"CURIO

Alignment, Analysis, and Visualization of Wheat NGS Samples in Curio
Presented at the 2020 Plant and Animal Genome Conference
Author: Shawn Quinn (CTO, Curio Genomics)

©2020, Curio Genomics



I CURIO

Alignment, Analysis, and Visualization of
Wheat NGS Samples in Curio

©2020, Curio Genomics Alignment, Analysis, and Visualization of Wheat NGS Samples in Curio / Presented at PAG 2020



I.CURIO

Presentation Overview

- What is Curio
- Sample Analysis with Chinese Spring Wheat

- Read Alignment and Visualization

- Handling Large Chromosomes
- Mapping Algorithms & Coverage
- Variant Analysis

- Expression Analysis

- Looking Ahead
- Acknowledgements
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I.CURIO

What is Curio?

- Modern big data management and genomic analysis
platform, fully web-based, collaboration ready

- Supports both bioinformatic processing and scientific
interpretive analysis

- Provides scalable data processing and interactive
data visualizations using real-time databases and
clustering technologies

VArIaNts (Found 208 maxching varans n range 1838553325 58341353 .
- Designed for extensibility to continuously support o T I L1 ?]: lf= .
: Pt o 7 ! t o 11
new analysis methods, data types, etc. ‘ T L !T!'f,;;?,.(.,.,;M;.;minxu
. . comtens” S L T
- Includes complex crop research solutions, including e o -
H H Compaﬁoi’:‘f:'?‘ anill j nl'“ W
tetraploid and hexaploid wheat DNA-Seq and T L i

RNA-Seq analysis
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I CURIO

Bread Wheat DNA-Seq;:
Read Mapping and Navigation
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I.CURIO Bread Wheat: Read Mapping

- Incorporates Chinese Spring
Wheat (Triticum aestivum)
reference assembly from the
IWGSC

Align Paired-End Seguence Files

Select Type: Bowtie 2: Paired Alignment

Assembly:  IWGSC WGA 1.0 (Chinese Spring Wheat)

£ Alignment Read Trmming: ®  @® Do not perform any read trimming

) Trim the reads before aligning
£+ Pre-Processing
Read Length: @ ® Process reads of any length

£+ Scoring ) Discard short reads

 Paired FASTQ Down Sampling: @ ® Process all reads
i Process a sampling (%) of the reads

) Process a fixed number of reads

UmI Processing: @ ® Reads do not contain UMIFUMTS

' Reads contain unique molecular ids/tags

Cancel P Start Alignment




f'CURIO Bread Wheat: Read Mapping

- Incorporates Chinese Spring
Wheat (Triticum aestivum)
reference assembly from the R

Assembly: BWA-ALN: Paired Alignment
I WG SC BWA-MEM: Paired Alignment
GSnap: Paired Alignment
TopHat 2: Paired Alignment
£ Alignment Read Trimming: @ 0 Do not perform any read trimming

¢ MU|tip|e read mapping ® Trim the reads before aligning
. . . #+ Pre-Processin
algorithms with pre-built : emstommonsat [0
. £+ Scoring
indexes that are deployed N
and ready on a asestoTmONEne: | 0

computational cluster

Align Paired-End Seguence Files

Quality to Trim Off End: Don't tim end of reads

’ Experiment With Various Read Length: @  ® Process reads of any length
alignment and read © Discard short reads
processing options without e s e e
req u i ri ng a ny pi peli ne ) Process a fixed number of reads

N o UMI Processing: @ ® Reads do not contain UMI/UMTs
CO nfl g U ra tl O n ) Reads contain unique molecular ids/tags

Cancel P Start Alignment




I.CURIO Bread Wheat: Alignment Visualization

. Quickly browse and Visualize Alignment Density Display Options Notes and Marks Sharing
reads from samples of any
size, anywhere in the genome

%

Show individual read details

@.

Show gene and exon positions from IWGSC (HC)

-
(:.

Show reference genome bases Show read consensus sequence information

LY

Show nucleotide coverage and highlight when
differences exceed 20%

%

Highlight mismatched bases

O

- Highlight read insertions
¥ Exclude reads and bases with quality under 90% gnig

O

Color forward and reverse reads different
Group reads by UMI (perfect matches), requiring y

consensus of 60%

¥l Remove read duplicates at the same alignment
position and CIGAR

Reads [Showing 583 alignments of 777, excluded 1 of low guality. removed 615 duplicates) B _. chr1D:18.685,665-18,688,37¢ Q
2712 bp —
18,685,750 bp 18,686,000 bp 18,686,250 bp 18,686,500 bp 18,686,750 bp 18,687,000 bp 18,687,250 bp 18,687,500 bp 18,687,750 bp 18,688,000 bp 18,688,250 0p




I'.CURIO Bread Wheat: Alignment Visualization

. Quickly browse and Visualize Alignment Density Display Options Notes and Marks Sharing
reads from samples of any
size, anywhere in the genome

%

Show gene and exon positions from IWGSC (HC) Show individual read details

LY
0 ®

Show reference genome bases Show read consensus sequence information

LY

Show nucleotide coverage and highlight when
differences exceed 20%

%

Highlight mismatched bases

_ Highlight read insertions
¥ Exclude reads and bases with quality under 99.9% -/ Highlig

!

ard and reverse reads differently

- Adjust filters, PCR processing,
etc. on the fly

Group reads by UMI (perfect matches). reqt  ape;, (Phred 10)

consensus of 60%
92% (Phred 11)

94% (Phred 12)

(

¥l Remove read duplicates at the same alignm E
96% (Phred 14)

(

(

position and CIGAR

97% (Phred 15)
98% (Phred 17)
99% (Phred 20)
99.5% (Phred 23)

99.92% (Phred 31)

Reads [Showing 567 alignments of 740, excluded 40 of low quality. removed 613 duplicates) B # 99.94% (Phred 32) ‘ chr1D:18.685,665-18,688,37¢ Q
99.96% (Phred 34)
2712 bp { | —
99.97% (Phred 35) b
18,685,750 bp 18,686,000 bp 18,686,250 bp 18,686,500 bp 18,686,750 bp 18,687,000 bp 18,687,250 bp : 50 bp 18,688,000 bp 18,688,250 0p




[ .CURIO Bread Wheat: Alignment Visualization

. Quickly browse and Visualize Alignment Density Display Options Notes and Marks Sharing
reads from samples of any
size, anywhere in the genome

¥ Show gene and exon positions_from IWGSC (HC) ® Show individual read details

¢ Show reference genome bases  |wGSC High Confidence Genes (1.1) v 15US Sequence information

¥ Show nuclectide coverage and IWGSC Low Confidence Genes [11} hed bases
differences exceed 20%

_ [ Highlight read insertions
¥ Exclude reads and bases with quality under 99.9% - ighig

