IMAGE-PRO

IHocoTiK1) avdAivoen cuveVTOTIGHOV POOPLOYPORATOV
Quantitative colocalization analysis

H avédlvon ovveviomopuod oe TOAVYPOUATIKEG €IKOVEC UIKpooKomiog @HoplGHov
Baoiletor oy pelétn mapovciog oNuatog dtapopetikod @opiopod oto idto pixel mg
ymoekng ekovog. Oa mpémel vo AapPavetar v’ oyy 0Tt  emPePainon cvvevtomiong
TOV OVILYOVOV TTOV UG EVOLOQEPOLY OV amoterel amOdElEn NG AELTOLPYIKNAG TOLG
oYE0TG.

Mo mwopdderypa 1 GLVEVTOTION TPAGIVOL Kol KOKKIVOU (OOPIGHOL OV TPOEPYETOL OO
ONUOVOY SLLPOPETIKAOV avVTIYOVOV aviyvevetal pe 3 ewoves. 1) o pe @bopiopd oto
KOKKIvo, 2) o pe @Bopiopd 610 mpdovo kat 3) pio cLVOLOOUEVT], OTOL To!
emkolvmtopeva pixels paivovrot kitpva.

To Aoyopikd mov ypnowomolovpe vroroyiler mocotikd to Pabud ocvvevtomiong,
epapuolovioc alyopOpovg oty meployn evotapépovtoc (ROI=region of interest) ot
TapayeL Evav aplipd GLUVTEAESTAOV.

H xatavoun tov pixels pmopei va ontikonombel oe 2D okedaotikd didypappa (eucovo
1).

Scatter gram Scatter gram Scatter gram
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Green Green Green

Ewova 1. [Mopadeiypoto TV OKESUCTIKOV SLOYPOUUATOV TTOV TPOEPYOVIOL OO TO
AOYIGHIKO avAADONG GUVEVTOMIONG Kol OElYVOLV TIC SLOPOPES GTNV KOTOVOUT TV Pixels
ot ekoveg mov peremnkav (A—C). To emdeyuévo (evydapt ntov koékKvo-tpdoivo. Ta
emkolvmtopeva kitpvo pixels Bpiokoviar oty doydvio. Xto didypaupoe C mapatnpeiton
0 HKpOTEPOS PaBOg cLVEVTOTIONG.
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I poKTIKEC 00N YIEC Y10 LEAETEC GUVEVTOTIONC

1. Xoot eTopocio Tov deiypatog 6To 0m0io emBupovpue va pereTiioovpe mOavi)
GUVEVTOTLGT 000 UVTLYOVOV:

- Ilpocoyn @ote ta emAeypéva OOPLOYPOUATO TOV YPTGLUOTOOVUE VO £XOVV KOAN
S OPIGUEVO PACUATO EKTTOUTNG KO OToppOPN oG,

- Xpnon avTicoUdTeV He DYNAN EW01KOTNTO Y10 T0, GUYKEKPLUEVO AVTIYOVO KOl 0ITovGio
Cross reactivity.

- Xtafepn yprion vAkob otabepomoinong (mounting) (w.y. Mowiol, cityfluor etc) ota
delypotd pog, kabmg umopel aAAayn TOL LMKOL Vo EMNPEAGEL TO EMMESO TOL
background @Bopiopov.

- KaBopiopdg tov 1060600 T0UV 00TOPOOPIGHOV, [LE XPNOT U CNUACUEVOV OELYLATOV
oG UapTLPEC.

2. Zooti Myn kKo enelepyacio EIKOVOV:

-Qa mpémel vo amoevyeTon M ANyn ewoévov pe évtovo eBopiopd M vymAd contrast,
KaO®OG oV TO PIopel Vo 09N YNGEL GE KOPEGLO TOV GTUATOG.

- Na amo@evyetatl | tavtdypovn Aqyn eikovev, aAld 1 yprion tov sequential scanning.
Avto Bonbd vo ehayrotomombei to bleed-through effect.

- Katd v anobnkevon g ewkovog, va emiéyovpe to TIFF format (amofnkevon cav
JPEG, PICT, BMP, 0dnyel o€ andAeia S£50UEVOV TG YNOLOKTG EIKOVAG)

- Noa amopegvyeton mptv 1N PEAETN NG ovvevidmong, n enefepyosio g €kOvog pe
npoypaupoto onmg to Adobe Photoshop.

3. Ilepropropoi oTIg E1IKOVEG TOV GLAAEYOVPE PHE TO PIKPOOKOTLO KOt 1) ONpocia TNG
d10pOBmong Tov Background:

To mpdPAnpa Katd ™ ANyn g ewovag eivar Tt cuyvd umopel v vIEapyel LYNAOG
Bopvpoc (background), mov va @tavetl émc kat to 30% tng péyiotng évraong eOopiooD.
Mo to Adyo awtd, Tptv yivovv ot HETPNOELS Yo T GuveVTOmion Tipémel va d1opBwbei o
BopvPoc TV eikovoVY. Av ot gikoveg Exovv Anebei pue to Olympus Cell R cvotuoa, 1o
Loywopiko Cell R mapéyel  duvatdmro agaipeong/d1opbmaong tov background.

To Prpa avtd glvor moAD onuovtikd Kot ennpedlel o€ peydio Pabud 10 amoTEAEGHO TOV
VTOALOYIGLOV TMV GUVIEAEGTMV GUVEVTOTIONG.

