Outline of method section
DIALIGN = 1. What is protein sequence?
= 2. What is sequence alignment?
= 3. Why we need sequence alignment?
= 4. Methods to do sequence alignment.
A segment-segment multiple = 5. Advantage and disadvantage of traditional
sequences alignment program method: ClustalW
= 6. DIALIGN
= 7. Advantage and disadvantage of DIALIGN
Kai Ye & Qilan Li = 8. Improvement of speed
What is protein sequences? What is sequence alignment?
= A protein sequence is represented by a string a of ; i ;
letters coding for the 20 different types of am?no acid * A protein Seq.uence_ alignment is created
residues. when the residues in one sequence are
. >0zt lined up with those in at least one other
* MDGSNVTSFVVEEPTNISTGRNASVGNAHRQIPIVHW sequence.
VIMSISPVGFVENGILLWFLCFRMRRNPFTVYITHLSIA . .
DISLLFCIFILSIDYALDYELSSGHYYTIVTLSVTFLFGYN = Optimal alignment of the two sequences
TGLYLLTAISVERCLSVLYPIWYRCHRPKYQSALVCAL - i - i i
LWALSCLVTTMEYVMCIDREEESHSRNDCRAVIIFIAIL will usually require the insertion of gaps in
SFLVFTPLMLVSSTILVVKIRKNTWASHSSKLYIVIMVTII one or both sequences in order to find the
IFLIFAMPMRLLYLLYYEYWSTFGNLHHISLLFSTINSSA .
NPFIYFFVGSSKKKRFKESLKVVLTRAFKDEMQPRRQ best alignment.
KDNCNTVTVETWV
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Why we need sequence alignment?

= Alignment of two residues implies that
those residues are performing similar
roles in the two different proteins.

= This allows for information known about
specific residues in one sequence to be
potentially transferred to the residues
aligned in the other.

i

| ==

Conserved positions

Overlay in structures; Perform similar biological
functions.

Methods to make sequence alignment

= Global progressive alignment algorithm:
MULTALIGN; MULTAL; PILEUP;
CLUSTALW

differ mainly in the method used to
determine the order of alignment of the
sequences.
= Local dynamic programming algorithm
PIMA;

Traditional methods




Methods to make sequence alignment

= Segment-segment comparisons rather
than residue-to-residue comparisons:
DIALIGN

= Genetic algorithm: SAGA
= Hidden Markov models (HMMs): HMMT
Speech recognition

“New” methods

Advantage and disadvantage of
traditional method: ClustalW

= ClustalW is superior on globally related
protein families ( same ancestor ).

= However, many protein families share
only isolated regions of local similarity.

= The resulting alignments depend
sensitively on a set of user-defined
parameters, especially the gap penalty.

DIALIGN

= Segment-to-segment alignments with
variable segment length

= No gap penalties

= Regions of low similarity are excluded
from DIALIGN alignment.

DIALIGN
consistent collections of segment pairs
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Advantage and disadvantage of
DIALIGN

= Alignments produced by DIALIGN seem
to be comparable to the results of
standard global alignment methods as
CLUSTALW. However, if sequences are
only locally related, DIALIGN seems to be
clearly superior to other methods.

= Too slow to align sequences in the order
of hundreds of kilobases or more.

Improvement of speed

= Solution 1:

CHAOQOS, a novel algorithm for rapid
identification of chains of local pair-wise
sequence similarities. Alignments
calculated by CHAQOS are used as anchor
points to improve the running time of
DIALIGN. 95%

Improvement of speed

Solution 2: DIALIGN P, a parallel version of the multi-
alignment program DIALIGN.

A lot of sequences

(a) pair-wise sequence alignments that are used as a first step to
multiple alignment account for most of the CPU time in DIALIGN. Since
alignments of different sequence pairs are completely independent of
each other, they can be distributed to multiple processors without any
effect on the resulting output alignments.

Longe sequences

(b) For alignments of large genomic sequences, DIALIGN use a
heuristics by splitting up sequences into sub-sequences based on a
previously introduced anchored alignment procedure. For test
sequences, this combined approach reduces the program running time
of DIALIGN by up to 97%.

