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1 Use of SNPstar for scientific research

What can SNPstar do for you? SNPstar is a tool to help researchers in different ways.
SNPstar serves as some sort of SNP atlas which collects different kinds of information,
characteristics and features for each SNP in genic regions based on genomic information
from the 1001 genomes project (https://1001genomes.org/) of Arabidopsis thaliana.
Currently, SNPstar has a focus on nonsynonymous SNPs, thereby serving as a starting
point to gather meaningful information about SNPs that potentially affect protein structure
and function. This manual provides a step-by-step guideline for gathering this information
for SNPs in (a) gene(s) of interest based on the complete or a subset of the naturally
occuring accessions present in the 1001 genomes collection.

2 General options

On the landing page you initially select your accession set of interest. Here, we will
introduce SNPstar on the basis of the 1001 genomes dataset for Arabidopsis thaliana.

Welcome to the SNPst-r web server! - o

Free access also for commercial users.

Download the user
manual

2 General options

Join Our Mailing List
Enter your email

Subscribe | Unsubscribe

Arabidopsis thaliana

This tool uses pseudogenomes of 1135
Arabidopsis thaliana accessions from the
1001 Genomes Project.

Functional impacts of non-synonymous SNPs: Analysis of amino acid substitutions, changes in
physico-chemical properties (polarity, charge), and effects on protein domains.

SNP and haplotype analyses: Computation of CDS and protein haplotypes, their frequencies, their
geographic distributions, and their associations with phenotypic traits or environmental factors.
Analysis for chosen set of accessions: All results and tables are available for sets of accessions
chosen by the user

* GWAS input matrices and computation: Computation of GWAS with SNP or haplotype subsets
chosen by the user

2.1 Gene selection


https://1001genomes.org/

2.1.1 Select a gene and transcript via AT number

The second step is to select your gene of interest. As an example, we will introduce all the
features of SNPstar on the basis of the gene HMA3 (AT4G30120). You can select any
gene of interest either by typing the common gene name (e.g. HMA3) or the AGI identifier
in the drop down menu as shown below.

& c O 8 141.489.71/arabidopsis thaliana#select isoform 0% T

Select transcript and accessions Results for selection Search SNP database

All tha results in the "Results for seletion” tab are computed for the selected transeript and aceassions (exeluding the gwas values and
. Missing p inthe g are replaced with the reference!

' Specify a transcript identifier:

Select a set of accessions:

Select subgroup

File with accession IDs v | Browse... | No file selected Add to selection Remove from selection
Compute results >

Accession, D Accession cs b o001
)
[ ovR nic climate western_eurape ~
[m I LoV-18 climate n_europe
[m] 139 LDV-46 ¢ climate western_europe
o 1 MARZ3 Oceanic climate westem europe

Select your gene model (transcript) of interest. Here, we select AT4G30120.1, but you can
select any of the other known splice variants.

< C O & 14148971/arabidopsis_thaliana#select isoforr 8% ¥

Select transcript and accessions ~ Results for selection  Search SNP database

All the results in the "Results for selction” tab are computed far the selected transcript and accessions (excluding the gwas values and
haplotypes). Missing positions/Ns in the genotypes are replaced with the reference!

Specify a transcript identifier:
AT4G30120

AT4G30120.1
ATAG301202

Select a set of accessions:

Select subgroup

| File wih accession 105 v | Browse... | No e selectec Add to selection [l Remove from selection
Compute results >

A D Accession €8 numb 001

a

[m] 88 CYR P -~
[T LDv-18 _europe

[m] 139 LDV-46 curope

[m] 1 MARZ 3 Oceanic climate western_europe

2.1.2 Select a group of genes

In progress!



2.2 Accession selection

There are several options to select subsets of accessions for your analysis. We will
introduce these in the following subchapters 2.2.1 - 2.2.5.

2.2.1. Direct selection all or specified accessions

You can select either the complete set of 1135 accessions or, alternatively, compile a
subpopulation by checking the boxes on the left.

<« c O 8 141489.71/arabidopsis thaliana#select isofor 8% 9%

Select transcript and accessions  Results for selection  Search SNP database

All the results in the "Results for selction” tab are computed for the selected transcript and accessions (excluding the gwas values and
haplotypes). Missing pesitions/Ns in the genotypes are replaced with the reference!

Specify a transcript identifier:

ATAG30120.1 hd

Select a set of accessions:

Select subgroup

File with accession IDs ~ | Browse... | No file selected. Add to selection Remove from selection
Campute results >

Accession_ID Aceession CS number Koeppen climate ragio: 1001 Genomes g
88 cYR Oceanic climate wastern_europe ~
108 LDV-18 climate rn_europe
139 LDV 46 climate rn_eurepe
159 MARZ 3 nic climate western_europe
< c O 8 141489.71/arabidopsis thaliana#select isofor 0% §¥

All the results in the "Results for selction” tab are computed for the selected transcript and accessions (excluding the gwas values and
haplotypes). Missing positions/Ns in the genotypes are replaced with the reference!

Specify a transcript identifier:

ATAG20120.1 >

Select a set of accessions:

Select subgroup

File with accession IDs v | Browse... | No file selected. Add to selection Remove from salection

Fila with accession IDs

>
1001 Genomes Group Compute resulis
Kogppen climate region

Gountry
ssion €5 number

en climate regio 1001 Gencmes g

Complete 1135 accessions
L ——

cvR c climate

o western_europe ~
[m] Lov-1g climate

[m] LDV-46 climate

o MAR2 3 climate

o PYLB climate

o TOU-A1-88 climate

[m] TOU-A1-89 climate

o 403 zdarec3

central_europe

To finish the selection click ‘Add to selection’.



< C O 8 141489.71 arabidopsis thaliana#select isofor 8% 9%
® About

Select transcript and accessions ~ Results for selection ~ Search SNP database

All the results in the "Results for selction” tab are computed for the selected transeript and accessions (excluding the gwas values and
haplotypes). Missing positions/Ns in the genotypes are replaced with the reference!

Specily a transcript identifier:

AT4G30120.1 ~

Select a set of accessions:

Select subgroup

Complete 1135 accessions  ~ Add to selection Remove from selection
Compute results >

Accession 1D Accession €S number Kaeppen climate regio 1001 Genemes group

a

[u] 83 cYR wastern_europe ~
o 108 LDV-18

o 139 LDV-46

a 19 MARZ-3

estern _europe

You can remove the selection by clicking ‘Remove from selection’.

<« C O 8 141.489.71/arabidopsis._thaliana#select isoform 80%  T%
 About

Select transcript and accessions Results for selection Search SNP database

All the results in the "Results for seletion” tab are computed for the selected transcript and accessions (excluding the gwas values and
haplotypes). Missing pesitions/Ns in the genotypes are replaced with the reference!

Specify a transcript identifier:

ATAG30120.1 >

Select a set of accessions:

Select subgroup

File with accession IDs ~ | Browse... | No file selected. Add to selection Remove from selection
Compute results >

Accession D Accession €S number Kaeppen climate regio 1001 Genomes group

& cYR eanic climate western_europe ~
108 LDV-18 Oceanic climate

139 LDV-46 climate

159 MAR2:3 © climate Western europe

2.2.2 Select a subset of accessions via uploading accession IDs

Instead of manually checking all the corresponding boxes, you can upload a file of
accessions by marking ‘File with accession IDs’ in the drop down menu.



® About

Select transcript and accessions  Results for selection ~ Search SNP database

Al the results in the "Results for selction” tab are computed for the selected transcript and accessions (excluding the gwas values and
Missing in the are replaced with the reference!

Specify a transcript identifier:

AT4G30120.1 -

Select a set of accessions:

Select subgroup:

File with accession IDs Browse... | No file selected. Add to selection ll Remove from selection
File with accession IDs
>
1001 Genomes Group Compute results

Koeppen climate region

Country

Complete 1135 accessions ion CS number Koeppen climate region 1001 Genomes group
e ———————

O 88 CYR 576790 Oceanic climate western_europe ~

0O 108 LDV-18 877013 Oceanic climate western_europe

O 139 LDV-46 877014 Oceanic climate western_europe

o 15 MAR2-3 877070 Oceanic climate western_europe

0O 265 PYL-6 €s77198 Oceanic climate admixed

0O 35 TOU-AT-88 €s77382 Oceanic climate western_europe

o 351 TOU-AT-89 €s77383 Oceanic climate western_europe

0O 403 Zdarec3 Cs78873 Oceanic climate central_europe

O 410 Doubravnik7 €S76808 Oceanic climate central_europe

[ 7 Draha2 CS76812 Oceanic climate central_europe

The file with the accession IDs should be in the following format:

A | B |
88

108

159

350

351

410

=
o

Click ‘Browse’ and upload your specified accession list.



® About

Select transcript and accessions  Results for selection ~ Search SNP database

All the results in the "Results for selction" tab are computed for the selected transcript and accessions (excluding the gwas values and

Missing positi in the are replaced with the reference!

Specify a transcript identifier:

AT4G30120.1 -

Select a set of accession|

Select subgroup:

File with accession IDs v |Browse...| No file selected. Add to selection Remove from selection
Compute results >

Accession D Accession CS number Koeppen climate region 1001 Genomes group
(m]
[m} 88 CYR CS76790 Oceanic climate western_europe ~
(m} 108 LDV-18 C€s77013 Oceanic climate western_europe
(m} 139 LDV-46 Cs77014 Oceanic climate western_europe
O 159 MAR2-3 Cs77070 Oceanic climate western_europe
O 265 PYL6 cs77198 Oceanic climate admixed
O 350 TOU-A1-88 ©s77382 Oceanic climate western_europe
o 351 TOU-A1-89 577383 Oceanic climate western_europe
O 403 Zdarec3 578873 Oceanic climate central_europe
O 410 Doubravnik7 ~ CS76808 Oceanic climate central_europe

Click ‘Add to selection’ for adding.

 About

Select transcript and accessions  Results for selection ~ Search SNP database

All the results in the "Results for selction” tab are computed for the selected transcript and accessions (excluding the gwas values and
Missing iti in the are replaced with the reference!

Specify a transcript identifier:

AT4G30120.1 -

Select a set of accessions:

Select subgroup:

File with accession IDs v |Browse...| SNPstar_accessions.csv Add to selection Remove from selection
Compute results >

Accession D Accession CS number Koeppen climate region 1001 Genomes group
(m]
[m} 88 CYR CS76790 Oceanic climate western_europe ~
O 108 LDV-18 877013 Oceanic climate western_europe
O 139 LDV-46 cs77014 Oceanic climate western_europe
o 159 MAR2-3 877070 Oceanic climate western_europe
O 265 PYL6 ©s77198 Oceanic climate admixed
O 350 TOU-A1-88 cs77382 Oceanic climate western_europe
o 351 TOU-A1-89 cs77383 Oceanic climate western_europe
(m} 403 Zdarec3 CS78873 Oceanic climate central_europe
(m} 410 Doubravnik7 CS76808 Oceanic climate central_europe



Select transcript and accessions

Results for selection  Search SNP database

Al the results in the "Results for selction” tab are computed for the selected transcript and accessions (excluding the gwas values and

in the

Missing posi

Specify a transcript identifier:

AT4G30120.1

Select a set of accessions:

Select subgroup:

File with accession IDs

Accession_ID

O

159

(<N <N < Nul < Nul < N<]
N

are replaced with the reference!

v |Browse...| SNPstar_accessions.csv Add to selection Remove from selection

Accession

CYR

LDV-18
LDV-46
MAR2-3
PYL-6
TOU-A1-88
TOU-AT-89
Zdarec3
Doubravnik7

CS number

CS76790
€s77013
Cs77014
€s77070
Cs77198
CS77382
€s77383
Cs78873
€S76808

Oceanic climate
Oceanic climate
Oceanic climate
Oceanic climate
Oceanic climate
Oceanic climate
Oceanic climate
Oceanic climate

Oceanic climate

Compute results >

western_europe
western_europe
western_europe
western_europe
admixed
Western_europe
Wwestern_europe
central_europe

central_europe

You can always remove the selection via ‘Remove from selection’

2.2.3 Selecting accession via 1001 genomes groups

(see chapter 2.2.1).

Another straight-forward option to select sub-populations is to select genetic diversity
groups from the 1001 genomes project. Use the drop-down menu and select ‘1001

Genomes Group’.

Select transcript and accessions

Results for selection

Search SNP database

All the results in the "Results for selction" tab are computed for the selected transcript and accessions (excluding the gwas values and

inthe

Missing

Specify a transcript identifier:

AT4G30120.1

Select a set of accessions:

Select subgroup:

File with accession IDs v [Browse...| SNPstar_accessions.csv

File with accession IDs

1001 Genomes Group

Koeppen climate region

Country

sion

Complete 1135 accessions
S —

88

108
139
159
265
350
351
403
410

o0oooooooo

CYR

LDV-18
LDV-46
MAR2-3
PYL-6
TOU-A1-88
TOU-A1-89
Zdarec3
Doubravnik7

CS number

€S76790
CS77013
CS77014
Cs77070
CS77198
CS77382
CS77383
CS78873
CS76808

are replaced with the reference!

pen climate region

Oceanic climate
Oceanic climate
Oceanic climate
Oceanic climate
Oceanic climate
Oceanic climate
Oceanic climate
Oceanic climate
Oceanic climate

Add to selection Remove from selection

Compute results >

1001 Genomes

western_europe
western_europe
western_europe
western_europe
admixed
Wwestern_europe
Wwestern_europe
central_europe
central_europe

grouf

Next, a second drop-down menu appears where you can select the genetic diversity

group.



Select transcript and accessions
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8np
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Al the resuls in the "Results for selction” tab are computed for the selected transcript and accessions (excluding the gwas values and haplotypes). Missing positions/
Ns in the genotypes are replaced with the reference!

Specify a transcript identifier or gene name:

| Araca0iz0

Select a set of accession:

Select subgroup:

1001 Genomes Group

Accession_iD

(1001 genomes)

o

A~ 0000000000 O0OO0OOOO0ODOOO
5
R

v | Admixea

Accession

o¥R
Lov1g
Lov-46
MARZ3
PYLG
TOU-A188
TouA1-89
Zdarecs
Doubravnik7
Drahaz
Borky1

61

BRRY
BRR12
BRR23
BRRS7
BRREO
BRR107

Bl Add to selection Remove from selection
S number Koeppen climate region

576790
877013
cs77014
cs77070
cs77198
cs77382
cs77383
cs78873
576808
cs76812
cs76718
576496
578943
cs78944
cs78945
578946
cs78047
cs78948

Oceanic climate
Oceanic climate

Oceanic climate

Oceanic climate

Oceanic climate

Oceanic climate

Oceanic climate

Oceanic climate

Oceanic climate

Oceanic climate

Oceanic climate

Warm summer continental or hemiboreal climates
Hot summer continental climates

Hot summer continental climates

Hot summer continental climates

Hot summer continental climates

Hot summer continental climates

Hot summer continental climates

1001 Genomes group

westem_europe
wester_europe
‘weste_europe
‘wester_europe
admixed
‘westem_europe
‘wester_europe
central_europe
central_europe
central_europe
central_europe
central_europe
germany
germany
germany
germany
germany
germany

H Manual & About

; . 8NP2

Al the results in the "Results for selction” tab are computed for the selected transcript and accessions (excluding the gwas values and haplotypes). Missing positions/
Ns in the genotypes are replaced with the referencel

Specify a transcript identifier or gene name:

AT4G30120.1

Select a set of accessions:

Select subgroup:

1001 Genomes Group

410

“]DDDDDDDDDDDDDDDDDD‘
IS
R

Click ‘Add to selection’.

Remove from sek

ol Relict

Germany
Italy, Balkan, Caucasus
North sweden

LD\ South sweden

Lo\ spain

MA  Westem europe

region

1001 Genomes grouy

bceanic climate
bceanic climate
bceanic climate
bceanic climate

TOU-AT-88
TOU-AT-89
Zdarec3
Doubravnik?
Draha2
Borkyl

Gr1

BRR4
BRR12
BRR23
BRRS7
BRRGO

cs77382
577383
s78873
576808
S76812
cs76718
576496
578943
cs78944
578945
578946
578947
578948

Oceanic climate
Oceanic climate

Oceanic climate

Oceanic climate

Oceanic climate

Oceanic climate

Warm summer continental or hemiboreal climates
Hot summer continental climates

Hot summer continental climates

Hot summer continental climates

Hot summer continental climates

Hot summer continental climates

Hot summer continental climates

10

westem_europe
wester_europe
wester_europe
wester_europe
admixed
wester_europe
wester_europe
central_europe
central_europe
central_europe
central_europe
central_europe
germany
germany
germany
germany
germany
germany



Select transcript and accessions
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Allthe results in the "Results for selction” tab are computed for the selected transcript and accessions (excluding the gwas values and haplotypes). Missing positions/
Ns in the genotypes are replaced with the referencel

Specify a transcript identifier or gene name:

ATAG30120.1 =

Select a set of accessions:

Select subgroup

1001 Genomes Group

Accession_ID

(1001 genomes)

A000000O0O0OD0O0ODO0ODOOOOOO

. . 8

v | centraleurope v [EREECEEERTY Remove from selection Compute results >

Accession

o¥R
Lov18
LDV-46
MAR23
PYLG
TouA188
TouA1-89
Zdarecs
Doubravnik7
Draha2
Borky1

61

BRRA
BRR12
BRR23
BRRS7
BRRGO
BRR107

€S number

576790
577013
cs77014
s77070
cs77198
cs77382
cs77383
cs78873
Cs76808
cs76812
cs76718
576496
578943
cs78944
578945
578946
578947
578948

Koeppen climate region

Oceanic climate
Oceanic climate

Oceanic climate

Oceanic climate

Oceanic climate

Oceanic climate

Oceanic climate

Oceanic climate

Oceanic climate

Oceanic climate

Oceanic climate

Warm summer continental or hemiboreal climates
Hot summer continental climates

Hot summer continental climates

Hot summer continental climates

Hot summer continental climates

Hot summer continental climates

Hot summer continental climates

1001 Genomes group

westem_europe ~
westem_europe
westem_europe
westem_europe
admixed
wester_europe
wester_europe
central_europe
central_europe
central_europe
central_europe
central_europe
germany
germany
germany
germany
germany
germany

5 Manual 8 About

All the results in the "Results for selction” tab are computed for the selected transcript and accessions (excluding the gwas values and haplotypes). Missing positions/
Ns in the genotypes are replaced with the referencel

Specify a transcript identifier or gene name:

ATAG30120.1

Select a set of accessions:

Select subgroup

1001 Genomes Group

Accession_ID

(1001 genomes)

o

~A000000@8@®/@®@®@®O000000

MIRCUETT S Add to selection Remove from selection Compute results >

Accession

ovR
Lov18
LDV-46
MAR23
PYL6
Tou-A1-88
TOU-A1-89
Zdarecs
Doubravnik7
Draha2
Borkyl

61

BRRA
BRR12
BRR23
BRRS7
BRR6O
BRR107

CS number

CS76790
cs77013
cs77014
s77070
577198
577382
577383
578873
576808
cs76812
cs76718
576496
s78043
cs78044
s78945
s78946
cs78947
Cs78948

Koeppen climate region

Oceanic climate
Oceanic climate

Oceanic climate

Oceanic climate

Oceanic climate

Oceanic climate

Oceanic climate

Oceanic climate

Oceanic climate

Oceanic climate

Oceanic climate

Warm summer continental or hemiboreal climates
Hot summer continental climates

Hot summer continental climates

Hot summer continental climates

Hot summer continental climates

Hot summer continental climates

Hot summer continental climates

1001 Genomes group

wester_europe A
wester_europe
Wwester_europe
wester_europe
admixed
wester_europe
western_europe
central_europe
central_europe
central_europe
central_europe
central_europe
germany
germany
germany
germany
germany
germany

It's possible to add more 1001 Genome groups if you repeat the procedure with other
regions of origin. You can remove specific groups via ‘Remove from selection’ (see chapter

2.2.1).

2.2.4 Select a subset of accessions via Koeppen climate region

If you would like to select a subset of available accession based on the Koeppen climate
regions then use the drop-down menu Select subgroup and select Koeppen climate
region. The climate regions according to the Koeppen climate classifications.

11



 About

Select transcript and accessions Results for selection Search SNP database

All the results in the "Results for selction" tab are computed for the selected transcript and accessions (excluding the gwas values and
Missing iti inthe are replaced with the reference!

Specify a transcript identifier:

AT4G30120.1 -

Select a set of accessions:

Select subgroup:

File with accession IDs Browse...

| SNPstar_accessions.csv Add to selection Remove from selection

File with accession IDs

Compute results >

sion CS number Koeppen climate region 1001 Genomes group

1001 Genomes Group
Koeppen climate region

Country

Complete 1135 accessions

[m] 88 CYR CS76790 Oceanic climate western_europe ~
O 108 LDV-18 €s77013 Oceanic climate western_europe

o 139 LDV-46 €s77014 Oceanic climate western_europe

(m] 159 MAR2-3 €s77070 Oceanic climate western_europe

[m] 265 PYL-6 Cs77198 Oceanic climate admixed

[m] 350 TOU-A1-88 CS77382 Oceanic climate western_europe

o 351 TOU-A1-89 CS77383 Oceanic climate western_europe

O 403 Zdarec3 Cs78873 Oceanic climate central_europe

o 40 Doubravnik7 €S76808 Oceanic climate central_europe

O 424 Draha2 €S76812 Oceanic climate central_europe

A second drop-down menu appears. In that menu you can select your climate regions of
interest.

