CmpSpots - 2D Spot Pairing
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Overview

CmpSpots is an open-source Java 2D quantified spot pairing
program for matching spots between two lists of spots from
2D data samples.

“Spot” data could be from 2D electrophoretic gel images, 2D
LC-MS peptide clusters, or compatible data source, etc.

There may be different numbers of spots in the two samples
Implying missing data or N:1 or 1:N spot matching.

CmpSpots is a step [4] module in the pipeline analysis for the
Open2Dprot project.

Spot data may be used from the Open2Dprot Seg2Dgel 2D
PAGE gel spot quantification program or compatible sourge.



Overview - Continued (2)

e Input spot lists are read from Sample Spot-list Files (SSF)
XML (or tab-delimited) files and paired-spot lists are
generated in XML, tab-delimited, or human readable formats
as Sample Comparison Files (SCF).

 Uses a sample description experiment “accession” database
listing the gels to be used and their region of interests. This
DB will be replaced with a MIAPE compliant XML database
format and a tool added to Open2Dprot.

 Uses a set of predefined landmarks between the sample gel
and a reference gel from a landmark database. This DB will
be interactively defined as an XML DB in the future using a
new Open2Dprot tool.



Overview - Continued (3)

The program may be run either interactively (-gui) with a
graphical user interface (GUI) or under an OS shell command
to implement batch (-nogui).

Run-time options are specified as Unix-style command line ‘-’
prefixed input switches so the program is also usable under
batch. These may be set by an Options Wizard window.

In the GUI version, after the spot pairing is finished, the user
has the option of interactively viewing the paired spot data
generated by the spot pairing with the Image Viewer window.

Web site contains documentation, downloads and examples.



Algorithm (1)

. Three parameters are required: thrSP and thrPP the
maximum distance between warped putative spots for them to
be labelled as Sure-Pairs and as Possible-Pairs; number of
alternative landmarks to check when doing secondary pairing.

. Two input spot lists are read from XML files for a Reference
sample and the sample being matched.

. The landmarks for these samples area read from a landmark
database and landmarks effective radii computed.

R, = 1/2 Min( distance(Lm,, Lm_))

for all landmarks k,m where k not m

. Spots are assigned to closest landmark as landmark sets, as
well as noting their next-nearest landmarks.




Effective Radil of Landmarks

Estimates of spot pairs within landmark radii are more reliable

A is closest to B

B is closestto C

Cis closestto B

Radius Ri =
0.5*min( distance(LMi, LMj) )
for all LMi,j where i NEQ j




Definition of dP - distance between spots in a pair

The distance between paired spots Is dPy; and Is
computed after the two spots (s,;,S,;) are mapped to
(S'11,8") In the same sample space relative to landmark k.

dP; = [S'3i-S'yl.
® Sy
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Definition of dL - distance from a pair to it's landmark

The distance between a spot-pair and the landmark is dL;
and Is computed after the two spots (s,;,S,) are mapped to
(S'11:8") In the same sample space relative to landmark k.

dL,,; = distance(LMk,s’;),
dL,,; = distance(LMK,s’,),

® Sy

A
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Algorithm (continued) (2)

5. For each landmark, spots are optimally paired between the
corresponding landmark sets:

a) mutually-paired spots |,] assigned sure-pair (SP) labels if
(dPy; <= thrSP) and (dL;<=R,).

b) mutually-paired spots assigned possible-pair (PP) labels if
(dPy; <= thrPP) or ((dP; <= thrSP) and (dL,;> R,)).

c) N:1 or 1:N paired spots assigned ambiguous-pair (AP)
labels if N spots in one sample pair with 1 spot in other
sample.

d) Unresolved Spots (US) are what remains unpaired.
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Primary Pairing Cases

Case

] US
SP
PP
PP
PP
PP

o U b W N R

AP’

IS unresolved spot (no dP),

IS dL <= R, and dP <= dTsp,

Is dL >= R, and dP <= dTpp,

IS dL <= R, and dP >= dTsp and dP <= dTpp,
Is dL >= R, and dP <= dTsp,

IS dL >= R, and dP <= dTpp. For the other spot
Is dL' >= R, and dP' <= dTpp and dP' >= dP
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Primary Pairing Cases
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Algorithm (continued) (3)

6. Secondary spot pairing can be used to further resolve AP and
US labels in adjacent landmark sets into SP or PP labels
which are then placed in either of the two sets. There are four
cases: (a) two unresolved spots (US and US), (b) two
ambiguous pairs (AP and AP), (c-d) one ambiguous spot (AP)
and one unresolved spot (US).

