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THE TROUBLE WITH

BY RICHARD VAN NOORDEN

A surge in withdrawn papers is highlighting
weaknesses in the system for handling them.
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“the frequency of retraction varies among journals and shows
a strong correlation with the journal impact factor”

Fang 2011 Infect. Immun.
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Publications with significant human error that have not been retracted

Comparison of the transcriptional landscapes between
human and mouse tissues

“the expression for many sets of genes was found to be more similar in
different tissues within the same species than between species”

ARI:[‘ I E 174 | NATURE | VOL 473 | 12 MAY 2011

doi:10.1038/nature09944
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Enterotypes of the human gut microbiome

we identify three robust clusters (referred to as enterotypes hereafter) that
are not nation or continent specific ... mostly driven by species compaosition

LETTERzzs NATURE | VOL 502 | 10 OCTOBER 2013

d0i:10.1038/nature12511

Genome-wide signatures of convergent evolution in
echolocating mammals

2 . .
% More genes underwent positive selection in
2_4 chimpanzee evolution than in human evolution

Snyder mouse controversy Human — Mouse TMRCA
“the expression for many sets of genes was “[after accouNnQ\Q] MYHQ‘ batch effect,
found to be more similar in different tissues ~BEATR 22K1d RERPY
within the same species than between tissue, ?:E)t by speﬁ%’yGTaﬁﬂand )
species” Lin et al. 2014 PNAS Mizrahi-Man 2015. F1000 Research
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Baich effect: confounding sequencing grouping
with biological grouping

D87PMIN1 D87PMIN1 D4LHBFN1 MONK HWI-ST373

(run 253, (run 253, (run 276, (run 312, (run 375,

flow cell flow cell flow cell flow cell flow cell
D2GUAACXX, D2GUAACXX, C2HKJACXX , C2GR3ACXX, C3172ACXX,

lane 7) lane 8) lane 4) lane 6) lane 7)

heart adipose adipose heart brain

kidney adrenal adrenal kidney pancreas

liver sigmoid colon sigmoid colon liver brain

small bowel lung lung small bowel spleen

spleen ovary ovary testis ® Human
testis pancreas ® Mouse

Solution = Keep technical effects orthogonal to biological
* Mouse & Human in same lane, same fissues in same lane
« Will your Core facility know to do this for you?

ARTICLE 174 | NATURE [ VOL 473 | 12 MAY 2011

doi:10.1038/nature09944

Enterotypes of the human gut microbiome

we identify three robust clusters (referred to as enterotypes

154 pyrosequencing-based
16S sequences

hereafter) that are not nation or continent specific ... mostly
driven by species composition
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doi:10.1038/nature12511

Genome-wide signatures of convergent evolution in
echolocating mammals

a Hypothesis H,, (species tree) Hypothesis H, (‘bat-bat convergence’)
All other mammal lineages
Armadillo Atlantogenata i
Elephant o9 ;iagilﬂfuzzh bat W Non-echolocating bats
Chimpanzee Little brown bat y¢
Mouse Parnell’'s moustached bat X
Pika Greater horseshoe bat W Echolocating bats
Rabbit Euarchontoglires Greater false vampire bat W

Hypothesis H, (‘bat-dolphin convergence’)

Laurasiatheria
na All other mammal lineages
Bog(l;a\zose dolphin e Large fying fox W
i Straw-coloured fuit bat Y. Non-echolocating bats
PLaJmnlee]Zomw:ut:;:ed bat W Chiroptera; Yangochiroptera Little brown bat ¢
Large flying fox s, (all echolocating) Pamell's moustached bat ¢ )
Straw-coloured fruit bat Y. | Greater horseshoe bat W Echolocating bats and
Chiroptera; Yinpterochiroptera | Greater false vampire bat ¥ | dolPhin
Greater horseshoe bat ¢
Greater false vampire bat W (echolocating and non-echolocating) L— Bottienose dolphin e

Parker et al. 2013. Nature 502:228-231.
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“Strong and significant support
for convergence among bats
and the bottlenose dolphin was
seen in numerous genes linked -

to hearing or deafness, .
consistent with an involvement

in echolocation.”
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Parker et al. failed to conduct orthogonal ‘test’ of
findings or estimate proper ‘null’ expectation
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Thomas and Hahn 2015. Mol Biol Evol 32:1232-1236.
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What makes us difference from
chimps?