Web server

= Altavist
= CHAOS + DIALIGN




Altavist

= AltAVist (Alternative Alignment Visualization
Tool) is a WWW-based software program that
is able to compare two alternative multiple
alignments of a given sequence set to each
other. Regions where both alignments
coincide are color-coded to visualize the local
agreement between the two alignments and to
identify those regions of the alignments that
can be considered to be most reliable.

Bioin =
BBGen - Biekfeld Universty Bonfor... | =
BiBiServ
Bielefeld University Bioinformatics Server
Education . Administration

AltAVisT - Submission 1
OPTION 1: Enter a mulple sequence sel

The program will run DIALIGN and CLUSTAL W on these sequences and will compare the two resuling
alignments to each other Make sure the sequences are in FASTA format g

Please setthe following for the DIALIGN aii ‘Submis
threshoid Submiss
L Contact
Semence 1=+ 3 About
= I=3

T=4

T=5

T=6

=1

=3

=98

=10
Please
enter your
sequences
here:

=

4d University Bioinformatics Server - - Netscape x
2 New Tab [, BBSer - Bieefek Unwersty Bomfor... | a
I E
Bt it ey
BiBiServ
Bielefeld University Bicinformatics Server
Education ' Administration
AtAVisT - Weicome
Alemative Alignment Visualization Tool - Version 1.0
st {Aemative Algnment V Tool) is a WWW. is ableto
cumparetwg altemative muliiple alignments of a given sequence setto eal:hdher Regions where Welcome
both alignments coincide are color-coded to visualize the local agreement between the two L
alignments and to identify those regions of the that can be by refiable 1
Submission 2
An online description of ALAVIST is available here. Contact
Two input options are available: About ¥
+ OPTION 1: Erter a muit
The program will run DIALIGN
resuling alignments to each other.
+ OPTION 2: Enier two different pre-caiculated alignments of a il
“The program will compare the two atemative alignments to each other
Reference:
+ B. Moergenstern, S. Goel, A. Sczyrba, A Dress
ARAVIST - A WWW tool for c ison of ive multiple af
Eiginformatics, 13425426, 2003
=3

»
' New Tab [~ BBSer - Biekefeld Universty Bioifor... |

BiBiServ

Bielefeld University Biocinformatics Server

Education ' Administration . News

AlAVisT - Submission 1
OPTION 1 Entera

The program will run and on these sequences and will compare the two resuling
alignments to each other. Make suemesequemare in FASTA format

Please setthe f for the DIALIGN ali

freshold 725

Bucleotide Sequence (w/o translation}
Boclectide Sequence (rith

Please
enier your

here:




(=, =0 [Frowse.. ]

Email address (opional)

Note: ¥ sequences are submitted, the connection will be terminated after 5 minutes. This means that only
relatively smal data sets can be aligned_ ¥ you want fo submit more data or you do not want to wait unfsl your
request has been processed, please spediy your email address below and you will receive he resulls by
mail

Accept your choice:
Reset parameter(s).

Back to ARAVIST home page

IET

OR Upload

T Ignore lower case charac i 2
‘Optional title for b

OR Upload

T ignore lower case characters in Aignment #2
‘Optional title for i2
Accept your choice: Subait
Reset: Reset
Back to ABAVIST home page

— BiBiServ

Bielefeld University Bioinformatics Server

Administration
AltAVisT - Submission 2
OPTION 2 Enter two different aignments of the same sequence set

The program will compare the two allemative aignments to each other. Make sure both aignments invove the
same sequences (including same namest) and are in FASTA format

OR Upload

[ Browse... |

[ Ignore lower case characters in Alignment £1
Optional tithe for aignment#1 -

&) Mew Tab [, BBSew - Belefeld Unwersty Bofor... |

U= BiBiServ

Bielefeld University Bioinformatics Server

Education \_Administration

Altavist: Online description:

AlAVist {/ Akgnment Tool} is a WWW- is ableto
cmaparemm altemalive muliple alignments of a given sequence set to each nmer Regions where
both alignments coincide are color-coded to visualize the local agreement between the two
alignments and to identify thase regions of the alignments that can be considered to be most reliable

Why comparing pments?

Sequence alignment is the mest tool for: data
Practcally al methods of computational sequemeanalyslsmmn one way of the other on seqoence
C so their results depend on the quaiity of Pairwise and multiple
alignment therefore continues lo be one of the most active areas of research in bicinformalics. There
are two major challenges in the cantext of sequence aignment: {3} it can be hard to distinguish weak
local homologies from random simitarities and (D} alignment programs can only detect those
numiogesm appear in the same relative arder in the input sequences. The latter problemis

and for many data sets, correct aignment of one
humuogous region necessarily prevents other homologies from being comectly alfigned.

