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A Suite of applications - AnnoTALE

AnnoTALE is a program suite for predicting, annotating, and classifying TALEs from
Xanthomonas spp. The suite consists of seven programs that help the user to analyse a
Xanthomonas spp. genome sequence with respect to its transcription activator-like effectors
(TALEs). AnnoTALE can be used for the prediction of TALE genes, classifying TALEs based
on their RVD sequences, assigning systematic names to TALEs, and for the prediction of
possible target genes in a given target organism (e.g. the rice promoterome).

The interface of AnnoTALE consists of three main parts: the toolbar, the data panel and
the viewer. (Fig. 1)

AnnoTALE
» TALE Prediction

> TALE Analysis

> TALE Class Buicer »  Viewer: details about the data selected in the data

» Load and View TALE Classes ?
———— = panel are shown here

» Rename TALEs in File

» Predict and Intersect Targets

Toolbar: all tools can be
selected via the Data | Protoco

Name Value Date Save Remove Restart

toolbar
? for help Data panel: a list of the generated and imported
data are displayed here
(0 Jobs pending) E Autosave Save Load

Figure 1: Interface of AnnoTALE after starting the application.

The toolbar contains a list of all seven AnnoTALE tools. By clicking on the header of a
specific tool, its input parameters are shown and can be specified. The header of each tool
includes a button with a ?, which leads to a separate help window with a short description of
the purpose and usage of the corresponding tool.

The data panel contains two tabs, Data and Protocol. The Data tab shows all data that
have been loaded into AnnoTALE or that have been produced as results of one of the
AnnoTALE tools. By clicking on one of the entries in the data panel, the corresponding data
are visualized in the viewer (Fig. 2).
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[ JOX ) AnnoTALE

» TALE Prediction 2 >PX083-tempTALEL (Pseudo) [2033734-2036749:1] 2
MDPIRSRTPSPAREPLPGPQPDRVQPTADRGVSAPAGSPLDGLPARRTVSRTRLPS PPAPLPAF SAGSSTDRLRPFDPS LPDT SLEDSMPAVGT PHTEAARE

» TALE Analysis 2 >PX083-tempTALE2 [2326606-2330017:1]
MDPIRSRTPSPARELLPGPQPDRVQPTADRGGTPPAGGPLDGLPVRRTMSRTRLPSPPAPSPAFSAGSFSDLLRQFDPSLLDTSLLDSMPAVGTPHTAARPR

» TALE Class Builder 0 >PX083-tempTALE3 [2331006-2334861:1]
MDPIRSRTPSPARELLPGPQPDRVQPTADRGGAP PAGGPLDGLPARRTMSRTRL PS PPAPS PAFSAGSFSDLLRQFDPSLLDTSLLDSMPAVGTPHTARAR?

» Load and View TALE Classes ? >PX083-tempTALE4 [2854246-2857561:1]
MDPIRSRTPSPARELLPGPQPDRIQPTADRGGAPPAGGPLDGLPARRTMSRTRLPSPPAPSPAFSAGSFSDLLRQFDPSLLDTSLLDSMPAVGTPHTAAAPE

» TALE Class Assignment ? >PX083-tempTALES [2860837-2864356:1]
MDPIRSRTPSPARELLPGPQPDRVQPTADRGGAPPAGGPLDGLPARRTMSRTRLPSPPAPSPAFSAGSFSDLLRQFDPSLLDTSLLDSMPAVGTPHTAAAP?

> Rename TALEs in File ? >PX083-tempTALE6 [2865345-2868651:1]

. MDPIRSRTPSPARELLPGPQPDRVQPTADRGGAPPAGGPLDGLPARRTMSRTRLPS PPAPS PAFSAGSFSDLLRQFDPSLLDTSLLDSMPAVGTPHTAAAR?
> Predictand Intersect Targets ? >PX083-tempTALE7 [3801153-3804870:1]

MDPIRSHTPSPARELLPGPQPDRVOPTADRGGAP PAGGPLDGLPARRTMSRTRLPSPPAPS PAFSAGSFSDLLRQFDPSLLDTSLLDSMPAVGT PHTAAAPE
>PX083-tempTALE8 [3806002-3810307:1]

MSRTRLPSPPAPSPAFSAGSFSDLLROFDPSLLDTSLLDSMPAVGTPHTAAAP; EVQSGLRAADDPPPTVRVAVTAARPPRAKPAPRRRAAQPSDASPZ
>PX083-tempTALES [3811296-3814707:1]

MDPIRSRTPSPARELLPGPQPDRVQPTADRGGAPPAGGPLDGLPARRTMSRTRLPS PPAPSPAFSAGSFSDLLRQFDPSLLDTSLLDSMPAVGTPHTARAPE |,
< >

Data Protocol

Name Value Date Save Remove Restart
PX083_Genome.gb FILE Save... Remove 2
¥ Result of TALE Prediction (PXO83) LIST Mon Oct ... Save all... Remove Restart
GFF: TALE predictions (PXO83) FILE Save...
Genbank: TALE predictions (PXO83) FILE Save...
TALE DNA sequences (PX083) FILE Save...
TALE protein sequences (PX083) FILE
TALE pseudo gene matches (PXO83) FILE Save...
» Result of TALE Analysis (PXO83) LisT Mon Oct .. Save all... Remove Restart
» Result of TALE Class Assignment (PX083)  LIST Mon Oct .. Save all... Remove Restart
» Result of Rename TALEs in File (Genbank) ~ LIST Mon Oct .. Save all... Remove Restart
(0 jobs pending) Tasklist... Autosave Save Load

Figure 2: Interface of AnnoTALE showing data in the data panel and viewer

Each of the data entries in the data panel may be saved to disk using the Save... button in
the corresponding row (Fig. 2). Similarly, sets of results may be saved to a directory using the
Save all... button in rows representing aggregate results. In the latter case, the user may
specify a target folder and AnnoTALE chooses the names of the output files automatically. In
the second tab Protocol, a protocol of current and previous runs of AnnoTALE tools is shown,

which contains additional information in case of errors (Fig. 3).

Data | Protocol

Starting Load and View TALE Classes...

Save protocol...

Downloading current class definition...
..finished.