Is it really just 2%

More genes underwent positive selection in
chimpanzee evolution than in human evolution

Margaret A. Bakewell, Peng Shi, and Jianzhi Zhang* 201 citations since 2007
Table 1. Genic positive s 1
:Iompfarison — § 0.1

0. OT genes analyze
No. of PSGs 2 001

o] Only 2 genes of original 59
No. of N + N
No. of rord] were validated!! o
M f . . . & ;
Moo o of (at bioinformatic level) ¥ +
g reUT A

é 4072

* Many chimpanzee-specific divergent sites are adjacent to
indels

* removing nucleotides within five positions of indels 1
abolishished most adaptive signals




Evolutionary Inference = House of Cards?

The quality of our evolutionary inference

Is proportional to assumptions of orthology

Orthologous genes ... can their phenotypic effects

drift over evolutionary time?

« RNAi phenotypes assessed for1,300 genes in two nematodes

— TMRA ~24 MYA

— 7% had divergent phenotypic effects (in lab, etc.)

— Likely higher in nature

Caenorhabditis change in expression pattern

~24 MY C. briggsae M

change in genetic context

TR\
s

Verster et al. 2014. PLoS Genet
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1001 ways for your pipeline
to break, or feed you sewage

An overview of genomic pipeline
challenges

Informatics and Biology

« We need to make sure we put the ‘bio into the bioinformatics
— Do results pass 1" principals tests
— Always double check data from your core facility or service company

— Use independent analyses as ‘controls’ on accuracy
« What are your + and - conirols?
+ Do independent methods converge?

« Need to re-assess our common metrics for potential bias in the
genomic age
— Bootstraps on genomic scale data
— Pvalues, outlier analyses, demographic null models

1/20/17



Batcow says, take a break!!!!

Outline

« Transcriptome analyses in non-model species

—Walk through pipeline and highlight issues of
concern

—What is validation?

* Insights from candidate genes
—Can Second Gen methods get us there?

1/20/17
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Pipeline Overview

A ™ A
E=o B SN

pal
annotation
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How
much
RAM do |
need?

How can | study

my data using
open source?

What

software &
how do |
get it?

Are 16 cores
enough?

How much
HD space
is needed?

!

Computer Infrastructure [INNE “

RNAseq dataset:
4 conditions X 2 tissues X 3 families X 3 replicates = 72 X 10" reads

~3 hours / file

Raw files *gz

¥ Get ready for your data by

Raw files downloading similar sized
expanded dataset from the Short
U sl Read Archive. Do not wait

Mapping till it arrives

(BAM)

Annotation ~6— 12 days
Analysis <20 Mb ~< 1 hour
Visualization BAM files >4 >8

1/20/17
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Pipeline Overview

Core facilities and non-model species

Statements from core facilities that are not true:

« Here is your data
* You can't do RNA-Seq without a genome

« We'll have your data back in < 1 month

1/20/17
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Pipeline Overview

A b

Tissue collection - Computer De novo
Library preparation setup assembly

BLAST
comparison &
annotation

Gene Onfology: order in the chaos

« Addresses the need for consistent descriptions of gene products
in different databases in a species-independent manner

« G0 project has developed three structured controlled
vocabularies (onfologies) that describe gene products in terms
of their associated

— biological processes
— cellular components
— molecular functions

the Gene Ontology

http://www.geneontology.org/

1/20/17
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[ ]
Compurlsons among
[ ]
annotation tools
Molecular Function
0.7
0.6
0.5+
£
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0.3 1
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30{\ ¥ S ®
Sy
Radivojac et al.: . Nat
Meth 2013, :221-227.
Falda et al.
weighted Gene Ontology terms. BMC Bioinformatics 2012, 13:514.