Mo single akgnment procedure can be expected corect inal
possible situations. The reason for this is that every alignment program tries - explicity or implcitly -
‘o find oplimal aignments according to some refatively simple mathematical scoring funcion. Yet it
cannot be expected lha[anygwen st:mngﬁmon will, under all condiions, be in aooordanoe with
béology giving the ighest score fo the bit i cormrect al .,
human intervention is often necessary to check the resuifs ofammlaxedaigwmpmcedjesandlﬂ
obtain biologically reasonable alignments. A popular way of testing the {local) refiability of pairwise or
muitiple is to construct of the same seguencs using different




aligrements and to identify those regions of the alignments that can be considerad to be most refiable

Why comparing aignments?

i isthe most data clecular biololgy.
Practically all mmsdwrpmumwmgsre@mmewayammmsme
comparison, so their results depend on the quality of the nd mutiple
alignment therefore continues to be one of the most active areas of research mb;mrioﬂ'nah(: There
are two major challenges in the context of sequence alignment: {a} it can be hard to distinguish weak
local homologies from rand and (b} ak can only detect those

appearmme Jative order in the input sequences. The latter problem is
for many data sels, comect aignment of one
Wmmmwummmaﬁmmngmaim

No single aiignment procedure can be expected to construct biologically cormect alignments in all
Hemusﬂereasm!orhssiﬁmmyaimmpmgzmmes exphcmfuﬂrrpiolfyf
to find optimal 'some refatively Yetit
cannot be expected that any given scoring funcion will mde-raloomms be inaccordance with
biology giving the highest score to the comect .,
human infervention is often necessary to check the results of automated alignment procedures and to
obtain biclogically reasonable afignments. A popular way of testing the flocal) refiability of painwise or
muitiple alignments is to construct allemative alignments of the same sequence family using different
alignment methods. Notredame ef al. éZﬂ()O}usedhs!dea systematically and proposed a software
tool that from different methods into one single output aignment.

For a variety of are now rely on very different objective
functions and optimization techniques. The resulis of these methods can therefore be quite diverse,
see Notredame (2002) for an excellent review of the state-of-the-art muli-alignment algorithms and

al (1999b)fora of the most widely used software tools. ¥ two
aignmsfavebeencmmmedbydﬁse’lmﬁx\ds those regions where both afignments
cuincide iy be more refiable than regions where they disagres. However,
manually © d'ifeieﬂt dtiple ak is a tedious task_

Input options:

ARAVIST muitiple of a given data set and highlights regions where
both alignments coincide. Two input options are available:

.k bletoenieral ces. In this case, our program will run the programs
DIALIGN (Morgenstem iQQQ}MCLUS?ALWmmrmda} 1994) on the input
seqguences and compare the resulting alignments to each other. These two programs are
currently most popular multi methods. Since they rely on fundamentally
difierent algorithmical approaches, those parts of the alignments where both programs agree
can be considered (o be refiabie.

«+ Rtis possibie to enter two different pre-calcudated aignments of a sequence family set that may
have been produced by any method: this way the user can compare the results of arbitrary
alignment methods to each other

‘With either option, those residue pairs that are aligned to each other in both alignments are colored
Different colors are used to distinguish groups of residues for which the alignment coincides within
gmpsmnmnemeenaﬁeremgm;]s In other words, considering aignments as consisient

efal [1996} residue pairs that are in the same
column and have the same color belong to the set tion of the e relations
ceeresponding to the two alignments.

Our tool can not only be used to defermine refiable regions in aignments but also to evaluate
alignment by comparing they produce to reference alignments that are
considered as a sfandard of bruth. There is now a hgt(-q.nity daia base caled BAWBASE that has
been designedas a data base for g methods (Thempson
et ai., 1999a}. The authors of BARBASE also provide software mauomeucalj compares arbitrary
alignments of their test data to the reference alignments and determines the overal degree of
agreement between these two alignments. However, for the development of aignment methods, it
can be interesting to know not oniy the | quality of the p: but to also know
‘where exacty arein age with the and where they
are not. Our method can be used for this purpose and should therefore also be useful for further
development and improvement of pairwise and mulliple aignment methods.