Re-building class builder-...
..finished.

Creating class plots for...
TalAA

TalAB

TalAC

TalAD

TalAE

TalAF

TalAG

TalAH

TalAl

TalAJ

TalAK

TalAL

TalAM 1

Autosave workspace Save workspace... Load workspace...

Figure 3: Protocol panel of AnnoTALE

At the bottom of the AnnoTALE window (Fig. 2), a bar with further buttons allows the
user to access general functionalities. The button Tasklist... shows a list of all running and
scheduled jobs of AnnoTALE. Using the buttons Save workspace... and Load workspace...,

4
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the current AnnoTALE workspace, i.e., all data shown in the data panel, may be saved to disk
in a monolithic file and loaded from disk, respectively. Loading a workspace from disk adds
all data entries stored in that workspace file to the current workspace (instead of replacing the
current workspace contents). Using the checkbox Autosave workspace, the workspace will be
stored to disk automatically after each and every modification of the workspace, and will also
restore that workspace after closing and re-opening AnnoTALE. Currently, this feature should

be considered experimental and may reduce the responsiveness of the AnnoTALE GUIL

In the remainder of this User Guide, we will describe each of the seven AnnoTALE tools

in more detail.

1) TALE Prediction

The tool TALE Prediction predicts TALE genes in a given genomic sequence. With a click
on the button Load from file..., a genome sequence (Xanthomonas spp.) may be loaded from
a file on the local hard drive (Fig. 4). FastA or Genbank files are accepted.

v TALE Prediction ?

Genome
PX083_Genome.gb ¥
Load from file...

The input Xanthomonas genome in FastA or Genbank format

Strain
| Pxos3

The name of the strain, will be used for annotated TALEs (optional)

Run TALE Prediction...

Figure 4: TALE Prediction — input mask

If a Genbank file is used, all existing annotations will be preserved and annotations for the
predicted TALE genes will be added to the existing annotation. It is possible to label the input
genome with the name of the Xanthomonas strain, in this example PXO83, which is useful
when successively predicting TALE genes in several Xanthomonas genomes. By clicking on
the button Run TALE Prediction..., the prediction tool is started and a progress bar is shown
in the lower part of the AnnoTALE window.
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ece AnnoTALE
o] @) | [Fioea-remptLEL (pasudo) 12033734 2036T45: 11 . S S

Genome
PX083_Genome.gb v

GATAGGGTTCAGCCCACTGCAGA!

Load from file..

The input Xanthomonas genome in FastA or Genbank format

>
straln TGt cGe CCCARCCGGATAGGGT TCAGCCGACTGCAGATCGGEGGGGGECTCCE
> - [2865345-28686
X083 [ATGG: T cGC CAGCCGACTGCAG
The name of the strain, will be used for annotated TALES (optional) > E7 [3801153-38
T GCACACGE CAGCOGACTGE
>
ATGT d GTCAGTTCGATCCGTCGCTTCTTGAT
Run TALE Prediction.. >PXO83-tempTALES [3811296-3814707:1]
» TALE Analysis > SPXOB3-teMPTALEL0 [3615696-3610705:11 &

» TALE Class Builder
Data  Protocol

s 2
» Load and View TALE Classes Z Name Value Date Save Remove  Restart
» TALE Class Assignment v PX083_Genome.gb FILE save. Remove
» Rename TALESs in File 2 .
Resultof TALE Prediction (PXO83) LisT TueOot1... [savea.. | | Remove | | Restart

» Predict and Intersect Targets.

GFF: TALE predictions (PXOB3) FILE G

Genbank: TALE predictions (PXOB3) FILE T

TALE DNA sequences (PX083) FILE

TALE protein sequences (PX083) FILE Save...

TALE pseudo gene matches (PX083) FILE Save..

(0 jobs pending) | Taskist, Autosave workspace | Save workspace.. Load workspace...

Figure 5: Result of TALE Prediction

After the process has finished, Result of TALE Prediction appears in the data panel (Fig.
5). The tool "TALE Prediction" creates a GFF and Genbank file of the genome, where the
TALE genes are annotated and labeled with temporary names (tempTALE]...). Furthermore,
the program provides FastA files with the DNA sequence, protein sequence and pseudo gene
matches of the TALEs in the genome. These data may be used to further analyze the predicted
TALEs. GFF and Genbank are standard file formats, which may also be imported into other

programs like genome browsers.

2) TALE Analysis

The TALE Analysis tool uses as input a set of complete TALE DNA sequences and splits
each of these into the N-terminal region, the individual repeats, and the C-terminal region.
Splitting the TALEs into repeats is especially useful to distinguish standard repeats from
aberrant, short or long, repeats. It also helps to identify those codons in a repeat that code for

v TALE Analysis ?

Name
PX083
A name for this run of TALE Analysis (optional)

PX083_Genome.gb

[ v TALE DNA sequences (PX083)

TALE protein sequences (PX083)
TALE pseudo gene matches (PX083)

Run TALE Analysis...

Figure 6: TALE Analysis input mask
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its RVD and is, consequently, used to determine the sequence of RVDs for each of the input
TALESs. To analyze the TALEs, select the created data set TALE DNA sequences created by
the TALE prediction tool, and click the Run TALE Analysis... button (Fig. 6).

The program splits the TALEs of the strain into parts, and creates lists with these parts as a
DNA and protein sequence. In addition, the tool automatically extracts the RVD sequence of
each TALE (Fig. 7). Further tools in the AnnoTALE pipeline may use the TALE DNA parts
or TALE Protein parts output of the TALE Analysis tool.

