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OUTLINE

• GOAL of HMP: Comprehensive characterization of the 
human microbiota and analysis of its role in human health 
and disease.

• DATSETS: i) reference genomes; ii) 16S rRNA marker gene 
and iii) shotgun metagenomic sequences.

• OUTCOME: i) organismal characterization of the community 
structure; ii) absolute comparisons of communities without 
reference to biased databases; iii) genetic variations among 
strains; iv) analysis of the metabolic potential of a 
community through gene identification and comparative 
metabolomics; v) identification of novel organisms. 
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ANALYSES ARE BASED ON:

• Illumina 100bp pair-end reads
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3.3 TB

Total reads
Body site Visit 1 Visit 2 Visit 3 (#)
Anterior_nares 57 30 1 141,007,722
Buccal_mucosa 69 37 3 1,344,299,975
Supragingival_plaque 71 43 2 6,651,280,717
Tongue_dorsum 73 50 2 10,630,491,838
Stool 81 54 4 14,471,969,023
Posterior_fornix 33 20 1 250,071,193
Total 384 234 13 33,489,120,468

# samples
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Community structure comparisons

• Reads were aligned to reference genomes with 80% ID and 75% FoL

• Breadth and depth of coverage per genome

• Due to the different number of input bp per sample the depth of coverage 
was normalized per 100 million bp (DCPM, (depth of  coverage * 100Mb / 
#aligned bps);

• A strain was considered to be present within a community when 1% of the 
genome is covered at 0.01X depth of coverage (Presence/absence). 
Additional normalization only when needed

Poster #100

Kingdom Genera Species Strains
Bacteria 533 1253 1751
Archaea 57 97 131
Viruses 918 1420 3683
Eukaryotes 237 326 326
Total 1745 3096 5891



Makedonka MITREVA   mmitreva@wustl.edu

% Read characterized by the reference genomes
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Body site Sample used Total reads Aligned
for stats (#) (%)

Anterior nares 88 141,007,722 33.2
Buccal mucosa 109 1,344,299,975 60.8
Supragingival plaque 116 6,651,280,717 54.8
Tongue dorsum 125 10,630,491,838 53.1
Stool 139 14,471,969,023 61.2
Posterior fornix 54 250,071,193 77.3
Total / Avg 631 33,489,120,468 56.7
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S R S 0 1 4 4 9 4  P o s t e r io r  f o rn ix
S R S 0 1 5 4 2 5  P o s t e r io r  f o rn ix

S R S 0 2 2 1 5 8  P o s t e r io r  f o rn ix
S R S 0 1 8 7 6 9  P o s t e r io r  f o rn ix

S R S 0 2 0 3 4 9  P o s t e r io r  f o rn ix
S R S 0 5 6 6 9 5  P o s t e r io r  f o rn ix

S R S 0 1 6 5 1 6  P o s t e r io r  f o r n ix

S R S 0 1 6 5 5 9  P o s t e r io r  f o r n ix

S R S 0 1 5 0 5 4  P o s t e r io r  f o r n ix

S R S 0 1 7 5 2 0  P o s t e r io r  f o r n ix

S R S 0 1 1 3 5 5  P o s t e r io r  f o r n ix

S R S 0 5 6 7 9 6  P o s t e r io r  f o r n ix

S R S 0 1 9 6 0 0  P o s t e r io r  f o r n ix

S R S 0 1 6 1 9 1  P o s t e r i o r  f o r n i x

S R S 0 1 7 7 0 0  P o s t e r i o r  f o r n i x

S R S 0 1 5 1 6 8  P o s t e r i o r  f o r n i x

S R S 0 1 9 9 8 9  P o s t e r i o r  f o r n i x

S R S 0 5 7 8 0 7  P o s t e r i o r  f o r n i x

SR S014629 Pos terior forn ix
SR S012294 Pos terior forn ix

SR S052330 Pos terior forn ix
SR S011269 Pos te rio r fo rn ix

SR S011584  Pos te rio r f o rn ix
SR S051505  Pos te rio r f o rn ix

SR S042428  P os te rio r f o rn ix
S R S 022545  P os t e rio r f o rn ix

S R S 050184  P o s t e r io r f o rn ix
S R S 01522 5  P o s t e r io r  f o rn ix

