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Diversity of Life on Earth

(\/ Bacterial spp. ~10,000
v Fungi ~ 60,000
v Animals and plants ~ 1.3 million

Described species: ~1.5 millions._ )

N

Predicted to exist: >30 millions
Cultivate in the lab: “thousands

How uncultivable bacterial species can be
identified?

How the expression of genes occures in vivo and
in vitro?



Metagenomics

Metagenomics (also Environmental Genomics,
Ecogenomics or Community Genomics) is the
study of genetic material recovered directly from
environmental samples.

Library Deep Advanced
Preparation Sequencing Data Analysis
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* The ongoing revolution in metagenomic
sequencing technology has led to the production
of sequencing machines with dramatically lower
costs and higher throughput.

* Sequencing and analysis can provide relatively
rapid and cost-effective methods for assessing
bacterial diversity and abundance and may be
useful for pathogen discovery and identification.



Human milk Metagenomics

» Human milk contains fat, protein, carbohydrate, minerals and
bacteria..

» Breast milk —> Source of bacteria
Initiation and development Infant Health

of the neonatal gut microflora.

» Bacteria that are commonly found in human milk
Staphylococci

Streptococci

Lactobacilli

Lactococci

Enterococci and

Bifidobacteria
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FROM WHERE THESE
BACTERIA CAME TO THE MAMMARY
GLAND




Studies articulate transmission of bacterial strains from

mother-to-infant through breastfeeding (Albesharat et al., 2011;
Jimenez et al., 2008c; Makino et al., 2011; Martin, 2012; Martin et al., 2006;
Matsumiya et al., 2002).

However, the exact mechanisms by which bacteria reach the
mammary gland have been the subject of much debate over
the years.

Conventionally, it is believed that the presence of bacteria in
human milk is a result of a simple contamination with bacteria
from the mother’s skin or infant’s oral cavity.

Occurrence of Streptococcus in infant saliva, colostrum and
human milk is been established by culture independent and
culture dependent method (Hunt et al., 2011; Jimenez et al., 2008a,b).



The revolutionary hypothesis: ‘active migration’

Breast skin microbiota
+
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(A) Hormonal changes occurring in this period may have an influence on gut permeability, which
could facilitate bacterial uptake. (B) The mother’s skin microbiota and infant’s oral microbiota may
contribute to the establishment of the human milk microbiome. (C) Bacteria from the maternal
intestinal tract may be taken up by different immune cells. The massive migration of immune cells
to the mammary glands could provide another possible route to alter the human milk microbiome.

Ferndndez et al. 2013




Despite these interesting findings, several questions arise
and need to be answered before the ‘migration hypothesis’

could be accepted.

It remains unclear how a bacterium interacts with the
immune cell and is actually transported to the mammary

gland.
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Human Immunodeficiency Virus Load in Breast Milk, Mastitis,
and Mother-to-Child Transmission of Human Immunodeficiency Virus Type 1
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Human immunodeficiency virus (HIV) type 1 load in breast milk and mastitis were examined
as risk factors for vertical transmission of HIV-1. Six weeks after delivery, HIV-1 load and
sodium (an indicator of mastitis) were measured in breast milk from 334 HIV-1-infected

women in Malawi. Median breast milk HIV-1 load was 700 copies/mL. among women with
HIV-1-infected infants versus undetectable (<200 copiesimL) among those with uninfected
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Can bacteria in human milk influence maternal
and infants’ health...?

 Bacteria present in human milk may be crucial in
programming the immune system to respond to antigens,
pathogens and commensal bacteria (ponnet-Hughes et al., 2010).

* It has been demonstrate that L. fermentum and L.
salivarius, isolated from breast milk are able to activate NK

cells, CD4+ T cells, CD8+ T cells and regulatory T cells.(rere:-
Cano et al. 2011)

L. fermentum has been accounted to reduce incidence of
gastrointestinal and upper respiratory tract infections in
infants (Maldonado et al., 2012).
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» The use of more sophisticated culture-dependent
and independent techniques to study the Milk
Microbiome has revealed a complex ecosystem
with a much greater diversity than previously
anticipated.

» Comparative metagenomic analyses identified
unique and/or over-abundant taxonomic and
functional elements within milk microbiomes.