[ AnnoTALE
» TALE Prediction 2 >PXO83-tempTALEL (Pseudo) [2033734-2036749:1] &
NS-HD-NG-NG-NG-NG-NG-HD-HD-HD-NN-HD-NG-HD-NI-HD-NN-N*
v TALE Analysis 2 >PXO83-tempTALE2 (2326606-2330017:1]
NI-N*-NI-NS-NN-NG-NN-HD-HD-HD-NG-HD-NS-HD-N*-NS-NG
Name >PX083-tempTALES [2331006-2334861:1]
PX083 NI-N*-NS-HG-NI-NI-NS-HD-NN-HD-NS-NG-SS-HD-NI-NI-NN-NI-NN-NI-NG

>PX083-tempTALE4 [2854246-2857561:1]
A name for this run of TALE Analysis (optional) NI T-NI-NI-HD-NS I-NI-NG-HD
>PXO83-tempTALES [2860837-2864356:1]

NI-HG-NI-NI-NI-NN-HD-NS E —NN-NI-H
TALE DNA sequences >PX0B3-tempTALEE [2865345-2868651:1]
TALE DNA sequences (PXO83) v NIt %~NI-HG-NI-NI-NN-HD-NI-HD-NN-HG-NS-N*-HD-N*
>PX083-tempTALET [3801153-3804870:1]
Load from file... HD-HD~HD-NG-N*~NN-HD~HD-N*~NI-NI-NN-HD-HI-ND-HD-NI-HD-NG-NG
The DNA sequences of the TALES >PX083-tempTALES [3806002-3810307:1]

HD-HD-NN-NN-NS-NG-HD-S * - HG-HD-NG-N * ~HD- ED-HD-N*-NN-NI-NN-HD-HI-ND-HD-HG-NN-HG-N*
>PX083-tempTALES [3811296-3814707:1]
NI-NN-N*-NG-NS-NN-NN-NN-NI-NN-NI-N*-HD-HD-NI-NG-NG

Run TALE Analysis. >PX083-tempTALEL0 [3815696-3818705:1]
» TALE Class Builder 2 Data  Protocol
> Load and View TALE Classes 2 Name Value Date Save Remove  Restart
» TALE Class Assignment ? PX083_Genome.gb FILE Save... Remove
» Rename TALESs in File 2 » Result of TALE Prediction (PXO83) LisT TueOct1.. | savea.. | | Remove | | Restart
> Predictand Intersect Targets ? ¥ Result of TALE Analysis (PX083) LIsT TueOct1.. [ savea.. || Remove | [ Restart
TALE DNA parts (PX083) FILE S
TALE Protein parts (PXO83) FILE S=vom
TALE RVDs (PX083) FILE
(0jobs pending) | Taskist... Autosave Save Load

Figure 7: Result of TALE Analysis — TALE RVD sequences

3) TALE Class Builder (optional)

For routine use you may skip this step and proceed to the next tool - Load and View
Classes. This step is only necessary if no classification of TALEs exists or to build a new
hierarchical classification of TALEs for a specific application.

The tool TALE Class Builder is used to build a hierarchy of a given set of TALEs and
group them together in classes. It can be used to create a classification of TALEs, e.g. from
different pathovars of Xanthomonas spp. The tool groups the TALEs into classes on the basis
of an RVD sequence comparison. The tool determines a mismatch score from the pairwise
alignment of each pair of two TALEs RVD sequences. Afterwards the TALEs are grouped
together such that the average mismatch score in a class does not exceed the user-specified
threshold (for detailed information see Grau et al. 2015). This class definition can be used as a
basis for assigning new TALEs to one of these classes using the tool TALE Class

Assignment.
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To create your own TALE classes load TALE DNA or protein sequences from a local
FastA file or from the output of the TALE Prediction tool or use the previously generated
TALE DNA parts or TALE Protein parts from the “TALE Analysis” tool and click on the
Run TALE Class Builder... button. If creating a new classification, e.g. for a different
pathovar, it is possible to use the default settings for cutoff (5.0) and significance level (0.01)
or to customize them depending on the specific application. After finishing the classification
the Class builder file, a tree of all classes, as well as a report for the individual classes are
shown in the data panel (Fig. 8).

B Fit

Data Protocol

Name Value Date Save Remove Restart

¥ Result of TALE Class Builder LIsT TueOct1... | gavea.. Remove Restart

Class builder FILE Save...
Tree of classes IMAGE Save...

> Class 1 LisT Save a...

» Class 10 LIsT Save a...

> Class 11 LisT Save a..

> Class 12 LisT Save a...

> Class 13 LIsT Save a..

> Class 14 LisT Save a...

» Class 15 LIST

Save a...

Figure 8: Result of TALE Class Builder — Tree of classes

In the class report of every individual class, information is collected, e.g., the name of the
class, RVD sequences of the TALEs in this class, the most likely common binding sequence,
the alignment scores, the related classes with significant matches and an RVD sequence
alignment of the TALEs from these classes (Fig. 9).
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Class 1 for (AffineCosts, 5.0, SEMI_GLOBAL)
distance: -«
significance: p=0E0Q

NI HG NI NI NS HD NN HD HD HD NS N* N* HD HD NS NS NN NN NI NG NN NI N* NS N* PX083-tempTALE18

Most likely common binding sequence:
TA T A AACGTCTCCACTCTCTCAAGS GA ATGA ATCAC

Class tree:
(PX083-tempTALE18)

Alignment scores:

Related classes with significant matches:
Class 15 with members
PX083-tempTALE19 related to PXO83-tempTALE18 with score 14.5 (p=6,25E-3)

Alignments:

PX083-tempTALE19 vs. PX083-tempTALE18:

NI HG NI NI NS HD NN HD HD HD NS N* N* HD HD NS NS NN NN NI NG NN NI N* NS N* --
[ T T S O T (E T Y S I S I I I
NI HG NI NI HG HD NN HD HD HD NI NI NN NI HD HD HD HG NN NN HD NS NN HD N* NS N*
Cost: 14.5

Data Protocol

Name Value Date Save Remove Restart
~
Class builder FILE Save...
Tree of classes IMAGE Save...
¥ Class 1 LIST Save a...
Class report for 1 FILE
Class tree for 1 IMAGE Save...
» Class 10 LIST Save a...
> Clace 11 LT = N

Figure 9: Result of TALE Class Builder — Class report

4) Load and View TALE Classes

The tool Load and View TALE Classes loads a given set and hierarchy of TALE classes,
termed Class builder into AnnoTALE. Typically, the current definition of TALE classes is
downloaded from the server via the Download current definition option. Alternatively, a local
file can be loaded into AnnoTALE using the Load from file... button (Fig. 10).

v Load and View TALE Classes ?