S R S 01611 1  P o s t e r io r  f o rn ix

SR S019379 Pos terior fornix
SR S022734 Pos terior fornix

SR S013542 Pos terior fornix

SR S017497 Pos terior fornix

S R S 0 1 6 5 8 5  S t o o l

S R S 0 4 9 9 0 0  S t o o l

S R S 0 2 3 3 4 6  S t o o l

S R S 0 4 3 0 0 1  S t o o l

M H 0 0 7 4  M E T A H I TS R S 0 5 4 5 9 0  S t o o l

M H 0 0 6 1  M E T A H I T

M H 0 0 6 9  M E T A H I T

M H 0 0 6 0  M E T A H I T

M H 0 0 6 5  M E T A H I T

M H 0 0 5 3  M E T A H I T

M H 0 0 7 7  M E T A H I T

M H 0 0 3 0  M E T A H I T

M H 0 0 7 8  M E T A H I T

M H 0 0 6 3  M E T A H I T

S R S 0 1 1 1 3 4  S t o o l

M H 0 0 8 0  M E T A H I T

M H 0 0 3 1  M E T A H I T

M H 0 0 8 2  M E T A H I T

M H 0 0 4 4  M E T A H I T

S R S 0 1 3 4 7 6  S t o o l

M H 0 0 7 0  M E T A H I T

M H 0 0 5 0  M E T A H I T

M H 0 0 7 5  M E T A H I T

M H 0 0 6 2  M E T A H I T

S R S 0 1 7 4 3 3  S t o o l

M H 0 0 7 9  M E T A H I T

S R S 0 1 5 6 6 3  S t o o l

S R S 0 1 5 7 8 2  S t o o l

S R S 0 4 9 7 1 2  S t o o l

M H 0 0 7 3  M E T A H I T

S R S 0 1 1 3 0 2  S t o o l

M H 0 0 5 2  M E T A H I T
M H 0 0 5 5  M E T A H I T

M H 0 0 4 6  M E T A H I T
M H 0 0 3 4  M E T A H I T

S R S 0 1 3 9 5 1  S t o o l
S R S 0 4 9 9 5 9  S t o o l

M H 0 0 0 9  M E T A H I T
M H 0051  M E T A H IT

M H 0038  M E T A H IT
S R S 054956  S t oo l

M H 0024  M ET AH IT

SR S015133 S too l
M H 0032 M ET AH IT

M H 0083 M ET AH IT
M H 0064 M ET AH IT

M H 0067 M ET AH IT

M H0036 M ETAHIT
MH0066 METAHIT

MH0071 METAHIT

MH0076 METAHIT
MH0081 METAHIT

SRS020233 Stool

SRS052697 Stool

MH0040 METAHIT

MH0054 METAHIT

MH0033 METAHIT

MH0059 METAHIT

MH0042 METAHIT

MH0025 METAHIT

SRS014459 Stool

MH0021 METAHIT

MH0003 METAHIT

MH0011 METAHIT

MH0056 METAHIT

MH0026 METAHIT

MH0002 METAHIT

MH0028 METAHIT

MH0048 METAHIT

SR S016495 Stool
SR S014979 Stool

SR S015217 Stool

M H 0086 M ETAH IT
SRS014923 Stool

M H0012 M ETAH IT

M H 0014  M ET AH IT
SR S012273  S too l

M H 0047 M ET AH IT

S R S 0 1 6 2 6 7  S t o o l

S R S 0 1 8 6 5 6  S t o o l

S R S 0 1 6 0 9 5  S t o o l

S R S 0 1 9 6 0 1  S t o o l

S R S 0 1 7 2 4 7  S t o o l
S R S 0 1 9 9 6 8  S t o o lS R S 0 5 3 3 9 8  S t o o lS R S 0 1 3 5 2 1  S t o o lS R S 0 1 6 7 5 3  S t o o l

S R S 0 1 1 5 2 9  S t o o lS R S 0 1 7 5 2 1  S t o o lS R S 0 1 9 3 9 7  S t o o l

S R S 0 1 7 1 0 3  S t o o lS R S 0 1 6 0 5 6  S t o o lS R S 0 1 5 3 6 9  S t o o l

S R S 0 1 7 7 0 1  S t o o lS R S 0 4 5 0 0 4  S t o o l

S R S 0 1 4 6 8 3  S t o o lS R S 0 4 8 1 6 4  S t o o l

S R S 0 1 1 2 3 9  S t o o lS R S 0 1 5 2 6 4  S t o o lS R S 0 1 6 9 8 9  S t o o lS R S 0 1 5 5 7 8  S t o o lS R S 0 1 3 1 5 8  S t o o lS R S 0 1 7 1 9 1  S t o o lS R S 0 1 4 3 1 3  S t o o lS R S 0 1 5 1 9 0  S t o o lS R S 0 1 9 2 6 7  S t o o l

M H 0 0 5 7  M E T A H I TS R S 0 1 6 2 0 3  S t o o lS R S 0 2 2 5 2 4  S t o o lS R S 0 1 8 3 5 1  S t o o lS R S 0 1 8 4 2 7  S t o o lS R S 0 1 8 8 1 7  S t o o lS R S 0 1 5 9 6 0  S t o o lS R S 0 5 3 3 3 5  S t o o lS R S 0 1 6 9 5 4  S t o o lS R S 0 2 2 1 3 7  S t o o lS R S 0 1 6 3 3 5  S t o o lS R S 0 1 4 2 3 5  S t o o lM H 0 0 3 7  M E T A H I TM H 0 0 8 4  M E T A H I TS R S 0 1 1 2 7 1  S t o o lS R S 0 2 0 3 2 8  S t o o l
M H 0 0 6 8  M E T A H I TS R S 0 5 0 7 5 2  S t o o lS R S 0 1 4 2 8 7  S t o o lS R S 0 1 7 3 0 7  S t o o l