Program output

Below is the result of AItAVisT applied to a small test sequence set. The first alignment has been
produced by DIALIGN, the second one by CLUSTAL. For each column in the first alignment, those
residue pairs are cololred that also appear in one column in the second alignment. Different colors
are used to distinguish groups of residues coincides within not
befween different groups. For exampie, The two Ms in column 4 in the DIALIGN aignment also
appear inthe same column in the CLUSTAL alignment, namely in column 21; they are therefore
colored. The same holds true for the two Cs in the same column of the DIALIGN alignment. These
residues also appear in a common column in the CLUSTAL alignmerd. namely in column 4. However,
the Ms and Cs belong to different columns in the CLUSTAL alignment so differert colors are used. Al
lower-case residues in the DIALIGN alignment are printed in black because they are not considered
akgned by DIALIGN, regardles in which column they are.

In the second alignment, all residues have the same color as in the first aignment so the two
alignments can be easily compared. This may imply, howerver, that residues in the second aignment
appear inthe same color even though they are not aligned together in the first aignment, see for

example column 21 in the second alignment.
This is what the ARAVisT output looks Fke:
THE RESULT OF DIALIGN IS :

prop_mouse

& casel

cbpy_yeast

¥bys_yeast

cdbpy_picpa

cbpx_srath

This is what the ARAVIST output looks fke:
THE RESULT OF DIALIGN IS =

cbpy_picpa  YESCHEEINRNEL HVSSLINKGLEVL IYAGDEDE ICNNLGNRANTDVLE

TSLIVYACEYE

TSVYQAMLv—- DRMENLEVGIFTILEDG]

WOIE: lower case lesters are oot comsidered oo be aligned




CHAOQOS + DIALIGN [job submission]

Pair-wise and multiple alignment of genomic sequences using CHAOS and DIAL

By Mike Brudno and Burkhard Morgenstern

This web server calculates pair-wise and muifiple alignments of genomic sequences using CHAOQS and DIALIGN as described in

+ M. Brudno, M. Chapman, B. Gattgens, S. .B. (2003)
Fast and sensitive mulfiple alignment of la NOMIC Sequences
BMC Biomnfarmaiics 4, 66

If you use our software for your research, please cite this arficle.

CHAOS is used to rapidly identify sirong sequence similanties thal serve as anchor points to speed-up the DIALIGN alignment procedure. M;
:about the CHAOS/DIALIGN procedure is available here

Program Input:

Upload sequences in mulfiple FASTA format
(as a TEXT file, not MS-Word, not RTFT)

x

Your emai address

! CHAOS + DIALIGN: job subt
DD »

2] New Tab [ (405 + DIALIGH: job submeson | Ei
This web sesver calculales pair-wise and multiple alignments of genomic sequences using CHAOS and DIALIGN as described in
+ M. Brudno, M. Chapman, B. Gottgens, S. B (2003)

Fast and sensitive mulliple alignment of la NOmIC Sequences

BMC Bioinformalics 4, 66.
If you use our software for your research, please cite this article. it of g q using CHAOS and DIALIGN:
CHAOS is used to rapidly identify sirong sequence similanties that serve as anchor points to speed-up the DIALIGN alignment procedure. Mg DIALIGN is a widely used software program for pair-wise and muiliple alignment of DNA and protein sequences. It assembles global aligy
about the CHAOS/DIALIGN procedure is available here 'gap-free local pair-wise alignments, so-called fagmanfs A number of recent siudies have used DIALIGN to discover funclional sites|

sequences, &g

Program Input: « B Gotigens, L Barton, J. Gibert, A Bench M_Sanchez. S Bahn_ S Miskiy, D Grafham, A McMurray, M Vaudin, £ Amaya D
i Green (2002)

Upload sequences in muifiple FASTA format Analysis of vertebrate SCL lodi identifies conserved enhancers.

(asa TEXT file, not MS-Word, not RTFY) Naturs Biotchnology, 18:181-186

[ Browse... |

« B Gatigens,L. Barton, M. Chapman, A Sinclair, B. Knudsen, D. Grafham, J. Gibert, J. Rogers, D. Bentiey, and A Green {2002)
Transcrphonal reguiation of the stem cell leukemia gene {SCL) comparalive analysis of five veriebrate SCL loci
Genome Res , 12748-759.