If the new spot pair is better than its previous pairing, it is
upgraded to a SP or PP pairing label and is put into
whichever landmark set has the smallest dL for the putative
pair.

/. The data is then saved in a SPF output file for further
processing by other programs such as the Open2Dprot
database builder.

13



Secondary Pairing Cases

A second pass is optimizes the spot pairing to further resolve AP and
US labels in adjacent landmark sets into PP labels that are then placed
In either of the two sets.

There are four cases (see Reference Manual for detalls):
(a) two unresolved spots (US and US),
(b) two ambiguous pairs (AP and AP),
(c-d) one ambiguous spot (AP) and one unresolved spot (US).

The new spot pair is upgraded to a SP or PP pairing label and is put
Into whichever landmark set has the smallest dL for the putative pair.

Each landmark set is tested. Each spot has a list of adjacent

landmarks, so these are tested to see if pairing can be optimized for
that spot. H



Secondary Pairing Cases

USa USh

a) New PP > LMb

b) New PP ‘

Apa+APb p LMb

USh

‘ c) New PP ‘ LMb
Apa+USb
d) New PP ‘ LMb

Usa+APb
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Downloading and Installing CmpSpots

* You may download the pre-alpha version and install it on your
computer from the Web site.

e Currently, CmpSpots is hardwired to start with the demo gel
and with the -gui switch. However, you can override this with
the Edit options popup wizard.
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Installing CmpSpots on your computer

) Version 0.0.4-pre-Alpha - Cmp5pots application for pairing spot lists [InstallAnpwhere Web [ [=] B3
. File Edt Wiew Go Bookmarks Toolz Window Help
O O O O | % fies/C0penzDpiis | [(Go ) [C Search | Q._“_go @
5
Version 0.0.4-pre-Alpha - CmpSpots application
for pairing spot lists
Recommended Installation for Your Platform:
i Start Installer for Windows... | ¥ Include a ¥ in download
nstaller created with InstallAnywhere” by Zero G Software, Inc. Copyright 2004, www ZeroG.com
Available Installers
Platform includes JavaVM without JavavM Instructions
> # Windows Download (18101 Download (6.5M) Wiew
Mac 05 X Download (6. 1M) Wiew
BT Solaris Download (6.1 View
A Linux Download (2350 Download (6. 1h) Wiew
@ B Ef% @ B Lpplet com.zerog.ia . download ebinstaller&pplet started ﬂl[-‘:é“ i




CmpSpots Report Window

File Edit Yiew Pair Help

=10] x|

Today's date is 08/05/04 17:11:
demelemly gal —HI-
4T1= 5.00, drz= 1

Bample Pairs File is: _=pf from gel-HM-019 and gel-HM-071

Distance sising limits:
Smitches: -thr3P: § -thrPP: 10 -prejDir: demesf -o=
Peading acces=ion databa=e file: demelmmlhacce=s=ion:
Feading landmark database file: demoizmllandmark.txt
Feading Berample file: demolseml’ gel-HM-019 scml
Feading Bample file: demelsmmll gel-HM-071_xml

Zpet lists paramstzrr and stavistics

Ezample Window [14:475,74: 505] (pixel=) [rows,cels]=[E1lE,51E8] PixelFizaly
WbrSpots=20l5 HbrSpotsFrime=333 NbrlpotsOmitted= 1lO5Z
TotJdanplelensity=61294.00 TotJampl eDen=sityFrime=12Z72.00 TotdmittedDensicy=113.
TotSampledrea=l175Z TotSanmpledreaPrime=76350 TotSampledreadmitted=23119