S R S 0 1 1 5 8 6  S t o o lM H 0 0 3 9  M E T A H I TM H 0 0 1 6  M E T A H I T
M H 0 0 4 1  M E T A H I T

M H 0 0 4 9  M E T A H I T

M H 0 0 7 2  M E T A H I TM H 0 0 4 5  M E T A H I T

S R S 0 2 0 8 6 9  S t o o l

M H 0 0 4 3  M E T A H I T

M H 0 0 3 5  M E T A H I T

M H 0 0 5 8  M E T A H I T

S R S 0 1 1 0 6 1  S t o o l

S R S 0 1 3 6 8 7  S t o o l

S R S 0 4 5 7 1 3  S t o o l

S R S 0 1 6 0 1 8  S t o o l

S R S 0 1 1 4 0 5  S t o o l

S R S 0 1 7 8 2 1  S t o o l

M H 0 0 2 0  M E T A H I TS R S 0 1 3 8 0 0  S t o o lS R S 0 1 8 1 3 3  S t o o l

S R S 0 1 1 4 5 2  S t o o lS R S 0 1 4 6 1 3  S t o o l

S R S 0 1 8 5 7 5  S t o o l

SR S050029  Buc c a l m uc os a
SR S014124  T ongue  do rs um

S R S 016501  T ongue  do rs um
S R S 016529  T ongue  do rs um

SR S015537 T ongue dors um
SR S013234 T ongue dors um

SR S015395 T ongue dors um

S R S 042643  T ongue  d o rs um
S R S 01879 1  T o n g u e  d o rs um

S R S 0 1 5 2 7 2  T o n g u e  d o rs um
S R S 0 1 7 1 2 0  T o n g u e  d o rs u m

S R S 0 1 5 0 3 8  T o n g u e  d o r s u m

S R S 0 1 8 5 9 1  T o n g u e  d o r s u m

S R S 0 1 9 2 1 9  T o n g u e  d o r s u m

S R S 0 2 3 3 5 2  T o n g u e  d o r s u m

S R S 0 1 5 2 0 9  T o n g u e  d o r s u m

S R S 0 2 0 2 2 0  T o n g u e  d o r s u m

S R S 0 1 3 7 0 5  T o n g u e  d o r s u m

S R S 0 1 8 7 3 9  T o n g u e  d o r s u m

S R S 0 2 2 1 4 3  T o n g u e  d o r s u m

S R S 0 1 6 3 1 9  T o n g u e  d o r s u m

S R S 0 1 4 4 7 0  T o n g u e  d o r s u m

S R S 0 5 7 5 3 9  T o n g u e  d o r s u m

S R S 0 1 4 6 8 4  T o n g u e  d o rs u m
S R S 0 2 0 3 3 4  T o n g u e  d o rs u m

S R S 0 5 6 3 2 3  T o n g u e  d o rs u m
S R S 0 1 5 9 4 1  T o n g u e  d o rs u m

S R S 0 5 3 8 5 4  T o n g u e  d o rs u m

S R S 0 1 3 8 7 9  T o n g u e  d o r s u m

S R S 0 1 6 2 2 5  T o n g u e  d o r s u m

S R S 0 1 8 4 3 9  T o n g u e  d o r s u m

S R S 0 1 6 0 0 2  T o n g u e  d o r s u m

S R S 0 1 6 0 8 6  T o n g u e  d o r s u m

S R S 0 1 9 3 8 9  T o n g u e  d o r s u m

S R S 0 1 9 6 0 7  T o n g u e  d o r s u m

S R S 0 1 7 7 1 3  T o n g u e  d o r s u m

S R S 0 2 2 7 1 9  T o n g u e  d o r s u m

S R S 0 1 8 1 4 5  T o n g u e  d o r s u m

S R S 0 1 8 3 0 0  T o n g u e  d o r s u m

S R S 0 1 7 2 0 9  T o n g u e  d o r s u mS R S 0 1 1 2 4 3  T o n g u e  d o r s u mS R S 0 1 4 5 7 3  T o n g u e  d o r s u mS R S 0 4 9 3 8 9  T o n g u e  d o r s u mS R S 0 1 5 6 4 4  T o n g u e  d o r s u mS R S 0 1 6 5 6 9  T o n g u e  d o r s u mS R S 0 1 7 4 3 9  T o n g u e  d o r s u mS R S 0 2 2 5 3 0  T o n g u e  d o r s u m

S R S 0 1 2 2 7 9  T o n g u e  d o r s u mS R S 0 1 5 4 3 4  T o n g u e  d o r s u mS R S 0 1 5 7 6 2  T o n g u e  d o r s u m