ARGOT

/‘/" T11INT] N, Functional annotation of proteins using the semantic similarity in the Gene Ontology

Site Homepage

2 .

a.r.g.o.t. News:
Insert sequences < Databaseg
We present a novel method called Argot? (Annotation Retrieval of Genel Ontology Terms), that is able to Check thi

quickly process thousands of sequences for functional inference. The tool exploits a combined approach
based on the clustering process of GO terms dependent on their semantic similarities and a weighting
scheme which assesses retrieved hits sharing a certain degree of biological features with the sequence to
annotate. These hits may be obtained by different methods as BLAST, HMMER and so on. In the present web

Batch processing

Consensus analysis

DB releases server we allow users to interact with Argot2 in different ways according to specific needs and expertise.
View SGE jobs If you use our service, please cite:
View SGE queues

< Fontana P, Cestaro A, Velasco R, Formentin E, Toppo S.
Rapid annotation of anonymous sequences from genome projects using semantic similarities and a

Argot? help weighting scheme in gene ontology.
PLOS One. 2009;4(2):e4619. Epub 2009 Feb 27. PubMed PMID: 19247487; PubMed Central PMCID:
About PMC2645684.

< Falda M., Toppo S., Pescarolo A., Lavezzo E., Di Camillo B., Facchinetti A., Cilia E., Velasco R., Fontana
P

Argot2: a large scale function prediction tool relying on semantic similarity of weighted Gene Ontology
terms.
BMC bioinformatics, 13(4). 2012.

1/20/17
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Site Homepage
Insert sequences
Batch processing
Consensus analysis
DB releases

View SGE jobs
View SGE queues
Argot? help

About

Batch processing for GO terms

Please select the zipped tabular BLAST and HMMer files, see here
for details, to upload (< 1GB). 0

Please do not upload more than 5000 sequences at once, otherwise the service
will be overloaded.

BLAST: ' Choose File INo file chosen 0
HMMer: = Choose File | No file chosen 0

submit example data @
Email: 0

CUT-OFF (meaning) @
Total Score (2 5): 5

Rese| SEND REQUEST|

Computer

BLAST
comparison &
annotation

1/20/17
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Template

mismatch effects:
excellent yeast study

> De novo assembly analysis
> Reads de Brujin graph Assembled contigs
..
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gl 92 g3 g4

Compare 5 Methods :
- baySeq
- Cuffdiff
- DESeq
-edgeR
-NOISeq

DGE analysis (

== 7
Compare 3 Aligners : Gsnap ,Stampy,TopHat

Cufflink
Evaluation
- FPKMs vs Array signal
9l 92 93 g4 - Dynamic range [
- Effect PCR duplicates

- Reference vs de novo

- Effect of GV on alig t:
and array probes

- DGE by different methods

- Integrated data analysis

SNVs

|
]
Genetic variation (GV) analysis
INDELs _:I:_:-:I:—:D

Nookaew et al 2012

Does alignment software matter?
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Nookaew et al. A comprehensive comparison of RNA-Seq-based transcriptome analysis from reads to differential gene expression and cross-comparison with
microarrays: a case study in Saccharomyces cerevisiae. Nucleic Acids Research 2012, 40:10084-10097.
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Mappers don't appear to matter

Wrong

« Genomic scale data can hide widespread biases that unless

you specifically look, are hard to find

« Mapping programs differ in their settings and design

variation

— Indels, splicing, SNPs all affect mapper performance

SNP effects can be large

% B & 5 22 i+ B Named gene

YHR215W (PHO10 PHO12)

% & 5 &2 - B Chemostat Coverage from Gsnap (xyplot)

Nookae
microari

ys: a case study in Saccharomyces cerevisiae. Nucleic Acids Research 2012, 40:10084-10097.

w et al. A comprehensive comparison of RNA-Seq-based transcriptome analysis from reads to differential gene expression and cross-comparison wi
ra i

a 201
g
@ 100.5
9. . HERERIEHEIS NS H
% B B3 5 22 - Bl Chemostat Coverage from Stampy (xyplot)
>
g. 201
s 100.5
wv
% B B3 5 &2 - B Chemostat Coverage from Tophat (xyplot)
® 170
s
85
L
% 5 5 22 - B Affy probe position
probe:Yeast_2:1777286_s_at :52:65; probe:Y
1; probe :Yeast_2:1777286_s_at :271:981;
225; probe :Yeast_2:1777286_s_at :341:93;
9:327; probe :Yeast_2:1777286_
3_at :381:303;
48143
[3293_at :165:83;
SNV
SNPs |*
with

1/20/17
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Insertions & deletions (indels) have large effects