Sample Windeow [12:475,.73: 505] (pixels) [zows,col=]=[51Z,51Z] PixeldizeMiczon==0.00
HbrBpots=2122 Mbripot=Prime=£142 Nbripot=Omitted= 0

TotSampl elensity=69154_ 00 TotSamplelen=ityPrime=27056_ 90 TotOmittedDens=ity=0_00
TotSampleirea=z4378 TotSampledreaPrime=128268 TotSampledrealmitted=0

Bample pairs thresheld siming parameters

e qel-HM-019 -sample:gel-HM-071 -gui -spfFarmal

Al

nterface in -gul mode

N

Threshold Bure-Fair [8F) =ising limit, thr3F: §.0 [pixels]
Threshold Possible-Pair [FP) sising limit, thrPP: 10.0 ([pixel=s]
Wurber of alternate landmark sets to check: 1

Pull-down menus

Summary:

of paired-spot statistics

Ezample ha= 933, Sample 2142 =pot= in all landmark =ets=_
&fvazr Inivial pairing:

wE 52

3P 4z

PP l0Zs
&P TAE
CF 0

EF 0

Report window

text

O.S(FFH+PRI/ [ |1G1] MIN |GZ|)=65.05%

After =mecondary pairing:
Uz @24
3P 242
PP 1082

Commapd buttons

&P 157
CP 0
EF 0

After =econdary pairing: O_5(SP+PP)/ [ |G1l] MIN [GZ]|1=71.0%
mean 4P (SPHPP1=4.66, mean AP '((|GL|+|GZ |1/ (SP+PP)I=5_29

List of image file= and generated files

Input Brawmple pix £ilas
Input Fample pix £file
Input Brample 35F £ila
Input Jample 35T file
Qutput SPL file

[deme ppxt gel -HM-019 . gif]
[deme ppxt gel -HM-071. gif]
[demelmmll gel ~HI-019 .xml ]
[demohxmll gel “HM-071.xml |
[demchxmlY gel “HM-071.=p£]

TIRISHED! The Sample Faiz=s Tile (SFF),
Fun time =0:0:3 [(H:M:3] or 2.0 seconds

i= demolzmll gel -HM-071l.=pf

Finizhed pairing gel-HM-019 with gel-HM-071.
Output BPF: demclzmllgel -HM-071.=pf

1] |
Clearl SaveAsl Stop spat gairing

Done Edit options Pairspntsl Imageviewerl Clusel

|
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CmpSpots Report Window

File Edit Yiew Pair Help

=10] x|

Today's date is 08/05/04 17:11:
demelemly gal —HI-
4T1= 5.00, drz= 1

Bample Pairs File is: _=pf from gel-HM-019 and gel-HM-071

Distance sising limits:
Smitches: -thr3P: § -thrPP: 10 -prejDir: demesf -o=
Peading acces=ion databa=e file: demelmmlhacce=s=ion:
Feading landmark database file: demoizmllandmark.txt
Feading Berample file: demolseml’ gel-HM-019 scml
Feading Bample file: demelsmmll gel-HM-071_xml

Zpet lists paramstzrr and stavistics

Ezample Window [14:475,74: 505] (pixel=) [rows,cels]=[E1lE,51E8] PixelFizaly
WbrSpots=20l5 HbrSpotsFrime=333 NbrlpotsOmitted= 1lO5Z
TotJdanplelensity=61294.00 TotJampl eDen=sityFrime=12Z72.00 TotdmittedDensicy=113.
TotSampledrea=l175Z TotSanmpledreaPrime=76350 TotSampledreadmitted=23119

Sample Windeow [12:475,.73: 505] (pixels) [zows,col=]=[51Z,51Z] PixeldizeMiczon==0.00
HbrBpots=2122 Mbripot=Prime=£142 Nbripot=Omitted= 0

TotSampl elensity=69154_ 00 TotSamplelen=ityPrime=27056_ 90 TotOmittedDens=ity=0_00
TotSampleirea=z4378 TotSampledreaPrime=128268 TotSampledrealmitted=0