S R S 0 5 0 2 4 4  T o n g u e  d o r s u m

S R S 0 1 4 2 7 1  T o n g u e  d o r s u m

S R S 0 1 5 8 9 3  T o n g u e  d o r s u m

S R S 0 4 7 8 2 4  T o n g u e  d o r s u m

S R S 0 1 7 8 0 8  T o n g u e  d o r s u mS R S 0 1 8 3 5 7  T o n g u e  d o r s u mS R S 0 5 2 2 2 7  T o n g u e  d o r s u mS R S 0 5 5 4 2 6  T o n g u e  d o r s u mS R S 0 1 1 3 0 6  T o n g u e  d o r s u mS R S 0 1 9 3 2 7  T o n g u e  d o r s u mS R S 0 4 4 3 7 3  T o n g u e  d o r s u m

S R S 0 4 3 6 6 3  T o n g u e  d o r s u mS R S 0 1 3 1 6 4  T o n g u e  d o r s u mS R S 0 1 4 8 8 8  T o n g u e  d o r s u m

S R S 0 2 0 8 5 6  T o n g u e  d o r s u mS R S 0 1 6 0 3 7  T o n g u e  d o r s u mS R S 0 1 3 5 0 2  T o n g u e  d o r s u mS R S 0 1 6 3 4 2  T o n g u e  d o r s u mS R S 0 1 3 8 1 8  T o n g u e  d o r s u mS R S 0 1 9 9 7 4  T o n g u e  d o r s u m

S R S 0 1 7 5 3 3  T o n g u e  d o r s u mS R S 0 1 1 1 4 0  T o n g u e  d o r s u mS R S 0 5 4 6 8 7  T o n g u e  d o r s u m

S R S 0 1 6 2 9 7  B u c c a l  m u c o s a

S R S 0 1 3 7 1 1  B u c c a l  m u c o s aS R S 0 4 3 2 3 9  B u c c a l  m u c o s aS R S 0 1 1 3 9 7  A n t e r i o r  n a r e s

S R S 0 1 2 2 8 1  B u c c a l  m u c o s a

S R S 0 1 4 8 9 0  B u c c a l  m u c o s a

S R S 0 1 6 6 0 0  B u c c a l m u c o s a

S R S 0 1 4 4 7 2  B u c c a l m u c o s a

S R S 0 1 7 1 2 7  B u c c a l m u c o s a
S R S 0 1 1 0 9 0  B u c c a l m u c o s a

S R S 0 1 9 3 9 1  B u c c a l m u c o s a
S R S 0 1 1 2 4 7  B u c c a l m u c o s a

S R S 0 2 0 8 5 8  B u c c a l m u c o s a
S R S 0 1 6 1 9 6  B u c c a l m u c o s a

S R S 017 5 3 7  B u c c a l m u c o s a
S R S 023354  B u c c a l m uc o s a

S R S 017441  B u c c a l m uc o s a
S R S 014126  B uc c a l m uc os a

SR S018329  B uc c a l m uc os a

S R S 0 1 5 6 4 6  B u c c a l  m u c o s a

S R S 0 2 2 1 4 5  B u c c a l  m u c o s a

S R S 0 1 7 2 1 5  B u c c a l  m u c o s a

S R S 0 1 8 1 4 9  B u c c a l  m u c o s a

S R S 0 1 3 5 0 6  B u c c a l  m u c o s a

S R S 0 1 5 3 7 4  B u c c a l  m u c o s a

S R S 0 1 7 0 1 3  B u c c a l  m u c o s a

S R S 0 1 9 2 2 1  B u c c a l  m u c o s a

S R S 0 1 3 2 3 9  B u c c a l  m u c o s a

S R S 0 1 9 9 7 6  B u c c a l  m u c o s a

S R S 0 4 5 2 6 2  B u c c a l  m u c o s a

S R S 0 1 3 8 2 5  B u c c a l  m u c o s a

S R S 0 1 8 3 5 9  B u c c a l  m u c o s a

S R S 0 2 2 5 3 2  B u c c a l  m u c o s a

S R S 0 1 1 3 1 0  B u c c a l  m u c o s a

S R S 0 1 5 0 4 0  B u c c a l  m u c o s a

S R S 0 1 5 8 9 5  B u c c a l  m u c o s a

S R S 0 1 5 9 2 1  B u c c a l  m u c o s a

S R S 0 2 0 3 3 6  B u c c a l  m u c o s a

S R S 0 4 3 6 4 6  B u c c a l  m u c o s a

S R S 0 5 5 1 1 8  B u c c a l  m u c o s a

S R S 0 1 3 8 8 1  B u c c a l  m u c o s a

S R S 0 1 5 4 3 6  B u c c a l  m u c o s a

S R S 0 2 2 7 2 1  B u c c a l  m u c o s a

S R S 0 1 7 6 8 7  B u c c a l  m u c o s a

S R S 0 1 7 8 1 0  B u c c a l  m u c o s a

S R S 0 1 6 0 8 8  B u c c a l  m u c o s aS R S 0 1 6 3 4 9  B u c c a l  m u c o s aS R S 0 4 2 4 5 7  B u c c a l  m u c o s aS R S 0 4 8 7 1 9  B u c c a l  m u c o s a