Class definition source
[ v Download current definition ]

I Load from local file requires internet connection) or load

Run Load and View TALE Classes...

Figure 10: Load and View TALE Classes input mask

The local Class builder can be either a class hierarchy that was built using the TALE Class
Builder tool before or a saved file from a previous AnnoTALE session (e.g. Augmented Class
Builder, output of the TALE Class Assignment tool, see below). After loading, the entry
Result of TALE Class Builder appears in the data panel, which consists of the Class builder
download file, the tree of classes, and a tree for each single class (Fig. 11).
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eoce AnnoTALE
» TALE Prediction ? + = Fit
> TALE Analysis B TalAB6 Xoo PX086 (tal7b) NI HG NI NI NI NN HD NS NN NS NN HD NN NI HD NN NS NG — —
L A e A A W ¥
S AR 2 TalABS Xoo PX083 NI HG NI NI NI NN HD NS NN NS NN HD NN NI HD NN NS NG -- -
L A o O N A W ¥
oo T G 7 T )L R
— — TalAB1 Xoo PX099A (tal8a) NI HG NI NI NI NN HD NS NN NS NN HD NN NI HD NN NS NG —— ——
Class definition source L A A A ¥
Download current definition v 4[ TalAB4 Xoo KACC10331 (X002128) NI HG NI NI NI NN HD NS NN NS NN HD NN NI HD NN NI NG HD NG
L A A e A Y A A A A A
T e e e (e e e e TalAB3 Xoo MAFF311018 (X001998) NI HG NI NI NI NN HD NS NN NS NN HD NN NI HD NN NI NG HD NG
definition from local file —
> s 1 e o0
Run Load and View TALE Classes...
» TALE Class Assignment ? < >
» Rename TALES in File ? Data [
» Predict and Intersect Targets & Name Value Date Save Remove Restart
¥ Result of Load and View TALE Classes LsT ThuOct1.. [ savea.. | [ Remove | | Restart
Class builder download FILE Goe
> Class reports LsT Savea..
Tree of classes IMAGE Save...
Class TalAA IMAGE Save...
Class TalAB IMAGE
Class TalAC IMAGE Save...
Class TalAD IMAGE Save...
Class TalAE IMAGE Save...
Class TalAF IMAGE Save... ~
(0 jobs pending) | Tasklist... Autosave p: Save Load

Figure 11: Result of Load and View TALE Classes - overview

It also contains textual Class reports as well as supplementary files describing the TALEs
that are contained in the current class hierarchy and their source strains. The Class reports
contain general information about all TALEs that are included in the Class builder, the TALE
protein and DNA sequences, and a list of all TALEs and classes (Fig. 12).

# D Accession Start End Strand
1 TalAAB Xoo PXO86 (talSb) CP007166.1 2541429 2545185 +1 +
2 TalAAS Xoo PXO83 2305535 2309291 -1
3 TalAA2 Xoo PXO99A (tal7b) CP000967.1 2687333 2691088 +1
4 TalAA1 Xoo PXO99A (tal8b) CP000967.1 2899420 2903175 +1
5 TalAA4 Xoo KACC10331 (X002276) AE013598.1 2401988 2405743 +1
6 TalAA3 Xoo MAFF311018 (XO02160) AP008229.1 2387818 2392653 +1
7 TalAB6 Xoo PXO86 (tal7b) CP007166.1 2843503 2847022 +1
8 TalABS Xoo PXO83 2860837 2864356 +1
9 TalAB2 Xoo PXO99A (tal7a) CP000967.1 2682825 2686343 +1
10 TalAB1 Xoo PXO99A (tal8a) CP000967.1 2894912 2898430 +1
11 TalAB4 Xoo KACC10331 (X002128) AE013598.1 2226672 2230394 -1
12 TalAB3 Xoo MAFF311018 (XOO1998)  AP008229.1 2205654 2209376 -1 M

Data Protocol

Name Value Date Save Remove Restart
¥ Class reports LIsT Save a... 1
All TALE protein sequences FILE Save...
All TALE DNA sequences FILE Save...
List of
List of classes FILE Save...
Tree of classes IMAGE Save...
Class TalAA IMAGE Save...
Class TalAB IMAGE Save...
Class TalAC IMAGE Save...
Class TalAD IMAGE Save...

Figure 12: Result of Load and View TALE Classes — List of TALEs

10
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S) TALE Class Assignment

The tool TALE Class Assignment assigns a given set of TALEs, e.g., the TALEs that were
previously predicted in a Xanthomonas genome, to one of the existing TALE classes that were
loaded in the previous tool. If no class with sufficient similarity to an individual TALE exists,
this TALE is assigned to its own, new class. The assignment into classes is the basis for the
systematic nomenclature of TALEs and the TALE Class Assignment tool will propose

systematic TALE names.

¥ TALE Class Assignment ?

Class builder
Class builder download ¥

Load from file...
TALE class builder definition

TALE sequences
TALE DNA parts (PXO83) v

Load from file...

The sequences of the TALEs (DNA or protein), or "TALE DNA parts" or
"TALE Protein parts" output of "TALE Analysis".

Strain
PX083

The name of the strain. (optional)

Accession

(]

The accesion number of the genome (if applicable). (optional)

Run TALE Class Assignment...

Figure 13: TALE Class Assignment input mask

As input, the TALE Class Assignment tool needs (i) a given set and hierarchy of TALE
classes, the Class builder, and (ii) a set of TALE sequences (Fig. 13). The TALE sequences
may be those generated by the TALE Prediction tool, one of the pre-processed TALE parts
files produced by the TALE Analysis tool, or DNA sequences of TALEs stored in a local
FastA file. In the latter case, these sequences may now be loaded into AnnoTALE using the
Load from file... button. Optionally, the user may provide the name of the Xanthomonas
strain that has been the source of these TALEs and (if available) an accession number, e.g.,
the accession number of the corresponding genome in NCBI Genbank. If provided, the strain

information will be included into the annotation of TALEs with systematic names.

After all parameters have been specified, the assignment is started by clicking on the
button Run TALE Class Assignment....

11
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o [ AnnoTALE
» TALE Prediction ?
» TALE Analysis ?
» TALE Class Builder ?
» Load and View TALE Classes ?
v TALE Class Assignment ?