& Manual % About

. . 8Np2

Al the results in the "Results for seiction” tab are computed for the selected transcript and accessions (excluding the gwas values and haplotypes). Missing positions/
Ns in the genotypes are replaced with the referencel

Specify a transcript identifier or gene name:

ATAG30120.1 -

Select a set of accession

Select subgroup:

Koeppen climate region v | Oceanic climatev [ ERCREIS o) Remove from selection Compute result

Accession_ID
Accession s number Koeppen climate region 1001 Genomes group
(1001 genomes)
u}
O s CYR 576790 Oceanic climate wester_europe ~
o s Lov-18 cs77013 Oceanic climate wester_europe
[sIIRE) LDv-46 cs77014 Oceanic climate wester_europe
o s MAR2:3 577070 Oceanic climate westem_europe
o 25 PYLS cs77198 Oceanic climate admixed
o 350 TOU-AT-88 cs77382 Oceanic climate wester_europe
[s -S| TOU-AT-89 577383 Oceanic climate western_europe
O 403 Zdarec3 578873 Oceanic climate central_europe
o a0 Doubravnik7  CS76808 Oceanic climate central_europe
(s Draha2 576812 Oceanic climate central_europe
[ Borkyl 576718 Oceanic climate central_europe
O 40 G 576496 Warm summer continental or hemiboreal climates central_europe
[= I BRR4 578943 Hot summer continental climates germany
o 47 BRR12 Cs78044 Hot summer continental climates germany
O 484 BRR23 Cs78945 Hot summer continental climates germany
O s BRRS7 Cs78946 Hot summer continental climates germany
O s BRR60 Ccs78947 Hot summer continental climates germany
o s BRR107 Cs78948 Hot summer continental climates germany
< >

Now you can select your 1001 Genome groups of interest (e.g., Oceanic climate, etc.).
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Select transcript and accessions ~ Results for selection ~ Search SNP database

All the results in the "Results for selction” tab are computed for the selected transcript and accessions (excluding the gwas values and
haplotypes). Missing positions/Ns in the genotypes are replaced with the reference!

Specify a transcript identifier:

ATAG30120.1 -

Select a set of accessions:

Select subgroup:

Subarctic or bor v Add to selection Remove from selection

‘Oceanic climate
mpute results
‘Warm summer continental or hemiboreal climates

Hot summer continental climates

Koeppen

. Humid subtropical clmates
Accession_ID  Acces| 1001 Genomes group
Subarctic or boreal climates

o Tundra climate
Subpolar oceanic climate
= arre— Arid climate =
o 8 CYR western_europe o
Mediterranean hot summer climates
o 108 LDV-1 western_europe
Mediterranean warmicool summer climates
o 13 LDV-4 western_europe
western_europe
[m ) marz| NA it
O s Pyl  Sem-arid (steppe) climate admixed
HAT ceanic climate westemn_europe
O 350 TOU-A188 CS77362 o limats i
HAT- ceanic climate westemn_europe
o 85 TOW-A1-89 577383 o limats i
jarec: ceanic climate central_europe
[ Zdarec3 CS78873 o limat tral
[= T Doubravnik7 576808 Qceanic climate central_europe
424 Draha2 CS76812 Oceanic climate central_europe
h I _europ
[m] 428 Borky1 CS76718 Oceanic climate central_europe
430 Gr-1 CS76496 Warm summer continental or hemiboreal climates central_europe
I or hemiboreal cl |_europ
470 BRR4 CS78943 Hot summer continental climates jerman
I cl germany
476 BRR12 CS78944 Hot summer continental climates jerman
o I cl germany
484 BRR23 CS78945 Hot summer continental climates jerman
o I cl germany
ot summer continental climates ermany
O 504 BRRS7 578046 Hot tinental climat germany
ot summer continental climates germany
O s06 BRRG60 578047 Hot tinental climat
ot summer continental climates germany
O s BRR107 578048 Hot tinental climat
- . RSN P ©
< >

Click ‘Add to selections’.

® About

Select transcript and accessions ~ Results for selection ~ Search SNP database

Allthe resdlts in the "Results for selction” tab are computed for the selected transcript and accessions {excluding the gwas values and
haplotypes). Missing positions/Ns in the genotypes are replaced with the reference!

Specify a transcript identifier:

ATAG30120.4 -

Select a set of accessions:

Select subgroup:

| Koeppen climate region ~ | Oceanic climate v Add to selection Remove from selection

Compute result:

531 BRR107 ©S78948 Hot summer continental climates germany

Accession_ID  Accession CS number Koeppen climate region 1001 Genomes group
o
0O s cvr Cs76790 Oceanic climate western_europe Al
0 s Lov-18 cs77013 Oceanic climate western_europe
[=I.E) LDV-46 cs77014 Oceanic climate western_europe
o s MAR2-3 Cs77070 Oceanic climate western_europe
0 265 PYL6 Ccs77198 Oceanic climate admixed
[=I) TOU-A1-88 Cs77382 Oceanic climate western_europe
o ss TOU-A1-89 Cs77383 Oceanic climate western_europe
0O 403 Zdarec3 Cs78873 Oceanic climate central_europe
o 40 Doubravnik7 Cs76808 Oceanic climate central_europe
[= Draha2 Cs76812 Oceanic climate central_europe
O 4z Borky1 Ccs76718 Oceanic climate central_europe
[=) Gr1 Cs76496 Warm summer continental or hemiboreal climates central_europe
[= ) BRR4 Cs78943 Hot summer continental climates germany
o 47 BRR12 Cs78944 Hot summer continental climates germany
=] BRR23 C578945 Hot summer continental climates germany
O so4 BRR57 C578946 Hot summer continental climates germany
O s06 BRR6O Cs78947 Hot summer continental climates germany
o
<
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Select transcript and accessions ~ Results for selection ~ Search SNP database

Allthe results in the "Resuls for selction” tab are computed for the selected transcript and accessions (excluding the gwas values and
haplotypes). Missing positions/Ns in the genotypes are replaced with the reference!

Specify a transcript identifier:

AT4GI0120.1 -

Select a set of accessions:

Select subgroup:

Koeppen climate region v | Oceanic climate v Add to selection Remove from selection

Compute results >

Accession_ID  Accession €S number |

o

88 CYR ©S76790 Oceanic climate western_europe In
108 LDV-18 €s77013 Oceanic climate western_europe [
139 LDV-46 €s77014 Oceanic climate western_europe [
159 MAR2-3 ©s77070 Oceanic climate western_europe |
265 PYL-6 €s77198 Oceanic climate admixed |
350 TOU-A1-88 €S77382 Oceanic climate western_europe |
351 TOU-A1-89 €S77383 Oceanic climate western_europe |
403 Zdarec3 €S78873 Oceanic climate central_europe |
410 Doubravnik7 €S76808 Oceanic climate central_europe |
424 Draha2 €S76812 Oceanic climate central_europe '
428 Borky1 CS76718 Oceanic climate central_europe |
O 430 Gr1 €S76496 Warm summer continental or hemiboreal climates central_europe

o 470 BRR4. ©S78943 Hot summer continental climates germany |
o 47 BRR12 ©S78944 Hot summer continental climates germany |
o 484 BRR23 ©S78945 Hot summer continental climates germany [
O so4 BRRS7 €S78946 Hot summer continental climates germany I
O  so6 BRR60 ©S78947 Hot summer continental climates germany I
o |
<

531 BRR107 ©S78948 Hot summer continental climates germany

e nmmanin PR P »

Compute results >

It's possible to select more than one Koeppen climate region. To do this, repeat the
procedure with other climate regions. You can remove specific regions if you select the
Koeppen climate region of interest and click ‘Remove the selection’.

2.2.5 Select a subset of accessions via country

If you would like to select a subset of available accessions based on country of origin, then
use the drop-down menu ‘Select subgroup’ and select ‘Country’.

14



 About

Select transcript and accessions ~ Results for selection ~ Search SNP database

All the results in the "Results for selction” tab are computed for the selected transcript and accessions (excluding the gwas values and
haplotypes). Missing positions/Ns in the genotypes are replaced with the reference!

Specify a transcript identifier:

AT4G30120.1 -

Select a set of accessions:

Select subgroup:

Koeppen climate region

Hot summer cor v Add to selection Remove from selection

File with accession IDs

ompute results
1001 Genomes Group
Koeppen climate region

Country

CS number Koeppen climate region 1001 Genomes group
Complete 1135 accessions
O e CYR C576790 Oceanic climate western_europe ia|
o 08 LDV-18 Cs77013 Oceanic climate western_europe [
o 13 LDV-46 CS77014 Oceanic climate ‘western_europe 1
o 159 MAR2-3 €s77070 Oceanic climate western_europe I
O 265 PYL6 cs77198 Oceanic climate admixed |
[ TOU-A1-88 Cs77382 Oceanic climate western_europe 1
o 85 TOU-A1-89 Cs77383 Oceanic climate western_europe 1
O 403 Zdarec3 Cs78873 Oceanic climate central_europe |
o 40 Doubravnik7 576808 Oceanic climate central_europe |
[=7) Draha2 €s76812 Oceanic climate central_europe (
[ Borky1 576718 Oceanic climate central_europe |
O 40 61 C576496 Warm summer continental or hemiboreal climates central_europe .
O 47 BRR4 C578943 Hot summer continental climates germany 1
O a7 BRR12 Cs78944 Hot summer continental climates germany 1
O a8 BRR23 Cs78045 Hot summer continental climates germany 1
O s04 BRRS7 578046 Hot summer continental climates germany 1
[ BRR60 €578047 Hot summer continental climates germany 1
o s BRR107 Cs78048 Hot summer continental climates germany 1
ap— PP R R - y v

Compute results

Now you can select your ‘Country’ of interest (e.g., Sweden, etc.).

® About

Select transcript and accessions ~ Resullts for selection ~ Search SNP database

Al the results in the "Results for selction” tab are computed for the selected transcript and accessions (excluding the gwas values and
haplotypes). Missing positions/Ns in the genotypes are replaced with the referencel

Specify a transcript identifier:

ATAG301201 -

Select a set of accessions:

Select subgroup:

Country v | Sweden Add 1o selection Remove from selectior
Georgia
A Compi Sults
Germany
Greece
India
Accession D Acces [pen climate region 1001 Genomes group
Ireland
o iran
Japan
O o4t spro 2 hic climate south_sweden @
Kyre tan
pro hic climate south_sweden
O 92 E o limat ith_swed;
Lebanon
enl hic climate south_sweden
O 9453 stenk: limate ith_swed
O ossa Stenk]  Hthuania hic climate south_sweden
[ YES Stenk| Moroeco hic climate south_sweden :
O 7 Tur-4 | Netheriands summer continental or hemiboreal climates south_sweden
O wn ulka-|  Noway nic climate south_sweden
o 9476 vara 1 Poland inic climate germany
O sl Yst-1 | Portugal jic climate south_sweden
[m T 111 | Romania hic climate westemn_europe i
[m LY IP-Alo|  Russian Federation erranean hot summer climates admixed i
o 9507 IPCod  Serbia terranean hot summer climates spain f
O 9508 1Mo Switzeriand erranean hot summer climates admixed I
[m] 9 Slovakia terranean hot summer climates spain |
[} o erranean hot summer climates spain I
o o Tajicstan erranean hot summer climates sp: I
a 9512 Iid Turkey lerranean hot summer climates spain I
| a 9513 IPAdS | iahted Kingdom erranean hot summer climates admixed |
= — v . = - v
< Ukraine >
Kosovo
United States of America W Compute results

Click ‘Add to selections’.
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 About

Select transcript and accessions = Results for selection ~ Search SNP database

Al the results in the "Results for selction” tab are computed for the selected transcript and accessions (excluding the gwas values and
Missing inthe are replaced with the referencel

Specify a transcript identifier:

ATAG30120.1 -

Select a set of accessions:

Select subgroup:

Courtry < [weaen - Remove from soloction

mpute results

Accession ID  Accession S number Koeppen climate region 1001 Genomes group
o
O o451 Spro2 cs77264 Oceanic climate south_sweden i~
O 9452 spro3 ©s77265 oceanic climate south_sweden
O 948 stenk-2 cs77274 Oceanic climate south_sweden !
O o454 Stenk-3 577275 Oceanic climate south_sweden
O 9455 Stenk-4 ©s77276 Oceanic climate south_sweden
O 9470 Tur-4 577398 Warm summer continental or hemiboreal climates south_sweden !
o 9471 ull-a-1 €S78820 Oceanic climate south_sweden
O 9476 VarA 1 cs78832 oceanic climate germany
O 981 Vst1 578860 Oceanic climate south_sweden !
o 9503 11c1 CS76640 Oceanic climate western_europe I
O 9506 1P-Alo-0 Cs76662 Mediterranean hot summer climates admixed {
O 9507 1P-C0a-0 876775 Mediterranean hot summer climates spain f
O 9508 1P-Mos-1 cs77108 Mediterranean hot summer climates admixed |
O 9509 1P-Reg-0 cs77207 Mediterranean hot summer climates spain I
O 9510 1P-Rei-0 577208 Mediterranean hot summer climates spain |
o 9sm 1P-Vav-0 CS78835 Mediterranean hot summer climates spain |
o 9512 1P-Vid-1 cs78842 Mediterranean hot summer climates spain I
o 9513 1P-Ade-5 576646 Mediterranean hot summer climates admixed I
1 < N . - [ . . y v
 About

Select transcript and accessions ~ Results for selection  Search SNP database

All the results in the "Results for selction” tab are computed for the selected transcript and accessions (excluding the gwas values and
haplotypes). Missing positions/Ns in the genotypes are replaced with the referencel

Specify a transcript identifier:

ATAG30120.1 -

Select a set of accessions:

Select subgroup

Country v [sweoen Ml Add to selection Remove from selection

ompute results

Accession_ID  Accession S number Koeppen climate region 1001 Genomes group

[m]

9451 spro 2 CS77264 Oceanic climate south_sweden N

9452 spro 3 CS77265 Oceanic climate south_sweden ]

9453 stenk-2 cs77274 Oceanic climate south_sweden

9454 stenk-3 CS77275 Oceanic climate south_sweden

9455 Stenk-4 CS77276 Oceanic climate south_sweden

9470 Tur-4 €S77399 Warm summer continental or hemiboreal climates south_sweden ]

9471 Ull-a-1 CS78820 Oceanic climate south_sweden

9476 VarA 1 ©578832 Oceanic climate germany

9481 Yst-1 CS78869 Oceanic climate south_sweden

O 9503 111 CS76640 Oceanic climate western_europe |

O 9506 1P-Alo-0 CS76662 Mediterranean hot summer climates admixed |

O 9507 IP-Coa-0 CS76775 Mediterranean hot summer climates spain l

O  os08 1P-Mos-1 CS77108 Mediterranean hot summer climates admixed |

O 9500 1P-Reg-0 €s77207 Mediterranean hot summer climates spain |

O esiwo0 1P-Rei-0 CS77208 Mediterranean hot summer climates spain 1

o 9m 1P-Vav-0 CS78835 Mediterranean hot summer climates spain |

O o512 1P-Vid-1 CS78842 Mediterranean hot summer climates spain |

O o513 1P-Adc-5 CS76646 Mediterranean hot summer climates admixed |
[Rrg— e — o — n = -

ompute results
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It's possible to add more ‘Countries’ when you repeat the procedure with other ‘countries’.
You can remove specific regions if you select the ‘Country’ of interest and click ‘Remove
the selection’ (see chapter 2.2.1).

2.3 Compute results

To calculate the result of your selections press ‘Compute results’.

Select transcript and accessions  Restullts for selection ~ Search SNP database

All the results in the "Results for selction” tab are computed for the selected transcript and accessions (excluding the gwas values and
. Missing positic in the are replaced with the reference!

Specify a transcript identifier:

AT4G30120.1 -

Select a set of accessions:

Select subgroup:

Complete 1135 accessions v Add to selection Remove from selection

Compute results >

Accession ID  Accession €S number '
9451 spro 2 CS77264 Oceanic climate south_sweden o
9452 spro 3 Cs77265 Oceanic climate south_sweden
9453 stenk-2 Cs77274 Oceanic climate south_sweden
9454 stenk-3 CS77275 Oceanic climate south_sweden
9455 Stenk-4 €s77276 Oceanic climate south_sweden
9470 Tur-4 €577399 Warm summer continental or hemiboreal climates south_sweden
9471 U] CS78820 Oceanic climate south_sweden
9476 VarA 1 578832 Oceanic climate germany
9481 Vst-1 CS78869 Oceanic climate south_sweden
9503 161 €S76640 Oceanic climate western_europe 1
9506 1P-Alo-0 CS76662 Mediterranean hot summer climates admixed |
9507 1P-Coa-0 CS76775 Mediterranean hot summer climates spain I
9508 1P-Mos-1 cs77108 Mediterranean hot summer climates admixed |
9509 IP-Reg-0 ©s77207 Mediterranean hot summer climates spain 1
9510 1P-Rei-0 Cs77208 Mediterranean hot summer climates spain 1
9511 1P-Vay-0 ©s78835 Mediterranean hot summer climates spain I
9512 1P-Vig-1 Cs78842 Mediterranean hot summer climates spain 1
9513 1P-Adc-5 €S76646 Mediterranean hot summer climates admixed 1

[ — e e - . . v

If you hover over any @ symbol, additional information (e.g., for tabs or table headers)
are shown.
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® Abc

Select transcript and accessions ~ Results for selection ~ Search SNP database

Results: AT4G30120.1 oo ptens -
ATHMAGS: A. THALIANA HEAVY

METAL ATP, ; HMA3: Heavy metal

atpase 3

Sequence viewer €@ SNPs ©@ SNPs <-> Accessions €@ Haplo > Accession table @

Protein haplotype <-> A

(]

ssion (a

Please note: Indels are not included in this tab. For now the position in the feature viewer starts with 0, while the genomic position in the 5'UTR
starts negative, with the A in the ATG start codon being position 1. The SNP labels in the feature viewer show the genomic position. For
transcripts on the reverse strand the reverse complement is shown

Introns UTR Protein domains SNPs Syn. SNPs Nonsyn. SNPs O CDS only [ Protein sequence only

Position: 0 Zoom: x 1 SNP with minor allele frequency <1% Grey, >1% Black

Sequence

3UTR - E—
5-UTR -
cos IE IS . S I s S .

Introns _— - -- - - -

Nonsyn. SNPs }

NonCDS SNPs.

Syn. SNPs
Prot. domains

— —
1500 2000 2500 3000

Download view

—
500

3|

2.4 Results for selection

If you compute the results SNPstar shifts directly to the section ‘Results for selection’.
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Select transcript and accessions ~ Results for selection ~ Search SNP database

Results: AT4G30120.1 oo ptens -

ATHMAGS: A. THALIANA HEAVY
METAL ATPASE 3; HMAS3: Heavy metal
atpase 3

Sequence viewer @

Please note: Indels are not included in this tab. For now the position in the feature viewer starts with 0, while the genomic position in the 5'UTR
starts negative, with the A in the ATG start codon being position 1. The SNP labels in the feature viewer show the genomic position. For
transcripts on the reverse strand the reverse complement is shown

Introns UTR Protein domains SNPs Syn. SNPs Nonsyn. SNPs O CDS only [ Protein sequence only

Position: 0 Zoom: x 1 SNP with minor allele frequency <1% Grey, >1% Black

Sequence

FWUTR - EE—
5.UTR -

CDS I I

Introns _— - -- - - -

Nonsyn. SNPs
NonGDS SNPs.

Syn. SNPs
Prot. domains

— — —
500 1000 1500 2000 2500 3000

Here, you have different options to display your results as described in the following
chapters.

2.4.1 Sequence viewer

The first tab of results is the ‘Sequence viewer’.

O Top: Graphical overview of SNP positions in relation to nucleotide and amino acid
sequence features like UTRs, intron, protein domains. Bottom: Plain genomic, coding and
amino acid sequence with SNPs color coded by SNP type. Amino acid substitution (not
context dependent but for single SNPs).

All options and possibilities are described in the following.
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® About

Select transcript and accessions ~ Results for selection ~ Search SNP database

Results: AT4G30120.1 Downioad options N

ATHMAGS: A. THALIANA HEAVY
METAL ATPASE 3; HMAS3: Heavy metal
atpase 3

Sequence viewer @ SNPs€@  SNPs <-> Accessions @  Haplotype <-> Accession table @

Protein haplotype <-> Accession table @

Please note: Indels are not included in this tab. For now the position in the feature viewer starts with 0, while the genomic position in the 5'UTR
starts negative, with the A in the ATG start codon being position 1. The SNP labels in the feature viewer show the genomic position. For
transcripts on the reverse strand the reverse complement is shown

Introns UTR Protein domains SNPs Syn. SNPs Nonsyn. SNPs O CDS only [ Protein sequence only

Position: 0 Zoom: x 1 SNP with minor allele frequency <1% Grey, >1% Black

Sequence

JUTR

5.UTR -

CDS - I
Introns _— - -- - - -

Nonsyn. SNPs }

NonCDS SNPs.