S R S 0 1 4 6 8 6  B u c c a l  m u c o s aS R S 0 1 5 2 7 4  B u c c a l  m u c o s a

S R S 0 1 1 1 4 4  B u c c a l  m u c o s aS R S 0 4 5 0 4 9  B u c c a l  m u c o s aS R S 0 1 9 5 8 7  B u c c a l  m u c o s aS R S 0 1 4 5 7 5  B u c c a l  m u c o s aS R S 0 1 5 1 5 4  B u c c a l  m u c o s aS R S 0 1 5 7 4 5  B u c c a l  m u c o s aS R S 0 1 6 0 3 9  B u c c a l  m u c o s aS R S 0 5 0 6 2 8  B u c c a l  m u c o s aS R S 0 1 7 0 8 0  B u c c a l  m u c o s aS R S 0 1 8 6 6 1  B u c c a l  m u c o s aS R S 0 5 0 0 0 7  B u c c a l  m u c o s aS R S 0 1 5 5 4 0  B u c c a l  m u c o s aS R S 0 4 5 2 5 4  B u c c a l  m u c o s a

S R S 0 1 4 6 9 0  S u p r a g i n g i v a l  p l a q u e

S R S 0 1 9 3 2 9  B u c c a l  m u c o s aS R S 0 1 5 9 8 5  B u c c a l  m u c o s aS R S 0 1 6 5 0 3  B u c c a l  m u c o s aS R S 0 1 6 5 3 3  B u c c a l  m u c o s a