» These genetic attributes may help in better
understanding of microbial genetic factors that are
relevant to human health.



International Status

» First study on bacterial diversity of human milk from healthy
women was reported in 2003, based on in vitro culturing
methods (Heikkila and Saris, 2003; Martin et al., 2003).

» During 2007 to 2010, it was sophisticated -based on 16s rRNA
gene sequencing, real time PCR and Quantitative PCR.

» Till 2010 bacterial diversity based on culture dependent
methods were investigate.

» It Included bacterial like Lactobacillus, Bifidobacterium,
Staphylococcus, Streptococcus, Enterococcus, Weisella.



»In 2011, Hunt et al. used new approach 1Ii.e. 454-
pyrosequencing

» They characterized the microbial diversity and temporal
stability of bacterial in American lactating mother.

» Using similar approach, researcher of different country
(Finland, Mozambique, Switzerland, Canada, Slovenia
Germany and Austria) carried out similar study

» All the studied showed abundance of genera Pseudomonas,
Staphylococcus, Serratia, Corynebacterium, Ralstonia,
Streptococcus, Sphingomonas, Bradyrhizobium and
Propionibacterium in human milk.



National status:

» There are no significant reports demonstrating milk
microbiome except few.

» Presence of Lactobacillus fermentum, Enterococcus mudtii,
Enterococcus faecium, lactobacillus reuteri 1.e. beneficial

bacteria in breast milk (vaibhav et al., 2012 and Anandharaj &
Sivasankari, 2013).

» Vaidya et. al 2015 explore the microbial community
present in human milk using culture dependent
method



Significance of the study

 Role of microbes on Infant health can be
studied.

* Unexplored microbial community can be studied
using culture-independent techniques.

* Information gained can help In formulating
maternal diet and baby food.






1. Amplicon preparation

DNA isolation from healthy breast milk

i

The primers (Forward, 100F: 5’-CCA TCT CAT CCC
TGC GTG TCT CCG ACT CAG XXX XXX XXX X

Reverse 517R, 1: 5°- CCT CTC TAT GGG CAG TCG
GTG GAT B
Red font: lon Torrent specific adapters; Blue font:
sequencing key for calibrating signal intensity at the
beginning of the sequencing run; Purple font: X...X: 10
bp barcode; orange font: template-specific primers;

PCR reaction mixture:

Reagents Volume (ul)

Buffer 5
MgCl, 0.5
dNTPs 1

Tag DNA polymerase 1
Forward primer il
Reverse primer il
Template 1
Miliq water 245

1 0o

Human milk

Adaptor Sequence barcode 16s rRNA

Key gene primer
Primer
. AGCT SN 3
; ‘Nucleotides=used to T
t create the Primers=specific to the
complimentary DNA  section of DNA to be
strand. copied.

DNA=

wisnbe . REACTION BUFFER + water

copied. ,  enables the chemical
reaction to take place.

Tag polymerase=enzyme that reads
the original DNA sequence and
makes a complimentary copy.

PCR reaction Mixture



PCR condition l l

—————————— = Templat : :::x:sr: P . = Taq polymerase {:} = Heating
Condition Temperature Time - B } (enzyme)
95°C

Mix - g

Initial 5min “seevp €@ Ameaing o — =

Denaturation | —pe e

4 dNTPs:j =i

Denaturation 95°C 30 sec =y o

30 — €% ()

Annealing 60°C 45 sec Cycle . .

Extension 72°C 60 sec Nt -

Final 72°C 10 min .o g SR
Extension Amplification of DNA

2. Amplicon Purification, Quantification and Pooling

Gel DNA Purification Kit

Run the amplicon in 2% agarose gel and Approx 500 bp . = = 7 1 o eocasorsncs
size band was selected and cut using a clean scalpel s
‘ » Gel lysis (A GF or)
An excised band was weighted and purified by Gel -
Extraction kit B
‘ centrifuge C ===
. Washing ( )
All the amplions were pooled in equimolar concentration  cenwiruoe
Elution ( . 3 )
centrifuge C —=—n

Pure DNA fragment

Q' Qurbitflurometer

Quantity of amplions was determined by
Qurbitflurometer (Invitrogen. USA).



