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Introduction
Early feeding regimens contribute to long-term development of obesity in children and adolescents and alter 
the gastrointestinal (gut) microbial environment. Despite the advances in next generation sequencing (NGS) 
which have greatly enhanced metagenomic analyses, there are limited studies comparing the gastrointestinal 
microbiome of breast-fed (BF) and formula-fed (FF) infants. NGS libraries were constructed from fecal sam-
ples of BF (n=24) and FF (n=10) infants and sequenced on an Illumina HiSeq 2500. Taxonomic classification 
of the NGS data was performed using the Sunbeam/Kraken [1, 2] pipeline and a functional gene-based anal-
ysis was performed using publicly available algorithms and custom scripts. Differentially represented genera, 
genes, and NCBI Orthologous Groups (COGs) were determined between cohorts using count data and edgeR 
[3]. A total of 79 genera were found to be differentially represented between BF and FF cohort (FDR ≤ 0.01), 
including Parabacterioides, Enterococcus, Haemophilus, and Staphylococcus. Over 2,000 genes were found 
to be differentially represented (abundance) between the BF and FF cohort (FDR ≤ 0.01). Additionally, several 
of the differentially represented genes indicate differences in functional pathways such as glycogen metabo-
lism. Further analysis of co-variates (age, BMI of mother, etc.) and summation of read counts to higher level 
COGs will enable the identification of biologically relevant genes. 
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Differentially Represented Genes

Subjects were enrolled into two groups; breast-fed (BF) and formula-fed (FF). (1) Fresh fecal samples were collected and flash frozen. 
After DNA extraction (2) shotgun metagenomic libraries were prepared (3) and sequenced using the Illumina’s HiSeq platform. Raw 
reads (FASTQ) were (4) quality trimmed to remove adapter sequences and low-quality bases. The cleaned FASTQ files (5) were de-
contaminated by mapping to human and PhiX genomes. Decontaminated FASTQ were classified (6) using Kraken. The Kraken clas-
sified reads were (7) analyzed via edgeR to determine differentially represented genera. Decontaminated FASTQ files were pooled 
(8) to create one large library for de novo assembly via MEGAHIT [4] creating a single metagenome (9) which was annotated with 
prodigal and NCBI COGs [5]. Reads from the individual FASTQs were aligned, using STAR and RSEM [6, 7], to the metagenome (10). 
Normalized gene counts were calculated via edgeR (11).
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Principle coordinates analysis based on species abundance (Bray-Curtis Distance) revealed slightly more uniform clustering of sam-
ples’ diet compared to analysis using binary species data (Jaccard Distance). Each data point represents a single library constructed 
from one sample. Color indicates diet (Red-BF, Blue-FF) and shape indicates biological replicate (Circle-Biorep1, Triangle-Biorep2).

Relative abundances of the 20 most abundant genera for individuals as well as cohort averages suggest increased diversity in the 
Formula-Fed cohort; however, a Shannon Diversity analysis approached statistical significance with a P value of 0.0613.

Differentially Represented Genera

tistical analysis via edgeR revealed 79 genera were statistically significantly differentially represented between the Breast-fed and 
Formula-fed cohorts (FDR <= 0.01). Boxplot comparisons of the twenty most abundant genera are pictured above with statistically 
significant genera starred.   