Your email address

+ J_Fiich, S. Gardner, T Kuczmarski, S. Kuriz, R Myers, L Oft, T_ Slezak, E Vitals, A Zemia, and P. McCready (2002}
Rapid Development of Nudeic Acid Diagnostics
FProceedings of ihe IEEE, 90: 1708-1721

Program Output:

Our server creates four different output files from your iny set The full isreflumed in DIALIGN format. In addition, a
ie. gap-free segment pairs created by DIALIGN is rej aswslas anchor points created by CHAOS and the full alignment in FASTA i Whie DIALIGN alignments are generaly of high quality, the onginal program is too siow for large-scale sequence companison Unewayuf
You will receive an emall containing the URL «chosen output fles. These files can be accessed duning the next 5 days. For small inpul

output algnment is shown on the screen i IGN format.

[(Reset a1t snpat | [(Fun CRAOSADIALTGR |

In our expenence, anchor points created by CHAOS speed-up DIALIGN by one to two orders of magnitude without affecting the quality o
I I | i

KT




+ B. Gottgens L Barton, M. Chapman, A_ Sinclair, B. Knudsen, D. Gratham, .| GﬁﬂLJRﬂgasDBmiieyafﬂA{im{M
Transcripbional reguiation of the stem cell leukemia gene (SCL) analysis of fve scL
Genome Res., 12:748-759.

+ J Fiich, S Gardner, T Kuczmarsid, S Ku'!zRMyetsLOﬁ,T Slezak, E._Vitals, A Zemia, and P. McCready {2002}
Rapid D «of Nudleic Acid Di
PItxMw_;sOfK)efEEEQG 17081721

'While DIALIGN alignments are generally of high qualily, the onginal program is too slow for large-scale sequence comparison. One way of
DIALIGN without compromizing on alignment quality is fo use an anchoved-alignment procedure. Here, a fast local alignment search tool ident
of high sequence simianty among the input sequeces. These similaniies are then used as ancfior painis to reduce the sarch space and nul
DIALIGN.

On our web server, we are using the program CHADS to identify such anchor points. CHAOS has been developed by Mike Brudno at Stanft
In cur expesience, anchor points created by CHAQS speed-up DIALIGN by one fo two orders of magnitude without affecting the quality
alignments. Detais are described

+ M Brudno, M. Chapman, B. Gottgens, S. Batzoglou, B. Morgenstem (2003)
Fast and sensitive mulliple alignment of [arge genomic sequences
BMC Bioinformalics 4. 66.

+ M. Brudnoand B. Morgemtem (20C2,:
Fasl and sensilive alignment of large genomic sequences
JEEE Computes ly
SE&”ROR} University, pp. 138-147.

In a first slep. CHAOS s appiied to creale a kst of anchor poinis. Then DIALING is run on the input sequences using some new oplions
abgnment thal are descrbed in

+ B Morgenstem, O. Rinner, S Abdeddaim, D. Haase, K. Mayer, A Dress, H-W._Mewes (2002)
Bxon Discovery by Genomic Sequence Alignment
Biorioymalics 18, 717787

Y
£ New Tab [ S 01405 + DIALIGH: manual 1 | %]

& New Tab [ S 01405 + DIALIGH: mansal 1 a

Input sequence file:

CHAOS/DIALIGN requires a single ASCIH i qt in FASTA format:

For each sequence, the first ine staris with "> and contains the name of the sequence.
Program Qutput:
Our web server creates different output files contaming
« Aful alignment of the input sequences in DIALIGN format
FASTA format

: the pair-wise local gap-free alignments that DIALIGN uses to create the output aignment.
* Aislnﬂheanc{’mrpﬁmls[:eatedhyﬂHAOS

) CHADS + DIALIGN: manuat - Netscape

Program Output:
Our web server creates different output files containing

- Aful of the input seq in DIALIGN format
+ The same alignment in FASTA format.

+ Alist of the fizgments, ie. the pair-wise local gap-free alignments that DIALIGN uses to create the output alignment
+ Alist of the anchor points created by CHAQS.

