Spatiotemporal Dynamics of Early Life Microbiome 2 00 28
Colonization in a Canine Model :

Yehoon Jo%*, Tobyn Branck™, Artemis S. Louyakis', Jacob T. Nearing=*, Amrisha Bhosle+*, Matthew |. Jackson', Christoph Brockel,

Curtis Huttenhowers**, Kelsey N. Thompson##*, Dayakar V. Badri’

'Science and Technology Center, Hill's Pet Nutrition, Inc., Topeka, KS, USA, “Department of Biostatistics, Harvard T.H. Chan School of Public Health, Boston, MA, USA
’Infectious Disease and Microbiome Program, Broad Institute of MIT and Harvard, Cambridge, MA, USA, “Harvard Chan Microbiome in Public Health Center, Harvard T.H. Chan
School of Public Health, Boston, MA, USA

NE HEALTH

"MICROBIOME RESOURCE

Early-life microbiome assembly represents a critical developmental window, Individual taxa exhibit distinct Some microbial taxa are retained
et the factors shaping colonization in companion animals remain poorl - - - : :
Y _Shaping tbon: P poorty age-associated trajectories more consistently over time
understood. Using 664 longitudinal stool metagenomes from 79 colony dogs prevalence  age
sampled from 3 to 36 months of age, we characterized gut microbiome 3 6 0 12 18 I8 A e e e i aue : 3 < Transient | Persistent —
' 1fi - ' ' ' ' ' 1t 6 Ruminococcus gnavus (SGB4584 ,
development and identified age-associated shifts in microbial composition, u Firmicutes (SGB4454) M oo osa (S5is0s) | mmmmm——| + PerSiStence  across
stability of colonizers, and within-species functional gene content. | | - 12 Bacteroidaceae (SGB1818) - — lonaitudinal intervals
Fusobacterium mortiferum (SGB6031) e Fusobacteriaceae (SGB6028) group - I 9
Fournierella massiliensis (SGB15280) - ] was modeled usin
: : 0.5 18 Megamonas funiformis (SGB6962) - ] 9
Blautia argi (SGB4797) 51 Clostridium sp AT4 iggB4753; ] genera”zed |inear
n m n . Bacteroidaceae B1808 O _
Longitudinal sampling from a canine BT BB BB B B osciospiraceae (s6B105706) ozs W2 e mixed models
- . 2! GLMMs): persistent
B | EEEEEE BB esomonss shigeloides (scrossy 7 Fhotaccols copocola(S0B1801 | mam (GLMMs): p
model and study methodology _ | o B __ Procaeicola lebeius (SGB16%6) | iarval months. +
KR acteriaceae (SGB6036) group - ]
| Eubacteriaceae (SGB106207) B 36 Clostridiaceae bacterium Marseille Q3526 (SGB4703) - ] (1 idO )
Sassanic s | O O O - - s iy S :
axonomic - ackia raecicanis achnospiraceae - ] o
Samples & MethOdS functional profilin ( ) Firmicutes fnclassiﬁed(SGB4994)- ] PerSISIifnlt ttaxa Wer_.e
_ ; ; Escherichia coli (SGB10068) - ] more liKe O remain
) —— SRR EEEEEEEE oo oo s B v
- etd n 4. R . Lachnospiraceae (SGB4591){ above the presence
M n=T79 ‘ n =664 . . . . . . . . . . . . Megamonas funiformis (SGB6962) Firmicutes unclassified (SGB14909){ | threshold
o HEEEEEEEERE R ov:ceriacea goup (saBs036) Clostida undassied (SGB4450) | time points, whereas
2 o TR HUMANN 4.0 i ;ggg?icwes S(S?SB(;ggggg; - transient taxa were
F= 47 . . . . . . u eriim -
3 22,  MaAsLin 3 was used to identify taxa associated with age (fixed effects: age, total reads, Peptostreptococcus russeZlg(BSGBMS)- — more frequently lost
1] : : Eubacteri 106207) A :
© o sex, binary batch; random effect: dog; reference levels: male, Hills). e ia (S0B153%) | . over time.
——T T T Statistical analysis  Heatmap displays the top 10 taxa (FDR < 0.1) with prevalence =220% across samples. Slackia faecicanis (86833547)0_2 e,
<] 3 B 2| 12 13 18 21 24 27 30 33 36 MaAsLin 3 anpan . TO | | | . .. |
Age (months) p 15 Il Bottom 15  Slope (coefficient)
FUSObaCterlaceae eXhlblt dIStInCt hOSt-aSSOCIatEd Persistence trends are consistent across dog cohorts