Gene ID logFC logCPM FDR COG ID COG Function
Higher abundance in fomula-fed
263610 5.41302 5.59493 0.00052 COG1674 DNA segregation ATPase FtsK/SpoIIIE and related proteins
344137 5.37805 6.92110 0.00201 COG4644 Transposase and inactivated derivatives, TnpA family
263909 5.17861 4.93542 3.70E-05 COG1074 ATP-dependent exoDNAse (exonuclease V) beta subunit (contains helicase and exonuclease domains)
346313 5.10285 5.06681 0.00064 COG0556 Excinuclease UvrABC helicase subunit UvrB
147589 4.69239 6.78652 0.00417 COG2801 Transposase InsO and inactivated derivatives
123175 4.51465 7.47973 0.00441
147590 4.44036 4.69384 0.00386 COG2963 Transposase and inactivated derivatives
254342 4.33635 5.17044 0.00348 COG0178 Excinuclease UvrABC ATPase subunit
309214 4.33358 7.08075 0.00470 COG0297, COG1216 Glycogen synthase!!!Glycosyltransferase, GT2 family
322257 4.30232 4.96517 0.00195 COG0210, COG0210 Superfamily I DNA or RNA helicase!!!Superfamily I DNA or RNA helicase
Higher abundance in breast-fed
305505 -14.21486 5.64825 0.00017 COG3344 Retron-type reverse transcriptase
282951 -12.86186 4.29676 0.00035
312915 -11.12078 8.68923 0.00261
312916 -9.90123 10.03156 0.00394 COG3843 Type IV secretory pathway, VirD2 components (relaxase)
278077 -9.89746 7.69648 0.00390 COG1629, COG4771 Outer membrane receptor proteins, mostly Fe transport!!!Outer membrane receptor for ferrienterochelin and colicins
122608 -9.80081 6.92694 0.00388 COG3250 Beta-galactosidase/beta-glucuronidase
299089 -9.60477 6.91613 0.00408
122610 -9.54604 7.97480 0.00441 COG0745, COG2205, COG2207, 

COG3292, COG3292
DNA-binding response regulator, OmpR family, contains REC and winged-helix (wHTH) domain!!!K+-sensing histidine 

kinase KdpD!!!AraC-type DNA-binding domain and AraC-containing proteins!!!Periplasmic ligand-binding sensor do-
main!!!Periplasmic ligand-binding sensor domain

277477 -9.50875 6.13080 0.00394 COG4299 Predicted acyltransferase
278078 -9.47698 6.39477 0.00394

After read mapping and counting using STAR and RSEM, edgeR analysis found 2215 genes to be differentially represented between 
cohorts. The table above includes the 10 genes with the greatest change in abundance in each direction. 
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Breast-fed Formula-fed

COG Enrichment Analysis

Differentially Represented Genes (cont.)

Hierarchical clustering analysis was performed on the 50 differentially represented genes with the greatest variance using the R pack-
age Pheatmap revealing a distinct pattern between the breast-fed and formula-fed cohorts.

After annotating the genes in the combined metag-
enome assembly using NCBI’s Clusters of Orthol-
ogous Genes (COG) database, an enrichment 
analysis was performed to determine if any COGs 
were overrepresented in either cohort. In total 45 
COGs were found to statistically significantly dif-
ferentially represented which were not part of the 
“function unknown” or “general function prediction 
only” categories. Fifteen COGs were sequenced 
more often in the breast-fed cohort and unique en-
richment in the “amino acid transport and metab-
olism” was observed whereas thirty COGs were 
sequenced more often in formula-fed infants with 
unique enrichment in the ‘replication, recombina-
tion, and repair’, ‘secondary metabolites biosyn-
thesis, transport and catabolism’, ‘signal transduc-
tion mechanisms’, and ‘transcription’ categories. 

Summary
• Shotgun metagenomic libraries were prepared from fecal matter collected from 24 breast-fed and 10 formula-fed infants.

• Taxonomic classification of sequenced reads and statistical analysis revealed 79 genera which were differentially represented be-
tween the two cohorts including Bifidobacterium, Parabacteroides, Cronobacter, and Enterococcus. 

• The assembly and annotation of a single metagenome allowed for the identification of 2215 differentially represented genes.

• Clusters of Orthologous Genes (COG) enrichment analysis revealed an overrepresentation of genes involved with defense mecha-
nisms present in the breast-fed cohort compared to the formula-fed cohort. 

• These results coupled with our previous analysis [8] give us a deeper understanding of the effects of early diet on the infant gut mi-
crobiome.


