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The	Microbiome/Microbiota 



The	Human	Microbiome 

HMP	2008-2013,	funded	by	NIH		
	
q  characterized	the	microbial	communi?es	at	several	different	sites	on	the	human	body	

q  Ini?al	16S	&	mWGS	metagenomic	studies	to	generate	an	es?mate	of	the	complexity	of	the	microbial	community		
at	each	body	site,	providing	ini?al	answers	to	the	ques?ons	of	whether	there	is	a	"core"	microbiome	at	each	site	
	
q  Demonstra?on	projects	to	determine	the	rela?onship	between	disease	and	changes	in	the	human	microbiome	

q  Development	of	a	reference	set	of	3,000	isolate	microbial	genome	sequences	

q  Development	of	new	tools	and	technologies	for	computa?onal	analysis	

q  establishment	of	a	data	analysis	and	coordina?ng	center	(DACC),	and	resource	repositories	

hTp://hmpdacc.org/	



The	Human	Microbiome 

iHMP	creates	integrated	longitudinal	datasets	of	biological	proper?es	from	3	different	cohort	studies	of	
	microbiome-associated	condi?ons		using	mul?ple	"omics"	technologies.		

Cell	Host	Microbe.	2014	Sep	10;16(3):276-89	

Project	1:	Pregnancy	&	Preterm	Birth	



The	Human	Microbiome 

iHMP	creates	integrated	longitudinal	datasets	of	biological	proper?es	from	3	different	cohort	studies	of	
	microbiome-associated	condi?ons		using	mul?ple	"omics"	technologies.		

Cell	Host	Microbe.	2014	Sep	10;16(3):276-89	

Project	2:	Onset	of	Inflammatory	Bowel	Disease	(IBD)	



The	Human	Microbiome 

iHMP	creates	integrated	longitudinal	datasets	of	biological	proper?es	from	3	different	cohort	studies	of	
	microbiome-associated	condi?ons		using	mul?ple	"omics"	technologies.		

Cell	Host	Microbe.	2014	Sep	10;16(3):276-89	

Project	3:	Onset	of	Type	2	Diabetes	



The	Human	Microbiome 

q  The	human	gut	microbiome	in	health	and	disease		

q  mWGS	



The	Human	Microbiome 

microbiome	

Health/disease	 Age/development	

Immune	response	



The	Earth/Environmental	Microbiome 

hTp://www.earthmicrobiome.org/	
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The	Microbiome	study 

Xochitl	Morgan	et	al.	Trends	in	GeneQcs	2013		



vs.	

Mothur	





Reference-based	method	

de	novo	assembly	



Outlines 

The	workshop:		2	hours	per	day	over	3	days. 
 	
	 
Day	1.		
i)	how	to	perform	the	16S	rRNA-based	analysis	using	bioinforma?cs	pipeline	QIIME		 

 

Day	2.	
i)	Introduce	sta?s?cal	analyses	in	QIIME	
	

Day	3.	

i)			Func?onal	analyses	of	the	microbiome 

ii)				Open	Q&A	
	



Outlines 

Universal,	unbiased,	dis?nguishable	－>16S	rRNA	gene	
V1-V3:	human	skin/vaginal	microbiome	
V3-V5:	human	gut	microbiome	
V4:							human	gut	microbiome	or	soil	microbiome	



Outlines 

fungal	ITS	sequences	





Outlines 

	 
We	will	demonstrate	16S	amplicon	analysis	using	QIIME	

a)	Run	QIIME	on	Hoffman2	or	local	installa?on 

b)	Sequence	data	prepara?on	

c)	Opera?onal	Taxonomic	Units	(OTU)	picking,	Taxonomic	assignment	&	inferring	phylogeny	

d)	microbiome	diversity	analyses	 



Useful UNIX Commands:  
Covered in Workshop 1 & 2 

•  Where am I?      pwd 
•  Current directory   ./ 
•  Home directory   ~/ 
•  Change directory   cd ~/data 
•  Move up one level   cd .. 
•  List files in folder                ls 
•  Look at a file    less fileName 
•  Copy a file   cp ~/data/file ~/otherdir/ 
•  Delete a file    rm fileName 
•  Delete a directory   rmdir ~/dirName/ 
•  Move a file    mv ~/data/file ~/otherdir/file 
•  Secure copy    scp user@host1:dir/file user@host2:dir/file 
•  Compress a file   gzip –c file > file.gz 
•  Uncompress a file   gunzip file.gz     
•  Make a new folder   mkdir data2   
•  Count lines in a file  wc –l fileName 



Questions/In Doubt/Lost? 

•  Unix manual: man functionX 
 
•  Google is your best friend! 

•  Any of your friendly QCB fellows  



a)  Run	on	Hoffman2 

A	shared	account	on	mac	for	students:	
	
login:	workshop	
password:	NGS_Analysis	
	
Login	in	hoffman2: 
ssh	biosbc@hoffman2.idre.ucla.edu	
qrsh 

Qiime	is	in	: 
cd /u/local/apps 

Load	Qiime: 

module load qiime 



Logging into Hoffman2 

ssh biosbc@hoffman2.idre.ucla.edu 

change to your user ID 



a)  Run	on	Hoffman2 

A	shared	account	on	mac	for	students:	
	
login:	workshop	
password:	NGS_Analysis	
	
Login	in	hoffman2: 

ssh	biosbc@hoffman2.idre.ucla.edu	
qrsh 

Qiime	is	in	: 

cd /u/local/apps 

Load	Qiime: 

module load qiime 



Useful Tools on Hoffman2 
ls /u/local/apps/ 



a)  Run	on	Hoffman2 

A	shared	account	on	mac	for	students:	
	
login:	workshop	
password:	NGS_Analysis	
	
Login	in	hoffman2: 
ssh	biosbc@hoffman2.idre.ucla.edu	
qrsh 

Qiime	is	in	: 

cd /u/local/apps 

Load	Qiime: 

module load qiime 



On Hoffman2 Interactively 

#grab a Hoffman2 session: 
  

qrsh -now n -l i,mem=5G,time=02:00:00,exclusive=TRUE -pe shared 6 

time limit of the session 
 (default is 2 hours, 24hrs max) 