Bample pairs thresheld siming parameters

e qel-HM-019 -sample:gel-HM-071 -gui -spfFarmal

Al

nterface in -gul mode

N

Threshold Bure-Fair [8F) =ising limit, thr3F: §.0 [pixels]
Threshold Possible-Pair [FP) sising limit, thrPP: 10.0 ([pixel=s]
Wurber of alternate landmark sets to check: 1

Pull-down menus

Summary:

of paired-spot statistics

Ezample ha= 933, Sample 2142 =pot= in all landmark =ets=_
&fvazr Inivial pairing:

wE 52

3P 4z

PP l0Zs
&P TAE
CF 0

EF 0

Report window

text

O.S(FFH+PRI/ [ |1G1] MIN |GZ|)=65.05%

After =mecondary pairing:
Uz @24
3P 242
PP 1082

Commapd buttons

&P 157
CP 0
EF 0

After =econdary pairing: O_5(SP+PP)/ [ |G1l] MIN [GZ]|1=71.0%
mean 4P (SPHPP1=4.66, mean AP '((|GL|+|GZ |1/ (SP+PP)I=5_29

List of image file= and generated files

Input Brawmple pix £ilas
Input Fample pix £file
Input Brample 35F £ila
Input Jample 35T file
Qutput SPL file

[deme ppxt gel -HM-019 . gif]
[deme ppxt gel -HM-071. gif]
[demelmmll gel ~HI-019 .xml ]
[demohxmll gel “HM-071.xml |
[demchxmlY gel “HM-071.=p£]

TIRISHED! The Sample Faiz=s Tile (SFF),
Fun time =0:0:3 [(H:M:3] or 2.0 seconds

i= demolzmll gel -HM-071l.=pf

Finizhed pairing gel-HM-019 with gel-HM-071.
Output BPF: demclzmllgel -HM-071.=pf

1] |
Clearl SaveAsl Stop spat gairing

Done Edit options Pairspntsl Imageviewerl Clusel

|
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Option Wizard to Edit Command Options

e The user may modify the command line switch options using
the Option Wizard by pressing the Edit Options button.

 You may save the new options in a "CmpSpots.properties" file
In the current project directory .

 The new options are then used as the new default switch
options in subsequent running of CmpSpots.

21



CmpSpots Command Optlons Wizard Window

i22 Enter sample image and select switch options

Change the startup parameters, then press 'Set new options' button to zave them. i

4t that point, wou can presz'Pairspots’ to pairthe Rsample and Sample with *
the new parameters. rou may alse enter news Rzample and Sample data file names ‘ :O m m an d h el p

andfor edit awitch options and threshold sliders.

=

. —
[T -accessionFile accession

P

[T -altLandmarks

-commutativelLMS - En able SWitCheS

-czamplePrimeData

nate landmarks: 1

-debugBits

Parameters

EU I . |

-demo

-histGUI .-
] 3
. XTT

-inputFarmat

<

landman

enLangmGans — Max latch landmark threshold {pixels): 6.0 Change Or Set
ponarivensy | Input Spot lists file browsers parameters for

-landmarkFile

U B

r
[~ -prajDir  Project directory Browse dir | demot / th e n eXt ru n .
[T -propettiesFile  Properties file Browse ﬂlel y 4 b
W -rzample Rsamplefile  Browse file |[ geHM-013
gel-HM-071

W -zample Samplefile  Browse ﬂ'el Max SP distance threshold (pixels): 5.00
¥ -spfFormat [ 'I .

F
¥ -secondaryF|G S 1 h h 1

T witch choices
[ -ssfoi
¥ -thrgFP 5o ‘ 3
7 -thrPP eee
[~ -tirner - Max PP distance threshold {pixels): 10.00

[T -unCarrectedDensity

[T -update |program 'I

Threshold sliders

22
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Image Viewer Window

Interactively view the spot pairing results overlayed on the
original images using the Image Viewer.

Select spot to examine the features of the spot-pair.

View (landmarks, pairing-labels, spot-pairing vectors,
landmark radii) as overlays.

View subsets of above for currently selected landmark.

Dynamic histograms spot-pairing statistics (dP, dL, pairing-
labels, LM set size) features.