[l Colar forward and reverse reads differently

- Adjust filters, PCR processing,
etc. on the fly

Group reads by UMI (perfect matches), requiring
consensus of 60%

¥ Remove read duplicates at the same alignment
position and CIGAR

- Access both the transcript and
functional annotations from
the IWGSC inline

Reads [Showing 567 alignments of 740, excluded 40 of low quality. removed 613 duplicates) B _0 chr1D:18.685,665-18,688,37¢ Q
2712 bp —
18,685,750 bp 18,686,000 bp 18,686,250 bp 18,686,500 bp 18,686,750 bp 18,687,000 bp 18,687,250 bp 18,687,500 bp 18,687,750 bp 18,688,000 bp 18,688,250 0p
el SR moL— -
s - - 000000 —_—

. Gene: TraesCS1D02G038700
TraesC51D02G038700.2 (Exon 2)
| F-box family protein
5trand: Sense (+)

| Exon Start 18,686,645
| Exon End: 18,688,162

| Transcript Stare: 18,683,856
| Transcript End: 12,688,162
I Coding Start: 18,685,267

! Coding End: 18,687,841




'CURIO Bread Wheat: Alignment Visualization

. QLI iC kly b rowse an d Vi sua I ize Alignment Density Display Options Notes and Marks Sharing
un 014

rea d S fro m Sa m p I eS Of a ny 10 5 ¥ Show gene and exon positions from IWGSC (HC) @® Show individual read details
. . a\2 | Show reference genome bases () Show read consensus sequence information
size, anywhere in the genome

S\,

- Adjust filters, PCR processing, Q
.

(o
A 4
E "
r - - consensus of 60%
etC . O n t h e fly ¥ Remove read duplicates at the same alignment
< ~ position and CIGAR
‘I &

l# Show nucleotide coverage and highlight when
differences exceed 20%

il l# Highlight mismatched bases

_ [ Highlight read insertions
¥ Exclude reads and bases with quality under 99.9% B gnig

[ Color forward and reverse reads differently

al

Group reads by UMI (perfect matches), requiring

az

B

functional annotations from .

- Access both the transcript and 2 %‘

G’;u
the IWGSC inline e
© QUiCkly Sea rCh and naVigate Reads (showing 83 alignments, excluded 17 of low quality, removed 49 duglicates) = _'m' glutenin H
the genome using the IWGSC 37707 TRAESCS1ACZGO08000 (chA)
annotation data as well S e : S | TRAESCS1A02G010900 (chr1A) Iij :

low molecular weight glutenin subunit

TRAESCS1A02G039600 (chr1A)
high molecular weight glutenin subunit

| TRAESCS1A02G317500 (chr1A)

! high molecular weight glutenin subunit

I
I
I I
| TRAESCS1B02G011600 (chriB) I
I
!

| low molecular weight glutenin subunit
L




I CURIO Bread Wheat: Alignment Visualization

1 1 1 Alignment Densi Display Options Notes and Marks Sharin
- Quickly browse and visualize : Y Play op ‘ °
rea d S fro m Sa m p I eS Of a ny ¥ Show gene and exon positions from IWGSC (HC) ® Show individual read details
¥ Show reference genome bases () Show read consensus sequence information

l# Show nucleotide coverage and highlight when
differences exceed 20%

size, anywhere in the genome

¥ Highlight mismatched bases

[ | Highlight read insertions
|/ Exclude reads and bases with quality under 99.9% - ighig

[ Color forward and reverse reads differently

- Adjust filters, PCR processing,
etc. on the fly

Group reads by UMI (perfect matches), requiring
consensus of 60%

¥/ Remove read duplicates at the same alignment
position and CIGAR

- Access both the transcript and

functional annotations from
the IWGSC inline

AGGAGAAGGAGGAGGATC TATGGTAGCCGGCCGTGTCGCTCTTGTGCAGGC GAGGAGGGTGGTGCGCCGTCGT < Download Read Consensus

CGTTGCAGCAGTAGCAGAC GTCGLCGC GGAC GAGAT TGCAGC GGLCATGGACGTAGCCCAGGGLCTGGCAGCA
TCGCATGCACT TGCCCGTCCC T TGCCAGCAC T TGACCATGCACTCTGCCCTCAGCACGTCGCACACCAGCTCG
CCCCGCACCGUTGTTGTCGECGUCCCCACTGCACATATGAAGAAC GAGAT TTGAACAAAATTCATCGAAGATT
CACTAGTTGGCTCTTATCGAACACTTACGGATGAGAAGGATGGCCATGAAGAACAGTTTCTTGCCCATCTTGT

& Download Minor Alleles

© QUiCkly Sea rCh and naVigate Reads (showing 83 alignments, excluded 17 of low quality, remaved 49 duplicates) = _'m glutenin Q
the genome using the IWGSC n —— - ]
annotation data as well | & Download PNG Image |

 EIIAEEENT VOEEERUTDTIEED D RCUNDOUE RN W R I ORI | W] Ry o DOVnioad POF Document |

. i & Downloa ector Image
- Conveniently access reference : § - | ¢ oemeenEermeE ]
| T = & Download Reference Sequence
Or Consensus Seque.nceS’ and rECSW;.U_ChrlA_E1?14434—21?1431!].{35126—NDtEPEd - .Ellﬂlg i X Download Consensus SE‘{IUEHCE‘ i
read cove rage dEta”S File Edit Format View Help I & Download Read Coverage I
bchriA:21714434-21714810 : | |
| |
| |




I CURIO Bread Wheat: Alignment Visualization

. QU iC kly b rowse an d Vi sua I |Ze Alignment Density Display Options Notes and Marks Sharing )
reads from Samples of any @ S o Seaen ommens @ 8-

size, anywhere in the genome

\S “‘ e Last Updated 2019 Dec 20 15:45:54. Posted 2012 Dec 20 14:42:57 [ Ty
’ ~ e Last Updated 2019 Dec 20 14:49:15. Posted 2019 Dec 20 14:45.24 E iy
L
o 'y
- Access both the transcript and % "‘ ‘~ squinn
&
o
5
b o
e ¥

8
o
" >
sguinn
,/ﬁ% g Homozygous SNPs shown here in this Mut5 sample appear to be heterozygous in the wild
‘ X Range

- Adjust filters, PCR processing,
etc. on the fly

type sample.