4

Quality was checked by Bioanalyzer High
sensitivity chip (Agilent. USA)

Preparing the Gel-Dye Mi

0000 [eReRe] ]
0000 o0oCe
oooe o000
0000 [eNeRe] ]

pressurize 9 pl gel-dye

LN Je) 0000 ( X X _Jo)
[ XX Je) 0000 ®9 80
[ X X Je] 0000 (X X Jeo
0000 [e)oX Jei [ X X Je

1 pl sample 1 pl ladder 5 pl marker

Final concentration of amplicons was made to
26 pM by diluting the purified amplicon.



3. Emulsion PCR

Ideal microreactor
containing one strand of
library DNA, primers,

one bead and PCR mix

— Emulsion oil _>

Make emulsion
PCR mix (e.g. by mixing)

Bead

Library DNA Start PCR

3. Extension : polymerase

amplifies the forward 2. Annealing : ONE fragment
strand starting from the (reverse strand) anneals to
bead towards the primersite adaptersite on the bead 1. Denaturation of V8 00 000000000000
e NN library fragment
@ ANNANANANAN ~ A ~
— p
ACOTOTOTOCOIN (‘ 2
ANNNANNNS
ANNANNNANANT

4. Denaturation : origigal reverse strand denatures
from the bead, the fi rd strand is connected to
the bead by the sugarfphosphate backbone of DNA

g / LL“H“\,L/: \ N T
(c ANNANNNNS (‘ f\ij‘:-:::!‘cﬂ:c:fc\occ

B 7. Repeat PCR steps
4 - 5 - 6 for 30- 60 cycles.

ANNNNNN 5. Annealing : reverse 6. Extension : polymé&fhse

::;:n?e‘asr;?::ft:?e amplifies the forward strand starting
P from the bead towards the primersite, and

bead, primer anneals %
to oriard atitad the reverse strand starting from the primer towards the bead oy o

|

Andy Vlestraete , 2012



I[deal Outcome Non- Ideal Outcome

No template No ISP Polyclonal “mixed” Duplicates
reads reads

Andy Vlestraete , 2012



Quantification of the library is important!

0?"0 Not enough library =
lots of empty ISPs

Too much library =
lots of polyclonal
“‘mixed” reads

It's all about balance

ul of Library per tube= Desired molecule per bead x 35 x 10° Beads per tube
Library concentration (in molecules/ul)

Andy Vlestraete , 2012



4. Enrichment : select only the beads that contain
DNA & maximizing sequencing vield

Primer with biotin

_

lAdd Magnetic Streptavidin Bead

e___

lmmobze with magnet and wash

|
chnature bead containing ssDNA with NaOH

Andy Vierstraete (2012)

Andy Vlestraete , 2012




lon 316™ Chip:

lon 318™ Chip:

Loading port

Centrifuge
adapter
bucket

iINTD

TCA
1

i

[Key Sequence AA

lonogramme

mh

“ l _|A|||£|||||”||IJ |

i

o

2 0

Flow

80

5. Sequencing using lon Torrent PGM Platform

Andy Vlestraete , 2012



6. Data quality filtration using PRINSEQO

e g * Upload a new dataset

Please =elect yvour input data Mew input

“ou can upload FASTA files, either uncompressed or compressed (ZIP, BZIPZ, LEOP, or GEIP format).

+ Select a FASTA file to upload

ISEQ (PReprocessing and INformation of SEQuences)tool o;
) Or prowvide the URL to the FASTA file {2.g. http:/enara. mydomain. comdmy file. )

stcs of your sequence data for sequence length, GC content, qually
85, complexiy tag sequences, poly-AT tails, odds ratos, ..

0 remove sequence copies, short or long sequences, low qualty or
ces, sequences wih NS, .

Please select how long we should kesp your data.
Delete data after 1 day (24 h) Delete data after 1 week (168 h)
“ou can access and share youwr uploaded data for the time specified using a unigue 1D, The 1D is provided

to you after the preprocessing of your data.

Please select the statistics you want to generate.