SR S011255  Suprag ing iv a l p laque
SR S015215 Suprag ing iv a l p laque

SR S045313 Suprag ing iv a l p laque

SRS015278 Supragingival plaque

SRS020340 Supragingival plaque

SRS015378 Supragingival plaque

SRS016200 Supragingival plaque

SRS019225 Supragingival plaque

SRS011098 Supragingival plaque

SRS054653 Supragingival plaque

SRS017304 Supragingival plaque

SRS014894 Supragingival plaque

SRS017814 Supragingival plaque

SRS043755 Supragingival plaque

SRS015440 Supragingival plaque

SRS015470 Supragingival plaque

SRS015158 Supragingival plaque

SRS015755 Supragingival plaque

SRS046973 Anterior nares
SRS013836 Supragingival plaque

SRS014476 Supragingival plaque

SRS016746 Supragingival plaque

SRS013170 Supragingival plaque

SRS016043 Supragingival plaque

SRS013533 Supragingival plaque

SRS017511 Supragingival plaque

SRS051244 Supragingival plaque

SRS011126 Supragingival plaque

SRS016331 Supragingival plaque

SRS052604 Supragingival plaque

SRS052876 Supragingival plaque

SRS017139 Supragingival plaque

SRS013723 Supragingival plaque

SRS022536 Supragingival plaque

SRS013252 Supragingival plaque

SRS051941 Supragingival plaque

SRS015574 Supragingival plaque

SRS018394 Supragingival plaque

SRS022725 Supragingival plaque

SRS022149 Supragingival plaque

SRS016575 Supragingival plaque

SRS017691 Supragingival plaque

SRS017227 Supragingival plaque

SRS018157 Supragingival plaque

SRS012285 Supragingival plaque

SRS019980 Supragingival plaque

SRS020226 Supragingiv al plaque

SRS015044 Supragingival plaque

SRS018665 Supragingival plaque

SRS014578 Supragingival plaque

SRS058808 Supragingival plaque

SRS016360 Supragingival plaque

SRS011343 Supragingival plaque

SRS011152 Supragingival plaque

SRS023358 Supragingival plaque

SRS058053 Supragingival plaque

SR S013945 Buc c a l m uc os aSR S016092 Supragingiv al p laque

SR S019591 Supragingiv al plaque

SR S013949 Supragingiv al plaque
SR S018573 Supragingiv al plaque

SR S017445 Supragingival plaque

SR S015899 Supragingival plaque

SR S018337 Supragingival plaque

SRS015650 Supragingival plaque

SRS015989 Supragingival plaque

SRS019387 Supragingival plaque

SRS019333 Supragingival plaque

SRS015947 Supragingival plaque

SRS020862 Supragingival plaque

SR S017025 Supragingival plaque

SRS055401 Supragingival plaque

SRS018312 Anterior nares

SRS015269 Anterior nares

SRS018463 Anterior nares

SRS015640 Anterior nares

SRS019597 Anterior nares

SRS016581 Anterior nares

SRS017156 Anterior nares

SRS015051 Anterior nares

SRS053437 Anterior nares

SRS013155 Anterior nares

SRS013637 Anterior nares

SRS019386 Anterior nares

SRS015450 Anterior nares

SRS051613 Anterior nares

SRS014682 Anterior nares

SRS018784 Anterior nares

SRS017451 Anterior nares

SRS017820 Anterior nares

SRS016292 Anterior nares

SRS012663 Anterior nares

SRS013876 Anterior nares

SRS015996 Anterior nares
SRS019986 Anterior nares

SRS014464 Anterior nares

SRS014901 Anterior nares

SRS015752 Anterior nares

SRS016434 Anterior nares

SRS020232 Anterior nares

SRS017244 Anterior nares

SRS018585 Anterior nares

SRS015430 Anterior nares

SRS052590 Anterior nares

SRS019215 Anterior nares

SRS016513 Anterior nares

SRS018369 Anterior nares

SRS013956 Anterior nares

SRS013269 Anterior nares

SRS054061 Anterior nares
SRS015937 Anterior nares

SR S017697 Anterior nares
SR S058213 Anterior nares

SR S016188 Anterior nares
SR S046344 Anterior nares

SR S011263 Anterior nares
SR S020868 Anterior nares

SR S011132 Anterior nares
SR S012291 Anterior nares

SRS050025 Anterior nares

SRS016553 Anterior nares

SRS016033 Anterior nares

SRS017044 Anterior nares

SRS018671 Anterior nares

SRS019339 Anterior nares
SRS016752 Anterior nares

SRS020386 Anterior nares

Vaginal: PF(222)

GI: Stool (560)

Nasal Cavity: 
AN (281)

Oral: SP (550)

Oral: BM (373) Oral: TD (533)

Dataset Legend

Streptococcus mitis B6

Corynebacterium matruchotii ATCC 33806

Actinomyces sp. oral taxon 171

Bacteroides vulgatus PC510

Bacteroides sp. 4_3_47FAA

Streptococcus oralis ATCC 35037

Neisseria subflava NJ9703

Corynebacterium accolens ATCC 49725

Faecalibacterium prausnitzii A2! 165

Corynebacterium accolens ATCC 49726

Parabacteroides merdae ATCC 43184

Streptococcus sp. M143

Bacteroides uniformis ATCC 8492

Propionibacterium acnes SK137

Butyrivibrio crossotus DSM 2876

Propionibacterium acnes SK187

Streptococcus sp. 73H25AP F0408

Fusobacterium sp. 2_1_31

Eubacterium siraeum DSM 15702

Prevotella melaninogenica D18

Lactobacillus crispatus MV! 3A! US

Propionibacterium acnes J139

Bacteroides sp. D2

Streptococcus pneumoniae TCH8431/19A

Streptococcus pneumoniae str. Canada MDR_19F

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  

  
  

  
  

    
  

 

              
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
 

 
 

 

 
 

 
 

 
 

 
 

 
 
 

 
 

 
 
 
 
 
 

 

 

 

 
 

 
 

 
 

 
 

 

    

     

      

  

  

         

                

    

   

        

      
      

  
  

  
  

  
  

  

  
  

  
  

  
  

  
  

  
  

  
  

        

  
  

  
  

  

        
      

    

    

                

        

      

                    

            

      

  

      

    

  
  

  
  

  
  

  
  

  
  

  
  

  

  
  

  
  

  
  

  

    

  
  

  
  

    
  

        

            

            

                          

  

        

  
  

  

  
  

  

  

  

  

  

  

  

  

  

  

  

  

  

  
  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

    
  

  
  

  
  

  

  
  

  
  

  
  

  
  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  
  

  
  

  

  

  

  

  

  

  

  

  

  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  

  
  

  
  

  
  

  
  

Community structure based clustering (DCPM)
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Clustering of HMP and MH communities

• Clustering based on DCPM
• Manhattan distance 

matrix, average linkage
• 25 most abundant strains 

7

HMP
MH

Prevotella copri DSM18205
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8

-0.3 -0.2 -0.1 0.0 0.1 0.2 0.3

- 0 . 1
0 . 0

0 . 1
0 . 2

0 . 3

hmp and methit dis=sorensen

PCO 1

P C O  2

Sorensen distance matrix; NMCD based on Sorensen with 1st dimension using Bray Curtis. 

Presence / Absence: no separation between HMP and MH

0
5 0

1 0 0
1 5 0

2 0 0
2 5 0

3 0 0

n u m b e r  o f  s p e c i e s

0
5 0

1 0 0
1 5 0

2 0 0
2 5 0

3 0 0

richness

richnessHMP        MH

MH on average captured more species than HMP and has 
higher alpha diversity (not statistically different).
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When abundance (DCPM), richness & evenness is considered

9Significantly different: Shannon and Jevenness

0
1

2
3

4
0

1
2

3
4

alpha diversity indices

hmp
metahit

Shannon Simpson Berger Jevenness-0.4 -0.2 0.0 0.2 0.4

- 0 . 6
- 0 . 4

- 0 . 2
0 . 0

0 . 2

hmp and methit dis=bc

PCO 1

P C O  2

Using  abundance data lead to a separation pattern
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• Phylogenetic approach solves problems with fragmentary, 
non- overlapping reads;

• Absolute view of community complexity without biases 
from existing databases.