A
S
m
w P2
4
T

Somatic variants in chr2A of the MutS and Mut? samples.
' See File

functional annotations from ‘ ‘

gy

t h e |WG SC | N I | ne ar e Last Updated 2019 Dec 20 15:06:26. Posted 2019 Dec 20 15:05:36 @ o
° Qu |Ck|y Sed I'Ch d nd naVigate Reads (showing 295 alignments, excluded 28 of low quality) B o—() chr2A:762.285,692-762,2855  Q
the genome using the IWGSC 27500 =
62,285,700 bp 762,285,800 bp 762,285,900 bp

annotation data as well

- Conveniently access reference

| | ~ I

Or consensus sequences, and i i — i
read coverage details i i — I i

| | e 1 |

. | | e I i

- Navigate and collaborate | : — I I
| — 1 I

through annotated comments ! | — I

| | — 1 |



I'.CURIO

Handling Large Chromosomes
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I.CURIO

Standard Bin Strategy

Binning strategy used in BAM
index files (i.e. a “BAI” file)

6 levels deep and maximum bin
size of: 536 million bases

Largest human chromosome
(chrl): 249 million bases

Largest CSW chromosome
(chr3B): 837 million bases

Forces a split chromosome
approach or causes various tool
compatibility issues

Level O

Level 1

Level 2

Level 3

Level 4

hg38: chr1

(LIN W WT FrxXwe

Level 5

Bin Size: 536,870,912 bps
Bin Count: 1

Bin Size: 67,108,864 bps
Bin Count: 8

Bin Size: 8,388,608 bps
Bin Count: 64

Bin Size: 1,048,576 bps
Bin Count: 512

Bin Size: 131,072 bps
Bin Count: 4,096

Bin Size: 16,384 bps
Bin Count: 32,768

56% too large

L1 | 3

Chinese Spring Wheat: chr3B

©2020, Curio Genomics

Alignment, Analysis, and Visualization of Wheat NGS Samples in Curio / Presented at PAG 2020 15



I.CURIO

A Better Approach

Dynamic binning strategy based
on species & assembly

For wheat utilize a strategy
based on the coordinate-sorted
index specification with a
minimum bit shift of 16

Maintain 6 levels of depth & the
number of bins per level, but
use the first half of each level

Max bin size: 1 billion bases

Largest CSW chromosome
(chr3B): 837 million bases

Level O

Level 1

L
| Level 2

Level 3

Level 4

Level 5

O T IT DO 11 [T )
Chinese Spring Wheat: chr3B

Bin Size: 1,073,741,824 bps
Bin Count: 1

Bin Size: 268,435,456 bps
Bin Count: 4 of 8

Bin Size: 33,554,432 bps
Bin Count: 32 of 64

Bin Size: 4,194,304 bps
Bin Count: 256 of 512

Bin Size: 524,288 bps
Bin Count: 2,048 of 4,096

Bin Size: 65,536 bps
Bin Count: 16,384 of 32,768

©2020, Curio Genomics

Alignment, Analysis, and Visualization of Wheat NGS Samples in Curio / Presented at PAG 2020
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I CURIO

DNA-Seq Bread Wheat:
Alignment Algorithm Coverage Impacts
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I.CURIO

Chinese Spring Wheat: Aligner Performance

BWA-ALN

Bowtie Local, Very Sensitive

Bowtie Local, Very Fast

Bowtie End-to-End, Very Sensitive

Bowtie End-to-End, Very Fast

BWA-MEM
Z e Z Z yd v

0 20 40 60 80 100 120

Part Execution Time (Seconds)

Note: the time needed for both the “bwa aln” and “bwa sampe” commands are included in the BWA-ALN metric shown above.
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I'.CURIO

Bowtie2 “End to End” vs “Local” Algorithm, Exome Coverage

15
g
- ~ 24 100%

2 . 4 \ o

@
=122 100% @ 2 \ a
[l (g oL =
- % = “\"‘\ 2
K & B 18 ~ 7% 9

- LY
s 09 75% O o =4
o : 2 v ) @
= ’ © g 2
2 | | | : : 2
2 ' 1 | ’ ‘ 2o > 12 50% o
v 0.6 8- 81 N S ALK 1 R 50% @ S @
o - * L) . Le?® ‘ou, o* J B 8 “y o “a ek ' :._J’ )
o N o M., "B s EEEET mn ROh anert il AAIE it W ."". ‘e b [ L | R ", - bt o
— ] -* sl ) o ‘e ot ea, T EH B OO Ee Ba B O BR. B e -t X = 0w
g ------ LELT N \ e ol weesdl’ TH TR - 4 ';.'._t_ (41} 8 E’
o ....". T w o
U Tor. o > 6 25% 3
v 0.3 - 25% 2. < ?
: s
B ‘
z | | | i .' - .'
m "N
ks 2 Q o > Q ¥ N Q \ g4 N QO ¥ A Q e A Q \' N Q =
S S E T ST T ST EFTETESSTITSESS » : ;
b C v C & ¢ ¢ ¢ ~ ¢ b ¢ " C ¢ SampleA Paired (Bowtie End to End, Very Fast)
7 SampleA Paired (Bowtie End to End, Very Fast) - HC Genes ™ SampleA Paired (Bowtie Local, Very Fast) - HC Genes ® SampleA Paired (Bowtie Local, Very Fast)

Average Exome Coverage Across all Chromosomes Exons of Single Gene

Note: L-lactate dehydrogenase gene
(TRAESCS1A02G238700) shown here
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I'.CURIO

Bowtie2 “Very Sensitive” vs “Very Fast” Presets, Exome Coverage

1.5
o
kS o .
2 2 ~ 24 — 100%
= ¢ w ST T e e, ®
1.2 100% @ g e A
o = S g o
2 8 3 =
o [41] o
< =3 -g_ 18 75% %
@ 0.9 75% O v o
Ky 2 o a
v o - o
8 2 g 5
= o 50% o
v 0.6 50% o P Q
o a", U ©
& :
3 s - 5
Y 7
v 0.3 25% 2. z 6 l sl
g 2
w
z - - -
N om
BT A & R S @ T B @ 8 @ e e B & & 8T W “ SampleA Paired (Bowtie End to End, Very Sensitive)
' SampleA Paired (Bowtie End to End, Very Sensitive) - HC Genes ™ SampleA Paired (Bowtie End to End, Very Fast) - HC Genes ® SampleA Paired (Bowtie End to End, Very Fast)

Average Exome Coverage Across all Chromosomes Exons of Single Gene

Note: L-lactate dehydrogenase gene
(TRAESCS1A02G238700) shown here
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I CURIO

Aligner Algorithms, IWGSC “HC” Genes, Default Quality Filtering

2.4

2

9 % 3 >

= a s 24 A

v 3 o B

5 1.8 2 = 3

Z = i 2

11" o Q I

F -~ v o

o 0 O , <

= % 16 | 80% O

a 1.2 80% 4 = p-

z = 2 8
- o a

o n U

- M K = P S

: = 2 s 40% =

o 06 40% o v o

O % g > ' - |

o = L4 v

7 5

g = - _' ™

< -

A TP TS S BN, SE ST . SR ST S o S SRR S BRSNS S SN SR SR I
PPN U Ry & &S & & o« & & & & \\"\ o '(\(\ \«S - ! 2
¢ = c C ox C ¢ g C C " C ¥ C ¢ - C C o ¢ ¢ SampleA Paired (Bowtie End to End, Very Fast)
& . - . ® Sam ; 3
" SampleA Paired (Bowtie End to End, Very Fast) - HC Genes ® SampleA Paired (BWA-MEM, Defaults) - HC Genes pleA Paired (BWA-MEM, Defaults)
SampleA Paired (BWA-ALN, Defaults) - HC Genes SampleA Paired (BWA-ALN, Defaults)

Average Exome Coverage Across all Chromosomes Exons of Single Gene

Note: L-lactate dehydrogenase gene
(TRAESCS1A02G238700) shown here
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I.CURIO