Basic Length distribution
GG content distribution
All None
: " Oocursnces of M
Upload data Access data Get report Usage stats Help / FAQ
Fast processing Poij-AT taills
Tap sequance chack
All Mone
Saquencs duplication [sxact only)
To see the resuts of example data sets, click on "Access data". For the documentation, standalone version, Assambily qusitty messurs
and the fatest updales (o fo ntlp://prinseq,sourceforge.nel.
Slow processing Sequants compksity
Dinucisotids oods ratios
All None
Saqueanca duplicetion [sxact - 5157) *
e = Please note that 573 seguence duplicates will onhy be identified for files less than 168 in sizs
If you use PRINSEQ), please cite: (mcomp )

Schmieder R and Edwards R: Quality control and preprocessing of metagenomic datasets. Boinformatice
2011, 27:863-864. [PMID: 212781851 Continue



7. Data Analysis using MGRAST

ORGANISM ABUNDANCE

Representative Hit
Classification

»Best Hit Classification
Lowest Commaon Ancestor

FuncTIONAL ABUNDANCE

(©)
Metagenomes

Annotation Sources

Max. e-Value Cutoff

Min. % Identity Cutoff

Min. Alignment Length Cutoff

Workbench

RDP
1e-5
B0 %
20

[] use features from workbench

Hierarchical Classification &)
&)
All Annotations i [ ’ ey
. -
o —— | (I
PN Ui 11} . N,
() barcha ) free () table ([)heatmap (g PCoA () rarefaction generate
-
This data was calculated for metagenomes 4559452 3, 45594643, 4559463.3, 4559462 3, 45584613, 4559460.3, 45594503, 4559458.3, 4559457 3, 4550436.3, 43594553,
4559454 3 45594533, 4559451 3 and 4559430 3. The data was compared to RDP using a maximum e-value of 1e-3, a minimum identity of 80 %, and a minimum alignment length of

20 measured in aa for protein and bp for RNA databases.
The data has been normalized to values between (0 and 1. If you would fike to view raw values, redraw using the form below

redraw usind | normalized :'u'aluesand bray-curtis :distance

The image is currently dynamic. To be able to right-click/save the image, please click the static button

[ Caflnls D ms vm L meeds ivmpm memed Dk R~ o






1. Metagenomic library preparation & Quality of
amplicon:

primer1

The total DNA from 16 milk samples
of healthy volunteer women was
subjected to 16S rRNA gene
amplification by 100R and 517F

Ladder [F]
[FU] $ 160
5001 J’Q
,]90 140 o
400 S & 120+ \96’
N Y ® 6@ § Q@ ‘ 1
'\9 © /\QQ N 1 } 100
| 1 )
300
] ‘ 804
‘ | , ‘ &
200 | 9 60
‘ ‘ { ’ \ '\/65 ol
| | ‘\ | A 40-
100 ‘ \ ] l £ |
S witivia e S
T T T I T T I T I T T T T T _20_
35 100 200 300 400 500 700 2000 10380 [bp] T — T T — T |

T T T
35 100 200 300 400 500 700 2000 10380 (bp]



2. Data generated after quality filtration using
PRINSEQ

No. of Sequences
after QC

Sample
ID

No. of

Sequences

154309
190510
209893
261099
164639
261066
199861
266239
141563
63464
178099
99999
69988
45143
29103

144633(93.73%)
180060 (94.51%)
194660(92.74%)
246814 (94.53%)
154147 (93.63%)
244391 (93.61%)
188814 (94.47%)
253776 (95.32%)
134043 (94.69%)
59422 (93.63%)
165698 (93.04%)
94422 (94.42%)
65729 (93.31%)
42466 (94.07%)
27531 (94.60%)

bp count
after QC

47427437
61967846
6643494
73764368
51250545
728769
56551411
74191890
37357392
21029859
55840524
28185925
18679335
12209569
/898606

Average length

of Sequences
(bp)

328
344
341
299
314
435
286
281
266
334
317
284
270
273
274

Mean GC%
after QC

54.91+2.11%
54.41+2.02%
54.44+2.25%
55.60+1.78%
54.73+2.15%
55.51+1.99%
55.81+1.79%
55.72+1.69%
55.66+1.85%
54.54+2.16%
54.26+2.70%
55.24+2.10%
55.31+2.29%
55.70+£1.82%
55.78+1.72%




3. Alpha _diversity

» Using alpha diversity, the number (richness) and distribution (evenness) of taxa expected
within a single population can be identified.