Syn. SNPs
Prot. domains

— — —
500 1000 1500 2000 2500 3000

Download view

You have different possible selections for ‘Sequence viewer’. You can mark none or all of
the available genomic features for display.

Select transcript and accessions ~ Results for selection ~ Search SNP database

Results: AT4G30120.1 Downioad options <

ATHMAS: A. THALIANA HEAVY
METAL ATPASE 3; HMAS3: Heavy metal
atpase 3

Sequence viewer® SNPs@  SNPs <-> Accessions @  Haplotype <-> Accession table @

Protein haplotype <-> Accession table @

Please note: Indels are not included in this tab. For now the position in the feature viewer starts with 0, while the genomic position in the SUTR
starts negative, with the A in the ATG start cadon being position 1. The SNP labels in the feature viewer show the genomic position. For
transcripts on the reverse strand the reverse complement is shown

Introns UTR Protein domains SNPs Syn. SNPs Nonsyn. SNPs [0 CDS only [ Protein sequence only

Position: 0 Zoom: x 1 SNP with minor allele frequency <1% Grey, >1% Black

Sequence

3-UTR [}
5-UTR -

DS - I O S S s . .
Introns

Nonsyn. SNPs }

NonCDS SNPs.

Syn. SNPs
Prot. domains

— — m—
500 1000 1500 2000 2500 3000

Download view
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nothing selected: shown is the whole sequence in base pairs (bp) and coding sequence
(CDS)

Introns: shown is the whole sequence (in bp), CDS and introns of selected gene

UTR (untranslated region): shown is the whole sequence (in bp), 3’-UTR, 5-UTR and
coding sequence (CDS) of selected gene

Prot. domains (protein domains): shown is the whole sequence (in bp), coding
sequence (CDS) and protein domains of selected gene

Noncoding SNPs (Noncoding single nucleotide polymorphisms): shown is the whole
sequence (in bp), coding sequence (CDS) and SNPs in non coding regions (NonCDS
SNPs)

Syn. SNPs (Synonymous SNPs): shown is the whole sequence (in bp), coding sequence
(CDS) and synonymous SNPs in coding regions

Nonsyn. SNPs (Nonsynonymous SNPs): shown is the whole sequence (in bp), coding
sequence (CDS) and nonsynonymous SNPs in coding regions

CDS only (coding sequence only): shown is the whole sequence (in bp),
nonsynonymous SNPs, synonymous SNPs and protein domains

Protein sequence only: shown is the whole sequence (in amino acids [AA]),
nonsynonymous SNPs, synonymous SNPs and protein domains

To show multiple features, mark all elements of interest. As an example shown are introns,
protein domains and nonsynonymous SNPs.

Select transcript and accessions  Resuilts for selection ~ Search SNP database  Build & Download GWAS matrices 8

Results: AT4G30120.1 Al v

ATHMAS: A. THALIANA HEAVY METAL
ATPASE 3; HMA3: Heavy metal atpase 3

Sequence viewer & SNPs & SNPs <-> Accessions DNA Haplotypes <-> Accessions &
Protein haplotypes <-> Accessions [&

Please note: Indels are not included in this tab. For now the position in the feature viewer starts with 0, while the genomic position in the SUTR starts negative,

NSNPs ) syn. SNPs 8 Nonsyn. SNPs - CDS only " Protein sequence onl

ition: 0 Zoom: x 1 SNP with minor allele frequency <1% Grey, >1% Black

cps I I O I I .

It's possible to zoom in. Click and hold the left mouse button to mark a region of interest.
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Select transcript and accessions ~ Results for selection = Search SNP database

Results: AT4G30120.1 Donnicad stons .

ATHMAS: A. THALIANA HEAVY
METAL ATPASE 3; HMA3: Heavy metal
atpase 3

Sequence viewer @

Please note: Indels are not included in this tab. For now the position in the feature viewer starts with 0, while the genomic position in the SUTR
starts negative, with the A in the ATG start codon being position 1. The SNP abels in the feature viewer show the genomic position. For
transcripts on the reverse strand the reverse complement is shown

Introns OJUTR Protein domains [0 SNPs [ Syn. SNPs Nonsyn. SNPs [JCDS only [ Protein sequence only

Position: 1931G  Zoom: x 1 SNP with minor allele frequency <1% Grey, »1% Black

Sequence
cps

Introns.
Nonsyn. SNPs

Prot. domains

2500 3000

Download view

The zoom factor is shown as well.

Select transcript and accessions ~ Results for selection ~ Search SNP database

Results: AT4G30120.1 Donriond spvos .

ATHMAS: A. THALIANA HEAVY
METAL ATPASE 3; HMA3: Heavy metal
atpase 3

Sequence viewer @

Please note: Indels are
starts negative, with the
transcripts on the revers|

in this tab. For now the position in the feature viewer starts with 0, while the genomic position in the S'UTR
start codon being position 1. The SNP labels in the feature viewer show the genomic position. For
reverse complement is shown

@ Introns O UT jns O SNPs [ Syn. SNPs @ Nonsyn. SNPs [0 CDS only [ Protein sequence only

Position: 1868T Zoom: x 26 SNP with minor allele frequency <1% Grey, =1% Black

Sequence
cDs - — — — ——
Introns.
Nonsyn. SNPs. f +

Prot. domains
5IDSAZ.70.150.20
seratoes seraiass
ceratees

seratesy

— — —
700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000

Download view

To zoom out (to zoom factor 1) click with the right mouse button on the figure.
SNPs are displayed as vertical lines. Gray color indicates a SNP with a minor allele

frequency <1%, while and black vertical lines indicate SNPs with a minor allele frequency
>1%.
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Select transcript and accessions ~ Resullts for selection =~ Search SNP database

Results: AT4G30120.1 | pounioad options -

ATHMAS: A. THALIANA HEAVY
METAL ATPASE 3; HMA3: Heavy metal
atpase 3

Sequence viewer @  SNPs@®  SNPs <-> Acc

s@®  Haplotype <->/

Protein haplotype <-> Accession table @

Please note: Indels are not included in this tab. For now the position in the feature viewer starts with 0, while the genomic position in the S'UTR
starts negative, with the A in the ATG start codon being position 1. The SNP labels in the feature viewer show the genomic position. For
transcripts on the reverse strand the reverse complement is shown

Introns  OJ UTR Protein domains [0 SNPs [ Syn. SNPs Nonsyn. SNPs [JCDS only [J Protein sequence only

Position: 1868T Zoom: x26 SNP with minor allele frequency <1% Grey, =1% Black

Sequence

CcDs - — I — I

Introns fra— [r— fr—

Nonsyn. SNPs }

Prot. domains

ssratoes

ssraten:

— — —
700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000

Download view

If you hover with the mouse cursor over a SNP the sequence position (in bp) and specific
base are shown (e.g. 1107T).

Select transcript and accessions  Results for selection ~ Search SNP database

Results: AT4G30120.1 [[Gownoad optons .

ATHMAS3: A. THALIANA HEAVY
METAL ATPASE 3; HMA3: Heavy metal
atpase 3

Please note: Indels are not included in this tab. For now the position in the feature viewer starts with 0, while the genomic position in the 5'UTR
starts negative, with the A in the ATG start codon being position 1. The SIP labels in the feature viewer show the genomic position. For
transcripts on the reverse strand the reverse complement is shown.

Introns O UTR Protein domains [ SNPs [ Syn. SNPs Nonsyn. SNPs [0 CDS only [ Protein sequence only

Position: 1107T  Zoom: x 28 8 SNP with minor allele frequency <1% Grey, >1% Black

SeqUence .cTTraTcATIeTICraARGTAACAATIGTTT carcactaarasser % 1107 - 108 rearer

cos 44473252 COBIT oy
(0.18%)

Introns |

Nonsyn. SNPs.

Prot. domains TIGRO1525: ATPsse-IB_hvy: heswy metal translocsting Pype ATFsse
TIGRO1494; ATPase_Pryps: HAD ATPase, Pyps, family IC
GIDEA270.150.20
‘ssFatces
PROD11S: Piyps cation-tansporting ATPsss supsriarmily sic
PFO0122: E1-E2 ATPasa
ssratess

1020 1030 1040 1050 1060 1070 1080 1090 1100 1110 1120 1130

Download view

With the mouse cursor on a specific SNP the position in bp (1107 - 1108),

chromosome:whole chromosome position (4:14732522), polymorphism with CDS position
in bp (C981T) and minor allele frequency (0.18%) are shown.
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® Abo

Select transcript and accessions  Results for selection ~ Search SNP database

Results: AT4G30120.1 [ Downioad options

ATHMAS: A. THALIANA HEAVY
METAL ATPASE 3; HMAS3: Heavy metal
atpase 3

Sequence viewer @  SNPs@®  SNPs <> A

sions @  Haplotype <-> Ac:

Protein ha

Please note: Indels are not included in this tab. For now the position in the feature viewer starts with 0, while the genomic position in the 5'UTR
starts negative, with the A in the ATG start codon being position 1. The SNP labels in the feature viewer show the genomic position. For
transcripts on the reverse strand the reverse complement is shown

Infrons [JUTR ® Protein domains [JSNPs [JSyn. SNPs @ Nonsyn. SNPs [ CDS only [ Protein sequence only

Position: 1107T  Zoom: x 28.6 SNP with minor allele frequency <1% Grey, >1% Black

SEQUENCE .GTTTATCATTGT CTGARGTAACANT TG TT TTCAGECARGCA TAGTAAT ST CATCAC TGATGAGCT TAGEAC CACGAA AGGCAGTEAT( HO7 - 08
4:14732522: CO81T
cDS -
(0.18%)
Introns

Nonsyn. SNPs.

Prot. domains TIGRO1525: ATPase-1B_hvy: heswy metal iansiocating P-type ATPase.

ssratoss
PROD11S: Prype cation-kansporting ATPss supsrfarily sic
PRO0122: E1-E2 ATPase
ssretesa
— m— —
1020 1030 1040 1050 1060 1070 1080 1090 1100 1110 1120 1130

Download view

You can download the ‘Sequence viewer’ figure (as svg file) by clicking the ‘Download
view’ button.

 About

Select transcript and accessions ~ Resullts for selection =~ Search SNP database

Results: AT4G30120.1 | pounioad options

ATHMAS: A. THALIANA HEAVY
METAL ATPASE 3; HMA3: Heavy metal
atpase 3

Sequence viewer @ SNPs@®  SNPs <-> Accessions @  Haplotype <-> Accession table @

sion table @

Protein haplotype <-> Ac

Please note: Indels are not included in this tab. For now the position in the feature viewer starts with 0, while the genomic position in the S'UTR
starts negative, with the A in the ATG start codon being position 1. The SNP labels in the feature viewer show the genomic position. For
transcripts on the reverse strand the reverse complement is shown

Introns  OJ UTR Protein domains [0 SNPs [ Syn. SNPs Nonsyn. SNPs [JCDS only [J Protein sequence only

Position: 1868T Zoom: x26 SNP with minor allele frequency <1% Grey, =1% Black

Sequence
cDs - — — — I
TGS — J— — p—

Nonsyn. SNPs } }
Prot domains

GI05A27015020

ssraioos ssro005

ssratoes

ssraten:

— — —
700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000

Download view

Beneath of the above described figure, you can find DNA or amino acid sequence views.
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Select transcript and accessions ~ Results for selection ~ Search SNP database

Results: AT4G30120.1 [ bowncad ptons .

ATHMAS: A. THALIANA HEAVY
METAL ATPASE 3; HMAS: Heavy metal
atpase 3

Sequence viewer @

Please note: Indels are not included in this tab. For now the position in the feature viewer starts with 0, while the genomic position in the SUTR
starts negative, with the A the ATG start codon being position 1. The SNP labels in the feature viewer show the genormic position. For
transcripts on the reverse strand the reverse complement is shown

Ontrons O UTR Protein domains [J SNPs [ Syn. SNPs Nonsyn. SNPs [JCDS enly [J Protein sequence only

Position: 424G Zoom: x1  SNP with minor allele frequency <1% Grey, =1% Black

Sequence

CDs -
Nonsyn. SNPs

Prot. domains

500 1000 1500 2000 2500 3000

@ Sequence

Sequence type”  Genomic sequence

TT7cccRecs acateatclc 6T

1 s
101 TrTfeTCC

il TA @ AT
T AAGTAACAGA AACTGTTATT TTTCAATCGA CGTTTTGACT TTCGTCTTGA ATCATTGGTC BATTGATGAG

There are three different sequence types available.

genomic sequence: shows the whole sequence region of selected gene
CDS: shows only coding sequence of selected gene

Amino acid sequence: shows AA sequence of selected protein

Sequence

Genomic sequence v

Genomic sequence A
CDs
A AACTGTTATT TTTCAATCGA CATTTTGACT TTCGTCTTGA ATCATTGGTC EATTGATGAG
TERTTTTTGTTGT TETGTGTAAA ATTGATTTCT TGACEGT C
AaTAGRTTCT T
T ATTCTT GlTA 6T c
6AG CATCAGCTTA TGTTTTRITT GATGAGGTAA ATGAATCTEA
CT 6CTACAATTG TRTTTTTETEITCAGTTGCA GATTGGCTTG
cAGTCATAG
1001 ATA GTAATGT
1101 TTT
1201 o G TTA
1301 C TTC AGCTCATTGC CABAATTTTG TGTATGCTAA G
1401 AG A GCTCA AAMAAGCCAA ACCAARACTC A AT v

@ riron @ cos @ 5-UTR @ TUTR Nonsynonymous SNP {fly Synonymous SNP (@) SNP in UTR or Intron

The different colors indicate (for all three sequence types):
black letters: intron sequence

purple letters: CDS

red letters: 5’ and 3’ UTR sequence

yellow background: Nonsynonymous SNP

blue background: Synonymous SNP

green background: a SNP in a UTR or intron region
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2.4.2 SNPs

The next tab of results is ‘SNPs’. This part describes the characteristics of all detected
SNPs in detail.

SNPs © : Information about each polymorphic position in the selected transcript
computed for the selected accessions (GWAS, always for all accessions); e.g. base
frequencies, protein description, amino acid frequencies, GWAS results etc.

All options and possibilities are described in the following.

Select transcript and accessions ~ Results for selection = Search SNP database

Build & Download GWAS matrices

Results: AT4G30120.1 Domicad opions .
ATHMAS: A. THALIANA HEAVY

METAL ATPASE 3. 3: Heavy metal

atpase 3

Sequence viewer @

Please note: Indels are not included in this tab. For now the position in the feature viewer starts with 0, while the genamic position in the UTR
starts negative, with the A in the ATG start codon being position 1. The SNP labels in the feature viewer show the genomic position. For
transcripts on the reverse strand the reverse complement is shown

Introns. UTR Protein domains SNPs Syn. SNPs Nonsyn. SNPs CDS only Protein sequence only

Position: 637T  Zoom: x 1 SNP with minor allele frequency <1% Grey, =1% Black

Sequence

3UTR  EE——
5-UTR -

cDs I IS E IS S s . .

Introns.

Nonsyn. SNPs

NonCDS SNPs

Syn. SNPs
Prot. domains

m—
500 1000 1500 2000 2500 3000

SNP_ID (Genomic position): ® Chromosome number:genomic position e.g.
4:14730221. SNP identification number. Shown are chromosome:bp position (4:14730221)
of each SNP of the selected gene. The empty field below the header can be used for a
specific SNP ID search.

Base frequencies: @ You can sort according to the highest base frequency for each
SNP and you can input a cutoff for the lowest allowed minor allele frequency. Shown are
polymorphisms (base — base) and the frequencies (number behind) specific SNPs. The
polymorphism with the same bases (e.g. C — C) is for the reference genotype (Col-0).

Genic position: @ Position 1, is the A in the ATG start codon. The 5-UTR has negative
indices. For isoforms on the reverse strand we count the same position, but in the reverse
complement. SNP base pair position of selected gene gDNA (genomic DNA).

mRNA Position: © Position 1 is the A in the ATG start codon. The 5-UTR has negative
indices. Introns are not included. For isoforms on the reverse strand we count the same
position, but in the reverse complement. SNP base pair position of selected gene mRNA.
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SNP location: Gene structure location (e.g. 3’ UTR (untranslated region), INTRON etc.) of
SNP and selected gene.

SNP effects: @ This includes the effect of the SNP at this position in the reference,
ignoring other SNPs in the neighborhood. Canonical motif in splice site means the first
dinucleotides in the intron of the splice site (donor GT, acceptor AG). Splice site region
describes the region 1 — 3 in the flanking exon and the positions 3 — 8 in the flanking intron
of the splice site. Effects are equally defined to SnpEff (A program for annotating and
predicting the effects of single nucleotide polymorphisms, SnpEff: SNPs in the genome of
Drosophila melanogaster strain w1118; iso-2; iso-3., Cigolani P; Platts A, Wang le L, Coon
M, Nguyen T, Wang L, Land SJ, Lu W, Ruden DM. Fly (Austin): 2012). Effect of SNP on
AA sequence of selected gene (e.g. stop codon (premature stop codon), nonsynonymous
(AA substitution), canonical motif in splice site etc.)

Amino acid substitution: @ Amino acid exchange caused by a nonsynonymous SNP in
the codon (example: Q -> H means a glutamine in the reference sequence was substituted
by a histidine in the SNP harboring allele).

Chemical properties: Physicochemical properties of AA substitution (e.g. non-polar —
polar, basic — acidic etc.)

Select transcript and accessions  Results for selection ~ Search SNP database

Build & Download GWAS matrices

Results: AT4G30120.1 Sowionsotars .

ATHMAZS: A. THALIANA HEAVY
METAL ATPASE 3; HMA3: Heavy metal
atpase 3

SNPs @

ririririri

INTRON

INTRON

polar > basic

Interpro ID: Protein domain ID in which the AA substitutions are located. This information
is based on the InterPro database (functional analysis of proteins by classifying them into
families and predicting domains and important sites).

Interpro description: Description of InterPro domain

Domain id: Protein domain ID in which the AA substitutions are located. This information
is based on Interproscan.

Domain description: Description of domain.
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Select transcript and accessions ~ Results for selection ~ Search SNP database

Build & Download GWAS matrices

Results: AT4G30120.1 Somoadaions .

ATHMAS: A. THALIANA HEAVY
METAL ATPASE 3; HMAS: Heavy metal
atpase 3

SNPs @

Strand: Strand direction of sequence (e.g. - and +).

AraGWAS top hits: @ Top associations imported from the AraGWAS tool as of
10/11/20242024. The score is -log10(p-value) of the hit. The link links to the study on
AraGWAS. The table can be sorted according to the lowest score in each cell. e.g.
|study_IDJ:[29.528][(AraGWAS SNP)|

AraGWAS Catalog link of study information of selected SNP and gene. ]
AraGWAS score (-log,, (p-value)) of selected SNP and gene. |
AraGWAS Catalog link of GWAS information of selected SNP and gene.]

AraGWAS data based on the AraGWAS Catalog, which is a publicly and manually curated
database for standardized GWAS (genome wide association study) results for Arabidopsis
thaliana. Database is published on the 1001 genome homepage
(https://aragwas.1001genomes.org/#/).

GWAS corrected p-values: @ GWAS analysis was performed with the software
GEMMA. Every climate factor was used as a phenotype and for every climate factor, one
analysis run was carried out. Only SNPs with a minor allele frequency of 1% or higher
were analysed. The obtained p-values were corrected for multiple comparisons using the
Benjamini-Yekutiel method. In this column you can see all the correlations between SNPs
and the 200 climate factors which have a corrected p-value lower than or equal to the
threshold. You can sort the column according to the lowest p-value in each cell.

Number of associated climate factors: @ Number of associated climate factors with a
corrected P-value in the GWAS lower than or equal to the threshold.
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Select transcript and accessions  Results for selection =~ Search SNP database

Build & Download GWAS matrices

Results: AT4G30120.1 [oommopions

ATHMAS: A. THALIANA HEAVY
METAL ATPASE 3; HMAS3: Heavy metal

atpase 3
SNPs @
AraGWAS top hits GWAS corrected Number of
o pvalues @ ted
[Frote et et =025 | [P o cimate facors @
29.528 0 A
24146 0
1.205 o
20745 o
20745 0
872 0
17.72 o
13597 0
1792 0
Sslcium ATPase, ransmembrane domain Mo description oa2s o

2.4.3 SNPs — Accessions

The tab ‘SNPs < Accessions’ shows a table for SNP/accession associations.

SNPs — Accessions @ : Information about each polymorphism in the selected transcript
computed for the selected accession. List of accessions in which the polymorphism exists,
effect of the polymorphism, amino acid change and SNP quality.

All options and possibilities are described in the following.

Select transcript and accessions ~ Results for selection ~ Search SNP database

Build & Download GWAS matrices

Results: AT4G30120.1 [[Donmioad oo .

ATHMAS: A. THALIANA HEAVY
METAL ATPASE 3; HMA3: Hea al
atpase 3

Sequence viewer @

Please note: Indels are not included in this tab. For now the position in the feature viewer starts with 0, while the genomic position in the SUTR
starts negative, with the A in the ATG start codon being position 1. The SNP Iabels in the feature viewer show the genomie position. For
transcripts on the reverse strand the reverse complement is shown

Introns UTR Protein domains SNPs Syn. SNPs Nonsyn. SNPs  [JCDSonly [J Protein sequence only

Position: 0 Zoom: x1  SNP with minor allele frequency <1% Grey, >1% Black

Sequence
3-UTR I E—
5_UTR -

CDs IS .