BWA-MEM Read Mapping Quality Impact on Coverage

w R

Average Coverage Depth Per Feature (Reads)
N
SU0IIISO4 2iNjea | paJaaon) jo afejuadiay

80%
! . | ' I
i ‘ f]
A T ¥ S (\ FOTT }.” ) Tl ol ! ”‘ b “t' LII" JII W f’” 0 I.H A Ve T bRis | :,-'-,‘ g 1(' k
.l '] ‘ lvln
] | || 40%
\a N Q s 2 Q \'a S Q | N Q v Y Q 'y N Q \'a ‘b Q >
R S A A A D ) ) 2 ™ > N & & N %) &) o A A\ 4§ N
& & & & &S s Sy S S S S E

" SampleA Paired (BWA-MEM, Defaults) - No Qual Filter ™ SampleA Paired (BWA-MEM, Defaults) — Phred 10
- SampleA Paired (BWA-MEM, Defaults) - Phred 20 "~ SampleA Paired (BWA-MEM, Defaults) — Phred 30
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I'.CURIO

Bowtie2 Read Mapping Quality Impact on Coverage

=Y

80%

Average Coverage Depth Per Feature (Reads)
Fed

,-?
g
f"\.
4

&

" SampleA Paired (Bowtie End to End, Very Fast) — No Qual Filter ® SampleA Paired (Bowtie End to End, Very Fast) — Phred 10
SampleA Paired (Bowtie End to End, Very Fast) — Phred 20 "~ SampleA Paired (Bowtie End to End, Very Fast) — Phred 30

SUOIIIS04 alniEa | palaaosy jo aBeluaiia
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I.CURIO Bread Wheat: Coverage Analysis

- BWA-MEM and Bowtie2 with no quality filter applied

- Visualizing low quality base calls within aligned reads

BWA-MEM / No Quality Filter Bowtie2 / No Quality Filter
Readﬂ 147 alignments, -190 duplicates IE.I _m chr14:3,910,622-3,910,843 Q Reads e alignments, -195 duplicates [E] _m' chr14:3,910,622-3,910,843 Q
222 bp = 222 bp =

oy T - e -

v R a T :|'--" = 5] y -
o= i SO0 b 5 i 200 bo 2.2 1d, AUl Do - -\.-._l\.":l A,
p DA, W L r o LARF T T

TraesC5140 + TraesC51A0 4

UIT T I 2o vim sl T D00 Ton o1 | BEIVIFHTETETN S0 e AR 11 D
| 1 G . i I ! i - -
I EE X ] I I I | | | * | | i |
| I I 1 4 omi l 1 | , P00
0 0l 1 55 1 0 1| L i : .
I ' I $ - I Pl : L Lon
l : 1 " O T | - .
I I I x 1 I I 1 1 | I I % —
| | 1 x 1 | I S =
T | R W I 11 1N 11 | : $ -
| I I I i I | | I I ¥ i |
| | 1 I 1 i 1 1 1 H
$ I T 11 i T
I 1 1 1 $ . i | (| I $ i I 1 1
5= . - B
1 1 11 I n 1 I 3 i 1 1 1
11 ! 1 I 11 11 1) G 0 11
)\ I 11 2 I 11 |
1 h 'i | I ! | I I
11 I 1 1 I I [ | In I I



I'CURIO Bread Wheat: Coverage Analysis

- BWA-MEM and Bowtie2 with a quality filter set to 99% (i.e. Phred 30)

- Visualizing impacts of different mapping algorithm approaches to alignment quality

BWA-MEM / Phred 30 or Higher Bowtie2 / Phred 30 or Higher
Reads 133 alignments, -37 low quality, -161 duplicates E] _m' chr1A:3,910,622-3,910.,843 Q Reads 27 alignments, -165 low quality, -64 duplicates E] _m chr1A:3,910,622-3,910,843 Q
222 bp = 222 bp =
i 00 b i 0
TraesCS1AD 4 TraesC51A0 4
I I [ I I II _| | W (P | II| i I_I i i | | I ! I l I : : : :
| i - i 11 ! I I
I I I T I I 1 1 I 1 0 11 1
| | 1 § 1 0 I 1 1 1 .
I I % - 11 1 :
I % 1 | 11 1 :
| | 1 R -
1 I 1 ¥ ] I 1 1 I | | [ I |
I % 1 | I |
| | | O 1 | [ I
| ¥ . 1 1 | I
| I : 1 0 I I
| I ) T . | 1 1 1 I b
| % . 1 1 1 I
: I | l
11 I I
I 1
1 | I
1 | 1
1 |
| | |



I CURIO

DNA-Seq Bread Wheat:
Variant Analysis



[ .CURIO Bread Wheat: Variant Analysis

- Call variants leveraging
the Chinese Spring
Wheat reference
assembly and related De-duplication: @ @ Remove read duplicates at the same position and CIGAR

annotations from the T Gl ©  e—
IWG SC Min Read Coverage: @ ()

Heterozygous Positions: @ @ Use read and base quality data in heterozygous calls

- Operate on one or © Use nucleotide frequencies only in heterazygous calls
mu Itl p I €s5dm p I €5 Of an y Rare Allele Detection' @ @ Do not attempt to detect rare alleles
read de pt h © Include rare allele detection in the analysis
simultaneously T e

Start Multiple Variant Detection Analyses

Genome Feature Set: @ IWGSC - Whole Genome - Chinese Spring Wheat (v1.1) -

Min Variant Frequency: @ o)

- Conveniently adjust for
sensitivity and specificity




I'.CURIO

Bread Wheat: Variant Analysis

- Browse and visualize variants
across the entire CSW genome

Variant Analysis CultivarE-WT - BWA-AIn (Analyzed 2019-12-20 19:53 UTC) - High Sensitivity / HC Only

Density 253,605 variants found

Variants (Found 18248 matching variants in rangs chrEa-1-612,079.261)

Primary Analysis File
Variant Count: 18,248

Display/Filter Options Compare Notes and Marks

LY

O O

LY

LY

£y

LY

Use gene transcript and exon annotations from
IWGSC (HC)

Include only variants within known coding regions @

Include only variants with predicted consequence of
missense

Exclude variants whose alt coverage is not at least
5 reads

Include SNVs for homozygous or heterozygous
positions

Include positions with rare alleles

Color positions based on the variant's alternate
allele @

Show at each detected position the variant's
coverage

B0

618,079,260 bp

i M F anllai s Rk ok b koo

More Options =

Sharing

Show only variants not present in the control (i.e.
somatic)

Show only variants with control coverage of at least
5 reads

Match homozygous SNVs to related heterozygous
SMNV's in control @
Show all variants found within selected sample files

Show only variants common to all selected sample
files

Show file coverage track of variants detected per
position

chr6A:1-618.079,261 Q

e i e o e A o Aailld 1 1L _dlos




I'.CURIO Bread Wheat: Variant Analysis

- Browse an d Vi sua | ize va ri ants Variant Analysis CultivarE-WT - BWA-AIn (Analyzed 2019-12-20 19:53 UTC) - High Sensitivity / HC Only More Options «
a C rOSS t h e e n ti re CSW ge n O m e Density 253,605 variants found Display/Filter Options Tpare Notes and Marks Sharing