Filter by pairing-labels and/or histogram features.
23



Data used in the following examples

Rsample (G1l=Leukemia-AML*) has 933 in all landmark sets,
Sample (G2=Leukemia-ALL*) 2143 spots in all landmark sets.

After Initial pairing:
US 853
SP 242
PP 1028
AP 792
CPO
EP O
0.5(SP+PP)/(|G1| MIN |G2|)=68.06%

After secondary pairing:
US 834
SP 242
PP 1082
AP 757
CPO
EPO

After secondary pairing: 0.5(SP+PP)/(|G1| MIN |G2|)=71.0%
mean dP(SP+PP)=4.66, mean dP'((|G1|+|G2|)/(SP+PP))=8.39

*Data from CmpSpots demo database
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Image Viewer - no overlays, no spot filters

& Seg2Dgel image [Rogel] 07/28/04 14:14:48
File “iew Filter Histogram
[Bgel] ==207. =r=ET6

=13l x|
[—

Berel [gel-HM-019] CCH=5ES xC=207 wC=E76 D'C=0.00 AreaC=44 AMin=1.Z& dMax= 0.Z4
pair-label [FF] best-paized-CCf=1052 4P=g_g4 JdL=2Z.02
=4%=1_69 =4¥=1_64 =d4¥=1.29 =X¥=1_.29 in LM[I] n-n-LM1[E] nextLMBccf=525

Fel [gel-HM-071] CCHE=L082 xC=&30 $C=f§7 D'C=0_00 AreaC=72 dAMin=Z.:39 dMax=0.45 A
e +—___| Spot-pair selected for
reporting. Spots from spot
lists are blue boxes.

Spots in database are light blue

| -~

Histogram of Dist: in spat pair

Freguency
oD 1
oE ]
& W w20
® 2. ]
- T CHEN
+H g ., ,pu---. ]
e hr‘ '"I'I""I""I""I""I
o . 0.00 s 10.00
2 *| Histogram of paired-spot oena Bt mspetalt
. Data range [0.00:10.00] pixels
ot data (discussed later) Freguency range 0:340]
& o

W Mean [1.52] pixels
B Median [0.98] pixels

’_Ij Maode [0.74] pixels
1 | | 4 Active histogram hin ['not selected] 25

|Rge| ﬂ |Dist in =pot pair j [ Filter by LM set [ Add Image [T Addvectors [ Add labels W Add LM names [ Use drag  Save image | Close |
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Image Viewer - landmarks

& Seg2Dgel image [LMs Rgel] 07,/28,/04 14:24:53 - |EI|5|
File ‘Wiew Filter Histogram

[LM= Bgel] ==221, w=1&L d

Landmarks
T
+h
]
& .y
a8
+ o P L
- |

<

- —
-

| i

E
Frequency | .
a5
170 '_ .
e

0.

[ ] .
a ® F
LN

S.00
Data [Dist: in spot pait]

Data range [0.00:10.00] pixels
Fregquency range [0:340]

Mean [1.52] pixels
median [0.98] pixels
Mode [0.74] pixels

Active histogram hin [not selected]
||_ru15 Roel j |Dist: in spot pair j v Filter by LW set [~ Add Image [T Addvectors W Add labels W Add LM names [ Use drag  Save imaoe | Close |

10.00
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Image Viewer - landmarks and their effective radii

& Seg2Dgel image [LMs Rgel] 07,/28,/04 14:24:53

=10] %
File ‘Wiew Filter Histogram
[LM= Bgel] ==221, w=L&L d
Landmarks and
their radii Ri
[~
Histogram of Dist: in spat pair

: ®® Fre

Radius Ri =
0.5*min( distance(LMi, LMj) )
for all LM I,j where | NEQ |

-

4 | |_’|_

|Lru15 Roel ~| |Di5t: inspotpair | ¥ Filter by LM set I Add Image [ Addvectors I Add labels W Add LM names [T Usedrag  Save image | Close |

T L e S I e ey s |
0.0o 5.00 10.00

Data [Dist: in spot pair]

Data range [0.00:10.00] pixels
Freguency range [0:340]