• Approach: 
- based on sequence composition, w20-30, s15-30 (RTG phylogeny module);

- metagenomics read trees, similarity distance and hierarchical clustering;
- generate k-mer profile, exclude k-mers that occur more than once;
- compare unique k-mers per sample among samples.

10

Sequence Phylogeny – taxonomy free comparisons
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Clustering retains when changing parameters

11
w20-30 
s15-30 
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12

Strains that are at least at 10% of all the samples 

The most abundant: 
Nasal: Propionibacterium Oral: Streptococcus 
GI: Faecalibacterium Vaginal: Lactobacillus

D
C

P
M
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Common strains

13
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Common strains

14
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Posterior fornix
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Community membership and structure: three approaches

1. 16S: Roche/454 16S V35, normalized to 7000k, RDP @ 0.8 confidence;

2. 16S from WGS: using crossmatch 16S were identified in WGS Illumina 
sequences (70% identity over 90bp of the length. Accept alignments only 
to V35 region);

3. WGS: Alignments to Reference Genomes (DCPM) Depth of coverage 
normalization per 100M bps (depth of coverage*100Mb/#aligned bps);

Normalization was done to scale all the methods.

15
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Alpha diversity

16Simpson index
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Beta diversity

17Euclidean distance matrix
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Concordance among approaches

18

X 1 6 S . W G S 1 6 S W G S . W G S 1 6 S

X 1 6 S . W G S

Posterior_fornix

Stool

Tongue_dorsum

Supragingival_plaque

Buccal_mucosa

Anterior_nares

0.5 0.6 0.7 0.8
Value

Color Key

16S
WGS/16S

WGS
WGS/16S

16S
WGS

Anterior nares

Buccal mucosa

Supragingival plaque

Tongue dorsum

Stool

Posterior  fornix

Pearson's correlation coefficient is plotted: degree of linear relationship between the genera that overlap 
based on 16S, WGS/16S and WGS, and number of species sharing that genera in each of the datasets. 
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Genetic variations in strain shared among the oral sites

• Alignments 95%id + 90%length;
• Streptococcus oralis ATCC 35037

• Filtering of loci before being considered a SNP:
-min. consensus quality 20
-min. read depth 3
-window size for filtering out dense SNPs 10
-max. no. SNPs allowed in window 2

• Major allele: was identified by summing up the occurrence of each base 
across all samples, and selecting the most frequent one.  Then the 
frequency of that base/allele was reported for that loci for each 
sample. 19

Body site Samples Aligned reads
(#) (#) Breadth (%) Depth (X)

Buccal mucosa 42 268,850,352 90% 17--192
Supragingival Plaque 37 993,792,356 92% 21
Tonque dorsum 29 1,236,436,803 70% 7--13

Genome Coverage



Makedonka MITREVA   mmitreva@wustl.edu

Deviation vs. Variation and Shared vs. Union

20

LOCI #1 LOCI #2 LOCI #3 LOCI #4
Reference T T T T
BODY_SITE_A

variation not a snp not a snp deviation
sample1 read1 T T T G
sample1 read2 A T T G
sample1 read3 A T T G

deviation not a snp variation variation
sample2 read1 A T A G
sample2 read2 A T A C
sample2 read3 A T T C
sample2 read4 A T A T
sample2 read5 A T T A

variation not a snp deviation deviation
sample3 read1 G T C A
sample3 read2 T T C A
sample3 read3 C T C T

BODY_SITE_B
deviation not a snp deviation not a snp

sample4 read1 C T A T
sample4 read2 C T A T
sample4 read3 C T A T
sample4 read4 C T A T
sample4 read5 C T A T

not a snp variation variation not a snp
sample5 read1 T A A T
sample5 read2 T A T T
sample5 read3 T T T T

Shared loci Shared loci
Union of all loci present in at least 1 body site

Deviation: all reads within a sample 
conform the same SNP;

Variation: the underlying reads 
conform SNP but different base;

Union of SNPs: one single sample 
had to show that position as a SNP;

Shared SNPs: at least 1 sample 
from each body site had to have 
that position as a SNP.

The top 1000 most shared SNP loci 
per body site
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Genetic variants per body site (108 samples)

Union 269,460 Shared 1,620

21Not-SNPs: all the samples across all loci per body-site that were not SNP
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Union SNPs

22
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Shared SNPs 

23
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Stability over time: SNP concordance between visits

24

•Streptococcus oralis. 
•Analysis of SNPs that are conserved between the 2 visits in a Supragingival Plaque samples.
•Deviation from the reference strain is consistent between the 2 visits. 