* Longitudinal canine cohort comprising 664 stool metagenomes collected phyIOgenetiC clades Ruminococcus gnavus (SGB4584) - [ _ _ _
approximately every 3 months from 79 colony dogs between 3 months and 3 years of Faecalimonas umbilicata (SGB4583) - N | ° 12Xa with INcreasing
age. — £ puclatum (SGB600Y . Baaemid?éf;éf;?818)' T persistence in SP Life Stage
. . . _ _ . _ . —— F. hwasookii usobacteriaceae group 1 G :
» Taxonomic and functional profiling using the bioBakery tool suite with rich metadata E Ganifoinum (SGB29047) Slackia fascicanis (SGB33547) - I dfgs | ilso _nsh: Yr\:zd hriglh?\i
on diet, housing, breed, and lineage. o liNISCo6sR01 (80B6007) Eubacteriaceae (SGB106207) - I prevaience In an independe
£ Qucleatum (SGBE013 Peptostreptococcus russellii (SGB743) - Il One Health  Microbiome
Emassiiiggsgz(gs()(gl?)SQW) Prevotella (SGB1638) 4 || Resource (OHMR) ng
m m m m m — russii T T T T T
Gut microbiome diversity increases after — e S prevalence (¢4 n O dog CONOT
the introducti f solid food — o,
e introduction of solid foo T £ recopenes SC2us % B Top 4 W Bottom 4
— Eg (I:SséqB%%% (l)/i/TZB (SGB6031) lo.so _
Aloha diversit I - gé%goggﬁ((%%%%%%%)) 025 R Top 4 taxa remain stable across development
P y —_ F ulcerans (SGB6039 I T oo 3 , , - , ,
| —— F. ulcerans (SGB6041 0 - Ruminococcus_gnavus Faecalimonas_umbilicata Bacteroidaceae Fusobacteriaceae
— F. sp HMSCO073F01 (SGB6038) ] l0g10(Mean _Cg SGB4584 SGB4583 SGB1818 SGB6028_group
>, 4 — gaBray SGasTe e s : - -
= L F perfoetens (SGB47247 I T B I 217
D — F. sp FSA 380 WT 3A (SGB77490 -2 S o
—— F. perfoetens (SGB29032) 4 -
q>) gé%é?ﬂf ((3,551717545293)) -6 -g -3
T 3 — £ paloclens (SGB4T248 — : Lo
- L GGB4379 i_SGB6025) _ = . . . . . . . . . : . .
O — Cetobacterium (SGBOE73S) * F. = Fusobacterium =) 10 20 30 10 20 30 10 20 30 10 20 30
S : = : Cotopactarium (SOBS TS m =
e e . ° | C sp 8H (SGB77487 * P. = Psychrilyobacter .
N 2 . : C. 35 24 (Sabr74ss) _ Bottom 4 taxa are frequently lost over time
. - C. ceti (SGB6024) * |. = llyobacter —
p — 56—05 —— P. atlanticus (SGB29023) 8
— P. sp SD5 (5GB24828) c Slackia_faecicanis Prevotella Eubacteriaceae Peptostreptococcus._russellii
. — |. polytropus (SGB6043) S SGB33547 SGB1638_SGB1638 SGB106207 1 SGB743
- N O O~ N xr o 1 - — .
3 6 9 12 15 18 21 24 27 30 33 36 EER R RN E N . S tRaEr T SO TP
— Age (months) BN S| c T A R e L
weaning : : Host-specific Fusobacteriaceae clades Human Companion = ST LR e T
Beta diversity o 3 WARRN YR A LR 51 \
° Shannon diversity increased ¢ FUSObaCtel’ium iS a knOwn bOwel :C;; 1IO 2IO 3IO 1IO ZIO 2'\0 ’[h 1IO | 30 1IO 2IO 30
80% - : : : e (montns
significantly with age following the S cancer-associated microbe in || & 9 )
. . . . 60% - 55.1% —_ _ I AN _ —_ _
introduction of solid food (Kruskal-Wallis cil % humans. ® present (>= 1e-3) © ambiguous (1e—-4-1e-3) = absent (<= 1e—4)
0 = 5e-05). % 2 40%7 33.6% 33.8% * Phylogenetic analysis identified
.Beta diversity showed no clear global .. oo distinct Fusobacteriaceae clades Acknowledaments
- 03%  1.2% 0.1% 0 0% 2o 0% 0.0% across humans and dogs. We would like to thank Hill's Pet Nutrition and the National Institutes of Health for -
clustering by age. 0% - . . .
clade_1 clade_2 clade_3 clade_4 clade_5 » Humans and dogs typically harbored || funding this work. We would also like to thank all of the pet partners and those =X
(Tips=13) (Tips=10) (Tips=10) (Tips=8) (Tips=3) _r . . that take care of them.

distinct microbial assemblages . .
o _ For questions, please contact Yehoon Jo at yehoon_jo@g.harvard.edu
B Human (HMP1 +2) ] Companion animal (OHMR + SP Life Stage) within Fusobacteriaceae. http://huttenhower.sph.harvard.edu