* B 55 & - B Named gene B
YHLOOBC

+ B £ 5 & - B Chemostat Coverage from Gsnap (xyplot)

2 226
G
113
(U]
=== =5 RES . —
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g. 253
S 126.5
b SRS ES ST gy —m - — =
+ B 5 5 & - B Chemostat Coverage from Tophat (xyplot)
® 206
<
Qo 103
O
E—— 2~ 420 0 .= —tt— ) e —
E BESEHH indel
/TTGGCATAA 01355:T/TT 01356:TCCTCCT/T 01359:GR/G 01362:CTC/C 01368 :CCGTGAGCCTA/C 0:
v . h ' > v
01357 :T/TATCCCTCACARATGT 01360:C/CGACGTCTCC 01363:6/6CA  01369:T/TTGAGCCCTTC
B h . h
21358 :CACGTACGCG/C :)1361 :C/CTARCTTCGTCTTTTATATCTTCCTCAC ?1370 :G/GGTC
?1364 :ATARAGT/A .01371 STTCG/T

01365 :A/ARAGTTA
'
:)1366:R/RTGRT

| n d e | S 91367:TRF|FIC/T

Nookaew et al. A comprehensive comparison of RNA-Seq-based transcriptome analysis from reads to differential gene expression and cross-comparison with
microarrays: a case study in Saccharomyces cerevisiae. Nucleic Acids Research 2012, 40:10084-10097.

15 mapping results

Dramatic differences in ability to
handle a 2 bp insertion in
reference compared to reads

TopHat, SpliceMap, Bowtie and
Soap
— do not identify indels

— they fail to accurately align
reads to these regions

Grant GR, Farkas MH, Pizarro A, Lahens N, Schug J, Brunk B, Stoeckert CJ, Hogenesch JB, Pierce EA: Comparative Analysis of RNA-Seq Ali
Algorithms and the RNA-Seq Unified Mapper (RUM). Bioinformatics 2011, doi:10.1093/bioinformatics/btr427.

1/20/17
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Allelic bias in read mapping

(@3- ™8,

o | o | )
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Q = —— DBowtie2
82 = a — BWA-SW
= =) Stampy

o | o | — BWA

I\ N

o - o - § —

0 2 4 6 8 10
divergence [%] divergence [%]
» Essentially identical o allele specific PCR bias ... but on a scale
you can't detect unless you care to look

« Do your genes of interest have more than 3 SNPs / 100 bp?

Sedlazeck et al. 2013 Bioinformatics

100 bp window with 4 — 5 SNPs differing

from reference

106 bp

4,040 bp 4,060 bp 4,080 bp 4,100 bp
| | | | | |
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Mapping reads in outbred species
Average genome polymorphism levels (ignores indels)
T e
51« Froshwater e 2
Marine (12) o, *
. I S
! S e
=
g BLE e - . -. Drosophila
g = . : melanogaster
,.;.:' 0.1 :’{ o
g 0.05 .
° . Homo sapiens
o011 g DA B .
' § iz H g 1 FE
& T 3 £ g2z
Species grouped by phylum
Leffler et al. 2012 Plos Biol

Sig. expression differences by method

Stampy TopHat

A: Stampy mapping -
B: Cuftdiff analysis -
C: Likely error source
y e AR e
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0.20
l

False-positive rate
010
|

| 1 I I |
TC uQ Med DESeq ™M Q RFKM  RawCount

0.00
L

Real world example

2 tactor analysis with family effects

1/20/17
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Save
energy,
live long

long lifespan
delayed reproduction
inactive behaviour

high  fat reserves

cryptic  wing pattern

Bicyclus anynana

short
fast
active
low

conspicuous

A |7
Marjo
Saastamoinen

Bicyclus anynana

sensitive period

environmental

alternate

conditions

phenotypes

1/20/17
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Experimental design

7 full-sib families [ ]lR]

No food limitation

~

m 2 seasonal x 2 food stress x 2 body parts = 8 conditions
m 7 families with n = 2 - 3 per condition > 144 RNA libraries

m 10 million reads / library

Vicencio Oostra

body part # libraries # cIeaI?b::?;i)s (per # nuc:ie;t;itr:i;)s (per GC content
abdomen 72 15,261,019 3,052,203,767 45%
thorax 72 15,633,416 3,126,683,150 46%
total 144 2,224,399,290 444,879,858,000 45%