» These give rise to figures known as collector’s or rarefaction curves, since increasing
numbers of sequenced taxa allow increasingly precise estimates of total population diversity.

» An alpha diversity measure thus acts like a summary statistic of a single population.
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4. Beta diversity

In order to view relationships among samples based on differences in phylogenetic diversity,
principle coordinates (PC) were calculated from jackknifed-UniFrac distances between
samples and used to construct three-dimensional principal coordinate analysis (PCoA) plots
Also changes of the bacterial community in response to different environmental conditions
were examined

However, the PCoA analysis revealed that all samples were assigned to one site of the plot
in relation to their geographical region
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6. Class level classification

I

L5 1 51 o5 B &0

Deinococci

Mollicutes

Synergistia

Fusobacteriia

Epsilonproteobacteria

Spirochaetia

Liliopsida

Negativicutes

Deltaproteobacteria

Unclassified (derived from cynobacteria
Flavobacteria

Unclassified (derived from streptophyta)
Fibrobacteria

Unclassified (derived from bacteria)
Gammaproteiobacteria

Unassigned

Bacilli

Actinobacteria (class)

Alphaproteobacteria
Bacteroidia
Unclassified (derived from Proteobacteria)

Betaproteobacteria
\Unclassified (derived from unclssified sequences
Clostridia

i
é
é

HY H12 H10 HIl HS HIS K13 Kl H H4 Hé H3 HJ H-14 H2



/. Family level classification
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H7 H8 H9  H10
Sample ID
m Bacillaceae

m Paenibacillaceae
m Lachnospiraceae
Lactobacillaceae

Hi1l

H12 H13 H14 H15

m Staphylococcaceae

® Moraxellaceae

= Caulobacteraceae
Eubacteriaceae



% abundance
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8. Genus level classification

H3 H4 H5

m Klebsiella

® Serratia

= Enterococcus
m Citrobacter

= Paenibacillus

H6 H7 H8
Sample ID

m Bacillus

® Enterobacter

® Ralstonia

= Edwardsiella
Burkholderia

H9

H10 H11 Hi12

® Pantoea

= Staphylococcus

® Raoultella

= Pectobacterium
Brevibacillus

H13 H14 H15

®m Cronobacter

® Leclercia

= Lysinibacillus

= Clostridium
Lactobacillus



Ward et al. BMC Microbiclogy 2013, 13:116
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RESEARCH ARTICLE Open Access

Human milk metagenome: a functional capacity
analysis

Tonya L Ward', Sergey Hosid'?, llya loshikhes'# and lllimar Altosaar'?

, Abstract

Background: Human milk contains a diverse population of bacteria that likely influences colonization of the infant
gadgrointesginal tract. Recent studies, however, have been limited to characterization of this microbial community by
16S rMNA analyss. In the present study, a metagenomic gpproach using lllumina sequencing of a pooled milk
sample (ten donors) was employed to determine the genera of bacteria and the types of bacterial open reading
frames in human milk that may influence bacterial establishment and sability in this primal food matrix. The
human milk metagenome was also compared to that of breast-fed and formula-fed infants' feces (n = 5, each) and
mothers feces (n= 3) a the phylum level and at a functional level usng open reading frame abundance.
Additionally, immune-modulatory bacterial-DNA motifs were also searched for within human milk.

Results: The bacteria community in human milk contained over 360 prokaryotic genera, with sequences aligning
predominantly to the phyla of Protecbacteria (65%) and Rmicutes (349%), and the genera of Pssudomonas (61.199),
Saphylococcus (33.4%) and Sreptococcus (0.5%). FFom assembled human milk-derived contigs, 30,128 open reading
frames were annotated and assigned to functional categories. When compared to the metagenome of infants and
mothers feces, the human milk metagenome was less diverse at the phylum level, and contained more open
reading frames associaied with nitrogen metabolism, membrane transport and stress response (P< 0.05). The
human milk metagenome also contained a similar occurrence of immune-modulatory DNA motifs to that of infants
and mothers fecal metagenomes.