Introns.
Nonsyn. SNPs
NonCDS SNPs.

Syn. SNPs
Prot. domains

— — — — —
500 1000 1500 2000 2500 3000

Download view
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All empty fields beneath column titles can be used for specific searching (it is important to
use the correct format!)

SNP Id: @ Chr.Pos e.g. 4:14731188. SNP identification number. Shown are
chromosome:bp positions (4:14731188) of each SNP of the selected gene.
Polymorphism: List of polymorphisms (SNPs or InDels). For example: C— G, always the
first base (C) is from Col-0 (reference genotype) — the second base (G) from other
accessions.

CS numbers and accessions: Download link for a list of genotypes different to Col-O0.
Shown are accessions with 1001 genome project Id, accession name and CS numbers.
Accession_IDs (1001 genomes): List of genotypes different to Col-0. Shown are
accession IDs from 1001 Genome project.

Select transcript and accessions  Results for selection = Search SNP database

Build & Download GWAS matrices

Results: AT4G30120.1 Dovmioad opons .

ATHMAS3: A. THALIANA HEAVY
METAL ATPASE 3; HMAS: Heavy metal
atpase 3

SNPs <-> Accessions @

€S numbers and
sNPD@®  Polymorphism Accession_IDs (1001genomes)
accessions

414731188 C->G 0824 A
414731200 C->T 6911
414731132 A->TA 88,130,150, 265, 410, 428, 470, 476, 484, 504, 506, 531, 544, 546, 628,

680, 681, 685, 687, 728, 742, 763, 765,766, 768, 772, 801, 853, 854, 867,
868,870, 915, 032, 992,997, 1002, 1006, 1061, 1062, 1063, 1066, 1166,
1313,1317, 1612, 1622, 1651, 1652, 1676, 1684, 1739, 1741, 1756, 1757,
1793,1797, 1818, 1820, 1829, 1834, 1835, 1851, 1852, 1853, 1872, 1890,
1925, 1942, 1943, 1954, 2016, 2017, 2053, 2057, 2081, 2091, 2106, 2108,
2141,2159, 2166, 2191, 2202, 2212, 2239, 2240, 2276, 2285, 2286, 2370,
2412, 4779, 4807, 4826, 4840, 4857, 4900, 4939, 4958, 5023, 5165, 5210,
5249, 5253, 5276, 5279, 5349, 5353, 5395, 5577, 5651, 5717, 5720, 5726,
5741, 5748, 5776, 5779, 5784, 5798, 5822, 5831, 5832, 5836, 5837, 5856,
5860, 5865, 5867, 5921, 5950, 5084, 6008, 6009, 6010, 6011, 6012, 6013
6016, 6017, 6019, 6020, 6021, 6022, 6023, 6024, 6025, 6030, 6034, 6035
6038, 6039, 6040, 6042, 6043, 6046, 6064, 6069, 6070, 6073, 6074, 6076,
6077, 6085, 6086, 6087, 6091, 6092, 6094, 6095, 6096, 6097, 6098, 6099,
6100, 6101, 6102, 6104, 6105, 6106, 6107, 6108, 6109, 6111,6112, 6113
6114,6118, 6122, 6123, 6124, 6125, 6128, 6131, 6132, 6133, 6134, 6136,

2.4.4 DNA Haplotype < Accessions

The tab ‘DNA Haplotype < Accessions’ shows a table for DNA haplotype/accession
associations.

DNA Haplotype < Accessions O : Accessions with the same polymorphisms in the
selected CDS of the selected transcript have the same transcript specific haplotype.
All options and possibilities are described in the following.
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Select transcript and accessions ~ Results for selection ~ Search SNP database

Build & Download GWAS matrices

Results: AT4G30120.1 Downioad opons .

ATHMAS: A. THALIANA HEAVY

METAL ATPASE 3; HMA3: Heavy metal
atpase 3 l

Sequence viewer @

Please note: Indels are not included in this tab. For now the position in the feature viewer starts with 0, while the genomic position in the 5'UTR
starts negative, with the A in the ATG start codon being posttion 1. The SNP labels in the feature viewer show the genomic position. For
transcripts on the reverse strand the reverse complement is shown.

Introns UTR Protein domains SNPs Syn. SNPs Nonsyn. SNPs [J CDS only [] Protein sequence only

Position: 0 Zoom: x1  SNP with minor allele frequency <1% Grey, 1% Black

Sequence

3LUTR  E—
5-UTR -
(] B BN kR _ B N |
Introns
Nonsyn. SNPs
NonCDS SNPs
Syn. SNPs
Prot. domains
—
500 1000 1500 2000 2500 3000

All empty fields beneath column titles can be used for specific searching (use the correct
format!)

Haplotype color: Color of each DNA haplotype which is shown in the map of all
haplotypes (map is beneath the table!)

Haplotype ID: © Transcript |d.Haplotype number_dna (e.g. AT4G30120.1_dna).
IAT4G30120.11 lldnal

Gene IDlhaplotype number| type of sequence
# Accessions: Count of accessions of each haplotype.
# SNPs: Count of SNPs of each haplotype compared to reference (Col-0). The haplotype
group with a SNP number of O is the reference haplotype group (accession haplotype
group with Col-0).
Sequence: Download link of CDS haplotype sequence of each haplotype (FASTA file).

SNP list: © A list of the SNPs/InDels that differentiate this haplotype from the haplotype
of the reference accession (Col-0). List of each SNP per each haplotype. Shown are SNP
IDs in chromosome:bp position (4:14732536) of each SNP.
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Select transcript and accessions  Results for selection ~ Search SNP database

Build & Download GWAS matrices

Results: AT4G30120.1 Sowioadcons .

ATHMAS: A. THALIANA HEAVY
METAL ATPASE 3; HMA3: Heavy metal
atpase 3

Haplotype <-> Accession table @

Map of all haplotypes

CS numbers and accessions: Download link for all accessions of specific haplotype. In
the table 1001 genome ID, genotype name and CS number are shown.

Accession_IDs (1001 genomes): @ The haplotype of one transcript might be the same
for several accessions. So for each haplotype there is an accession list with the different
accession IDs. The Accession_IDs originate from the 1001 genomes project. Genotype list

of all haplotype groups of selected gene. Shown are accession IDs from the 1001
Genomes project.

Select transcript and accessions  Results for selection ~ Search SNP database

Build & Download GWAS matrices

Results: AT4G30120.1 [comemsa s B

ATHMAZS: A. THALIANA HEAVY
METAL ATPASE 3; HMA3: Heavy metal
atpase 3

Haplotype <-> Accession table @

S numbers and
Accession. 1D (1001 genomes) ) O
cccccccccc
630,1070,5104,5486,5757,5766,5800,5611,6074,6085,6115,6157,6180,6191,6193,6909,6918,6910,6922,6945,6990,6997,7000,7062,7117,71

<

Map of all haplotypes

Beneath of the ‘DNA Haplotype « Accessions’ table a ‘Map of all haplotypes’ is shown.
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Select transcript and accessions  Results for selection ~ Search SNP database
Build & Download GWAS matrices

Results: AT4G30120.1

ATHMAS: A. THALIANA HEAVY
METAL ATPASE 3; HMA3: Heavy metal
atpase 3

Haplotype <-> Accession table @

ccccccccccc

ooooo

14
na 1 s 296
na 1 s 39
na 1 .
na 4 . 301
‘ Map of all haplotypes

The ‘Map of all haplotypes’ shows the geographic origin of all selected accessions. Each
color is specific for a group of haplotypes. The zoom works via the buttons in the left upper

corner or the mouse wheel. With holding the left mouse button and moving the mouse
cursor the map can be shifted.

Map of all haplotypes

Select Haplotype

Left mouse click on a mark of the map shows haplotype and accession IDs (1001 genome
ID). Both parameters are separated via a double colon (:).
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Map of all haplotypes

Select Haplotype [ Allhapiotypes

Select haplotype groups (accessions with the same haplotype) via the ‘Select Haplotype’
option.

Map of all haplotypes

Select Haplotype [ Allhapiotypes

Selection of a specific haplotype (haplotype ID).
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Map of all haplotypes

The geographic origins of all accessions within the haplotype AT4G30120.1.1_dna
(haplotype ID) are shown as an example.

Map of all haplotypes

Select Haplotype [ AT4620120.1.1_gna

2.4.5 Proteotype — Accession

The tab ‘Proteotype <« Accessions’ shows a table for protein haplotype/accession
associations. The proteotype describes the protein haplotype.

Proteotype < Accessions O : Accessions with polymorphisms in the selected CDS of the
selected transcript that result in the same protein sequence have the same haplotype.
All options and possibilities are described in the following.
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Select transcript and accessions = Results for selection =~ Search SNP database

Build & Download GWAS matrices

Results: AT4G30120.1 Dowriont opons .

ATHMAS: A. THALIANA HEAVY
METAL ATPASE 3; HMA3: Heavy metal
atpase 3

l Sequence viewer @
Please note: Indels are not included in this tab. For now the position in the feature viewer starts with 0, while the genomic position in the 5'UTR

starts negative, with the Ain the ATG start codon being position 1. The SNP labels in the feature viewer show the genomic position. For
transcripts on the reverse strand the reverse complement is shown.

Introns UTR Protein domains SNPs Syn. SNPs Nonsyn. SNPs [0 CDS only [J Protein sequence only

Position: 1622T Zoom: x 1 SNP with minor allele frequency <1% Grey, >1% Black

Sequence

3UTR » EE—
5-UTR [
CDS I - -
Introns:
Nonsyn. SNPs
NonCDS SNPs
Syn. SNPs
Prot. domains
— — m— — —
500 1000 1500 2000 2500 3000

All empty fields beneath column titles can be used for specific searching (use the correct
format!)

Proteotype color: Color of each AA haplotype which is shown in the map of all
haplotypes (map is beneath the table!)

Proteotype ID: @ Transcript |d.Haplotype number_prot (e.g. AT4G30120.1.1_prot).

IAT4G30120.1[1][prot

Gene IDLhapIotype numberL[type of sequence
# Accessions: Count of accessions of each haplotype.

# SNPs: Count of SNPs of each proteotype compared to reference (Col-0). The
proteotype group with a SNP number of 0 is the reference proteotype group (accession
proteotype group with Col-0).

Sequence: Download link of AA sequence of each proteotype (FASTA file).

SNP list: © A list of the SNPs/InDels that differentiate this proteotype from the

proteotype of the reference accession (Col-0). List of SNPs causing AA substitutions per
each proteotype. Shown are chromosome:bp positions (4:14732536) of each SNP.
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Select transcript and accessions  Results for selection  Search SNP database

Build & Download GWAS matrices

Results: AT4G30120.1 [omoad cptons .

ATHMA3: A. THALIANA HEAVY
METAL ATPASE 3; HMA3: Heavy metal
atpase 3

Protein haplotype <-> Accession table @

Haplotype
Haplotype. 10 @ #Accessions  #SNPs snplist @
&Ip ‘Sequence
AT4GI01201 T prot 172 0
1.2_prot 1 5 41473
o 1 7 4

Map of all haplotypes

CS numbers and accessions: Download link for all accessions of specific haplotype. In
the table 1001 genome Id, genotype name and CS number are shown.

Accession_IDs (1001 genomes): @ The proteotype of one transcript might be the same
for several accessions. So far for each proteotype there is an accession list with the
different accession IDs. The Accession_IDs originate from the 1001 genomes project.
Genotype list of all proteotype groups of selected gene. Shown are accession IDs from the
1001 Genomes project.

Select transcript and accessions  Resullts for selection ~ Search SNP database

Build & Download GWAS matrices

Results: AT4G30120.1 Somniond ptans :

ATHMAS: A. THALIANA HEAVY
METAL ATPASE 3; HMAS3: Heavy metal
atpase 3

Protein haplotype <-> Accession table @

S numbers and
Accession_IDs (1001 genomes) €

< A8 AR AFA AR AR A AR A e A i A A e Yo

Map of all haplotypes

Map of all proteotypes is shown beneath the table.
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Select transcript and accessions  Results for selection  Search SNP database

Build & Download GWAS matrices

Results: AT4G30120.1 [omoad cptons .

ATHMA3: A. THALIANA HEAVY
METAL ATPASE 3; HMA3: Heavy metal
atpase 3

Protein haplotype <-> Accession table @

Haplotype_I0 @ #Accessions #SNPs SNP list @

tom o arurs 3
o 4 s « 33303
o 8 5 41475 3
1ot 1 3 4147318304 4 ,414733391,414733393
< > v
Map of all haplotypes

The ‘Map of all proteotypes’ shows the geographical origin of all selected accessions.
Each color is specific for a group of proteotypes. The zoom works via the buttons in the left
upper corner or the mouse wheel. With holding the left mouse button and moving the
mouse cursor the map can be shifted.

Map of all haplotypes

Select Haplotype es

Left mouse click on a mark of the map shows protein haplotype and accession IDs (1001
Genomes ID). Both parameters are separated via a space.
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Map of all haplotypes

Select Haplotype | Al haplotypes

[ ;‘ e
o b

Select protein haplotype groups (accessions with the same protein haplotype) via ‘Select
Proteotype’ option.

Map of all haplotypes
Select Haplotype | All haplotypes

Selection of a specific proteotype (protetype ID).
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Map of all haplotypes

e [ Al hapiotypes

Al naplotypes
AT4G30120.1.1_prot
ATAG30120.1.2_prot

§  AT4G301201.3 prot
AT4G30120.1.4_prot
AT4G30120.1.5_prot

| ATaG30120.15_prot
ATAG30120.1.7_prot
AT4G30120.1.6_prot
AT4G30120.1.9_prot
AT4G30120.1.10_prot
AT4G30120.1.11_prot
AT4G30120.1.12_prot
AT4G30120.1.13_prot
ATAG30120.1.14_prot

474630120115 prot

AT4G30120.1.16_prot

AT4G30120.1.17_prot
AT4G30120.1.18_prot
AT4G30120.1.19_prot

AT4G30120.1.20_prot
AT4G30120.1.21_prot
AT4G30120.1.22_prot
ATAG30120.1.23_prot
AT4G30120.1.24_prot
ATAG30120.1.25_prot
AT4G30120.1.26_prot
AT4G30120.1.27_prot
ATAG30120.1.25_prot
AT4G30120.1.29_prot
AT4G30120.1.20_prot
AT4G30120.1.31_prot
AT4G30120.1.32_prot
ATAG30120.1.33 _prot
ATAG30120.1.34_prot
AT4G30120.1.35_prot
ATAG30120.1.35_prot
ATAG30120.1.37_prot
AT4G30120.1.28_prot
AT4G30120.1.30_prot V'

The origin of all accessions from the protein haplotype AT4G30120.1.1_prot group

(proteotype ID) are shown as an example.

Map of all haplotypes

Select Haplotype | AT4G30120.1.1_prot

2.4.6 Download options

In this chapter we describe download options for the data from the result tables.

2.4.6.1 Download all

To download all available result tables, open the drop-down menu on the upper right
corner of the ‘Results for selection’ tab. Select the option ‘All’.
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Select transcript and accessions ~ Resdullts for selection ~ Search SNP database

Results: AT4G30120.1 Dommioat ptions .

ATHMAS: A. THALIANA HEAVY oo o
METAL ATPASE 3; HMA3: Heav
atpase 3 SNPs <> Accessions
. DNA haplotype <-> Accessions table
DNA haplotype fasta

Protein haplotype <-> Accessions table
. - \ Protein haplotype fasta
Sequence viewer @  SNPs @  SNPs <-> Accessions €)

Accession information

Protein haplotype <-> Accession table @

Please note: Indels are not included in this tab. For now the position in the feature viewer starts with 0, while the genomic position in the 5UTR
starts negative, with the A in the ATG start codon being position 1. The SNP labels in the feature viewer show the genormic position. For
transcripts on the reverse strand the reverse complement is shown

Olntrons O UTR Protein domains [0 SNPs  [J Syn. SNPs Nonsyn. SNPs [0 CDS only [J Protein sequence only

Position: 0 Zoom: x 1 SNP with minor allele frequency <1% Grey, =1% Black
Sequence
cos N IS . IS s . .

Nonsyn. SNPs }

Prot. domains

—
500 1000 1500 2000 2500 3000

Download view

Press the ‘Download’ button.

Select transcript and accessions ~ Results for selection ~ Search SNP database

Results: AT4G30120.1 [ Bl Download

ATHMAS: A. THALIANA HEAVY
METAL ATPASE 3; HMAS: Heavy metal

atpase 3
Sequence viewer @ SNPs@  SNPs <-> Accessions @  Haplotype <-> Accession table @
Protein haplotype <-> Accession table €

Please note: Indels are not included in this tab. For now the position in the feature viewer starts with 0, while the genomic position in the 5'UTR
starts negative, with the A in the ATG start codon being posttion 1. The SNP labels in the feature viewer show the genomic position. For
transcripts on the reverse strand the reverse complement is shown

O ntrons O UTR Protein domains [0 SNPs [J Syn. SNPs Nonsyn. SNPs [0 CDS only [J Protein sequence only

Position: 1522C  Zeom: x 1 SNP with minor allele frequency <1% Grey, >1% Black

Sequence

CDS — I
Nonsyn. SNPs }

Prot. domains

— —
500 1000 1500 2000 2500 3000

Download view

For all other download options select your file of interest and download it as described
above.
For the description of the download options and the corresponding output files, see the
following manual sections:

- For ‘DNA haplotype < Accession table’ download see chapter 2.4.6.2.

- For ‘Protein haplotype fasta’ download see chapter 2.4.6.3.
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- For ‘DNA haplotype fasta’ download see chapter 2.4.6.4.

- For ‘Protein haplotype < Accession table’ download see chapter 2.4.6.5.
- For ‘SNPs’ download see chapter 2.4.6.6.

- For ‘SNPs < Accessions’ download see chapter 2.4.6.7.

- For ‘Accession information’ download see chapter 2.4.6.8.

Select transcript and accessions ~ Results for selection ~ Search SNP database

Results: ATAG30120.1 [[Govmoas optors .

ATHMAS3: A. THALIANA HEAVY oouniead otone
METAL ATPASE 3; HMA3: Heavy metal Shps
atpase 3 SNPs <> Accessions

DNA haplotype <-> Accessions table
DNA haplotype fasta
Protein haplotype <-> Accessions table

Protein haplotype fasta

Sequence viewer @
Accession information

Please note: Indels are not included in this tab. For now the position in the feature viewer starts with 0, while the genomic position in the SUTR
starts negative, with the A in the ATG start codon being position 1. The SNP labels in the feature viewer show the genormic position. For
transcripts on the reverse strand the reverse complement is shown.

Ointrons O UTR Protein domains [0 SNPs [J Syn. SNPs Nonsyn. SNPs [J CDS only [J Protein sequence only

Position: 0 Zoom: x 1 SNP with minor allele frequency <1% Grey, >1% Black
Sequence
cos N IS . IS s .

Nonsyn. SNPs

Prot. domains.

500 1000 1500 2000 2500 3000

2.4.6.2 DNA haplotype table
The ‘dna_haplotype_table’ is dumped as a csv file.

b AT4G30120.1_dna_haplotype_table 17/10/2024 16:27 OpenOffice.org 1.1 S... 199 KB
G AT4G30120.1_haplotype_sequences_completeAA  17/10/2024 16:27 FASTA DNA 41 KB
17/10/2024 16:27 FASTA DNA 187 KB

' AT4G30120.1_haplotype_sequences_completeC...

b AT4G30120.1_protein_haplotype_table 17/10/2024 16:27 OpenOffice.org 1.1 S... 50 KB
b AT4G30120.1_snp_table 17/10/2024 16:27 OpenOffice.org 1.1 S... 42 KB
b AT4G30120.1_snp_accession_table 17/10/2024 16:27 OpenOffice.org 1.1 S... 252 KB

DNA haplotype table shows:

haplotype _ID:/AT4G30120.1|[ 1] dnal

|Gene IDﬂhapIotype numberL[type of sequence
number_of_accessions: Count of accessions of each haplotype.
list_of_snps: List of each SNP per each haplotype. Shown are chromosome:bp positions
(4:14732536) of each SNP.
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a 5 I c
1 #all accessions selected
2 |haplotype_ID number_of_accessions _list_of_snps
3 AT4G30120.1.1_dna 88
4 |AT4G30120.1.2_dna 14:14732536,4:14733425
5 |AT4G30120.1.3_dna 14:14732536,4:14733389,4:14733391,4:14733393,4:14733414
6 |AT4G30120.1.4_dna 14:14732536,4:14733389,4:14733391,4:14733393,4:14733396
7 |AT4G30120.1.5_dna 14:14731430,4:14732536,4:14733117,4:14733389,4:14733391
8 |AT4G30120.1.6_dna 14:14732323,4:14732536,4:14733389,4:14733391
9 |AT4G30120.1.7_dna 44:14731430,4:14732536,4:14733389,4:14733391
10 |/AT4G30120.1.8_dna 44:14732536,4:14733389,4:14733391
11 |/AT4G30120.1.9_dna 14:14732536,4:14733110,4:14733389,4:14733391
12 |/AT4G30120.1.10 dna 14:14731525,4:14731691,4:14732176,4:14733044,4:14733376

list_accession_IDs: All accessions belonging to the specified haplotype.
haplotype_sequence_complete_CDS: Coding sequence of haplotypes.
length_haplotype_sequence: Sequence length of haplotypes in bp.

| D | E F |
1
2 liist_accession_IDs haplotype_sequence_completeCDS length_haplotype_sequence
3 1630,1070,5104,5486,5757,5768,5800,581» ATGGCGGAAGGTGAAGAGTCAAAGA» 1629
4 403 ATGGCGGAAGGTGAAGAGTCAAAGA» 1629
5 7106 ATGGCGGAAGGTGAAGAGTCAAAGAA 1629
6 9554 ATGGCGGAAGGTGAAGAGTCAAAGAA 1629
7 110015 ATGGCGGAAGGTGAAGAGTCAAAGAA 1629
8 9964 ATGGCGGAAGGTGAAGAGTCAAAGA» 1629

24.6.3 Proteotype sequence complete AA

The ‘proteotype_sequence_completeAA’ is dumped as a FASTA file.