Request exact configuration Reserve the whole node 

Memory requested per core (default is 1G) 

qrsh	

or	

Request 6 cores 



a)	MacQIIME	local	installaFon	 

QIIME	have	a	lot	of	dependencies	.		
The	quickest	way	to	get	started	using	QIIME	VirtualBox	or	MacQIIME			
hTp://qiime.org/1.9.0/install/install.html	
	
	
MacQIIME:	
a1)	Download	MacQIIME	(hTp://www.wernerlab.org/sojware/macqiime/macqiime-installa?on)	
	
	
a2)	install	MacQIIME	
Copy	macqiime	folder	to	root,	and	then	copy	"macqiime"	script	to	/usr/bin/	
	
	
source	the	environment	variables	
	
	
Tutorial,	test	data	&	test	script:	
/macqiime/QIIME/	
	

tar -xvf MacQIIME_*.tgz 

./install.s 

source /macqiime/configs/bash_profile.txt 



a)	QIIME	VirtualBox	installaFon	 

QIIME	VirtualBox	(Linux,	windows,	Mac):		
a1)	Download	and	install	oracle	VirtualBox	(hTp://qiime.org/1.9.0/install/virtual_box.html)		
a2)	Download	the	QIIME	Virtual	Box	
a3)	Create	a	new	virtual	machine	



Outlines 

	 
We	will	demonstrate	steps	for	

a)	Run	QIIME	on	Hoffman2	or	local	installa?on 

b)	Sequence	data	prepara?on	

c)	Opera?onal	Taxonomic	Units	(OTU)	picking,	Taxonomic	assignment	&	inferring	phylogeny	

d)	microbiome	diversity	analyses	 



Flowchart 

(b) 
(c) 

(d) 



Flowchart 

1.  SFF	(raw	454	data,	op?onal)	
2.  fasta/qual	files		
3.  demul?plexing/quality	filtering	

4.  OTU	picking	
5.  representa?ve	sequences	
6.  taxonomic	assignments/tree	building	

7.  OTU	table	and	downstream	processing	

(b)	Sequence	data	prepara?on	
 

(c)	Opera?onal	Taxonomic	Units	(OTU)	picking,	
	Taxonomic	assignment	&	inferring	phylogeny	
 
(d)	microbiome	diversity	analyses	 



Flowchart 

(b) 



b)	Data	prepara?on 
We	will	start	out	with	raw	sequencing	data	generated	on	454	
	

• 	Sequences	(.fna):	454	generated	FASTA	file.		
• 	Quality	Scores	(.qual):	454	generated	quality	score	file	

• 	experimental	data	about	the	samples	(Mapping	File)	generated	by	user.	 

On Hoffman2, copy all the files you need to scratch folder 
cd	$Scratch	
pwd 
 
cd /u/home/b/biosbc/ 
cd	/u/local/apps/qiime/1.8.0/examples/qiime_tutorial/	
cp /u/local/apps/qiime/1.8.0/examples/qiime_tutorial/*		/u/home/b/biosbc/   

change to your ID 



b)	Data	prepara?on 
Standard	flowgram	format	(SFF)	is	a	binary	file	format	used	to	encode	results	of	454	
pyrosequencing	

-f	--make_flowgram	

• 	Sequences	(.fna):	454	generated	FASTA	file.		
• 	Quality	Scores	(.qual):	454	generated	quality	score	file	

process_sff.py -i Fasting_Example.sff -f -o output_dir 



b)	Data	prepara?on 

Mapping	File 

split_libraries.py -m Fasting_Map.txt -f Fasting_Example.fna -q Fasting_Example.qual -o split_library_output 

assign	the	mul?plexed	reads	to	samples	based	on	their	nucleo?de	barcode	(demulQplexing) 



b)	Data	prepara?on 
•  split_library_log.txt	:	summary	of	demul?plexing	and	quality	filtering,	including	the	number	of	reads	detected	for	

each	sample	and	a	brief	summary	of	any	reads	that	were	removed	due	to	quality	considera?ons.	

•  histograms.txt	:	tab-delimited	file	shows	the	number	of	reads	at	regular	size	intervals	before	and	ajer	spliong.	

•  seqs.fna	:	fasta	formaTed 

This	step	also	performs	quality	filtering	based	on	the	characteris?cs	of	each	sequence,	
removing	any	low	quality	or	ambiguous	reads. 

-l,	--min_seq_length	
Minimum	sequence	length,	in	nucleo?des	[default:	200]	
-t,	--trim_seq_length	
Calculate	sequence	lengths	ajer	trimming	primers	and	barcodes	[default:	False]	
-s,	--min_qual_score	
Min	average	qual	score	allowed	in	read	[default:	25]	

split_libraries.py -m Fasting_Map.txt -f Fasting_Example.fna -q Fasting_Example.qual -o split_library_output  



b)	Data	prepara?on 

split_libraries_fastq.py –i  fastq.gz –b barcode.fastq.gz --rev_comp_mapping_barcodes –o outdir/ -m Fasting_Map.txt -q 19 

Illumina	runs:	
demul?plexing	of	Fastq	sequence	data	where	barcodes	and	sequences	are	contained	in	
two	separate	fastq	files.	
	
Demul?plex	and	quality	filter	(at	Phred	>=	Q20)	one	lane	of	Illumina	fastq	data 



Flowchart 

(b) 