Conclusions: Qur results further expand the complexity of the human milk metagenome and enforce the benefits
of human milk ingestion on the microbial colonization of the infant gut and immunity. Discovery of immune-
modulatory motifs in the metagenome of human milk indicates more exhaugive analyses of the functionality of
the human milk metagenome are warranted.

Keywords: Human milk, Microbiome, Metagenome, Bacteria, lllumina, DNA, Open reading frames,
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Characterization of the Diversity and Temporal Stability
of Bacterial Communities in Human Milk

Katherine M. Hunt'®, James A. Foster®®, Larry J. Forney*®, Ursel M. E. Schiitte? Daniel L. Beck*®, Zaid
Abdo*®, Lawrence K. Fox*, Janet E. Williams', Michelle K. McGuire>, Mark A. McGuire'-®*

1 Department of Animal and Veterinary Science, University of [daho, Moscow, Idaho, United States of America, 2 Department of Biological Sciences, University of ldaho,
Moscow, Idaho, United States of America, 3 Department of Statistics, Department of Mathematics, University of Idaho, Moscow, Idaho, United States of America,
4 Department of Veterinary Clinical Science, Washington State University, Pullman, Washington, United States of America, 5 School of Biological Sciences, Washington
State University, Pullman, Washington, United States of America, 6 Initiative for Bioinformatics and Evolutionary Studies (IBEST), University of Idaho, Moscow, Idaho, United
States of America

Abstract

Recent investigations have demonstrated that human milk contains a variety of bacterial genera; however, as of yet very
little work has been done to characterize the full diversity of these milk bacterial communities and their relative stability
over time. To more thoroughly investigate the human milk microbiome, we utilized microbial identification techniques
based on pyrosequencing of the 16S ribosomal RNA gene. Specifically, we characterized the bacterial communities present
in milk samples collected from 16 women at three time-points over four weeks. Results indicated that milk bacterial
communities were generally complex; several genera represented greater than 5% of the relative community abundance,
and the community was often, yet not always, stable over time within an individual. These results support the conclusion
that human milk, which is recommended as the optimal nutrition source for almost all healthy infants, contains a collection
of bacteria more diverse than previously reported. This finding begs the question as to what role this community plays in
colonization of the infant gastrointestinal tract and maintaining mammary health.

Citation: Hunt KM, Foster JA, Forney L, Schiitte UME, Beck DL, et al. (2011) Characterization of the Diversity and Temporal Stability of Bacterial Communities in
Human Milk. PLoS ONE 6(6): e21313. doi:10.1371/journal.pone.0021313

Editor: Dan Zilberstein, Technion-Israel Institute of Technology, Israel
Received March 22, 2011; Accepted May 25, 2011; Published June 17, 2011

Copyright: © 2011 Hunt et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits
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Table 1. Genus assignments of the 9 OTUs identified in every
sample (n=47) and their relative abundance (%).

Core OTU Genera

Relative abundance of OTU
in total community (%)

Staphylococcus
Streptococcus
Serratia
Pseudomonas
Corynebacterium
Ralstonia
Propionibacterium
Sphingomonas
Bradyrhizobiaceae

Sum of all “core” OTUs

158
8.2
76
45
38
3.7
36
24
1.9
515

doi:10.1371/journal.pone.0021313.t001






Using 16s rRNA gene amplicon sequencing were performed using 16 healthy breast
milk to explored bacterial diversity

Health of breast was interpreted base on somatic cell count.
The data were analyzed in MG-RAST using best hit approach with 80% identity.

86% sequences are predominantly aligned with the phyla Proteobacteria followed
by Firmicutes.

Genus like, pseudomonas (11.94%), bacillus (5.81%), pantoea (4.24%), escherichia
(3.88%), serratia (3.74%), staphylococcus (2.46%), enterococcus (0.19%),
lysinibacillus (0.12%), erwinia (0.10%), brevibacillus (0.02%), paenibacillus (0.02%),
lactobacillus (0.02%), anoxybacillus (0.01%), brevundimonas (0.01%) and yersinia
(0.01%) were detected in all samples.

Our results indicate that breast milk has a dynamic microbial ecology with a
microbiota composed of skin- and enteric-associated bacteria and pathogens. With
improved
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