[y AT4G30120.1_dna_haplotype_table 17/10/2024 16:27 OpenOffice.org 1.1 S... 199 KB
'l AT4G30120.1_haplotype_sequences_completeAA  17/10/2024 16:27 FASTA DNA 41 KB
v AT4G30120.1_haplotype_sequences_completeC...  17/10/2024 16:27 FASTA DNA 187 KB
b AT4G30120.1_protein_haplotype_table 17/10/2024 16:27 OpenOffice.org 1.1 S... 50 KB
=] AT4G30120.1_snp_table 17/10/2024 16:27 OpenOffice.org 1.1 S... 42 KB
h AT4G30120.1_snp_accession_table 17/10/2024 16:27 OpenOffice.org 1.1 S... 252 KB

This file contains all AA sequences of each selected haplotype.

>AT4G30120.1.1 prot

o} 1CC: RQUDGVKI TVIVVHDTFLISPLQIVKALNQARLEASVRPYGETSLKSQWPSPFAIVSGVLLVLSFFKYFYSPLEWLAIVAWAG
VFPILAKAVASVTRFRLDINALTLIAVIATLCMQDFTEAATIVFLFSVADWLESSAAHKASIVMSSLMSLAPRKAVIADTGLEVDVDEVGINTVVSVKAGESIPIDGVVVDGSCDVDEKTLTGESFPV
SKQRESTVMAATINLNGYIKVKTTALARDCVVAKMTKLVEEAQKSQTKTQRFIDKCSRYYTPAVVVSAACFAVIPVLLKVQDLSHWFHLALVVLVSGCPCGLILSTPVATFCALTKAATSGFLIKTG
DCLETLAKIKIVAFDKTGTITKAEFMVSDFRSLSPSINLHKLLYWVSSIECKSSHPMAAALIDYARSVSVEPKPDIVENFQNFPGEGVYGRIDGQDIYVIGNKRIAQRAGCLTDNVPDIEATMKRGKT
IGYIYMGAKLTGSFNLLDGCRYGVAQALKELKS
>AT4G30120.1.2_prot

QTSYFDVVGICC! NVLHPLD TVIVVHDTFLISPLQIVKALNQARLEASVRPYGETSLKSQWPSPFAIVSGVLLVLSFFKYFYSPLEWLAIVAVVAG
VFPILAKAVASVTRFRLDINALTLIAVIATLCMQDFTEAATIVFLFSVADWLESSAAHKASIVMSSLMSLAPRKAVIADTGLEVDVDEVGINTVVSVKAGESIPIDGVVVDGSCDVDEKTLTGESFPV
SKQRESTVMAATINLNGYIKVKTTALARDCVVAKMTKLVEEAQKSQTKTQRFIDKCSRYYTPAVVVSAACFAVIPVLLKVQDLSHWFHLALVVLVSGCPCGLILSTPVATFCALTKAATSGFLIKTG
DCLETLAKIKIVAFDKTGTITKAEFMVSDFRSLSPSINLHKLLYWVSSIECKSSHPMAAALIDYARSVSVEPKPDIVENFQNFPGEGVYGRIDGQDIYIGNKRIAQRAGCLTDNVPDIEATMKRGKT
IGYIYMGAKLTGSFNLLDGCRYGVAQALKELKS
>AT4G30120.1.3_prot

QTSYFDVVGICC! RPLDGVKEFSVIVPSRTVIVVHDTFFISPLQIVKALNQARLEASVRPYGETSLKSQWPSPFAIVSGVLLVLSFFKYFYSPLEWLAIVAVVAG
VFPILAKAVASVTRFRLDINALTLIAVIATLCMQDFTEAATIVFLFSVADWLESSAAHKASIVMSSLMSLAPRKAVIADTGLEVDVDEVGINTVVSVKAGESIPIDGVVVDGSCDVDEKTLTGESFPY
SKQRESTVMAATINLNGYIKVKTTALARDCVVAKMTKLVEEAQKSQTKTQRFIDKCSRYYTPAVVVSAACFAVIPVLLKVQDFSHWFHLALVVLVSGCPCGLILSTPVATFCALTKAATSGFLIKTG
DCLETLAKIKIVAFDKTGTITKAEFMVSDFRSLSPSINLHKLLYWVSSIECKSSHPMAAALIDYARSVSVEPKPDIVENFQNFPGEGVYGRIDGQDIDIGNKRIAQRAGCLTDNVPDIEATMKRGKT
IGYIYMGAKLTGSFNLLDGCRYGVAQALKELKS
>AT4G30120.1.4 prot

QTSYFDVVGICC! RPLD TVIVVHDTFFISPLQIVKALNQARLE SLKSQ LVLSFFKYFYSPLEWLAIVAWAG
VFPILAKAVASVTRFRLDINALTLIAVIATLCMQDFTEAATIVFLFSVADWLESSAAHKASIVMSSLMSLAPRKAVIADTGLEVDVDEVGINTVVSVKAGESIPIDGVVVDGSCDVDEKTLTGESFPV
SKQRESTVMAATINLNGYIKVKTTALARDCVVAKMTKLVEEAQKSQTKTQRFIDKCSRYYTPAVVVSAACFAVIPVLLKVQDLSHWFHLALVVLVSGCPCGLILSTPVATFCALTKAATSGFLIKTG
DCLETLAKIKIVAFDKTGTITKAEFMVSDFRSLSPSINLHKLLYWVSSIECKSSHPMAAALIDYARSVSVEPKPDIVENFQNFPGEGVYGRIDGQDIDIGNKRIAQRAGCLTDNVPDIEATMKRGKT
IGYIYMGAKLTGSFNLLDGCRYGVAQALKELKS
>AT4G30120.1.5_prot

QTSYFDVVGICC! NVLRPLD TVIVVHDTFFISPLQIVKALNQARLEASVRPYGETSLKSQWPSPFAIVSGVLLVLSFFKYFYSPLEWLAIVAVVAG
VFPILAKAVASVTRFRLDINALTLIAVIATLCMQDFTEAATIVFLFSVADWLESSAAHKASTVMSSLMSLAPRKAVIADTGLEVDVDEVGINTVVSVKAGESIPIDGVVVDGSCDVDEKTLTGESFPV
SKQRESTVMAATINLNGYIKVKTTALARDCVVAKMTKLVEEAQKSQTKTQRFIDKCSRYYTPAVVVSAACFAVIPVLLKVQDLSHWFHLALVVLVSGCPCGLILSTPVATFCALTKAATSGFLIKTG
DCLETLAKIKIVAFDKTGTITKAEFMVSDFRSLSPSINLHKLLYWVSSIECKSSHPMAAALIDYARSVSVEPKPDIVENFQNFPGEGVYGRIDGQDIYIGNKRIAQRAGCLTDNVPDIEATMKRGKN
IGYIYMGAKLTGSFNLLDGCRYGVAQALKELKS
>AT4G30120.1.6_prot

QTSYFDVVGICC! RPLDGVKEFSVIVPSRTVIVVHDTFFISPLQIVKALNQARLEASVRPYGETSLKSQWPSPFATYSGVLLVLSFFKYFYSPLEWLAIVAVVAG
VFPILAKAVASVTRFRLDINALTLIAVIATLCMQDFTEAATIVFLFSVADWLESSAAHKASIVMSSLMSLAPRKAVIADTGLEVDVDEVGINTVVSVKAGESTPIDGVVVDGSCDVDEKTLTGESFPY
SKQRESTVMAATINLNGYIKVKTTALARDCVVAKMTKLVEEAQKSQTKTQRFIDKCSRYYTPAVVVSAACFAVIPVLLKVQDLSHWFHLALVVLVSGCPCGLILSTPVATFCALTKAATSGFLIKTG
DCLETLAKIKIVAFDKTGTITKAEFMVSDFRSLSPSINLHKLLYWVSSIEC] ALTD DIVENFQNFPGEGVYGRIDGQDIYIGNKRIAQRAGCLTDNVPDIEATMKRGKT
IGYIYMGAKLTGSFNLLDGCRYGVAQALKELKS

246.4 Haplotype sequences complete CDS

The ‘haplotype_sequence_completeCDS’ is dumped as a FASTA file.

b AT4G30120.1_dna_haplotype_table 17/10/2024 16:27 OpenOffice.org 1.1 S... 199 KB
v AT4G30120.1_haplotype_sequences_completeAA  17/10/2024 16:27 FASTA DNA 41 KB
V' AT4G30120.1_haplotype_sequences_completeC... 17/10/2024 16:27 FASTA DNA 187 KB
b AT4G30120.1_protein_haplotype_table 17/10/2024 16:27 OpenOffice.org 1.1 S... 50 KB
!] AT4G30120.1_snp_table 17/10/2024 16:27 OpenOffice.org 1.1 S... 42 KB
b AT4G30120.1_snp_accession_table 17/10/2024 16:27 OpenOffice.org 1.1 S... 252 KB

This file contains all CDS sequences of each selected haplotype.
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>AT4G30120.1.1_dna
ATGGCGGAAGGTGAAGAGTCAAAGAAGATGAATTTACAGACAAGTTACTTCGACGTCGTTGGAATCTGCTGTTCATCGGAGGTTTCTATCGTAGGTAACGTTCTCCGTCAAGTGG)
TTCACTTAGCACTTGTAGTGTTAGTAAGTGGTTGTCCCTGTGGTCTTATCCTATCCACACCTGTTGCTACCTTTTGTGCTCTCACTAAGGCAGCCACGTCAGGGTTTCTGATCAA
>AT4G30120.1.2_dna
ATGGCGGAAGGTGAAGAGTCAAAGAAGATGAATTTACAGACAAGTTACTTCGACGTCGTTGGAATCTGCTGTTCATCAGAGGTTTCTATCGTAGGTAACGTTCTCCGTCAAGTGG)
TTCACTTAGCACTTGTAGTGTTAGTAAGTGGTTGTCCCTGTGGTCTTATCCTATCCACACCTGTTGCTACCTTTTGTGCTCTCACTAAGGCAGCCACGTCAGGGTTTCTGATCAA
>AT4G30120.1.3_dna
ATGGCGGAAGGTGAAGAGTCAAAGAAGATGAATTTACAGACAAGTTACTTCGACGTCGTTGGAATCTGCTGTTCATCGGAGGTTTCTACCGTAGGTAACGTTCTCCGTCCACTTG)
TTCACTTAGCACTTGTAGTGTTAGTAAGTGGTTGTCCCTGTGGTCTTATCCTATCCACACCTGTTGCTACCTTTTGTGCTCTCACTAAGGCAGCCACGTCAGGGTTTCTGATCAA
>AT4G30120.1.4_dna
ATGGCGGAAGGTGAAGAGTCAAAGAAGATGAATTTACAGACAAGTTACTTCGACGTCGTTGGAATCTGCTGTTCATCGGAGGTTTCTATCGTAGGTAACGTTCTCCATCCACTTG)
TTCACTTAGCACTTGTAGTGTTAGTAAGTGGTTGTCCCTGTGGTCTTATCCTATCCACACCTGTTGCTACCTTTTGTGCTCTCACTAAGGCAGCCACGTCAGGGTTTCTGATCAA,
>AT4G30120.1.5_dna
ATGGCGGAAGGTGAAGAGTCAAAGAAGATGAATTTACAGACAAGTTACTTCGACGTCGTTGGAATCTGCTGTTCATCGGAGGTTTCTATCGTAGGTAACGTTCTCCGTCAACTTG
TTCACTTAGCACTTGTAGTGTTAGTAAGTGGTTGTCCCTGTGGTCTTATCCTATCCACACCTGTTGCTACCTTTTGTGCTCTCACTAAGGCAGCCACGTCAGGGTTTCTGATCAA,
>AT4G30120.1.6_dna
ATGGCGGAAGGTGAAGAGTCAAAGAAGATGAATTTACAGACAAGTTACTTCGACGTCGTTGGAATCTGCTGTTCATCGGAGGTTTCTATCGTAGGTAACGTTCTCCGTCAACTTG
TTCACTTAGCACTTGTAGTGTTAGTAAGTGGTTGTCCCTGTGGTCTTATCCTATCCACACCTGTTGCTACCTTTTGTGCTCTCACTAAGGCAGCCACGTCAGGGTTTCTGATCAA,
>AT4G30120.1.7_dna
ATGGCGGAAGGTGAAGAGTCAAAGAAGATGAATTTACAGACAAGTTACTTCGACGTCGTTGGAATCTGCTGTTCATCGGAGGTTTCTATCGTAGGTAACGTTCTCCGTCAACTTG)
TTCACTTAGCACTTGTAGTGTTAGTAAGTGGTTGTCCCTGTGGTCTTATCCTATCCACACCTGTTGCTACCTTTTGTGCTCTCACTAAGGCAGCCACGTCAGGGTTTCTGATCAA,

246.5 Proteotype table

The ‘proteotype_table’ is dumped as a csv file.

[y AT4G30120.1_dna_haplotype._table 17/10/2024 16:27 OpenOffice.org 1.1 S... 199 KB
¥ AT4G30120.1_haplotype_sequences_completeAA  17/10/2024 16:27 FASTA DNA 41 KB
[ AT4G30120.1_haplotype_sequences_completeC... 17/10/2024 16:27 FASTA DNA 187 KB
!J AT4G30120.1_protein_haplotype_table 17/10/2024 16:27 OpenOffice.org 1.1 S... 50 KB
b AT4G30120.1_snp_table 17/10/2024 16:27 OpenOffice.org 1.1 S... 42 KB
b AT4G30120.1_snp_accession_table 17/10/2024 16:27 OpenOffice.org 1.1 S... 252 KB

The proteotype table shows:

proteotype _ID{AT4G30120.1 [1][orot]

|Gene ID| proteotype number [type of sequence!

number_of_accessions: count of accessions of each haplotype
list_of_snps: list of each SNP per each proteotype per gene. Shown are chromosome:bp
positions (4:14732536) of each SNP

A | B | c
1 |#all accessions selected
2 |haplotype_ID number_of_accessions list_of_snps
3 |AT4G30120.1.1_prot 172
4 |AT4G30120.1.2_prot 14:14732536,4:14733389,4:14733391,4:14733393,4:14733396
5 |AT4G30120.1.3_prot 14:14731430,4:14731955,4:14732536,4:14733320,4:14733389,4:14733391,4:14733393
6 |AT4G30120.1.4_prot 11 4:14731430,4:14732536,4:14733320,4:14733389,4:14733391,4:14733393
7 |AT4G30120.1.5_prot 44:14731234,4:14732536,4:14733320,4:14733389,4:14733391,4:14733393
8 |AT4G30120.1.6 prot 34:14732536,4:14733320,4:14733389,4:14733391,4:14733393

list_accession_IDs: all accession belonging to the specified haplotype
proteotype_sequence_complete_AA: AA sequence of proteotype
length_proteotype_sequence: AA sequence length of proteotype

o I £ r

| 0!
2 ist_accession_IDs haplotype_sequence_completeAA length_haplotype_sequence
3 403,410,424,630,801,1070,1158,1166,4807,5104,5486,5757,5° MNLQTSYFDVVGIC! RQVDGVKP 543
4 9554 MAEGEESKKMNLQTSYFDVVGICCSSEVSIVGNVLHPLDGVKE® 543
5 9512 MNLQTSYFDVVGICC: RPLDGVKE* 543
6 9507,9510,9511,9515,9522,9530,9541,9560,9577,9873,9943 MNLQTSYFDVVGIC! RPLDGVKE* 543

7 9545,9600,9832,9871 MAEGEESKKMNLQTSYFDVVGICCSSEVSIVGNVLRPLDGVKE 543
8 19555,9743,9764 MAEGEESKKMNLQTSYFDVVGICCSSEVSIVGNVLRPLDGVKE* 543

2.4.6.6 SNP table

The ‘SNP_table’ is dumped as a csv file.
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t] AT4G30120.1_dna_haplotype_table 17/10/2024 16:27 OpenOffice.org 1.1S... 199 KB

' AT4G30120.1_haplotype_sequences_completeAA  17/10/2024 16:27 FASTA DNA 41 KB
¥l AT4G30120.1_haplotype_sequences_completeC... 17/10/2024 16:27 FASTA DNA 187 KB
b AT4G30120.1_protein_haplotype_table 17/10/2024 16:27 OpenOffice.org 1.1 S... 50 KB
b AT4G30120.1_snp_table 17/10/2024 16:27 OpenOffice.org 1.1 S... 42 KB
b AT4G30120.1_snp_accession_table 17/10/2024 16:27 OpenOffice.org 1.1 S... 252 KB

The SNP table shows:

SNP ID: SNP identification number. Shown are chromosome:bp position (4:14730221) of
each SNP of selected gene.

Variant_0: Base pair variant on a specific position with the highest frequency of selected
gene.

Frequency_0: Base frequency of variant 0 from selected gene.

Variant_1: Base pair variant on a specific position with the second highest frequency of
selected gene.

Frequency_1: Base frequency of variant 1 from selected gene.

Variant_2: Base pair variant on a specific position with the third highest frequency of
selected gene.

Frequency_2: Base frequency of variant 2 from selected gene.

SNP relative position mRNA: SNP base pair position of selected gene mRNA.

SNP relative position genome: SNP base pair position of selected gene gDNA (genomic
DNA).

A 8
1_#allaccessions selected

2 [sNPid Variant_0 Frequency 0 Variant_1 Frequency_1 Variant 2 Frequency_2 SNP relative position mma SNP relative position genome

3 4:14730221 c>cC 0.99824C -> A 000176noval  noval 2463 3282
4 4:14730223 T>T 09859T ->C 00141noval  noval 2461 3280
5 4:14730234 c>c 099912C > A 000088noval  noval 2450 3269
6 4:14730241 G->T 0.70749G -> G 029251noval  noval 2443 3262
7_4:14730247 A->A 099031A->T 0.00969noval  noval 2437 3256
8 4:14730252 T>G 0.67489T ->T 032511noval  noval 2432 3251
9 4:14730270 c>c 099912C > T 000088noval  noval 2414 3233
10 4:14730277 c>c 099912C -> A 0.00088 noval 2407 3226
11414730312 G->G 0.99824G -> A 0.00176 noval 2372 3191
12 4:14730332 A->A 099912A->G 0.00088 noval 2352 3171
134:14730350 c>c 09815C > T 0.0185 noval 2334 3153
144:14730354 A->A 095419A->G 0.04581 noval 2330 3149
15 4:14730358 T>T 0.99648T -> A 0.00352 noval 2326 3145
16414730360 A->A 0.99648A-> T 0.00352 noval 2324 3143

SNP location: Gene structure location (e.g. 3’ UTR, INTRON etc.) of SNP and selected
gene.

SNP effects: Effect of SNP on AA sequence of selected gene (e.g. stop codon (premature
stop codon), nonsynonymous (AA substitution), canonical motif in splice site etc.)
Substitution_0: AA substitution on a specific position with the highest frequency of
selected gene.

Substitution_frequency_0: AA substitution of substitution 0 from selected gene.
Substitution_1: AA substitution on a specific position with the second highest frequency
of selected gene.

Substitution_frequency_1: AA substitution of substitution 1 from selected gene.
Substitution_properties: Physico-chemical properties of AA substitution (e.g. non-polar
— polar, basic — acidic etc.)

