A-ASL, KRTAPS-1

Lim et 16S seq Twin studies 655 Bifdobacterium APOA5
a]®!
Xie et 16S seq Twin studies 1 126 Unclassifed SHA-98, Bifdobacterium, Bifdobacteria, ALDH1L1, RAB3GAP1,
all*] Blautia, Cc 115 (family Erysipelotrichaceae), SMB53 LCT, CD36, ORBA2,
(family Clostridiaceae) GNA12, rs1506977,
GNA12

(F525%)
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4% 2)
Study Sequencing Methodology Population Microbe Gene
method sample size

Hughes et 16S seq GWAS 3890 Ruminococcus, Coprococcus, Butyricicoccus, RAPGEF1, ARHGAP17,

all®e! Sutterellaceae, Dialister, Porphyromonadaceae, EXT2, SORI1, ABCCA4,
Parabacteroides, Erysipelotrichaceae, FOXP4, CCDCB85A,
Gammaproteobacteria, Firmicutes, Bacteroidales, IKBKAP, ATXN1,
\eillonella SPOKS3, LIPC

Ishidaet 16S seq GWAS 1068 Faecalibacterium, Erysipelotrichaceae, Prevotella, HS3ST4, C2CD2, 2p16.1,

all®”! Oscillospira, 10p15.1, 18q12.2

Kurilshikov 16S seq GWAS 18 340 Bifdobacterium, Gastranaerophilales, Peptococcus, LCT, IRF1, FNDC3B,

et al®® Oxal obacteraceae, Intestinibacter, Enterorhabdus, ~ PCK5, RFK, CUBN,
Eubacterium, Allisonella, Oxalobacter, FUT2-FUT1, GCNT1
Ruminococcaceae, UCGO13, Peptostreptococcacea,
Faecalibacterium, Sreptococcus,
Erysipelatoclostridium, Tyzzerella3, Candidatus,
Soleaferrea, Ruminococcus torques

Liu et WGS GWAS 1295 c¢_Alphaproteobacteria, f Burkholderiaceae, ACAA1, ACADM,

al®? f Carnobacteriaceae, f Rhodocyclaceae, C3orf85, CABP1,

f Ruminococcaceae, f Saphylococcaceae,

f Xanthomonadaceae, g_Azospira, g_Burkholderia,
g_Desulfitobacterium, g_Eremococcus,

g Ethanoligenens, g_Faecalibacterium,
g_Granulicatella, g_Methylobacillus,
g_Nitrosococcus, g_Sodalis, g_ Saphylococcus,
g_Senotrophomonas, g_Sutterella, g Thauera,

g Thermincola, g Thioalkalivibrio, g Thiomicrospira,
o_Rhodocyclales, o Xanthomonadales p_Euryarchaeota,
p_Spirochaetes, s Acidaminococcus_fermentans,
s_Acidaminococcus intestini, s_Aggregatibacter_
aphrophilus, s_Anaerococcus_lactolyticus,
s_Clostridium_botulinum,

s _Enterococcus_gallinarum, s_Erwinia_pyrifoliae,
s Faecalibacterium_prausnitzi,

s _Granulicatella_adiacens, s_Lactobacillus oris,

CCDC177, CSRP3,
DCAF7, DCTPPL,
DGAT2, DHODH,
DRC1, DYNLL1,
DYRK1A, EPHAY,
FAM136A,
FER1L6-ASL, HBQ1,
IQGAP1, LIG1, LILRAS,
LINCO00525,
LINCO00866,
LINC00908,
LINCO01144,
LINC01736, LMOD1,
LOC100130207,
LOC101927378,
LOC101928438,

s_Lactobacillus_plantarum, s_Neisseria_meningitidis, LOC400867, NDOR1,

s_Oribacterium_sinus,

s _Parvimonas_sp._oral_taxon_110,
s_Prevotella_marshii, s_Prevotella_oris,
s_Pseudomonas_stutzeri,
s_Shewanella_frigidimarina,
s_Shuttleworthia_satelles, s Sreptococcus_mitis,
s_Streptococcus _parasanguinis,

s_Subdoligranulum variabile,
s_Sutterella_wadsworthensis,
s_Thioalkalivibrio_sulfidophilus,
s_unclassified_Peptoniphilus_sp.__oral taxon 375,
s unclassified_Prevotella_sp._ oral taxon 317

NR4A3, PCDHAG,
PPP1R8, PRXL2C,
PTGFRN, RALBP1,
SELENOI, SPCS3,
SWT1, TDP2, TIAM2,
TMEM43, TTF2,
ZGRF1, ZNF747,
ZNF818P

P4 actamicro@im.ac.cn, 7 010-64807516
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ZRAE R . SAMEAR RN, ABE
TR A HLA M e, b AT T REAR 32 1) [7] — 2%
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TCRMFLER R @ FIRE AP R, PR A2 X
Xof T S 9 1) 4 5 1) D R =F 2 1) mbQTL A7 1
DR wi , 455 & BiF 2 1% mbQTL /YY) fE AT G
5ifE FRMERE . e MR kA MO il an
McKnite 2521 Org &% R 28 2 /NI T T
mbQTL &L, Zr5IEEH] 7 4~F1 54~ QTL, %5
R, HAp A S 58 EIERE . f5 Rk
- A RN SETIREA O . BR T /N RS R bR
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Table 3 Summary of recent studies that animals microbial QTL or heritability mapping studies

Study Sequencing method Analysis Population sample size Number of loci Organism
Benson et all®®! 16S seq QTL 645 18 Mouse
Hillhouse et al®!! 16S seq QTL 314 10 Mouse
McKnite et al® 16S seq QTL 61 9 Mouse
Leamy et all®*! 16S seq QTL 472 42 Mouse
Org et al®¥ 168 seq QTL 599 7 Mouse
Wang et al*!] 168 seq QTL 334 20 Mouse
Snijders et al®®! 168 seq QTL 293 169 Mouse
Kemis et al® 16S seq QTL 500 28 Mouse
Perez-Munoz et al®”] 16S seq QTL 128 27 Mouse
Suzuki et all®® 168 seq QTL 70 24 Mouse
Bubier et al®”! 168 seq QTL 500 18 Mouse
Zhao et al*] 168 seq Heritability 60 13 Chicken
Chen et all'" 168 seq Heritability 500 74 Pig
Wen et all'®!] 168 seq Heritability 206 47 Chicken
Fan et alt'® 16S seq Heritability 278 9 Bovine
Wang et all'®*! 168 seq Heritability 239 NA Pig

NA: No available.
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