This is DIALIGN alignment format:

dog_i14 20565 = TEST CIGE: STTGATGTCT TETGCIT TCTTL
hom 318 21730 TEST CT TICATCTCT TETECTT TCITL
mus_il2 31350 SS5CCEA GCTSATGTCT ACCTSTSCTT TCTTIAG

dog_ile T TCT
mm 31e TCCRECTCTA
s 16 T TCCAA

dog ilf

m 114

mus 118

1 —

dog 11e
hum i1
mns 11e

dog 11
um 114
ms 314

dog 11s
bum i1
mos_s1e

« Names of the aligned sequences are shown on the ieft

+ Numbers on the left hand side of the alignment denote the pesition of the frst resi a line within P q

+ Capital letiers denote abigned residues, ie. residues involved in at least one of the: lragnenls( aligned segment pairs) the alignment
Lower-case letlers denote residues nol belonging to any of these selected "fragments’. They are nof considered to
DIALIGN. Thus, if a lower-case letter is standing in the same colurmn with other letters, this is pure chance; these residues are not

homologous

« Numbers below the alignment roughly reflect the degree of local simianty among the sequences. More precisely” They represent the sui
of fragments connecting residues 2t the respective position. The numbers are normalized such that every position gels a value
Thus, these numbers reflect the relative degree of simianty within an alignment, since in every aignment. the region of maamum
score of 9.

B —

P
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£ New Tab [ S 01405 + DIALIGH: manual 1

This is FASTA alignment format:

AT

Note that, as in the DIALIGN formal, only UPPER-CASE letiers are

o accoumt if you run other programs on the DIALIGN output alignment.

Fragment file retumed by DIALIGN:

1) seq:
2} sea:
3) aseq:
2} seq:

beg: 185855

SR

MR W

o be aligned, lov letters are NOT aligned

The fragments (aligred gap-free segment pairs) used by DIALIGN to assembile the alignment are refumed in the following format:

P >
A Mew Tab [ <. GHAOS + DIALIGH: menual 1

ol

E;L:J, and information about consstencyof the fragment (cons of 1ncons)

Anchor points produced by CHAOS:

Anchor poinis produce by CHAOS are panted in the following format:

[E R
o
&
B

higher-sconng anchors

This is PHYLIP tree format:

3255%) 20121

Trees can be using the P

Back to CHAOS/DIALIGN submission form.

For each fragment, the file specifies the involved sequences (==q:}, the starting positions of the fragment in these sequences (peq:), the
). the weighi score of the fragment {woc:), its overiap weight {-1w:), the fierabion step during the program in which the fragment has

The first bwo entries are the sequences in volved, enines 3 and 4 are the starting points in the respeciive sequences. EnkySssﬂ‘nelﬂ)gﬁmf
segment pair, and the last entry is a quality score calculated by CHAOS. This is used o prionitize anchor poinis in case
In this case, mchcls\«lhhghsmresaraacceplsdfxsiax#x«smhbmwmasammedmﬂyﬂﬂeymwsﬁl&nlmﬂt!hep{

07 ined in the PHYLIP software package

N E—
EN=-NCEaa]

New T35 |

% CHAOS + DIALIGH: manwal 1

al

Fragment file returned by DIALIGN:

1) seq: 2 3 B lea: 2.0 7 1
2) seqz: 1 2
3) se@: 1 2
&) seq: 1 2
5) sc@: 2 3

the wewghl score of the fragment (we=:), its overiap weight
. and information about consisfency of the fragment (cons OF 1ncons)

‘Anchor poinis produced by CHAOS:

Anchor points produce by CHAOS are panted in the following format:

12 178 265
12z 238 325
12 75 162
12 7 <
13 302 289
13 348 333
13 174 146

The first two enlries are the sequences in volved, enlries 3 and 4 ase the siarfing points in the

higher-scofng anchors.

This is PHYLIP tree format:

The fragments (aligned gap-free segment pars) used by DIALIGN fo assemble the alignment are retumed in the following format:

For each fragment, the fie specifies the nvoived sequences (seq:), the stariing positions of the fragment in these sequences (beg:}, the
the feration step dunng the program in which the fragment has

respeciive sequences. Enlinls!heleDgﬂmf
segment pair, and the last entryis a quality score calculated by CHAOS. This is used to priositize anchor pointsin case
In this case, mm@mmmmmmmmma&wwﬁMHemimtmm

¢ TreeView - [tree txt]

jHe Et Syl Tree Window Heb
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