- Simultaneously compare and Type here Q
visualize multiple samples O ype Records | Last Uptates -

2019 December 20
-~ CultivarE-Mut5 - BWA-AIn (Analyzed 2019-12-20 ’
@ [sampie v| CUVEETH n (Analyze 376,711 Friday 10:56:25

15:03 UTC
) uTC-5
2019 December 20
- CultivarE-mMut? - BWA-AIn {(Analyzed 2019-12-20 ’
v 15:03 UTC) (Analy 306,472  Friday 10:55:12
' uUTC-5
2019 December 20
- Cultivare-WT - BWA-AIn (Analyzed 2019-12-20 i ’
il Sample - 5.859 463 | Friday 11:41:27
16:23 UTC) - Medium Sensitivity o ey -
Viewing 1-8 of 8
Variants Found 23,690 matching variants in rangs chrEa-1-612,079.261) = '.' chréA:1-618,079,261 Q

618,079,260 bp

Primary Analysis File
Variant Count: 14,220 |

- . M ad A A F - i ™ PR P B T TSP PR Sy I FETREPY W | i il -
comparison e #1 || 1 EHL 1 B R D 0 e P

Wariant Count: 5 061

e — P — R S S TR

|
comparison rie-#2. [  F  E E E  E7E

“ariant Count: 4,409




[ .CURIO Bread Wheat: Variant Analysis

Variant Analysis CultivarE-WT - BWA-AIn (Analyzed 2019-12-20 19:53 UTC) - High Sensitivity / HC Only More Options -

- Browse and visualize variants
aCrOSS the entire CSW genome Density 252,609 variants found Display/Filter Options Compare Motes and Marks Sharing

. S| Mmu |ta Neous Iy com p are an d ¥ Use gene transcript and exon annotations from J@Show only variants not present in the control (i.e.
IWGSC (HC)
V| S U a | ize m U |ti p I e Sa m p I eS [ Include only variants within known coding regions @ # Show only variants with control coverage of at least
[ Include only variants with predicted consequence of 3 reads
missense ¥ Match homozygous SNVs to related heterozygous
¢ U Se one or more sam p I es asS d [ Exclude variants whose alt coverage is not at least SNVs in control @
. 3 reads @® Show all variants found within selected sample files
CcO nt ro | to eXCI u d € varia nts ) Include SNVs for homozygous or heterozygous ) Show only variants commeon to all selected sample
positions files

prese ntint h e Wi I d type Include positions with rare alleles

[ Show file coverage track of variants detected per

¥ Color positions based on the variant's alternate position
allele @

¥ Show at each detected position the variant's
coverage

Variants (Found 192 matching variants in range chréA:1-518.075.261) = 0 chréA:1-618,079,261 Q

618,079,260 bp

sample Fil #1 PRI ' et e RN R rND =E e
|

Variant Count: 103

=== Il i IP= = 5 I~ R gp— L B e

-.||'| Mo o . | . . e = S . T - W | -

i - e een, o

eren |1 | A ]
B

Wariant Count: 95
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Bread Wheat: Variant Analysis

Browse and visualize variants

across the entire CSW genome

Simultaneously compare and
visualize multiple samples

Use one or more samples as a
control to exclude variants
present in the wild type

Focus on genomic regions of
interest based on IWGSC gene
transcript annotations

Variant Analysis CultivarE-WT - BWA-AIn (Analyzed 2019-12-20 19:53 UTC) - High Sensitivity / HC Only

More Options =

Density 392,605 varisnts found Display/Filter Options Compare Notes and Marks Sharing

Y]

Use gene transcript and exon annotations from i Show only variants not present in the control (i.e.
IWGSC (HC) somatic)

Include only variants within known_coding_regions @ ¥ Show only variants with control coverage of at least

Y]

Include only variants with predictel  Exonic Regions

missense Zygous SNVs to related heterozygous
Intronic Regions Y8 28

Exclude variants whose alt mvera—:ml @
5 reads iants found within selected sample files

@ Include SNVs for homozygous ort  "Tagenic Regions
positions Untranslated Regions (UTR)

Y

ariants common to all selected sample

Include positions with rare alleles 5"UTRs

3 UTRs
l# Color positions based on the varia

allele @

¥ Show at each detected position tht
coverage Upstream Regions

verage track of variants detected per

Splice Regions

Upstream/Downstream Regions

Downstream Regions

' Intergenic Regions .
Variants [Found 74 matching variants in range chréA:1-618.072,261) B w 9 chreA:1-618.075.261 Q

618,079,260 bp

R ] [Rjul v v |sRiW) skl IR c [RENR] v Rl |l v [RIWIRRIR
-

Sample File #1
Variant Count: 40

BRRE Ut 5 gOE B

d B LBuB

Sample File #2
Wariant Count: 34

I | - .
DIRIECRAE  DOUBCECERBRORE B S|cIRIN < B | |R
|
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Bread Wheat: Variant Analysis

Browse and visualize variants

across the entire CSW genome

Simultaneously compare and
visualize multiple samples

Use one or more samples as a
control to exclude variants
present in the wild type

Focus on genomic regions of
interest based on IWGSC gene
transcript annotations

Access predicted biological
consequences based on
calculated amino acid shifts

Variant Analysis CultivarE-WT - BWA-AIn (Analyzed 2019-12-20 19:53 UTC) - High Sensitivity / HC Only

Der‘ISitjl’.Ir 393,609 variants found

Variants [Found 41 matching variants in range chréA:1-618.072,261)

Sample File #1
“ariant Count: 19

Sample File #2
“ariant Count: 22

More Options =

Display/Filter Options Compare Notes and Marks Sharing

¥ Use gene transcript and exon annotations from
IWGSC (HC)

# Include only variants within known coding regions @

[« Include only variants with predicted consequence of
not synonymous

¥ Missense (Nonsynonymous Substitution)  8St
' Stop Gained (Premature Stop Codon)
Stop Lost (Terminator Codon Change)
Start Lost (Start Codon Change)

' Stop Retained (Synonymous Terminator)

“ | Synonymous (Silent Mutation)

oo e

20

618,079,260 bp

kR Y § v BsRREWR s S C IR CEsRiclREWEENR
MTuuu™ EDEEoOomEpD ™= §Em ™ O Eia
]

i Show only variants not present in the control (i.e.
somatic)

¥ Show only variants with control coverage of at least
5 reads

¥ Match homozygous SNVs to related heterozygous
SMNV's in control @

@® Show all variants found within selected sample files

' Show only variants common to all selected sample
files

[ Show file coverage track of variants detected per
position

chr6A:1-618.079,261 Q
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Bread Wheat: Variant Analysis

Browse and visualize variants
across the entire CSW genome

Simultaneously compare and
visualize multiple samples

Use one or more samples as a
control to exclude variants
present in the wild type