14 samples: one from each family, thorax and

abdomen 69,075 contigs

edgeR | Bioconductor

# reads ~ season + stress + family +
season*stress + season*family + stress*family

season*stress*family

1/20/17
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Effect of filtering the mapping to Trinity contigs

=

ToatP wie)

0 zero-read samples
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Assembly 2.0
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Contig_5260
Contig_27110
Contig_27390
Contig_26901
Contig_4713
Contig_20081
Contig_9982
Contig_15387
Contig_25362
Contig_36071

Whole

320 My

Bombyx mori
sequence,
predicted gene set

Extensive

Drosophila melanogaster

functi resources

D. melanogaster
lacks an orthologous

omic &
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BGIBMGA004806 €G33126
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Gene Set Enrichment analysis
using Gene Ontology database

Fatiscan Analysis

oveR-represented [N
UNDER-represented [

% of annotated genes

] 20 40 60 80 10
cofactor binding RG]
seidoreductase activiey [ INEGEG_—G—
hydrolase activity |
pratein binding ]
|

nucleic acid binding
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Most studies are

annotation limited

» What is the biological

meaning of the top P-value

genes?

« Low P-value or expression
genes are certainly important

« Gene set enrichments are key

to insights
— Thus, annotation is very
important

Description Uniprot -log10P
Oxidoreductase. Q9VMHS  7.087008
Hypothetical protein. 6.993626
SD27140p. 6.315473
Q8SXX2  6.300667
SD01790p. Q95TI3 5.316371
Electron-transfer-flavoprotein | QOKHZ6 5.1425
Pseudouridylate synthase. Q9W282  4.784378
Hypothetical protein. Q9VGX0  4.750469
CG14686-PA (RE68889p). Q9VGX0  4.650051
Chromosome 11 SCAF14979, wk Q8T058 4.506043
4.470413
, complete genome. (EC 1.6.5.5] 4.445501
RNA-binding protein. 4.374033
Hypothetical protein. Q9VPLA  4.369727
Peptidoglycan recognition-like 4.206247
Angiotensin-converting-relatec Q8SXX2  4.172776
Lachesin, putative. QSI7H7 4.056174
Secretory component. QI9VVKS5  3.981175
Putative adenosine deaminase QSVVKS  3.980728
3.95787

7 of 20 (35%) no Uniprot ID

Sources of error

Transcriptome assembly can be huge source of bias:

« Fragmentation creates multiple contigs of same gene
« SNPs and alternative splicing generates more contigs
* 1 locus = frag. X SNPs X alt. splicing = many contigs

We can observe effects in expression analyses:

— Family effect mapping bias

— Pseudo-inflation in Gene Set Enrichment Analyses

1/20/17
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Put the BIQ in your informatics!!

Use independent analyses as ‘controls’ on accuracy
— Wnat are your + and - Conirois¢
What are your + and - controls?

Analysis#1  Analysis#2  Analysis # 3

Mapper TopHat2 STAR ?
Normalization none TMM T™MM
Analysis PCA RSEM EDGER

Should independent methods converge?

Interrogate your results

“you need fo be in charge of the analysis” - B. Cresko

This will give you confidence
— Bring freedom to your findings (no waterboarding)

Graph your results - visualize the patterns
— PCA or MDS plot
— P-value distributions

Assess gene copy number in gene set enrichment analyses (GSEA)
— Do these levels fit to 1 principals expectations?
— Do you have extra copies due to your Transcriptome assembly?

1/20/17
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A major challenge for Ecological Genomics

« What causes natural selection in the wild?

— How does genetic variation at one region of the genome interact with
its environment (genomic, abiotic, and biofic)

« DNA alone can't tell us about selection dynamics in the wild

— Molecular fests are very weak and uninformative about selection
dynamics

« Research community is demanding actual demonstration of
natural selection when making claims of adapfive role
— Triangulate! 1!
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This is ongoing work

« (Currently trying to write commentary on biases in field

» Please send along other examples | might have missed
— Feedback / critique is greatly appreciated

This is all due to the Workshop on Genomics gang,
thanks to your unwavering support over the years!
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