W Mean [1.52] pixels
W Median [0.98] pixels
Mode [0.74] pixels

Active histogram hin [not selected] 27




Image Viewer - labels overlay, no spot filters

& SegzDgel image [Rgel] 07,/28,04 14:14:48
File Wiews Filter Histogram

=10 x|

[Fgel]l ==207, w=Z76

Biz=l [gel-HM-019] CCf=5E8 xC=E07 wC=276 D'C=0_00 AreaC=44 AMin=1_&% dMax= 0.Z3

pair-label [FF] best-paired-coff=1052 4dP=z_ 74 AL=32&_0F
=d¥=1.67 =d¥=1_62 =d4%=1.39 =XT=1.29 in LM[I] n-—rn-LM1[E] nextLM3ccff=525

[gal-HM-071] CCH=1052 =mC=£20 wC=g§7 D'C=0.00 Ar.aC=773 4dMin=f.z9 dMax=0._45
pair-lahbel [FF] hest-paired-tt#=528 AP=Zz_ 4 AL=2Z.0zZ
=dN=£ .47 =d¥=£_47 =dXV=£.1l in LM[I] n-rn-LM[Q] rxtLM3ccf=1057

™~

Spot-pair selected
for reporting

-
5 W
B e "Puz o,
P E P
sﬁgﬂpp.ﬂ.pppp . !
P p PP
_I‘ ql]I pp l p
P e S
pﬂ' B
p

p E L
e
P 5 Eﬁp a] - P
P P
ppP =P i o
W Mean [1.52] pixels
B hMedian [0.98] pixels
2 Mode [0.74] pixels

| Active histogram bin [not selected] 28
|R'ge| | |Dist: inspotpair | [T Filter by LM set [~ Add Image [ Addvectors [V Add labels B Add LM names [~ Use drag  Save image | Close |




Image Viewer - labels and landmarks radii overlays

% Seg2Dgel image [Rogel] 07/28/04 14:30:38

. =10l x|
File view Filter Histogram

[Bgel] ==247,. =212

Brel [gel-HM-019] CCH=6l6 xC=247 wC=212 D'C=0.00 AreaC=65 dMin=1.2% dMax= 0.12
pair-label[3F] best-paired-CCH=12&0 JdP=0_00 4L=0_00
=dX=F_ 40 =4¥=1_.63 =d4¥=1_68 =X¥=1.65 in LM[F] n-n-LM1[Q] nextLM3ccf=620

Gal [gel-HM-071] CCE=LEE0 xC=273 pC=i53 D'C=0.00 AreaC=50 dMin=2.77 dMax=0.45 Label | ed Spot pal rS
pair-labkel[3F] best-paired-CCf=£1l& dP=0_00 4L=0._00 ..
=AN=1.97 =d4¥=1.97 =dX¥=1.77 in LM[P] n-n-LM[Q] nxtLM3ccf=12&7 an d Ian d m ar kS rad I I

|:-
1
P
E

&p
B
B
P

o

P ppP e A p
| | e N o - o
bl Mode [0.74] pixels
| _’l_ Active histogram hin ['not selected] 29

|Rge| ﬂ |Dist in =pot pair j [ Filter by LM set [ Add Image [T Addvectors | Add labels W Add LM names [ Use drag  Save image | Close |




Image Viewer - labels overlay, current landmark set “P”
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Image Viewer - labels & radius overlay, landmark set “P”
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Image Viewer - vector difference overlay, no filter
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Image Viewer - vector overlay, landmark set “V”
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Image Viewer - labels &radius overlay, landmark set “V”
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Image Viewer - landmark sets “A, B, C, D”
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Image Viewer - histogram of pairing features
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Image Viewer - spot-pairs filtered by dP, dist. Between spots
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Image Viewer - spot-pairs filtered by dL, dist. LMs to pairs
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Summary

« CmpSpots Iis an open-source 2D spot pairing
Java program freely available at
http://open2dprot.sourceforge.net/CmpSpots

« Useful for pairing “spots” in 2D samples (such as
2D PAGE gels, 2D LC-MS and other images with
similar types of data).

* |t may be used as one of the step [4] alternative
modules in the analysis pipeline in the
Open2Dprot project at
http://open2dprot.sourceforge.net
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