Focus on genomic regions of
interest based on IWGSC gene
transcript annotations

Access predicted biological
consequences based on
calculated amino acid shifts

Interactive visualizations
provide deeper access to the
information behind each call

Variant Analysis CultivarE-WT - BWA-AIn (Analyzed 2019-12-20 19:53 UTC) - High Sensitivity / HC Only

I:.‘}'::_"r'ISitjl!Ir 393,609 variants found

Variants [Found 41 matching variants in range chréA:1-618.072,261)

Sample File #1
“ariant Count: 19

Sample File #2
“ariant Count: 22

More Options =

Display/Filter Options Compare Notes and Marks Sharing

¥ Use gene transcript and exon annotations from
IWGSC (HC)

# Include only variants within known coding regions @

l# Include only variants with predicted consequence of
not synonymous

¥ Exclude variants whose alt coverage is not at least
5 reads

¥ Include SNVs for homozygous or heterozygous
positions

Include positions with rare alleles

I/ Color positions based on the variant's_general type
(7]

i Show only variants not present in the control (i.e.
somatic)

| Show only variants with control coverage of at least
5 reads

¥ Match homozygous SNVs to related heterozygous
SMNV's in control @
@® Show all variants found within selected sample files

' Show only variants common to all selected sample
files

[ Show file coverage track of variants detected per
position

General Type ¢

|| iti z
# Show at each detected position the vz Alternate Allele
coverage
Zenomic Location
' Predicted Consequence |
B0

618,079,260 bp

A

Position: 15,444,861
Reference: T
Homozygous: A
Alt Coverage: & (41.67%)
Gene: TraesC36A02G029200
Exonic/Coding (1 transcript)
Amino Acid Shift: Asn -= Tyr
View Alignments

chr6A:1-618.079,261 Q
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Bread Wheat RNA-Seq:
Read Mapping and Visualization



f'CURIO Bread Wheat: RNA-Seq Read Mapping

- Conveniently select to align
to either the full Chinese
Spring Wheat genome or a
transcriptome

Align Multiple Sequence Files

Select Type: TopHat 2: Paired Alignment

Assembly:  IWGSC WGA 1.0 (Chinese Spring Wheat)

£ Alignment Genomic Features: () Align reads to entire genome

® Align reads to a transcriptome
£ Pre-Processing

Feature File: Select Genome Feature Set
£ Transcriptome

& Scoring Read Alignment: Transcriptome Alignment Only
£ Paired FASTQ Prefilter Reads: Include Multihit Reads

Max Hits: 20

Max Multihits: 20

Cancel P Start Alignment




f'CURIO Bread Wheat: RNA-Seq Read Mapping

- Conveniently select to align
to either the full Chinese
Spring Wheat genome or a
transcriptome

Align Multiple Sequence Files

Select Type: TopHat 2: Paired Alignment

Assembly:  IWGSC WGA 1.0 (Chinese Spring Wheat)

- Transcriptome is e e
dynamically assembled on

£+ Pre-Processing

Feature File: ‘ Select Genome Feature Set e ‘
£ Transcriptome

d e m a n d u S i n g Se | e Cte d & Scorng Community Genome Feature Sets

a n n Otat i O n Set fro m t h e IWGSC - Low Confidence Genes - Chinese Spring Wheat (v1.1) ‘

£ Paired FASTQ _ _
IWGSC - Whole Genome - Chinese Spring Wheat (v1.1)

IWGSC Max Hits: | 20

Max Multihits: 20

Cancel P Start Alignment




I.CURIO RNA-Seq Read Mapping Visualization

- Conveniently select to align S ispley Options, | Net=amiais St
to either the full Chinese
Spring Wheat genome or a
transcriptome

# Show gene and exon positions from WGSC (HC) * Show individual read details
#| Show reference genome bases Show read consensus seguence information

¥ Show nucleotide coverage and highlight when

2 Highl .
difterences exceed 20% Highlight mismatched bases

# Highlight read insertions
# Exclude reads and bases with quality under 99% gnig

~ s _ _ Color forward and reverse reads differently
Group reads by UMI (perfect matches), requiring
consensus of 60%

Remove read duplicates at the same alignment
position and CIGAR

- Transcriptome is
dynamically assembled on
demand using selected
annotation set from the

I WG SC Reads [Showing 466 alignments of 1,736, excluded 1,040 of low guality) EJ _m chr2B:158,616,522-158,619,4 Q

2,889 bp

[ ] Qu i C k I y Vi S u a | i Z e a n d 00 bp 158,617,000 bp 158,617 500 bp 158,618,000 bp 158,618,500 bp 158 619,000 bp |
naVigate RNA—Seq data from TreesC52B02G183300 ‘ .
samples of any size —
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RNA-Seq Read Mapping Visualization

- Conveniently select to align
to either the full Chinese
Spring Wheat genome or a
transcriptome

- Transcriptome is
dynamically assembled on
demand using selected

annotation set from the
IWGSC

- Quickly visualize and
navigate RNA-Seq data from
samples of any size

- Reference IWGSC transcript
and functional annotations
on the fly

Alignment Density

Gene: TraesC52B02G183300
TraesC52B02G183300.1 (Exon 3)

Transcription factor

Strand: Sense (1)

Exon Start: 158,617,579

Exon End: 158,617,697

Transcript Start: 158,616,561

Transcript End: 158,610,233

Coding Starz 158,617,043

Coding End: 158,618,908

Display Options Notes and Marks Sharing

¥ Show gene and exon positions_from IWGSC (HC) ® Show individual read details

¥ Show reference genome bases |wasec High Confidence Genes (1.1) v [1SUS Sequence information

¥/ Show nucleotide coverage and |y Gsc Low Confidence Genes (1.1) hed bases
differences exceed 20%

¥ Highlight read insertions
¥ Exclude reads and bases with quality under 99% < mignig

Color forward and reverse reads differentl
Group reads by UMI (perfect matches), requiring - Y

consensus of 60%

] Remove read duplicates at the same alignment
position and CIGAR

EH oos() chr2B:158.616.522-158.619.4

158,613,500 bp

158,619,000 bp
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Bread Wheat RNA-Seq:
Expression Analysis



f'CURIO Bread Wheat: Expression Analysis

- Analyze feature expression

UtlllZlng the Chinese Sprlng Start Multiple Expression Analyses
Wheat reference assembly

Genome Feature Set: @ IWGSC - High Confidence Genes - Chinese Spring Wheat (v1.17

Feature to Count: @ Gene

Exon Matching: @  ® Count only reads that overlap with exons of the gene

() Count reads that overlap introns or exons of the gene

Multi Feature Overlap: @ l«# Allow reads to count towards all features they overlap with

De-duplication: @ [ Remove potential read duplicates at the same position and CIGAR

Minimum Quality: @  co— ) Phred: 20 (99%)

Cancel P Siart Expression Analysis




f'CURIO Bread Wheat: Expression Analysis

- Analyze feature expression
ut|||Z|ng the Chinese Spﬂng Start Multiple Expression Analyses
Wheat reference assembly