Domain Id: Protein domain ID in which the AA substitutions are located.
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) K L M N o [ [}
1

2 |SNP location _SNP effects Substitution 0 _Substitution_frequency 0 _Substitution_1 _Substitution_frequency_1 _Substitution properties _Domain Id
S1INTRON  noval noval noval noval noval noval noval
s2|INTRON  noval noval noval noval noval noval noval
s3 | INTRON  noval noval noval noval noval noval noval
s4|3UTR noval noval noval noval noval noval noval
55 3UTR noval noval noval noval noval noval noval
6 | 3UTR noval noval noval noval noval noval noval
57 3UTR noval noval noval noval noval noval noval
8| 3UTR noval noval noval noval noval noval noval
s 3UTR noval noval noval noval noval noval noval
& | CDS stop codon stopcodon  frame shift synonymous  noval noval noval
&1 | CDS nonsynonymous N->K 0.00088 noval noval polar -> basic PTHR11939:SF31
& | CDS synonymous noval noval noval noval noval noval
& |CDS nonsynonymous M->T 0.00088 noval noval non-polar -> polar PTHR11939:SF31
e | CDS synonymous noval noval noval noval noval noval
&5 | CDS nonsynonymous G->D 0.00088 noval noval non-polar -> acidic PTHR11939:SF31
6 | CDS nonsynonymous T>N 0.00617 noval noval polar -> polar PTHR11939:SF31
67| CDS synonymous noval noval noval noval noval noval
& | CDS nonsynonymous 1>T 0.00088 noval noval non-polar -> polar PTHR11939:SF31
& |CDS splice site region noval noval noval noval noval noval
70 | INTRON  canonical motifin splice site  noval noval noval noval noval noval
71| INTRON  splice site region noval noval noval noval noval noval

Domain description: Description of domain.

1

2 Domain description

51 noval

s2 | noval

53 noval

54 noval

55 noval

56 noval

57 noval

s8 | noval

59 noval

60  noval

61 HEAVY METAL CATION TRANSPORT ATPASE (CADMIUM/ZINC TRANSPORTING ATPASE),CATION-TRANSPORTING ATPASE,HMA_2 HMA, heavy metal-associated domain

& | noval

63 HEAVY METAL CATION TRANSPORT ATPASE (CADMIUM/ZINC TRANSPORTING ATPASE),CATION-TRANSPORTING ATPASE,HMA_2 HMA, heavy metal-associated domain

64 noval

65 HEAVY METAL CATION TRANSPORT ATPASE (CADMIUM/ZINC TRANSPORTING ATPASE),CATION-TRANSPORTING ATPASE,HMA_2 HMA, heavy metal-associated domain
(
(

66 | HEAVY METAL CATION TRANSPORT ATPASE (CADMIUM/ZINC TRANSPORTING ATPASE),CATION-TRANSPORTING ATPASE,HMA_2,HMA, heavy metal-associated domain
67 | noval
68 HEAVY METAL CATION TRANSPORT ATPASE (CADMIUM/ZINC TRANSPORTING ATPASE) CATION-TRANSPORTING ATPASE,HMA_2,HMA, heavy metal-associated domain
69 | noval
70 | noval
71 | noval

Strand: Strand direction (e.g. - and +) of sequence.

AraGWAS_score: AraGWAS score (-log,, (p-value)) of selected SNP and gene.
AraGWAS _links: AraGWAS Catalog links of GWAS and study information of selected
SNP and gene.

s T 1

1
2 Swrand AraGWAS_score  AraGWAS_links
8-

noval noval
& - noval noval
8 noval noval
8 - noval noval
8 - 24.1462113508663 SNP_link 14731525, study_link: hitps://aragwas. 1001genomes. org/#/study/287, score: 24.1
8 - noval noval
& - noval noval
8 - noval noval
8 - noval noval
% noval noval
o - noval noval
% - noval noval
% noval noval
% - noval noval
9% - 21 SNP_ink: 14731691, study_link: hitps://aragwas. 1001genomes. org/#/study/287, score: 21.2

GWAS corrected: GWAS analysis was performed with the software GEMMA. Every
climate factor was used as a phenotype and for every climate factor, one analysis run was
carried out. Only SNPs with a minor allele frequency of 1% or higher were analysed. The
obtained p-values were corrected for multiple comparisons using the Benjamini-Yekutiel
method. In this column you can see all the correlations between SNPs and the 200 climate
factors which have a corrected p-value lower than or equal to the threshold. You can sort
the column according to the lowest p-value in each cell.

Number of associated climate factors: Number of associated climate factors, with a
corrected P-value in the GWAS lower than or equal to the threshold.
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v | w |

GWAS corrected Number of associated climate factors
81 | noval
82 | noval
83 | noval
84 | noval
85 | noval
86 | noval
87 | noval
88 | noval
89 | noval
90 | noval
91 | noval
92 | noval
93 | noval
94 | noval
95 | noval
96 | noval

(ellelleololelolelleleolleolollololololie]

2.4.6.7 SNP accession table

The ‘SNP_accession_table’ is dumped as a csv file.

b AT4G30120.1_dna_haplotype_table 17/10/2024 16:27 OpenOffice.org 1.1 S... 199 KB
v AT4G30120.1_haplotype_sequences_completeAA  17/10/2024 16:27 FASTA DNA 41 KB
V'] AT4G30120.1_haplotype_sequences_completeC... 17/10/2024 16:27 FASTA DNA 187 KB
b AT4G30120.1_protein_haplotype_table 17/10/2024 16:27 OpenOffice.org 1.1 S 50 KB

b AT4G30120.1_snp_table 17/10/2024 16:27 OpenOffice.org 1.1 S... 42 KB
b AT4G30120.1_snp_accession_table 17/10/2024 16:27 OpenOffice.org 1.1 S... 252 KB

The SNP accession table shows:

SNP ID: List of SNP IDs of selected gene. Shown are chromosome:bp position
(4:14731188) of each SNP

Polymorphism: List of polymorphisms (SNPs or InDels). For example: C — G, always the
first base (C) is from Col-0 (reference genotype) and his group — the second base (G)
from other accessions.

Genotypes: List of genotypes different to Col-0. Shown are accession IDs from 1001
Genome project.

CS number: List of genotypes different to Col-0. Shown are the CS accession IDs.
Accession: List of genotypes different to Col-0. Shown are accession names.
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A | B | c D | E

_ 1 _#all accessions selected
2 |SNPid Polymorphism Genotypes CS number Accession

3 1414731188 CcC->G 9824 CS76702 Bes-5

_ 4 |4:14731200 C->T 6911 CS76789 Cvi-0
5 |4:14731132 A->TA 88,139,159,265,410,428,»CS76790,CS77014,CS7PCYR,LDV-46, MAR2-3,PY

_ 6 1414731216 T->C 6911 CS76789 Cvi-0

7 |4:14731221 A>T 9508,9518,9524,9528,95» CS77108,CS76660,CS7& IP-Mos-1,I1P-Alm-0,IP-Ber
8 |4:14731228 G->A 9828 CS76721 Bra-0

_ 9 4114731234 C->A 9533,9542,9545,9574,96¢ CS76763,CS76872,CS7@ IP-Cem-0,IP-Fun-0,IP-He
10 |4:14731260 T->A 9543 CS76886 IP-Gra-0
11 |4:14731261 T->C 9879 CS77169 Per-0

12 |4:14731275 T->C 1158,1166,7169,8337,90» CS76656,CS77651,CS7@ Aledal-6-49,Aledal-14-73,
13 |4:14731393 G->A 6090,7305,8343,9544,95» CS77288,CS78915,CS7@ T1000,Pt-0,Na-1,IP-Gua-
14 |4:14731395 GA->A o777 CS76880 Gn-1

15 |4:14731396 G->A 6897,9534,9841,9910 CS76430,CS76774,CS70Ag-0,IP-Cmo-3,Ees-0,BR
16 |4:14731430 T->G 628,763,765,766,768,772CS78951,CS76522,CS7@ LI-OF-061,Kar-1,Sus-1,Dj

17 |4:14731450 G->A 9759,10013 CS76439,CS76388 Anz-0,Lerik1-3

18 |4:14731471 AGAACTTTCC ->C 9099 CS76953 Istisu-9
19 |4:14731480 A->G 9991 CS76391 Vash-1

2.4.6.8 Accession information

The ‘accession_information’ is dumped as a csv file.
The accession information shows:

accession_id: Accession identification number based on the 1001 Genomes project.
accession: Name of accession.

cs_number: CS accession Ids.

country: Country of origin.

group: Population structure computed in 1001 genomes paper.

A | B | C | b | E

1 |accession_id accession cs_number country group

2 |88 CYR CS76790 FRA western_europe
~ 3 /108 LDV-18 CS77013 FRA western_europe
4 139 LDV-46 CS77014 FRA western_europe
5 1159 MAR2-3 CS77070 FRA western_europe
6 |265 PYL-6 CS77198 FRA admixed

7 350 TOU-A1-88 CS77382 FRA western_europe
8 351 TOU-A1-89 CS77383 FRA western_europe
9 403 Zdarec3 CS78873  CZE central_europe
10 410 Doubravnik7 CS76808 CZE central_europe
11 424 Draha2 CS76812  CZE central_europe
12 428 Borky1 CS76718 CZE central_europe
13 1430 Gr-1 CS76496  AUT central_europe
14 1470 BRR4 CS78943 USA germany

_15 476 BRR12 CS78944 USA germany

16 |484 BRR23 CS78945 USA germany

17 504 BRR57 CS78946 USA germany

18 506 BRR60 CS78947 USA germany

19 831 BRR107 CS78948 USA germany

20 544 LI-WP-039 CS78949  USA germany

21 546 LI-WP-041 CS78950 USA germany

22 628 LI-OF-061 CS78951 USA western_europe
23 1630 LI-OF-065 CS77036 USA western_europe
24 1680 LI-RR-096 CS78952 USA germany

25 1681 LI-RR-097 CS78953 USA germany

2.5 Search SNP database

This database can be used to retrieve SNP information and accessions for SNPs. To get
that information you need to identify SNP IDs of interest.
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o About
Select transcript and accessions ~ Results for selection ~ Search SNP database

Build & Download GWAS matrices

Results: AT4G30120.2 [ Accession mromation

ATHMARS: A. THALIANA HEAVY
METAL ATPASE 3; HMAS3: Heavy metal
atpase 3

Check selected accessions <

Sequence viewer @ SNPs@  SNPs <->Accessions@®  Haplotype <-> Accession table @

Protein haplotype <-> Accession table @

Please note: Indels are not included in this tab. For now the position in the feature viewer starts with 0, while the genomic position in the 5UTR
starts negative, with the A in the ATG start codon being position 1. The SNP labels in the feature viewer show the genomic position. For
transcripts on the reverse strand the reverse complement is shown

Introns UTR Protein domains SNPs Syn. SNPs Nonsyn. SNPs [ CDSonly [J Protein sequence only

Position: 0 Zoom: x 1 SNP with minor allele frequency <1% Grey, 1% Black

Sequence
3UTR -
§-UTR 1
cDs I .
Introns

Nonsyn. SNPs.
NonCDS SNPs

Syn. SNPs
Prot domains sseatees

Download view

2.5.1 Get SNP information

§ Manual % About

8np2

Get SNP information  Get accessions for SNPs

A

wnload SNP information

Copy SNP ID or IDs of interest into the empty field.
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@ About
Select transcript and accessions ~ Results for selection =~ Search SNP database

Build & Download GWAS matrices

Get SNP information =~ Get accessions for SNPs

Y
Download SNP information €

® About
Select transcript and accessions  Results for selection ~ Search SNP database

Build & Download GWAS matrices

Get SNP information =~ Get accessions for SNPs

4:14730221
4:14730223
4:14730234
4:14730241
4:14730247

Download SNP information €

Click ‘Download SNP information’.

Download SNP information ® : For each SNP ID in the list all the transcripts covering the
SNP are listed. Additional information like SNP effect, SNP region and base frequency are
added.

o About
Select transcript and accessions  Results for selection ~ Search SNP database

Build & Download GWAS matrices

Get SNP information =~ Get accessions for SNPs

4:14730221
4:14730223
4:14730234
414730241
4:14730247

A
Download SNP information &
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Transcript ID: Shown are A. thaliana gene Ids and splicing variant (e.g. AT4G30120.1) in
which the selected SNPs are located

SNP ID: SNP identification number. Shown are chromosome:bp positions (4:14730221) of
each SNP of selected gene.

Variant_0: Base pair variant on a specific position with the highest frequency of selected
gene.

Frequency_0: Base frequency of variant 0 from selected gene.

Variant_1: Base pair variant on a specific position with the second highest frequency of
selected gene.

Frequency_1: Base frequency of variant 1 from selected gene.

SNP relative position mRNA: SNP base pair position of selected gene mRNA.

SNP relative position genome: SNP base pair position of selected gene gDNA (genomic
DNA).

SNP location: Gene structure location (e.g. 3’ UTR (untranslated region), INTRON etc.) of
SNP and selected gene.

SNP effects: Effect of SNP on AA sequence of selected gene (e.g. stop codon (premature
stop codon), nonsynonymous (AA substitution), canonical motif in splice site etc.)

o

D 3 3 G H 1 )
M0 Frequency 0 Varian_1 Frequency_1 SNP relative position mma _SNP relative position genome  SNP location  SNP effects
. 2967 3UTR noval
00141 2294 2965 3UTR noval
000088 2283 2954 3UTR noval
029251 2276 2047 3UTR noval
000969 2270 2041 3UTR noval
000176 2589 3408 3UTR noval
0.0141 2587 3406 3UTR noval
0.00088 2576 3395 3UTR noval
0.29251 2569 3388 3UTR noval
0.00969 2563 3382 3UTR noval

A B
1 Transcriptid SNP Id
2 AT4G30120.2 4:14730221

3 AT4G30120.2 414730223 T->

4 ATAG30120.2 4:14730234

0.9859T ->
0.99912C ->
0.70749G ->
0.99031A >
0.99824C ->

Variar

c

T

c-
5 AT4G30120.2 4:14730241 G ->

A

c

T

c

G

A

6 AT4G30120.2 4:14730247 A->

7 ATAG30120.1 4:14730221 C -
8 AT4G30120.1 4:14730223 T->
9 AT4G30120.1 4:14730234
10 ATAG30120.1 4:14730241
11 ATAG30120.1 4:14730247 A->

0.9859T ->
0.99912C ->
0.70749G >
0.99031A >

RAR% A
>J0-40>»40-40
4> 0> 9> 0>

Substitution_properties: Physico-chemical properties of AA substitution (e.g. non-polar
— polar, basic — acidic etc.)

Domain ID: Protein domain ID in which the AA substitutions are located.

Domain description: Description of domain.

Strand: Strand direction (e.g. - and +) of sequence.

GWAS corrected: GWAS analysis was performed with the software GEMMA. Every
climate factor was used as a phenotype and for every climate factor, one analysis run was
carried out. Only SNPs with a minor allele frequency of 1% or higher were analysed. The
obtained p-values were corrected for multiple comparisons using the Benjamini-Yekutiel
method. In this column you can see all the correlations between SNPs and the 200 climate
factors which have a corrected p-value lower than or equal to the threshold. You can sort
the column according to the lowest p-value in each cell.

Number of associated climate factors: Number of associated climate factors, with a
corrected P-value in the GWAS lower than or equal to the threshold.

P L M | N ° » |
Substitution properties  Domain Id  Domain description  Strand  AraGWAS_score  AraGWAS._links
noval noval noval - noval noval

o " |
1 GWAS corrected  Number of associated climate factors

2 noval

3 | noval noval noval - noval noval noval
4 | noval noval noval noval noval noval
5 | noval noval noval - noval noval noval
6 | noval noval noval noval noval noval
7 | noval noval noval - noval noval noval
8 | noval noval noval noval noval noval
s

noval noval noval - noval noval noval
noval noval noval noval noval

cococoococoooo

11 | noval noval noval - noval noval noval

2.5.2 Get accessions for SNPs
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 About
Select transcript and accessions Results for selection Search SNP database

Build & Download GWAS matrices

Get SNP information Get accessions for SNPs _

Download Accessions €

Copy and paste SNP ID or IDs of interest into the empty field.

¥ About
Select transcript and accessions ~ Results for selection =~ Search SNP database

Build & Download GWAS matrices

Get SNP informatior Get accessions for SNPs
4:14730221
4:14730223
4:14730234
4:14730241
4:14730247
|
A

Download Accessions @

Retrieve accessions for SNPs of interest by clicking ‘Download Accessions’.

Download SNP information ® : For each SNP ID in the list all the transcripts covering the
SNP are listed. For each combination of transcript, SNP ID and variant all the genotypes
with this specific variation are listed.
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Select transcript and accessions ~ Results for selection =~ Search SNP database

Build & Download GWAS matrices

Get accessions for SNPs

4:14730221
4:14730223
4:14730234
4:14730241
4:14730247

4
Download Accessions @

Transcript ID: Shown are A. thaliana gene IDs and splice variants (e.g. AT4G30120.2) in
which the selected SNPs are located

SNP_ID: SNP identification number. Shown are chromosome:bp positions (4:14730221) of
each SNP of selected gene.

T: Accessions with the base T on this position.

G: Accessions with the base G on this position.

A: Accessions with the base A on this position.

C: Accessions with the base C on this position.

A | B c | D | E F

1 [ranseriptid snp_idc T G A c

2 |AT4G30120.24:14730221 9608,9728, 88,108,139,159,265,350,351,403,410,424,428,430,470,476,484,504,506,531,544,546,628,630,68(
3 |AT4G30120.2 4:14730223 6074,8231,8235,8243,9646,964»88,108,139,159,265,350,351,403,410,424,428,430,470,476,484,5
4 |AT4G30120.2 4:14730234 8230, 88,108,139,159,265,350,351,403,410,424,428,430,470,476,484,504,506,531,544,546,628,630,68(
5 |AT4G30120.2 4:14730241 265,350,351,403,424,428,430,488,108,139,159,410,630,765,76¢
6 |ATAG30120.2 4:14730247 88,108,139,159,265,350,351,403,410,424,428,430,470,476,484 ¥9102,9104,9106,9111,9113,9114,9115 9128,9130,9133,9134,

7 |AT4G30120.14:14730221 9608,9728, 88,108,139,159,265,350,351,403,410,424,428,430,470,476,484,504,506,531,544,546,628,630,68(
8 |AT4G30120.14:14730223 6074,8231,8235,8243,9646,964 88,108, 139,159,265,350,351,403,410,424,428,430,470,476,484,5
9 |ATAG30120.14:14730234 8230, 88,108,139,159,265,350,351,403,410,424,428,430,470,476,484,504,506,531,544,546,628,630,68(
10 |AT4G30120.1 4:14730241 265,350,351,403,424,428,430,4*88,108,139,159,410,630,765,76€

11 |AT4G30120.14:14730247  88,108,139,159,265,350,351,403,410,424,428,430,470,476,484 ¥9102,9104,9106,9111,9113,9114,9115,9128,9130,9133,9134,

2.6 Build & Download GWAS matrices

SNPstar enables the generation of GWAS matrices of interest. The computed matrix
contains accessions and SNPs, DNA haplotypes or protein haplotypes.
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Select transcript and accessions ~ Results for selection ~ Search SNP database
Build & Download GWAS matrices

Results: AT4G30120.2 [[Accosson formaton y

ATHMARS: A. THALIANA HEAVY
METAL ATPASE 3; HMA3: Heavy metal
atpase 3

Sequence viewer @

Please note: Indels are not included in this tab. For now the position in the feature viewer starts with 0, while the genomic position in the 5UTR
Starts negative, with the A in the ATG start codon being position 1. The SNP labels in the feature viewer show the genomic position. For
transcripts on the reverse strand the reverse complement is shown

Introns UTR Protein domains SNPs Syn. SNPs Nonsyn. SNPs [ CDSonly [J Protein sequence only

Position: 0 Zoom: x1 NP with minor allele frequency <1% Grey, 1% Black

Sequence

IUTR - —
§-UTR I

CDs L I

Introns.
Nonsyn. SNPs
NonCDS SNPs —

Syn. SNPs
Prot domains sseatees

—
500 1000 1500 2000 2500

Download view

Select three different types of polymorphisms from the drop-down menu ‘Select GWAS
Matrix Type’.

Select transcript and accessions Results for selection Search SNP database

Build & Download GWAS matrices
Select GWAS Matrix Type: | SNP GWAS Matrx v
Per default all transcripts are selected. Upload Transcript CSV File to select subset (IDs in each line): | Browse... | No file selected.

Select SNP Subset | All SNPs v

Select accessions

File with accession IDs v | Browse... | No file selected.

Email for notification Compute GWAS Matrix

‘Select GWAS Matrix Type’ options are ‘SNP GWAS Matrix’, ‘Haplotype GWAS Matrix’ and
‘Proteotype GWAS Matrix’. If the ‘'SNP GWAS Matrix’ is applied, a matrix for all available
SNPs of selected genes is generated. For ‘Haplotype GWAS Matrix’ only DNA haplotypes
(based on bases) and for ‘Proteotype GWAS Matrix’ only protein haplotypes (or
proteotypes based on AAs).
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Select transcript and accessions  Results for selection ~ Search SNP database

Build & Download GWAS matrices

Select GWAS Matrix Tylge | SNP GWAS Matrix v

SNP GWAS Matrix
Haplotype GVWAS Matrix
Proteotype GWAS Matrix

! File to select subset (IDs in each line): |Browse...| No file selected.
Select SNP Subset | AisN

Select accessions

File with accession IDs. v |Browse... | No file selected

Email for notification: Compute GWAS Matrix

You can upload a transcript table (csv file). If the default settings are used, a matrix for all
transcripts (genes) is computed. If a download transcript file is used, a matrix for
transcripts (genes) of interest is computed. The uploaded file needs to contain gene and
transcript numbers (e.g. AT4G30120.1).

A | B
AT4G30110.1
AT4G30110.2
AT4G30120.1
AT4G30120.2

Click ‘Browse’ and select your transcript file of interest for upload.