Class builder

Load from file...
TALE class builder definition

TALE sequences
TALE DNA parts (PX083) v
Load from fie...

The sequences of the TALES (DNA or protein), or "TALE DNA parts” or

Data Protocol

S o et e O Name Value Date Save  Remove  Restart
PX083_Genome.gb FILE sme. | [Remove
Strain
e » Result of TALE Prediction (PX083) usT MonOct.. [ savea.. | | Remove | | Restart
The name of the strain. (optional) » Result of TALE Analysis (PXO83) LisT MonOct... | savea.. | | Remove | | Restart
T v Resultof TALE Class Assignment (PX083)  LIST MonOct... | savea.. | | Remove | | Restart
> Reports LisT v
The accesion number of the genome (if applicable). (optional)
» Classes LisT —
TALE names (PXO83) LsT Save..
Run TALE Class Assignment.
g class builder (PX083) FILE T
» Rename TALES in File 2 .
» Renamed TALE sequences (PX083) LisT
» Predict and Intersect Targets ? SEE -
(0jobs pending) | TasKist... Autosave Save Load

Figure 14: Result of TALE Class Assignment —overview

New TALE: PXO83-tempTALE3
Assigned to class TalaN.
Other families with significant matches:
Class TalBz: distance 10.9, (p=5,56E-4),

Data  Protocol

Name Value Date Save Remove Restart
¥ Result of TALE Class Assignment (PX0O83) LIST Tue Oct1... | gavea.. Remove Restart 1

¥ Reports LIST Save a...

Report for PXO83-tempTALE1 (Pseudo) FILE Save...

Report for PXO83-tempTALE2 FILE Save...

Report for PXO83-tempTALE3 FILE

Report for PXO83-tempTALE4 FILE Save...

Report for PXO83-tempTALES FILE Save...

Report for PXO83-tempTALE6 FILE Save...

Report for PXO83-tempTALE7 FILE Save...

Report for PXO83-tempTALE8 FILE Save...

Figure 15: Result of TALE Class Assignment — Class assignment report

In the data panel, section Result of TALE Class Assignment reports, classes, TALE names,
and Augmented class builder are listed (Fig. 14). The reports give information about the input
TALE:s in the viewer window, e.g. which class the TALE has been assigned to and possible
other families with significant matches (i.e. other families with a similar RVD sequence, Fig.

15). In the section Classes all classes are listed that have been modified by the addition of new
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TALE:s or that have been created, because a TALE did not fir into any of the existing classes.

For each of those classes, the tool creates a report and a tree of the members.

o0 e AnnoTALE
» TALE Prediction = Class TalBA for (AffineCosts, 5.0, SEMI_GLOBAL) z
= distance: 3.85
» TALE Analysis 2 significance: p=8,3E-12
» TALE Class Builder 2 NI HG NS HG HG HD NS NG HD NN NG HG NG HD HG HD HD NI TalAnz
NI HG NS HG HG HD NS NG HD NN NG HG NG HD HG HD HD NI Talanl
> Load and View TALE Classes ? NT HG NS HG HG HD NS NG HD NN NG HG NG HD HG HD HD NI TalAns
NI HG NI NG HG HD NS NG HD NN NG HG NG HD HG HD HD NI NN NG —- —- - - Talma4
v TALE Class Assignment ? NI HG NI NG HG HD NS NG HD NN NG HG NG HD HG HD HD NI NS HG HD NI N* NS NI NI HD HD N* NS N*  TalaAZ
Class builder Most likely common binding sequence:
Class builder download - T T AT T CATCGTTTCTCCAGTCACAERZZATCTCCAC
Load from file...
TALE class builder definition Class tree:
3.8500000000000005 (
1.0 ¢
TALE sequences 0.0 ( 3
TALE DNA parts (PX083) - < >
Load from file...

Data Protocol
The sequences of the TALEs (DNA or protein), or "TALE DNA parts” or

"TALE Protein parts" output of "TALE Analysis". lame alve Qate Saioss miemovey mRastart
¥ Result of TALE Class Assignment (PX083)  LIST Mon Oct... | savea.. | | Remove | | Restart
Strain 'R st
eports
X083 o savea..
The name of the strain. (optional) ¥ Classes LisT Savea...
e ~ Modified class TalAA LisT P
Class report for TalAA FILE
The accesion number of the genome (if applicable). (optiona)
Class tree for TalAA IMAGE Saver.
> Modified class TalAB LisT S
Run TALE Class Assignment...
> Modified class TalAC LisT E—
» Rename TALEs in File 2
» Modified class TalAD LisT
» Predict and Intersect Targets ? Sama
> Modified class TalAE LisT e
(0 jobs pending) | TasKiist.. Autosave Save Load

Figure 16: Result of TALE Class Assignment — Class report

The class report (Fig. 16) gives information about the RVD sequences of the TALEs and
the alignment score for each TALE pair in the class, the significance of the class assignment
and the most likely common binding sequence of all TALEs in this class.

+ - Fit
TalAA2 Xoo PX099A (tal7b) NI HG NS HG HG HD NS NG HD NN NG HG NG HD HG HD HD NI NN NG —
L A O N W R A A O A A
TalAAL Xoo PX099A (tal8b) NI HG NS HG HG HD NS NG HD NN NG HG NG HD HG HD HD NI NN NG —-
L O O O O A o W A N R N A A
TalAA5 PX083 NI HG NS HG HG HD NS NG HD NN NG HG NG HD HG HD HD NI NN NG —— —= —= —= —= —— —= —— —— — —
L A O O W A A A O I A
TalAMd Xoo KACC10331 (X002276) NI HG NI NG HG HD NS NG HD NN NG HG NG HD HG HD HD NI NN NG —— —= —= == — == == == —— — —
L O I O O O S8
TalAA3 Xoo MAFF311018 (X002160) NI HG NI NG HG HD NS NG HD NN NG HG NG HD HG HD HD NI NS HG HD NI N+ NS NI NI HD HD Nx NS Nx
[
< >
Data Protocol
Name Value Date Save Remove Restart
~
¥ Modified class TalAA LIST Save a...
Class report for TalAA FILE Save...
Class tree for TalAA IMAGE
> Modified class TalAB LIST Save a
> Modified class TalAC LIST Save a
> Modified class TalAD LIST Save a
» Modified class TalAE LIST Save a...
» Modified class TalAF LIST Save a...
> Modified class TalAG LIST Save a...
> Modified class TalAl LIST Save a... 4

Figure 17: Result of TALE Class Assignment — Class tree
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The class tree shows the relationship between the individual TALEs of the class and an
RVD alignment of the TALEs. The newly assigned TALE is marked in blue (Fig. 17).
Furthermore, the program creates a table, TALE names, which shows the temporary and the
proposed systematic name of the TALEs.