Poster #2
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Metabolic profiling

25

• Blastx of the metagenomic shotgun reads vs the KEGG

• HUMAnN: HMP Unified Metabolic Analysis Network (Poster#3)
1. Genes to pathways (MinPath (Ye et al., 2009)
2. Taxonomic limitations (Rem pathways in taxa , ave)
3. Smoothing (Witten-Bell)
4. Gap filling (c(g) = max( c(g), median )
5. Xipe (Distinguish zero/low; Rodriguez-Mueller in review)

• KO & Pathways and Module Coverage
• KO& Pathway and Module Abundance
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KO diversity

26Simpson / Euclidean
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Correlations between visits

27

16S WGS Function

PF
St
SP
TD
BM
AN

Plotting the Pearson correlation coefficients between visit 1 and 2. 
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Correlation between diversity and metadata

28

Canonical Correlation Analysis (CCA) plot of the species represented by Posterior Fornix (shown in blue) with the age,
region, ethnicity and BMI (shown in red). The area outside the inner black circle represents strong correlations.

Age at enrollment
Lactobacillus jensenii
Other Lactobacillus
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Core Biome

29

0 20 40 60 80

0
5

1 0
1 5

2 0
2 5

3 0

16s Core Biome

Number of samples

N u m b e r  o f  G e n e r a

Anterior nares
Buccal mucosa
Supragingival plaque
Tongue dorsum
Stool
Posterior fornix
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Reference Mappings Core Biome

Number of samples
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Decreasing taxonomic plots with increasing number of Individuals, but….
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Interrelated and overlapping information

30

Differential 
KOs (10 fold)

• Nasal 866
• Oral 450
• Stool 252
• Vaginal 48
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Interrelated and overlapping information

30

Community 
structure 

(Core @75%)

Differential 
KOs (10 fold)

• Staphylococcus (1/4)
• Corynebacterium (3/4)
• Propionibacterium (1/4)

• Nasal 866
• Oral 450
• Stool 252
• Vaginal 48
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Interrelated and overlapping information

30

Pathways of 
Ref. Genomes

Community 
structure 

(Core @75%)

Differential 
KOs (10 fold)

• 12 KOs; S. epidermitis
• Two-component 

regulatory system, EIP
• Sense, respond, and 

adapt to changes 

• Staphylococcus (1/4)
• Corynebacterium (3/4)
• Propionibacterium (1/4)

• Nasal 866
• Oral 450
• Stool 252
• Vaginal 48
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Conclusions
• Community structure membership and complexity varies among 

body sites (high concordance when different approaches are 
applied);

• Oral sites have more strains in common than the nasal cavity or 
the vaginal site;

• USA and EU stool samples have similar strains but different 
abundance and sequence structure;

• The function is less diverse than the organismal structure and 
more stable over time;

• The genetic variations can be used to separate body sites from 
the same region, and to monitor strains dynamics within a body 
site over time or among different conditions;

• Interrelated and overlapping information from the shotgun 
metagenomics reads, 16S and reference genomes is a powerful 
combination for studies on human and other metagenomes.     



Makedonka MITREVA   mmitreva@wustl.edu

32

Acknowledgements

Washington University Genome Institute:
•George Weinstock
•Hongyu Gao
•Kathie Mihindukulasuriya
•Kristine Wylie 
•Yanjiao Zhou

HMP DAWG: 
• Data Processing and Mapping (Sarah Young, John Martin) 
• Metabolic reconstruction (Sahar Abubucker, Curtis Huttenhover)
• 16S WG (Erica Sodergren, Dirk Gevers)

•Sahar Abubucker
•Karthik Kota
•John Martin
•Zhengyuan Wang 
•Guohui Zhao 


	The microbiome of Healthy Humans: commonalities and variations �
	OUTLINE
	ANALYSES ARE BASED ON:
	Community structure comparisons
	% Read characterized by the reference genomes
	Slide Number 6
	Clustering of HMP and MH communities
	Slide Number 8
	When abundance (DCPM), richness & evenness is considered
	Slide Number 10
	Clustering retains when changing parameters
	Slide Number 12
	Common strains
	Common strains
	Community membership and structure: three approaches
	Alpha diversity
	Beta diversity
	Concordance among approaches
	Genetic variations in strain shared among the oral sites
	Deviation vs. Variation and Shared vs. Union
	Genetic variants per body site (108 samples)
	Union SNPs
	Shared SNPs 
	Stability over time: SNP concordance between visits
	Metabolic profiling
	KO diversity
	Correlations between visits
	Correlation between diversity and metadata
	Core Biome
	Interrelated and overlapping information
	Interrelated and overlapping information
	Interrelated and overlapping information
	Interrelated and overlapping information
	Conclusions
	Acknowledgements