Select transcript and accessions ~ Results for selection ~ Search SNP database

Build & Download GWAS matrices

Select GWAS Matrix Type: | SNP GWAS Matrx v
Per default all transcripts are selected. Upload Transcript CSV File to select subs; | Browse... | No file selected.
Select SNP Subset | AlsNPs -

Select accessions

File with accession IDs v [ Browse... | No file selected.

Email for notification Compute GWAS Matrix

To remove the selected transcript (Gene) file, click ‘Unselect File/Default all transcripts’.
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Select transcript and accessions ~ Results for selection ~ Search SNP database

Build & Download GWAS matrices

Select GWAS Matrix Type: SNP GWAS Matrix v

Per default all transcripts are selected. Upload Transcript CSV File to select subset (IDs in each line): |Browse... | SNPstar_transcript csv
Select SNP Subset: | Al SNPs -

Select accessions

File with accession IDs v | Browse... | No file selected
Email for notification: Compute GWAS Matrix

Next, select a SNP subset.

Select transcript and accessions Results for selection ~ Search SNP database

Build & Download GWAS matrices

Select GWAS Matrix Type: SNP GWAS Matrix v

Per default all transcripts are selected Upload Transcript CSV File to select subset (IDs in each line): | Browse... | SNPstar_transcript csv
Select SNP Subset: | Al SNPs v
Select accessions

File with accession IDs v | Browse... | No file selected.
Email for notification Compute GWAS Matrix

‘Select SNP Subsets’ options are ‘All SNPs’, ‘Coding region only’ and ‘Nonsynonymous
SNPs only’. If ‘All SNPs’ are selected all SNPs are used. For ‘Coding region only’ SNPs in
coding regions and for ‘Nonsynonymous SNPs only’ SNPs causing AA substitutions are
considered.

Select transcript and accessions  Results for selection  Search SNP database

Build & Download GWAS matrices

Select GWAS Matrix Type: SNP GWAS Matrix v

Per default all transcripts are selected. Upload Transcript C3V File to select subset (IDs in each line): | Browse... | SNPstar_transcript.csv

Unselect File/Default all franscripts

Select SNP Sulgset. | Al SNPs v
All SNPs.
Coding regions only
File with accessfh IDs|  Nonsynonymous SNPs only

Email for notification Compute GWAS Matrix

If you would like to select accessions of interest you can upload an accession file. For the
structure of that file see chapter 2.2.2. If the default settings are used a matrix for all
accessions is computed. The upload works like for the transcript table (refer to 2.6).
To remove the selected accession file use the ‘Unselect File/Default all accession’ button.
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® About

Select transeript and accessions  Results for selection ~ Search SNP database
Build & Download GWAS matrices

Select GWAS Matrix Type: SNP GWAS Matrix v

Per default all transcripts are selected. Upload Transcript CSV File to select subset (IDs in each line): |Browse... | SNPstar_transcript.csv

un

Select SNP Subset: | All SNPs v

Select accessions:

File with accession IDs v | Browse..
Email for nofification: | Enter email Compute GWAS Matrix

lect Fil

fault all tran:

| sNPstar_accessions.csv Unselect File/Default all accessions

Provide an email address for notification and press ‘Compute GWAS Matrix’.

& About

Select transcript and accessions  Results for selection ~ Search SNP database

Build & Download GWAS matrices

Select GWAS Matrix Type: | SNP GWAS Matrix v

Per default all transcripts are selected. Upload Transcript CSV File to select subset (IDs in each line): \_Browse." | snPst:

un:

Select SNP Subset: | All SNPs v

Select accessions

File with accession IDs [ Browse... | SNPstar_accessions.csv  NULES SRy SEN EIERS
Email for notification: | Enter your email Compute GWAS Matrix

dect Fil

fault all tran:

If the calculation is in progress, an information window is displayed.

& Marual 5 About

i i 8Np2
Build & Download GWAS matrices PROT

Select GWAS Malrix Type: | SNP GWAS Matri v

Per default &l transcripts are selected. Upload Transcript CSV File to select subset (IDs in e&ch line):

Select SNP Subset: | AlsNPs v
Select accessions:

File with accesson IDs v
Email for rotmcatmn" 1€ babben@landw uri-halle dz Compute GWAS Matrix

After processing, download GWAS matrix at localhost 5000/query_result/gwas_matrix_snp_dba1dfec6478155759aBa0f078¢35f0 ip (Currently Processing...)

Brovse. ‘ SNPsiar_irznseript csv

Browse . | SNPstar_accessiorscsv

To retrieve the GWAS matrix click on the green window (only when processing is finished).

H Manual 5 About

Build & Download GWAS matrices 8np2
Sl ransrptand accsssions Rosuts o slotion  Search NP dlabase hat
Select GWAS Matrix Type: SNP GWAS Matrix v

Per default all transcripts are selected. Upload Transcript CSV File to select subset (IDs in each line) ‘ Browse. ‘ SNPstar_transcriptcsv

Select SNP Subset: | AllSNPs v
Select accessions

File with accessionDs v | Browse... | SNPstar_accessions.csv
Email for notification: | ve babben@landw.uni-nalle de

File ready: /query_resultigwas_matrix_snp_dba1dfec6478155759ea8a0f078c3510.zip
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2.6.1 Layout of SNP GWAS Matrix

In the first horizontal row all selected accessions (IDs from the 1001 Genomes project) are

shown.
sl clo el rlelw okl m][Nloler]|al
6145 6148 2053 6149 6150 6151 2057 6153 6154 6163 6166 8214 19950 6169 19951 6172
2AT463011 0o o o o 1 0 0 0 0O 0O O 1 0 0 0 0

3 AT4G30110.2 0 0 0 0 1 0 0 0 0 0 0
4 AT4G30120.1 0 1 0 0 1 0 0 0 0 1 0
5 AT4G30120.2 0 1 0 0 1 0 0 0 0 1 0

1 0 0 0 0
1 0 0 0 0
1 0 0 0 0

In the first vertical column all selected transcripts are shown.

e lclo e[ rle il ikl |m][ N ol P |a]

A 6145 6148 2053 6149 6150 6151 2057 6153 6154 6163 6166 8214 19950 6169 19951 6172
2 AT4G30110.1 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0
3 AT4G30110.2 0 0 0 0 1 0 0 0 0 0 0
4 AT4G30120.1 0 1 0 0 1 0 0 0 0 1 0
0 1 0 0 1 0 0 0 0 1 0

1 0 0 0 0
1 0 0 0 0
5 AT4G30120.2 1 0 0 0 0

The matrix consists of numbers. The number zero (0) describes the status of Col-0. One
(1) describes an allele different from Col-0. This matrix can be used for GWAS and/or
kinship calculations.

A s lclo el rle il ]kl |m] N ol P |a]

1
2 AT4G30110.
3 AT4G30110.
4 AT4G30120.
5 AT4G30120.

2.6.2 Layout of Haplotype GWAS Matrix

In the first horizontal row all selected accessions (IDs from the 1001 Genomes project) are

shown.
B lclo el Fla[Hw 10 kLM N]Jo]©Pr [al
6145 6148 2053 6149 6150 6151 2057 6153 6154 6163 6166 8214 19950 6169 19951 6172
2 AT4G30114f1 68 68 33 73 33 70 33 33 33 33 33 26 70 10 70 9

3 |AT4G30110.2 68 68 33 73 33 70 33 33 33 33 33 26 70 10 70 9
4 AT4G30120.1 38 38 36 38 36 47 36 36 36 36 36 84 84 87 84 80
5 |AT4G30120.2 47 47 45 41 45 271 45 45 45 45 45 25 2% 3R 25 20

In the first vertical column all selected transcripts are shown.

s lclo | el rlalml oy kot |im|]N]o]r]al
| 6145 6148 2053 6149 6150 6151 2057 6153 6154 6163 6166 8214 19950 6169 19951 6172
2 ATAG30110.1 68 68 3 73 3 70 33 3 33 33 3B 26 70 10 70 9

3 |AT4G30110.2 68 68 33 73 3 70 33 33 3 3 33 26 70 10 70 9

4 AT4G30120.1 38 38 36 38 36 47 36 36 36 36 36 84 84 87 84 80
5 AT4G30120.2 47 47 45 47 45 21 45 45 45 45 45 25 25 3 25 20

The matrix consists of numbers which describe a specific haplotype of specific accession
and transcript. This matrix can be used for GWAS calculation.

58



A

1
2 AT4G30110.1

3 AT4G30110.2

4 AT4G30120.1

5 AT4G30120.2

2.6.3 Layout of Proteotype GWAS Matrix

In the first horizontal row all selected accessions (IDs from the 1001 Genomes project) are

shown.
B clo el rle|m] okl im  Nnlofl©r]al
. 6145 6148 2053 6149 6150 6151 2057 6153 6154 6163 6166 8214 19950 6169 19951 6172
2 AT4G3011F°1 3% 36 30 4 30 36 30 30 30 30 30 30 36 68 36 70

3 AT4G30110.2 36 36 30 4 30 36 30 30 30 30 30 3P 36 68 36 70
4 ATA4G30120.1 57 57 54 57 54 67 54 54 54 54 54 21 2119 2119
5 AT4G30120.2 19 19 16 19 16 29 16 16 16 16 16 1 1 23 1 2

In the first vertical column all selected transcripts are shown.

8 c o el r el iyl M NTol P ]al

1 6145 6148 2053 6149 6150 6151 2057 6153 6154 6163 6166 8214 19950 6169 19951 6172
2 AT4G301101 36 36 30 4 30 36 30 30 30 30 30 30 36 68 36 70
3 AT4G301102 36 36 30 41 30 36 30 30 30 30 30 30 36 68 36 70
4 ATAG30120.1 57 57 54 57 54 67 54 54 54 54 54 21 2119 2119
5 AT4G301202 19 19 16 19 16 29 16 16 16 16 16 1 1 23 1 23

The matrix consists of numbers which describe a specific protein haplotype/proteotype of a
specific accession and transcript. This matrix can be used for GWAS calculation.

A
|
2 AT4G30110.1

3 ATAG30110.2

4 AT4G30120.1

5 AT4G30120.2

3 Use cases

SNPstar covers a number of different use cases. In this chapter, we will explain the most
prominent use cases, which can be roughly grouped into single target gene, multiple target
genes and GWAS.

3.1 Single target gene

In this first use case, we will consider a single target gene and all SNPs in this gene. We
will again use A. THALIANA HEAVY METAL ATPASE 3 (HMA3; AT4G30120) as an
example.
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First, select gene and gene model (AT4G30120.1; see chapter 2.1.1). Then we select all
available accessions (see chapter 2.2.1) and click ‘Compute results’ (see chapter 2.3) to
get to the ‘Sequence viewer’ tab as displayed below.

Select transcript and accessions ~ Results for selection ~ Search SNP database

Results: AT4G30120.1 omoadcptrs -

ATHMAS3: A. THALIANA HEAVY
METAL ATPASE 3; HMA3: Heavy metal
atpase 3

Sequence viewer @

Please note: Indels are not included i this tab. For now the position in the feature viewer starts with 0, while the genomic position in the SUTR
starts negative, with the A in the ATG start codon being position 1. The SNP labels in the feature viewer show the genomic position. For
transcripts on the reverse strand the reverse complement is shown

Infrons UTR Protein domains SNPs Syn. SNPs Nonsyn. SNPs CDS only Protein sequence only

Position: 0 Zoom: x 1 SNP with minor allele frequency <1% Grey, >1% Black

Sequence

3UTR I —
5-UTR -
cDs I . e S s e .
Introns
Nonsyn. SNPs
NonCDS SNPs
Syn. SNPs
Prot. domains
500 1000 1500 2000 2500 3000

3.1.1 Identification of SNPs in a single gene of interest

3111 General selection and SNP identification

The Sequence viewer tab (see chapter 2.4.1) shows an overview of all SNPs represented
in all accessions. Additional information are gene structure (e.g. CDS, Intron, etc.),
detected protein domain locations and effect of SNPs (nonsynonymous, synonymous and
non-CDS). Beneath the overview figure the sequence is shown.

For a closer look of detected SNPs use the ‘SNPs’ tab (see chapter 2.4.2). Different
selection options can be used depending on your research interest. If you are interested in
a specific SNP location use the column ‘SNP location’ for selection. As an example we use
CDS for selection.
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Select transcript and accessions  Results for selection  Search SNP database

Build & Download GWAS matrices

Results: AT4G30120.1 [ —]

ATHMAS: A. THALIANA HEAVY
METAL ATPASE 3; HMA3: Heavy metal

atpase 3
SNPs ®
sNe0 @ Genomic  MRNA SN effects @ Amino acid
Base frequencies @ SNP location
(Genomic position) position @ position @ substitution®  chemical properties  Interp
414732085 C>co.70485 1458 INTRON ~
c>T:020815
aumiszs 6> G:072863 1078 a3 cos ronsynonymous R basic - non-polar
61027137
414731601 T A 029763 1812 1276 cos nonsynonymous VN polar-> polar
T T:0.70837
414730993 A-> A 0.66784 2510 INTRON canonical maif i splice site
A>T:033216
414730994 Co> A 0.33304 2509 INTRON Ganonical molif insplice site
Co>C:0.66696
414733389 6> G 0502 14 114 cos synonymous
6> T:04978
414733303 A= A:0.50308 10 10 cos nonsynonymous Qe polar> nonpolar
A->C:0.49692
414732256 T 056652 1247 INTRON
T T:043348
414732536 6> A 0.56388 967 600 cos synonymous
6> G 043812
PR T A 013392 180 a3 cos splce site region, nonsynonymous Nk polar > basic
T T:0.86608

Type ‘CDS’ into the empty field below the column header. The selection works
automatically (no need to press enter). Shown are all SNPs which are located in the CDS
of the selected target gene.

Select franscript and accessions ~ Results for selection  Search SNP database

Build & Download GWAS matrices

Results: AT4G30120.1 (= —

ATHMAS: A. THALIANA HEAVY
METAL ATPASE 3; HMAS: Heavy metal

atpase 3
SNPs ©
snen @ Genomic  MRNA NP effects @ Amino acid
Base frequencies @ SNP lotation
(Genomic positon) position @ position @ substtution®  Cemical properties  Interp
cdd
s1a731525 66072863 1078 138 cos nonsynonymous R basic > nompolar ~
6> T-027137
#14731601 T A 029763 112 1276 cos nonsynonymous von polar > polar
T->T:07087
414733389 6>G05022 e N cos synonymous
6> T:04978
414733303 A> A 050308 10 0 cos nonsynonymous a-p polar-> non-polar
A>C 049692
14732530 6> 056388 967 s00 cos synonymous
6604312
1473232 T 013392 T80 a3 cos splice siteregion, nonsynonymous Nk polar > basic
T>T:0.86608
41473917 6> A 001674 386 238 cos nonsynonymous Vol non-polar > nor-polar
s
sz A 2 1628 cos stop codon, stop codon, frame shift, synonymous
A
14731188 c 215 1572 cos nonsynonymous Nk polar > basic
> G:000088
414731200 > C099912 203 1560 cos synonymous
¢->T:0.00088

If you are interested in further filtering the SNPs in the CDS for, for example, those causing
missense mutations, type ‘nonsynonymous’ into the empty field below the column header
‘SNP effects’. Shown are all SNPs which are located in the CDS with an AA substitution
effect.
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Select transcript and accessions ~ Results for selection =~ Search SNP database

Build & Download GWAS matrices

Results: AT4G30120.1 [w —

ATHMAS: A. THALIANA HEAVY
METAL ATPASE 3; HMA3: Heavy metal

atpase 3
SNPs@®  SNPs <- 3 g
sNe0 @ Genomic  MRNA Y Amino acid
Base frequencies @ SNP location
(Genomic positon) position @ positon € aubsttuton®  chemicolpropertes nterprold
cds nonsynonymous|
sra7ss 66072063 1978 13 cos nonsynonymous Rt basic-> nompolar A
7137
414731691 T A 029163 1812 1276 cos nonsynonymous Vo polar-> polar
T T:0.70837
414733393 A A 050308 0 110 cos nonsynonymous QP polar > non polar
A->C: 049692
aruzazzs T A 013302 s o cos splce site egion, nonsynonymous Nk polar-> basic
To>T: 086608
a1z 6001674 386 20 cos nonsynonymous Vol norpolar > nor-polar
414731188 c 25 1572 cos nonsynonymous Nk polar > basic
a4z 7> C: 000088 287 1504 cos nonsynonymous Mo nonpolar > polar
T>T:099912
arurnzs > A:0.00088 275 1532 cos nonsynonymous G0 nopolar > scidic
66099912
414731204 > A 000617 269 1526 cos nonsynonymous TN polar > polar
c>c 099383
414731261 To>C:0.00088 28 1499 cos nonsynonymous 1T non-polar > polar
T T:090912

The first column ‘SNP ID’ shows all SNPs which are selected with the implemented filter
steps by now. The SNP IDs are important to identify accessions which contain SNPs of
interest (see chapter 3.1.1.2).

Select transcript and accessions ~ Resullts for selection =~ Search SNP database

Build & Download GWAS matrices

Results: AT4G30120.1 I ——

ATHMAS: A. THALIANA HEAVY
METAL ATPASE 3; HMA3: Heavy metal

atpase 3
SNPs @ L
EY) Genomic  MRNA NP effects @ Amino acid
Base frequencies @ SN location
(Genomic positon) position @ position @ substittion®  gemicalpropertes  Interpro1d
cds nonsynonymoug|
aazaszs 1978 138 cos nonsynonymous Rl basic > non-polar ~
a4731001 1912 1276 cos nonsynonymous VN polar > polar
a14733303 10 10 cos nonsynonymous a-p polar > non-polar
A>C:0.49692
preey 4013092 1180 o1 cos splce st region,nonsynonymous Nk polar > basic
7T 086008
sz > 001674 386 20 cos nonsynonymous Vsl nonpolar > non-polar
66:098326
ara7snes c>cio9002 25 1572 cos nonsynonymous Nk polar > basic
©>G:0.00088
szs2te T->C:000088 287 150 cos nonsynonymous Mt norpolar-» polar
s
sz [ 275 1502 cos nonsynonymous 60 nonpolar > acidic
.-
ez > A 000817 260 1520 cos nonsynonymous ToN polar > polar
> C:099383
ara731261 T->c:000088 202 1490 cos nonsynonymous e norpolar > polar
T

>T:0.99912

Additional interesting information are the nature of AA substitutions and whether the
mutated residue may have different physico-chemical properties to specifically focus on
such SNPs with a potential consequence on protein structure and/or function.
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Select transcript and accessions  Results for selection  Search SNP database

Build & Download GWAS matrices

Results: AT4G30120.1 m

ATHMAS: A. THALIANA HEAVY
METAL ATPASE 3; HMA3: Heavy metal
atpase 3

SNPs @

T>T:099912

If you are interested in nonsynonymous SNPs which are located in a protein domain or in
combination with already shown information (e.g. physico-chemical property, etc.), scroll to
the right to the ‘Interpro ID’, ‘Interpro description’, ‘Domain ID’ and ‘Domain description’
columns to retrieve this type of information.

Select transcript and accessions  Results for selection ~ Search SNP database

Build & Download GWAS matrices

Results: AT4G30120.1 T —

ATHMAS: A. THALIANA HEAVY
METAL ATPASE 3; HMA3: Heavy metal
atpase 3

SNPs @

To download information for the SNPs of interest, generate a table with a format as

previously described (see 2.5.1) to identify and download accessions carrying your SNP(s)
of interest (see 2.5.2).

Another way to identify SNP IDs for SNPs of interest is to download the complete SNP
table (see 2.4.6.6). Open the downloaded file in your data processing software of choice
(e.g. Excel, etc.) and filter the columns of interest (SNP location, SNP effects, etc.). The
resulting lists can also be used for accession identification (chapter 3.1.1.2).

Here we would like to explain filtering for SNP location and SNP effects. Filter CDS in
your calculator program of choice (e.g. Excel) in the column SNP location.
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3.1.1.2 Identification of accessions with SNPs of interest

If you have identified a single SNP of interest, you might want to do experiments with
accessions carrying different alleles at this locus, or simply clone different alleles from
original genetic material. You can click on the ‘SNP ID’ (e.g. 4:14731525) to move directly
to the tab ‘'SNPs < Accessions’ (see chapter 2.4.3).

Select transcript and accessions  Results for selection  Search SNP database

Build & Download GWAS matrices

Results: AT4G30120.1 o .