Data Protocol
Name Value Date Save Remove Restart

» Modified class TalAQ LIST Savea...
> Modified class TalAR LIST
> Modified class TalAS LIST
» Modified class TalBA LIST
» Modified class TalBD LIST
> Modified class TalBJ LIsT
» New class TalCA LIST

TALE names (PX083) LIST Save...

Augmented class builder (PXO83)

» Renamed TALE sequences (PXO83) LIST Save a...

Figure 18: Result of TALE Class Assignment — Augmented class builder

The last file created by the tool is the new class definition termed Augmented class builder
(Fig. 18). This file should be saved and used for further TALE class assignments if TALEs
from different Xanthomonas strains are added to the class hierarchy successively. To ensure
that every TALE gets a unique systematic name it is suggested to send the Augmented class
builder to Jan Grau (grau@informatik.uni-halle.de) for updating the current definition (“Class
builder”) on the server. This also ensures that TALE names are reserved, e.g., prior to
publication.

6) Rename TALE in File

The tool Rename TALE in File is used to translate the temporary TALE annotation that
has been created by the TALE Prediction tool in the Xanthomonas genome into the new

systematic names produced by the TALE Class Assignment tool.

To rename the TALEs in the GFF or Genbank files from the TALE Prediction tool specify
the TALE names file created by the TALE Class Assignment tool and the GFF or Genbank
file created by the TALE Prediction tool, e.g., Genbank: TALE Predictions and run the
process by clicking on Run Rename TALEs in File. The output is either a GFF or Genbank
file, depending of the format of the input file, with the annotated TALE genes being renamed
from temporary to systematic names. This GFF or Genbank file can be saved and used for

further analysis in a genome browser (Fig. 19).
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(] AnnoTALE
PX083|start=3214 5029651 bp DNA. linear UNA 05-CCT-2015

» TALE Prediction

> TALE Analysis

KEYHORDS
FEATURES
cps

» TALE Class Builder
» Load and View TALE Classes

» TALE Class Assignment

D] (®)(®](®]®]®

v Rename TALES in File

Rename Table
TALE names (PX083) ~ TRNA

Load from file... cos
A tab-separated table containing the old name in the first column and the
new name in the second column. Output "TALE names" of "TALE Class
Assignment" tool.

Input file Data | Protocol

Genbank: TALE predictions (PXO83) ~ Name Value Date save Remove  Restart
Load from fle... PX083_Genome.gb FILE Save... Remove
The input Genbark or GFF3 file that should be renamed. > Resultof TALE Prediction (PXO83) LsT TueOct1.. [savea.. | [ Remove | | Restart
> Result of TALE Analysis (PXO83) LIsT TueOct1.. | savea.. | | Remove | | Restart
SunRenamo,TALEs in flo; > Resultof TALE Class Builder LisT Tue Oct1... [savea. | [Remove | [Restart
» Predictand Intersect Targets 2 » Result of Load and View TALE Classes LisT TueOct1.. [ savea.. | | Remove | | Restart
> Resultof TALE Class Assignment (PX083)  LIST TueOct.. | savea.. | | Remove | | Restart
¥ Result of Rename TALEs in File (Genbank) ~ LIST TueOctl.. | savea.. | | Remove | | Restart
Renamed Genbank: TALES FILE
(0jobs pending) | Tasklist. Autosave workspace | Save workspace. Load workspace.

Figure 19: Result of Rename TALEs in File

7) Predict and Intersect Targets

The tool Predict and Intersect Targets is used to facilitate an initial analysis of putative
target genes of all the individual TALEs from a Xanthomonas strain and putative common
target genes of a class of TALEs. The tool is based on the statistical model of TALgetter
(Grau et al. 2013), but is limited to the top 100 target site predictions and does not calculate p-
values for single target sites.

For a detailed analysis of putative target sites it is advisable to use TALgetter available at
http://www.jstacs.de/index.php/TALgetter (Command line application) and
http://galaxy.informatik.uni-halle.de (Web application).

For predicting possible target sites of TALEs of a Xanthomonas strain in a given sequence
e.g., the host plant genome or promoterome, it is necessary to load the sequence, that should
be analyzed, from a local FastA file via the Load from file... button in the program. For this

example the promoterome of rice (Oryza sativa) is used.

Predictions can be done for TALEs in FastA or for the Class Builder itself (i.e., all
TALESs). Using TALEs in FastA, it is advisable to load Renamed TALE DNA sequences or
Renamed TALE protein sequences, because in these data sets the TALEs have the systematic
names instead of temporary names. After loading all necessary data click the Run Predict and

Intersect Targets... button (Figs. 20 and 21).
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4 PX083_Genome.gb &
’  TALE DNA sequences (PXO83) C
) TALE protein sequences (PXO83) 2
)  TALE pseudo gene matches (PXO83) 2
. TALE DNA parts (PX083) 5

TALE Protein parts (PXO83)
TALE RVDs (PX083)

All TALE protein sequences

s All TALE DNA sequences Isites

Renamed TALE DNA sequences (PXO83)

i Renamed TALE protein sequences (PXO83)

O._sativa_promoterome.fasta
TALE sequences

-

Load from file...

TALE sequences, either as complete DNA or AS sequences (e.g., output
of TALE Prediction) or as RVD sequences.

Predict and intersect targets for all TALEs in a given FastA input file or for all
TALEs in all classes defined by a class builder.

Selected value has the following error: At least parameter TALE sequences
has not been set to a valid value.