Genome Feature Set: @ ‘ IWGSC - High Confidence Genes - Chinese Spring Wheat (v1.1y ‘

e Leve ra ge Either the IWG SC Feature to Count: © Community Genome Feature Sets

o H |g h CO nfi d e n Ce” O r o LOW Exon Matching: © | IWGSC - Low Confidence Genes - Chinese Spring Wheat (v1.1)
. . (O Count reads that overlap introns or exons of the gene
Confidence” annotation sets

Multi Feature Overlap: @ l«# Allow reads to count towards all features they overlap with

De-duplication: @ [ Remove potential read duplicates at the same position and CIGAR

Minimum Quality: @  co— )

Phred: 20 (99%)
Cancel P Siart Expression Analysis




f'CURIO Bread Wheat: Expression Analysis

- Analyze feature expression
ut|||Z|ng the Chinese Spﬂng Start Multiple Expression Analyses
Wheat reference assembly

Genome Feature Set: @ IWGSC - High Confidence Genes - Chinese Spring Wheat (v1.17

- Leverage either the IWGSC FeauretoCount @ | Gene :

: :
“High Confidence” or “Low xon Matching @ | Transcrpt

Exon
Confidence” annotation sets

Multi Feature Overlap: @ l«# Allow reads to count towards all features they overlap with

e M e a S u re eX p reSS i O n I eve IS Of De-duplication: @ [ Remove potential read duplicates at the same position and CIGAR
genes, tra nscripts’ or Minimum Quality: ©@  co— )

individual exons

Cancel P Siart Expression Analysis




[ .CURIO Bread Wheat: Differential Expression

- Analyze feature expression
ut|||Z|ng the Chinese Spﬂng Start a Differential Expression Analysis
Wheat reference assembly

- Leverage either the IWGSC

Analysis Name: Effects of drought and heat stress on bread wheat

E.g. 'Expression change in radiation exposed tissug'

”ngh Confidence” or ”LOW Experiment Design & Advanced Options

Confidence” annotation sets Define Sample Groups
- Measure expression levels of 2 oot SRR1542400 - CK

genes, tra nscripts’ or 3 [Group 1 v SRR1542405 - CK

indiViduaI exons O |Group 2 v SRR1542408 - DS6h

= |Grﬂup2 ¥ SRR1542409 - DS&h

- Group samples for a > Gows SRR1542412 - HSBH

differential expression o [cows SRR1542413 - S

a n a Iysis |Gr0up 4 v SRR1542416 - HDGh

|Gr0up 4 ¥ SRR1542417 - HDE&h

Viewing 1-8

Cancel P Start Differential Expression Analysis




[ .CURIO Bread Wheat: Differential Expression

Start a Differential Expression Analysis

- Analyze feature expression
utilizing the Chinese Spring
Wheat reference assembly

- Leverage either the IWGSC

“High Confidence” or “Low
Confidence” annotation sets

Analysis Name: Effects of drought and heat stress on bread wheat ?

E.g. 'Expression change in radiation exposed tissug'

Experiment Design £ Advanced Options

DESeq2 Options:

Minimum Expression Count: 1 ?
¢ Measu re expreSSion Ievels Of Required Samples with Minimum Expression: 1 ?
ge n e S, t ra n SC ri pts; O r Independent Filtering Significance Cutoff: @ Iﬁ “

individual exons

Count Transformation Blinding: @ ® Use experiment design information when
calculating transformed counts

) Blind the transformation counts to the
experimental design (i.e. unsupervised)

- Group samples for a
differential expression
analysis...

edgeR Options:

- ...and conveniently tune
industry standard ‘R’ based
algorithms

Minimum Counts Per Million (CPM): 1.0 ?

Required Samples with Minimum CPM: 1 T

Differential Testing Procedure: @ ® Use GLM likelihood ratio test
) Use GLM guasi-likelihood (QL) F-test
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Bread Wheat: Differential Expression

- Visualize expression levels
utilizing transcriptome-based
alignments leveraging IWGSC
annotation sets

MA Plot 25735 differentially expressed (49,470 total) | ?

=20

Analysis Summary

Adjusted Expression Read Counts (peseqz Regularized Logarishm) | ?

p— - I
] LA =

LA

Adjusted Counts f Feature (DES eq2 rlog)

100

10k

™

DESeqg2: Mean of Counts vs Log2 Fold Change

Expression Count Distribution

Display/Filter Options MNotes Sharing

Hierarchical Clustering Distance Measure:

Euclidean -

Expression Count Transformation:
' Use default DESeq2 normalized expression counts
log base 2 scaled
® Use regularized logarithm (rlog) adjusted counts

' Use variance stabilizing transformations (WVST)
adjusted counts

Differential Algorithm:
® Use DESeq2 calculated differentially expressed
features

1 Use edgeR calculated differentially expressed
features

Differential Features

[ ]
. | ¢
[ ] L ] L ] [ ] ® [ ]
° H $ e 2.13
1.72
=
=
=
i
O 1.3
o
)
as]
=
=
vy 0.B8
- - o8 & ° .y » o 0.48
> L L) o o =) 5 )
’ o : f@) ﬁﬁj f\"{j ,‘e&l %‘0
B & ] T <) ’ a7
e ol s o el > =
RN B 13 -3 Ta W P
& 5 L - < “ o 0.05
& @ & & & & &
& = = = o & 1.78 4.2
Control Drought Heat Drought +
Stress Stress Heat 5tress

Sort and Show Differential Features With:
® Strongest up or down regulation (log2 fold change,
absolute)

' Strongest down-regulation (log2 fold change,
ascending)

1 Strongest up-regulation (log?2 fold change,
descending)

Maximum Features To Hierarchically Cluster:
a0 B

Maximum P-value Threshold (Alpha):
o)

Effect of Count Transformation on Variance | 2

25

6.62 5.04 11.48

Mean of Counts (DESeq2 Regularized Logarithm)
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Bread Wheat: Differential Expression

- Visualize expression levels
utilizing transcriptome-based
alignments leveraging IWGSC
annotation sets

- Validate samp
through princi
analysis

e distances

nal component

MA Plot 35,739 differantially expreszed (49,470 total) | ?

v

=20
100 10k M

DESeqZ: Mean of Counts ve Log2 Fold Change

Analysis Summary Expression Count Distribution

Principal Component Analysis (peseq2rieg) | 2

50
L]
]
=
=
§
§ 0
o
4
)
" .
&
¥ -50
=100
-50 0 50
PC1: 63.45% variance
A Control Drought 5tress

# Heat Stress @ Drought + Heat Stress

Display/Filter Options MNotes Sharing

Hierarchical Clustering Distance Measure:

Euclidean -

Expression Count Transformation:

Use default DESeq2 normalized expression counts

log base 2 scaled
* Use regularized logarithm (rlog) adjusted counts

Use variance stabilizing transformations (WST)
adjusted counts

Differential Algorithm:

* Use DESeq2 calculated differentially expressed
features

Use edgeR calculated differentially expressed
features

Differential Features

Sam ple Distances {DESeq2 Regularized Logarithm) | 2

Sort and Show Differential Features With:

* Strongest up or down regulation {log2 fold change,
absolute)

Strongest down-regulation (leg2 fold change,
ascending)

Strongest up-regulation {log2 fold change,
descending)

Maximum Features To Hierarchically Cluster:
«Q BN

Maximum P-Value Threshold (Alpha):
o )

5RR1542413 - H56h
SRR1542412 - H56h
5RR1542417 - HDGh
S5RR1542414 - HDGh
5RR1542404 - CK

SRR1542405 - CK

5RR1542408 - D56h

SRR154240% - D56h
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Bread Wheat: Differential Expression

- Visualize expression levels
utilizing transcriptome-based
alignments leveraging IWGSC
annotation sets

- Validate sample distances
through principal component
analysis

- Highlight up or down regulated
genes through interactive heat
maps

MA Plot 35725 differentially expressed (49,470 wtal) | 7

e

-20

Analysis Summary

100 10k

™

DESeq2: Mean of Counts vs Log2 Fold Change

Expression Count Distribution

Display/Filter Options Notes Sharing

Hierarchical Clustering Distance Measure:

Euclidean =

Expression Count Transformation:

) Use default DESeq2 normalized expression counts
log base 2 scaled

® Use regularized logarithm (rlog) adjusted counts

) Use variance stabilizing transformations (v3T)
adjusted counts

Differential Algorithm:
® |se DESeq?2 calculated differentially expressed
features

) Use edgeR calculated differentially expressed
features

Differential Features

& &
& Ry

Sort and Show Differential Features With:
® Strongest up or down regulation (log2 fold change,
absolute)

(' Btrongest down-regulation (log2 fold change,
ascending)

() Strongest up-regulation {log2 fold change,
descending)

WMaximum Features To Hierarchically Cluster:

Maximum P-Value Threshold (Alpha):

o)

TraesC55B02G4E87
TraesC53D02G046:
TraesC53002C0465
TraesC54B02G2253
TraesC53002G1151
TraesC54A0ZG0EE2
TraesC54D02G212¢
TraesC54B02G2254
TraesC52B02G3299
TraesC52A02G312¢E
TraesC54B02C0E93
TraesC56A02G3508
TraesC56002G3 32
TraesC5TB02C2443
TraesC51B02G0181
TraesC54B02GC1 E48
TraesC5eD0201 224
TraesC55002G3 79z
TraesC53002C2541
TraesC51002C012(
TraesC54A02G119E
TraesC53A02G253:
TraesC55B02G3722
TraesC55A02G424E
TraesC54D02C358%
TraesC56B02G3E26
TraesC56B02G3 835
TraesC56002G332%
TraesC56B02G3 838
TraesC56A02G350€

Drought Stress

Heat 5tress

G
& &
Drought + Heat 5tress
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Bread Wheat: Differential Expression

- Visualize expression levels
utilizing transcriptome-based
alignments leveraging IWGSC
annotation sets

- Validate sample distances
through principal component
analysis

- Highlight up or down regulated
genes through interactive heat
maps

- Compare and contrast different
industry standard algorithms in
real-time

MA Plot 24,055 differentially expressed (42,524 total) | ?

e

-20

Analysis Summary

0.0001 0.01

edgeR: Average Log2 CPM vs Log2 Fold Change

s (:‘I# r ':}
o)
S 55
B I
e e
o o
Control

Expression Count Distribution

Display/Filter Options Motes Sharing

Hierarchical Clustering Distance Measure:

Euclidean -

Expression Count Transformation:

) Use default DESeq2 normalized expression counts
log base 2 scaled

® Use regularized logarithm (rlog) adjusted counis

0 Use variance stabilizing transformations (VST)
adjusted counts

Differential Algorithm:
) Use DESeq?2 calculated differentially expressed
features

® |se edgeR calculated differentially expressed
features

Differential Features

o
@a‘“ Q‘\a‘" o
& & =3

Drought S5tress

Heat 5tress

Sort and Show Differential Features With:

®

@

@

Strongest up or down regulation ({log2 fold change,
absolute)

Strongest down-regulation (log2 fold change,
ascending)

Strongest up-regulation (log2 fold change,
descending)

Maximum Features To Hierarchically Cluster:

Maximum P-value Threshold (Alpha):

o)

TraesC550020342¢
TraesCETADZC22534
TraesC57002G230(
TraesC53A02G237E
TraesC52002G100:
TraesC56B02G1609
TraesC57D02G014:
TraesC51002G452¢
TraesC51AQ2G4A11:
TraesC54D02CG0631
TraesC51002G1 307
TraesC55B02G2577
TraesC56D02G1 008
TraesC5UD2C1273C
TraesC57B02G1927
TraesC55002G1 6B
TraesC56B02G1398
TraesC55002G252]
TraesC52A02G4861
TraesC53002G1152
TraesC57AQ2G3604
TraesC57B02G0EZ]
TraesC53002G044<

TraesC52B02G5152
TraesC57AQ2G202:
TraesC5UD20 16400
TraesC55B02G4E887
TraesC53002G1151
TraesC53002G046:
TraesC53002C0467

& o
& &
J!‘
S S
b}h b':lfh
e
‘}
L

Drought + Heat 5tress
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In Conclusion
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Looking Ahead

- Incorporation of the recently released IWGSC
2.0 reference assembly

- Addition of the soon-to-be released IWGSC 2.0
transcript and functional annotations

- Consideration of other standard hexaploid and
tetraploid wheat assemblies and related

annotation sets e — T
9'7 anaryhAna.lvslsFlle ““I“'\“n‘lill " “ ;;;;!E!:]L]E |
- Support for custom reference assemblies ~  § 7 L
comparson FLF il B 2 T LI

dditi I h ifi lysi \' |||||!.;|Ii2:i|.,:;,,;II--'«-"' | g oo !

- Additional crop-research-specific analysis types — e

: : - S g it 1
and interpretive visualizations = T

©2020, Curio Genomics Alignment, Analysis, and Visualization of Wheat NGS Samples in Curio / Presented at PAG 2020



I.CURIO

Acknowledgements

Special thanks to collaborators at:
Arbor Biosciences
John Innes Centre (JIC)
French National Institute for Agricultural Research (INRA)

University of Adelaide, Plant Genomics Centre

And the collective efforts of the:

International Wheat Genome Sequencing Consortium (IWGSC)

Differential expression analysis utilized FASTQ files published as part of the following study:

Liu Z, et al. Temporal transcriptome profiling reveals expression partitioning of homeologous
genes contributing to heat and drought acclimation in wheat (Triticum aestivum L.)
BMC Plant Biol. 2015;15:152. doi: 10.1186/s12870-015-0511-8.

©2020, Curio Genomics Alignment, Analysis, and Visualization of Wheat NGS Samples in Curio / Presented at PAG 2020

51



I.CURIO

Q&A
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