ATHMAS: A. THALIANA HEAVY
METAL ATPASE 3; HMA3: Heavy metal
atpase 3

SNPs @

sne0 @ Genomic  MRNA SNP effects @ Amino acid
tion
postion®  position @ substtation®  cpemical popertes

©->€:0.00383

For the selected SNP of interest all accessions carrying the allele different from the Col-0
reference are now shown in the column ‘Accession_IDs (1001 genomes)’. All shown
accessions are different to the reference (Col-0). Now you can search for accessions
which are in your lab if you write down the accession ID of interest in the empty field below
the column header Accession_IDs (1001 genome).
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® About
Select transcript and accessions ~ Results for selection =~ Search SNP database

Build & Download GWAS matrices

Results: AT4G30120.1 a

ATHMAS: A. THALIANA HEAVY
METAL ATPASE 3; HMAS3: Heavy metal
atpase 3

Checl

Sequence viewer @  SNPs @  SNPs <-> Accessions @  Haplotype < ion table @

Protein haplotype <-> Accession table @

CS numbers and

sNe_D@  Polymorphism Accession_IDs (1001genomes)
accessions

414731525

414731525 G->T 88,108, 139, 150, 265, 351, 470, 476, 484, 504, 506, 544, 546, 680, 681, A
685, 687, 728, 742, 853, 854, 867, 868, 870, 915, 932, 1254, 1257, 1612,
1622, 1651, 1652, 1676, 1684, 1739, 1741, 1756, 1757, 1793, 1797, 1819,
1820, 1834, 1835, 1851, 1852, 1853, 1872, 1942, 1943, 2017, 2031, 2053,
2057, 2081, 2091, 2106, 2108, 2141, 2159, 2166, 2171, 2191, 2212, 2239,
2240, 2276, 2285, 2286, 2370, 2412, 4779, 4826, 4840, 4857, 4884, 4939,
4958, 5023, 5151, 5165, 5210, 5236, 5249, 5253, 5279, 5349, 5353, 5395,
5577, 5644, 5651, 5717, 5718, 5720, 5726, 5741, 5776, 5779, 5798, 5822,
5832, 5836, 6016, 6017, 6024, 6025, 6034, 6038, 6040, 6076, 6087, 6091,
6005, 6096, 6099, 6100, 6104, 6105, 6108, 6113, 6118, 6119, 6126, 6132,
6133, 6134, 6138, 6141, 6145, 6148, 6149, 6150, 6153, 6154, 6163, 6166,
6217, 6284, 6413, 6739, 6740, 6744, 6749, 6750, 6805, 6806, 6814, 6897,
6808, 6307, 6923, 6924, 6926, 6927, 6940, 6943, 6944, 6959, 6966, 6981,
6986, 6369, 6992, 7003, 7008, 7014, 7026, 7028, 7033, 7058, 7061, 7064,
7071,7004,7102, 7107, 7109, 71,7119, 7143, 7160, 7162, 7164, 7199,
7202, 7208, 7217, 7248, 7250, 7255, 7276, 7298, 7306, 7307, 7314, 7316,
7320, 7332, 7342, 7344, 7358, 7350, 7377, 7378, 7387, 7411, 7415, 7419,
7471,7475,7477, 7515, 7521, 7523, 7529, 7530, 7566, 7568, 7757, 7767,
8037, 8057, 8077, 8132, 8171, 8233, 8247, 8312, 8335, 8357, 8366, 8360,
8422, 8464, 8483, 8699, 8723, 9027, 9057, 9298, 9314, 9380, 9395, 9404,
9405, 9407, 9427, 9471, 9532, 9534, 9550, 9559, 9565, 9581, 8564, 9585,

You can download the accession table by clicking on the link in the column ‘CS numbers
and accessions’ (see in chapter 2.4.3).

Select transcript and accessions ~ Results for selection =~ Search SNP database

Build & Download GWAS matrices

Results: AT4G30120.1

ATHMAS: A. THALIANA HEAVY
METAL ATPASE 3; HMAS3: Heavy metal
atpase 3

ch

Sequence viewer @  SNPs @  SNPs <-> Accessions @  Haplotype <-> Accession table @

Protein haplotype <-> Accession table

sNe_D@  Polymorphism Accession_IDs (1001genomes)

414731525

214731525 G-=>T 88,108,139, 159, 265, 351, 470, 476, 484, 504, 506, 544, 546, 680,681, A
685, 687, 728, 742, 853, 854, 867, 868, 870, 915, 932, 1254, 1257, 1612,
1622, 1651, 1652, 1676, 1684, 1739, 1741, 1756, 1757, 1793, 1797, 1819,
1820, 1834, 1835, 1851, 1852, 1853, 1672, 1942, 1943, 2017, 2031, 2053,
2057, 2081, 2091, 2106, 2108, 2141, 2159, 2166, 2171, 2191, 2212, 2239,
2240, 2276, 2285, 2286, 2370, 2412, 4779, 4826, 4840, 4857, 4884, 4939,
4958, 5023, 5151, 5165, 5210, 5236, 5249, 5253, 5279, 5349, 5353, 5305,
5577, 5644, 5651, 5717, 5718, 5720, 5726, 5741, 5776, 5779, 5798, 5822,
5832, 5836, 6016, 6017, 6024, 6025, 6034, 6038, 6040, 6076, 6087, 6091,
6095, 6096, 6099, 6100, 6104, 6105, 6108, 6113, 6118, 6119, 6126, 6132,
6133, 6134, 6138, 6141, 6145, 6148, 6149, 6150, 6153, 6154, 6163, 6166,
6217, 6284, 6413, 6739, 6740, 6744, 6749, 6750, 6805, 6806, 6814, 6897,
6898, 6907, 6923, 6924, 6926, 6927, 6940, 6943, 6944, 6959, 6966, 6981,
6986, 6989, 6992, 7003, 7008, 7014, 7026, 7028, 7033, 7058, 7061, 7064,
7071,7094, 7102, 7107, 7109, 7111, 7119, 7143, 7160, 7162, 7164, 7199,
7202, 7208, 7217, 7248, 7250, 7255, 7276, 7298, 7306, 7307, 7314, 7316,
7320, 7332, 7342, 7344, 7358, 7359, 7377, 7378, 7387, 7411, 7415, 7419,
7471, 7475, 7477, 7515, 7521, 7523, 7529, 7530, 7566, 7568, 7757, 7767,
8037, 8057, 8077, 8132, 8171, 8233, 8247, 8312, 8335, 8351, 8366, 8369,
8422, 8464, 8483, 8699, 8723, 9027, 9057, 9208, 9314, 9380, 9395, 9404,
9405,9407, 9427, 9471, 9532, 9534, 9550, 9559, 9565, 9581, 9584, 9585,

Another way is to move to to the ‘SNPs < Accessions’ tab (see chapter 2.4.3) ...
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Select transcript and accessions  Results for selection  Search SNP database

Build & Download GWAS matrices

Results: AT4G30120.1 m

ATHMAS: A. THALIANA HEAVY
METAL ATPASE 3; HMA3: Heav
atpase 3

Sequence viewer @ SNPs@ = SNPs <-> Acc -> A 1 table @
otype Acce: e ®

sNp_iD @ Genomic MRNA SNP effects @ Amino acid
Base frequencies € SNP location

(Genomic positon) position @ position @ substion®  cremicalproperties  Interprotd
I s nonsynonymous

414731525 6->6:072863 1978 1943 cos nonsynonymous R basic -> non-polar A
6027187

44731601 T 4029163 1812 1276 cos nonsynonymous YN polar > polar
TT:070837

414733303 A-> A 050308 10 1o cos nonsynonymous q-p polar > non-polar
A->C:0.49692

414732323 T 013392 180 &13 cos splice site region, nonsynonymous Nk polar > basic
T T:086608

414733117 6> A 001674 386 28 cos nonsynonymous vl non-polar > non-polar
6>6:098326

414731188 C>C:099912 2315 1572 cos nonsynonymous Nk polar - basic
C->6:0.00088

su731216 T->C:0.00088 2287 1504 cos nonsynonymous MT non-polar > polar
75000912

aurs1228 6> A:0.00088 275 1532 cos nonsynonymous 6D non-polar -> acidic
66099912

44731238 C>A 000617 2260 1526 cos nonsynonymous TaN polar > polar
C 0009383

414731261 T->C:0.00088 2242 1499 s nonsynonymous [ non-polar > polar
T T:009912

... and type a single SNP ID of interest (e.g. 4:14731525) into the empty field below the
column header ‘SNP_ID’.

Select transcript and accessions ~ Resullts for selection =~ Search SNP database

Build & Download GWAS matrices

Results; AT4AG30120.1

ATHMAS: A. THALIANA HEAVY
METAL ATPASE 3; HMAS: Heavy metal
atpase 3

©®  SNPs<->Accessions® Ha

<-> Accession table @

CS numbers and

sNe_D€@  Polymorphism Accession_IDs (1001genomes)
accessions
414731525
414731525 G>T D a B 88,108,139, 159, 265, 351, 470, 476, 484, 504, 506, 544, 546, 680, 681, A

and acce: 685, 687, 728, 742, 853, 854, 867, 868, 870,915, 932, 1254, 1257, 1612,
1622, 1651, 1652, 1676, 1684, 1739, 1741, 1756, 1757, 1793, 1797, 1819,
1820, 1834, 1835, 1851, 1852, 1853, 1672, 1942, 1943, 2017, 2031, 2053,
2057, 2081, 2091, 2106, 2108, 2141, 2159, 2166, 2171, 2191, 2212, 2239,
2240, 2276, 2285, 2286, 2370, 2412, 4779, 4826, 4840, 4857, 4884, 4939,
4958, 5023, 5151, 5165, 5210, 5236, 5249, 5253, 5279, 5349, 5353, 5395,
5577, 5644, 5651, 5717, 5718, 5720, 5726, 5741, 5776, 5779, 5798, 5822,
5832, 5836, 6016, 6017, 6024, 6025, 6034, 6038, 6040, 6076, 6087, 6091,
6005, 6096, 6099, 6100, 6104, 6105, 6108, 6113, 6118, 6119, 6126, 6132,
6133, 6134, 6138, 6141, 6145, 6148, 6149, 6150, 6153, 6154, 6163, 6166,
6217,6284, 6413, 6739, 6740, 6744, 6749, 6750, 6805, 6806, 6814, 6897,
6898, 6907, 6923, 6924, 6926, 6927, 6940, 6943, 6944, 6959, 6966, 6981,
6986, 6989, 6992, 7003, 7008, 7014, 7026, 7028, 7033, 7058, 7061, 7064,
7071,7094, 7102, 7107, 7109, 7111, 7119, 7143, 7160, 7162, 7164, 7199,
7202, 7208, 7217, 7248, 7250, 7255, 7276, 7298, 7306, 7307, 7314, 7316,
7320, 7332, 7342, 7344, 7358, 7359, 7377, 7378, 7387, 7411, 7415, 7419,
7471, 7475, 7477, 7515, 7521, 7523, 7529, 7530, 7566, 7568, 7757, 7767,
8037, 8057, 8077, 8132, 8171, 8233, 8247, 8312, 8335, 8351, 8366, 8369,
8422, 8464, 8483, 8699, 8723, 9027, 9057, 9298, 9314, 9380, 9395, 9404,
9405,9407, 9427, 9471, 9532, 9534, 9550, 9559, 9565, 9581, 9584, 9585,

If you are interested in more than a single SNP, generate an input list with SNP IDs in your
data processing software of choice (e.g. Excel) or, alternatively, use a filtered SNP table
(see chapter 3.1.1.1). Next, move to the ‘Search SNP database’ tab followed by ‘Get
accessions for SNPs’ tab.
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Select transcript and accessions  Results for selection  Search SNP database

Build & Download GWAS matrices

Results: AT4G30120.1 m

ATHMAS: A. THALIANA HEAVY
METAL ATPASE 3; HMA3: Heavy metal
atpase 3

SNPs @

T>T:099912

Select transcript and accessions R or selection ~ Search SNP database

Build & Download GWAS matrices

Get accessions for SNPs

Download Accessions €@

Paste the SNP IDs of interest into the empty field and click ‘Download Accessions’ to
retrieve accession information (see chapter 2.5.2).

3113 Identification of accessions with haplotypes of interest

Since SNPs rarely occur in isolation due to phenomena like linkage disequilibrium, you
might be interested in identifying haplotypes containing an identical sequence of SNPs for
your gene of interest; for example for subsequent cloning projects. We will therefore
demonstrate the identification of haplotypes and accessions sharing the same haplotype
for a gene of interest.

First, identify SNPs of interest as previously shown (see 3.1.1.2). If you have a list of SNP
IDs you can search for a single SNP ID in the tab ‘Haplotype < Accession table’. Type
your SNP ID of interest (e.g. 4:14731525) into the column ‘SNP list’ (see chapter 2.4.4).

67



out
Select transcript and accessions  Results for selection ~ Search SNP database

Build & Download GWAS matrices

Results: AT4G30120.1 S — ]

ATHMAS: A. THALIANA HEAVY
METAL ATPASE 3; HMA3: Heavy metal
atpase 3

Sequence viewer @  SNPs@®  SNPs <-> Ac

pe <-> Accession table @

Protein haplotype <-> Accession table @

Haplotype S numbers and

Haplotype_D © hccessions #SNPs e list @ P

color e accessions
41471525

- AT4G30120.1.10_dna 1 5 414731525,414731691,4:14732176,4:14733044,4:14733376 Download CS numbs 832 A

ATIGI0I2011100 7 4 Download Sequence  414731525.414731691.4:14732176 414733376 numbers  6091,609561
- AT4G30120.1.12_dna 1 3 Download Sequence 4:14731525,4:14731601,4:14733376 6413
- AT4G30120.1.14_dna 1 3 d Sequence 4147315254114731691,414733044. 6105

ATIGIT20 106408 5 3 Download Sequence  414731525,414731691 414732717 284905791
- AT4G30120.1.29_dna 8 3 Download Sequence 414731525,414731691,4:14732409 9154840,69;
- AT4630120.1.35.dna 4 3 Download Sequence 414731396,4114731525,414731691 6897953491
< > v

Shown are all haplotypes and the accessions with your SNP of interest.

» Avout
Select transcript and accessions  Results for selection ~ Search SNP database

Build & Download GWAS matrices

Results: AT4G30120.1 E—

ATHMAS: A. THALIANA HEAVY
METAL ATPASE 3; HMA3: Heavy metal
atpase 3

Sequence viewer ® SNPs@  SNPs <-> Accessions @  Haplotype <-> Accession table @

in haplotype <-> Accession table @

Haplotype S numbers and

Haplotype_ID @ #Accessions. #SNPs SNP list @ Accession_II

color e accessions
414731525

- AT4630120.1.10_dna 1 5 Dow 414731525,41147316914:14732176,4114733044 414733376 5632 A

ATAG30120.1.11_dna 7 4 Download Sequence 414731525,4:14731691,4:14732176, 414733376 6091,6095,6¢
- AT4630120.1.12_dna 1 3 Download Sequence 414731525,4114731691 414733376 6413
- ATAG30120.1.14_dha 1 s 414731525,4:14731691,4:14733048 6105
- AT4G30120.1.16_dna 5 3 414731525,414731691 414732717 6284,9057,9¢

AT4630120.1.29_dha 8 3 Download Sequence 414731525,4:14731601,4:14732400 915484069
- AT4G30120.1.35_dna 4 3 Download Sequence 414731396,4:14731525,4:14731601 6897,9534.9¢
<

If you would like to identify a haplotype which contains only your SNP of interest, write 1 in
the search field of column ‘#SNPs’. Now all haplotypes and accessions which contain only
your SNP of interest are shown.
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® Avout
Select transcript and accessions  Results for selection ~ Search SNP database

Build & Download GWAS matrices

Results: AT4G30120.1 - —

ATHMAS: A. THALIANA HEAVY
METAL ATPASE 3; HMAS: Heavy metal
atpase 3

Sequence viewer SNPs <-> Accessions @ Haplotype <-> Accession table @

Protein haplotyP®

o8 numbers and
Harlotye 10 @ sccessions #ps e st @ Accession 105 (1001 genomes)
eoler ‘Sequence accessions.

1| 414731525

- AT4G30120..42_dna 5 1 Download Sequen 4714731525 Download CS numbers  2171,6744,69669941,10022 A

Haplotype

For our example we identify the haplotype AT4G30120.1.42 with the SNP of interest
(4:14731525). Now we can identify accessions which have the haplotype of interest. All
accessions are listed in the column ‘Accession_IDs’.

Select transcript and accessions  Results for selection ~ Search SNP database

Build & Download GWAS matrices

Results: AT4G30120.1 [ews B

ATHMAS: A. THALIANA HEAVY
METAL ATPASE 3; HMA3: Heavy metal
atpase 3

Sequence viewer ® SNPs@  SNPs <> Accessions @ Haplotype <-> Accession t

Protein haplotype <-> Accession table @
S numbers and

Haplotype.10 @ shccessions #swps s @ Accession_1Ds (1001 genomes) @
sccessions

Haplotype

& Sequence

1| 414731525

- AT4G30120.1.42_dna 5 1 Download Sequence 214731525 Download CS

2171,6744,6966.9941,10022 A

You can also download a list of the selected accessions.
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Select transcript and accessions  Results for selection ~ Search SNP database

Build & Download GWAS matrices

Results: AT4G30120.1 - —

ATHMAS: A. THALIANA HEAVY
METAL ATPASE 3; HMAS: Heavy metal

ccessior f;lwssion table @

s and

atpase 3

Haplotype
Accession_IDs (1001 genomes) €
lor

Haplotype_10 @ #Accessions  #SNPs. SNPlist @

4147315
- AT4G30120.1.42_dna 5 1 o quen 414731525 nl mbs 2171,6744,6966,9941,10022 P

3114 Identification of accessions with protein haplotypes of interest

If you are interested in SNPs which show only AA substitutions then use protein
haplotypes. In our example we use the same SNP ID as before (4:14731525) and then
move to the tab ‘Protein haplotype < Accession table’ (see chapter 2.4.5). Filter for SNP
ID 4:14731525.

Select transcript and accessions  Results for selection | Search SNP database  Build & Download GWAS matrices 8 )

Results: AT4G30120.1 DNA haplotype <-> Accessions lable v

ATHMAS: A. THALIANA HEAVY METAL
ATPASE 3; HMA3: Heavy metal atpase 3

Sequence viewer #  SNPs  SNPs <-> Accessions #  Haplotype <-> Accession table &

Protein haplotype <-> Accession table &

Haplotype.
color

Haplotype_ID & #Accessions #SNPs SNP list & Accession. LID
ssssssssss

To identify accessions carrying the SNP alleles of interest, follow the same procedure as
for haplotype identification described above (see 3.1.1.3).

3.1.2 Identification of known associated SNPs in a gene of interest

In its SNP table SNPstar also lists published associations of SNPs retrieved from the
AraGWAS (https://aragwas.1001genomes.org/#/) database and, in addition, associations
of SNPs with environmental/climatic factors (eGWAS). You can exploit this information to
find out whether SNP(s) in your gene of interest are associated with such phenotypes or
environmental/climatic data. Select your gene of interest and all accessions (see 2.1).
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https://aragwas.1001genomes.org/#/

Move to tab ‘SNPs’ and check the columns ‘AraGWAS top hits’, ‘GWAS corrected
p-values’ and ‘Number of associated climate factors’ (see 2.4.2) to retrieve this
information.

3.2 GWAS

3.2.1 GWAS with all transcripts and a subset of accession.

The initial situation here is the availability of phenotypic data for a subset of accessions or
the plan to collect phenotypic data for a subset of accessions that are available in your lab.
The widest approach to perform a genome wide association study would include all
available SNPs. In this case, you can upload a csv file with the subset of accessions,
choose "SNP GWAS Matrix" as matrix type and "All SNPs" as SNP subset and compute
the GWAS matrix (see chapter 2.6). This will result in a large dataset. For a more reduced
dataset, you could choose a subset of SNPs like "coding SNPs" or "nonsynonymous
SNPs" which would focus the subsequent analysis on functional SNPs.

As the conventional GWAS exhibits difficulties in detecting rare alleles and is furthermore
limited by the mostly biallelic information of the SNPs, the use of "Haplotype GWAS
Matrix" or "Proteotype GWAS Matrix" as matrix type is an effective approach to overcome
the limitations of biallelic SNPs and increases the allelic resolution of the candidate
genomic region (Qian et al. 2017). The proteotype dataset contains fewer variants per
transcript compared to the haplotype dataset as only nonsynonymous SNPs that cause an
amino acid exchange are considered (see chapter 2.6).

The computed GWAS matrices can be used directly or with some modification as input for
different GWAS tools, e.g. TASSEL etc.

3.2.2 GWAS with a subset of transcripts and a subset of accessions

For this use case, the initial situation is again the availability of phenotypic data for a
subset of accessions or the plan to collect phenotypic data for a subset of accessions that
are available in you lab. Furthermore, you have already focused your interest on a group
of transcripts, may it be the large group of transcription factors, auxin signaling genes or a
gene family like ARFs (AUXIN RESPONSE FACTORSs). After uploading the csv files of
your subset of accession and your transcripts of interest, you could compute the "SNP
GWAS Matrix" type with "All SNPs" or a "Haplotype GWAS Matrix", if your analysis should
contain all SNPs. If you want to focus more on SNPs that cause an amino acid exchange,
you can select the "SNP GWAS Matrix" with "nonsynonymous SNPs" or the "Proteotype
GWAS Matrix" (see chapter 2.6). The computed GWAS matrices can be used directly or
with some modification as input for different GWAS tools, e.g. TASSEL etc.

3.2.3 GWAS with all or a subset of transcripts and all accessions
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This would correspond to the rare occasion that phenotypic data is available for all 1135
accessions. If the GWAS matrix should also contain all transcripts you do not need to
upload any file, only choose the SNP matrix type and SNP type and compute the GWAS
matrix (see also 3.5.1). If you want to focus on a specific subset of transcripts, you upload
only the transcript csv file and then compute the GWAS matrix (see also 3.5.2).
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