Figure 20: Predict and Intersect Targets input mask, choose renamed TALE sequences

® AnnoTALE
» TALE Prediction
> TALE Analysis
» TALE Class Builder
» Load and View TALE Classes
» TALE Class Assignment

» Rename TALEs in File

) ) ) ) () )

v Predict and Intersect Targets

Input sequences
0O._sativa_promoterome fasta ¥
Load from file...

Sequences, e.g., promoters, to scan for TALE target sites

Predictions for Data Protocol

TALEs in FastA = Name Value Date Save Remove Restart

TALE sequences PX083_Genome.gb FILE Save... Remove

Renamed TALE DNA sequences (PX083) > Result of TALE Prediction (PX083) LisT MonOct... | savea.. || Remove | | Restart

Load from file...

»

TALE sequences, either as complete DNA or AS sequences (e.g., output Result of TALE Analysis (PX083) LisT MonOct.. | savea.. | Remove | Restart
CYTALE R edeton clas Rk Dl caz > Result of TALE Class Assignment (PX083)  LIST MonOct... [ savea.. | | Remove | | Restart
Predict and intersect targets for all TALEs in a given FastA input file or for all | > Result of Rename TALES in File (Genbank) st Mon Oct Savea.. | Remove | Restart
TALES in all classes defined by a class bulder.

0._sativa_promoterome fasta FILE e |
Run Predict and Intersect Targefs...
(0 jobs pending) | Taskist... Autosave worksp save ) Load

Figure 21: Predict and Intersect Targets — input mask

The tool generates a data set Overlapping target sites, where putative target sites, which
may be predicted to be targeted by more than one TALE, are listed (Fig. 22). The table in the
viewer shows the Sequence ID, the intersection size (i.e. the number of different TALEs
which are predicted to target this sequence) and all TALEs with rank and position of the
target sites indicated as tuple (rank, position).

Furthermore, for every single TALE, predictions of the top 100 putative target sites are
generated and displayed in the data panel and viewer, respectively. After selecting the
predictions for a TALE a table of the putative targets is shown in the viewer (Fig. 23). The
table displays sequence ID and annotation (if available in the input FastA file), the position of

the target site in the sequence, the prediction score, the sequence of the target site, and the

16



AnnoTALE - User Guide

eoce AnnoTALE
» TALE Prediction ? # Sequence ID Intersection size  TalAI3 PX(
» TALE Analysis > 1 0s11934210.2: aspartyliglutamy-RNA amidotransferase subunit B, putative, expressed 2 (2,342)
2 0s11g34210.1: aspartyliglutamy-RNA amidotransferase subunit B, putative, expressed 2 (3.342)
» TALE Class Builder ?
3 Os06g46366.1: zinc finger, C3HC4 type, domain containing protein, expressed 2
» Load and View TALE Classes ? 4 0s09g36680.1: ribonuclease T2 family domain containing protein, expressed 2
» TALE Class Assignment ? 5 Os11g48040.1: mitochondrial carrier protein, putative, expressed 2
» Rename TALES in File 2 6  Os11g34220.1: expressed protein 2 (19,22)
7 0s12g41110.1: OsCML5 - Calmodulin-related calcium sensor protein, expressed 2
v Predict and Intersect Targets ?
8  Os12g41715.1: DEAD-box ATP-dependent RNA helicase, putative, expressed 2
Input sequences 9 Os08g14960.1: receptor-like protein kinase precursor, putative, expressed 2
O N EnEEEE ~ 10 0s0222810.1: retrotransposon protein, putative, unclassified, expressed 2 (5,146)
Load from file... 11 0s10g16870.1: zinc knuckle family protein, expressed 2 s
Sequences, e.g., promoters, to scan for TALE target sites < >
Predictions for Data Protocol
TALES in FastA - Name Value Date Save Remove  Restart
TALE sequences ¥ Result of Predict and Intersect Targets LisT TueOct1... [ savea.. | | Remove | [ Restart
Renamed TALE DNA sequences (PX083)  ~ . .
Overlapping target sites LisT
Load from file...
TALE sequences, either as complete DNA or AS sequences (e.g., output Predictions for TalAI3 PX083 (Pseudo) LIsT Save...
of TALE Prediction) or as RVD sequences.
Predictions for TalCA1 PX083 LisT Save..
Predict and intersect targets for all TALES in a given FastA input file or for all Predictions for TalAN3 PX083 LisT Save...
TALEs in all classes defined by a class builder.
Predictions for TalAF4 PX083 LisT Save..
Predictions for TalAB5 PX083 LisT Save
Run Predict and Intersect Targefs...
for TalBJ2 PX083 LisT Save..
Predictions for TalAP3 PX083 LisT Save..
Predictions for TalAQ3 PX083 LisT Save..
(0jobs pending) | Taskist... Autosave Save Load

match string, which indicates matching RVD-base combinations (M for initial T; ),

perfect matches (:), and mismatches (m for initial T; x).

Figure 22: Result of Predict and Intersect Targets — overlapping target sites

Figure 23: Result of Predict and Intersect Targets — target predictions

# Sequence ID Position Score
1 0s09g36680.1: ribonuclease T2 family domain containing protein, expressed 270 -10.1624936538324
2 0s10g17970.1: transposon protein, putative, CACTA, En/Spm sub-class, expressed 64 -10.9580305463924
3 0s049g24920.1: transposon protein, putative, CACTA, En/Spm sub-class, expressed 64 -10.9580305463924
4 0s01g63510.1: homeobox domain containing protein, expressed 265 -11.1049493853641-
5  0s08g14960.1: receptor-like protein kinase precursor, putative, expressed 252 -11.3104552997779
6 0s01g09870.1: expressed protein 254 -11.5828362737726
7 0s01924340.1: expressed protein 177 -12.2101187208289(
8 0s04903860.1: expressed protein 260 -12.4601723319114:
9 0s06g04670.1: CAF1 family ribonuclease containing protein, putative, expressed 147 -12.5538978800786:
10  Os12g02670.1: retrotransposon protein, putative, Ty1-copia subclass, expressed 74 -12.5772121605031:
11 0s01907460.1: conserved hypothetical protein 161 -12.5960139507071¢
< >
Data Protocol
Name Value Date Save Remove Restart

¥ Result of Predict and Intersect Targets LIsT Tue Oct1.. [ gavea.. | | Remove | | Restart

Overlapping target sites LIsT Save...

Predictions for TalAl3 PXO83 (Pseudo) LIsT Save...

Predictions for TalCA1 PXO83 LIsT

Predictions for TalAN3 PX083 LIsT Save...

Predictions for TalAF4 PX083 LIsT Save...

Predictions for TalAB5 PX083 LIsT Save...

Predictions for TalBJ2 PX083 LIsT Save...

Predictions for TalAP3 PX083 LisT e

Predictions for TalAQ3 PXO83 LisT S

non

For a more global view on TALE targets the full class builder can be used in the

Predictions for selector. In this case, the prediction is performed for every TALE that is

represented in the class builder. Intersections between the predicted sets of targets are

determined for all TALEs in common families, which helps to identify putative common

targets (and, hence, functions) of TALEs in different Xanthomonas strains. Predictions are

grouped by the corresponding class.
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Input

Data

Program

1)

2)

3)

4)

Quick Start Guide
Current Promoterome
Genbank TALE
TALE Class Target
S
FastA equences Definition Genome
: TALE
V TALE Parts Classes & |~~~ 77T TTTomm--al !
N - Repeats - C IS Annotated . Predicted
—- — - - -
Cienens ToLEs RVDs TalXY123 genomic TALEs > Targets
TALE Rename Predict
Prlgilz:ltzion AIQILEis Class TALEs & Intersect
y Assignment in File Targets

Figure 24: Schematic overview of input parameters, workflow, and program parts.

TALE Prediction

Input: Genome file as FastA or Genbank

Output: GFF/Genbank files with annotated TALEs (temporary name); DNA and protein
sequences of the TALEs

TALE Analysis
Input: TALE DNA or protein sequences from TALE Prediction or as FastA from file
Output: TALE DNA and protein parts, RVD sequences of all TALEs

TALE Class Builder

Input: TALE sequences as FastA, TALE DNA or protein sequences from TALE
Analysis

Output: hierarchy and classification of TALEs, Class Builder file, report and tree of the
build classes

Load and View TALE Classes

Input: Download current definition or Class builder from TALE Class Builder or
Augmented Class builder (can also be loaded from local file)

Output: Class builder download, report and tree of the pre-defined classes
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5) TALE Class Assignment

Input: Class builder download or Class builder from TALE Class Builder or Augmented
class builder and TALE sequences as FastA, TALE DNA or protein parts from TALE
Analysis

Output: reports for single TALEs; Modified Classes (report + tree); TALE names;
Augmented class builder (for further assignments)

6) Rename TALEs in File

Input: TALE names of TALE Class Assignment or tab separated table and
GFF/Genebank file with annotations of TALE Prediction tool

Output: renamed GFF/Genebank file with annotated TALEs with new systematic name

7) Predict and Intersect Targets
Input: sequences to scan, i.e. genome, promoterome as FastA file

Output: predictions of 100 top target sites for all TALEs as table, overlapping target sites
of all TALEs
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Download and Installation

AnnoTALE is available at http://www.jstacs.de/index.php/AnnoTALE as (i) a runnable Jar
file, (i1) a DMG for installation under Mac OS X, and (iii) a Windows installer.

Installation using the runnable Jar file

The runnable Jar file is the preferred version of AnnoTALE if you already have a current
version of Java (Java8, update 45 or later) installed on your computer. In this case, no specific
installation is required. On each of the three major operating systems (Windows, Linux, Mac
OS X), you can just download this Jar file, copy it to any location on your computer you
consider appropriate and start AnnoTALE by double-clicking the Jar. If you need to start

AnnoTALE with more than the default memory, you need to open a Terminal (or Windows
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Command promt), navigate to the directory containing the Jar file, and start AnnoTALE with

the larger memory limits, e.g.
java -Xms512M -Xmx6G -jar AnnoTALE-1.0.jar

for allowing AnnoTALE to use 512 MB initially and at most 6GB of RAM.

Installation using the Windows installer

The windows installer comes in three versions with different memory requirements.
Depending on the main memory (RAM) that is available on your computer, you should
choose the largest version (1GB, 2GB, 6GB) that still fits into your computer's RAM. All
standard analysis tasks of AnnoTALE may be executed even with the 1GB version, but large
workspaces (e.g., when analyzing several genomes in one AnnoTALE run) may lead to a less
responsive GUI or even "out of memory" errors. In the latter case, it may be necessary to
restart AnnoTALE.

The windows installer contains an appropriate version of Java in addition to AnnoTALE
itself. This version of Java is installed together with AnnoTALE and should not interfere with
another Java version already installed on your computer.

After you downloaded the windows installer of choice, start the installation process (Fig.
25). After the installation has finished, you find AnnoTALE in your list of Apps.

Setup - AnnoTALE - o IEN
Ready to Install HIIIII 1
Setup is now ready to begin installing AnnoTALE on your computer. T ]'== :

Click Install to continue with the installation.

Install Cancel

Figure 25: Installation of AnnoTALE using the Windows installer.
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Installation from the OS X DMG file

The pre-packaged OS X version of AnnoTALE comes in two version with different
memory requirements. Depending on the main memory (RAM) that is available on your
computer, you should choose the largest version (2GB, 6GB) that still fits into your
computer's RAM. All standard analysis tasks of AnnoTALE may be executed even with the
1GB version, but large workspaces (e.g., when analyzing several genomes in one AnnoTALE
run) may lead to a less responsive GUI or even "out of memory" errors. In the latter case, it
may be necessary to restart AnnoTALE.

The OS X DMG file contains the AnnoTALE application (Fig. 26), which may be copied
to your Applications folder or any other location that you consider appropriate. Afterwards,
start AnnoTALE by double-clicking on the AnnoTALE application.

® B AnnoTALE
» :“"‘ ”N"‘-u
= -
<TALE 7
M et 2 ’
AnnoTALE.app Applications
3 AnncTALE

Figure 26: Installation of AnnoTALE for Mac OS X.
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