4. Inpacio g peioong g emkdioyng (Cross-talk) Tov paoparov Tov
o0oproypopdtov:

‘Eva epnddio otov a&l0meTo VTOAOYIGHO GUVIEAEGTAOV CLVEVIOTIONG gival 1 emkdAvym
TOV QACHATOV TOV @oploypoudtev. Avtd uropel va peiwbel pe epapuoyn sequential
laser scanning oto cuveotlokd pkpookomio. To Sequential scanning Bondd ot peimon
NG EMKAAVYNG LE O1EYEPOT KADE YPWOTIKNG YMOPLOTAL.
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2V TEPINTOOT TOL £(0VUE GVAAEEEL EIKOVEG e PIKPOGKOTIOL PHOPIoHOD gVPEmS TTESTIOV,
UTOPOVUE VO, EPOPUOGOVLE TO AOYIGUIKO Yio DOGUOTOGKOTIKO dtoy®mpiopd eBoptlovcmv
ovcl®v (Spectral unmixing).

5. ZUVTELEOTEG TTOV (P CLUOTOLOVVTOL YL TNV EKTIUNGT TG GVVEVTOMIONG:

H ovvevtomion 600 pBoproypopdtov propet va aloloyndel mocoTikd xpnoIHLOTOLOVTOG
alyop1Buovg, Tov vroAoyilovv Tovg E1G CLVTEAECTEG:
e Pearson’s correlation,
Manders’ overlap,
ouvvevtomiong Ml kot M2,
ovvevtomiong M1 ko M2,
overlap k1 ko k2

Ot ovVvTELEDTEG QVTOL YPNOLUOTOLOVV OAPOPETIKEG TPOGEYYIGELS Y10 VO VTTOAOYIGOLV TN
GULVEVTOTIOT| Kot £X0VV SOPOPETIKY gvalcOncia Kot EpapLoyn.

O ovvteieoTiic cvoyétiong Pearson (Pearson’s correlation) sivotl évag amd tovg mo
oLYVE YPNOLUOTOLOVUEVOLG OAYOPIOOVG Y10 VO TEPLYPAYEL TN CLGYETION KATOVOUNG TNG
évtaong eBopiopod oe drapopetikd kavaio (channels). Ot tuéc mov maipvovpe yio. Tov
ouvtedeot] avtd Kvpaivovtol peta&d —1.0 xor 1.0, émov to 0 dev deiyvel onuovTiKy
ovoyétion, kot 1o —1.0 delyvel TANpwg apvntik) cvoyétion. Eviovtolg, ot apvntikég
TéG oto Pearson’s correlation coefficient, 0o wpémel va epunvedovtot ToAd TPOGEKTIKA.
Edv m Tty oto Pearson’s correlation coefficient eivar >0, xoAd 6o Mrav va
ypnowonomoovpe to Manders’ overlap coefficient ywo ™v oa&lordynon tov
QTOTEAEGLATOV LLOG.

O _ovvrelestiig Manders’ overlap deiyvel Ty emkaAvyn TOV GNUATOV KOl ETOUEVMG
avTITPOoo®TEVEL TOV aANOvo Paduod g cvvevtomiong. Ot Tpéc kopaivovtor amd 0 ewg
1.0. Eav o ewcova éxel ovvteleot Manders’ overlap 0.5, awto deiyver 6t o 50% tov
pixels emkaivnTovral. Mia tiun 0 onpoivel 6Tt dev vdpyovy emkoAvmTopeva, pixels.

O ovvrereoTéC cLVEVTOTTIONS M1 KO M2 TEPLYPAPOLY TI GLUVEIGEOPA KABEVOS Ao To.
dvo emAeyuéva @Boploypopata (channels) oto pixels mov pag evdwapépouvv._Ia
TOPAOELY IO, €AV TO KOKKIVO-TpAotvo (ehyog KovoAdv eivar emheypévo kot tao ml ko
m2 eivar 1.0 xoar 0.2, avtiotoyyo, ovtd onupoivel 6Tt Olo ta KOKkva pixels
ovvevroniCovtal pe ta mpdova pixels, oAkd poévo 1o 20% twv mphowvov pixels
ovvevtoniCovtor pe o kokkva. H tyun 1.0 kot yuo ta 000 Kavaiio vmodeikviel TéeLo
GUVEVTOTLON).

O ovvrereotéc ovvevromons M1 kor M2 eivor movopotdtumot pe too Ml kot M2, aAld
eQapuolovToL yio TV avaivor oKedaoTIKOV dlaypapudtov (scatter gram ROI):

O\ ovvreheotéc overlap K1 kor k2 Swoywpilovv v Tiun ¢ cvveviomiong oe £va
Levyog Eeymprotdv mopapétpov. EEaptdvrol and ™ cvvollky évtactn tov eOopiopov
oTo 000 KavaAlo Kot eivor evaicOnTol 6 S1apOopEG OTNV £VIACT] TOV GNUATOV.
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XYNOITIKA XXETIKA ME TOYXZ XYNTEAEXTEX XYNENTOIIIXHX

210V Tivaka OoIVETOL 1 GUYKPLOT TOV GUVIEAECTMV. XTIG TEPICCOTEPES MEPUTTMOELS, O
ovvteleotng Pearson’s correlation diver kold amoteAéouata. Evtovtolg, €dv 10 £va
avILyovo €xel onuavel kaAvtepa amd to GAro, tote B mpémer va ypnoywomoindel o
ovvteleotng Manders’ overlap.
IT.y. umopei o cvviereatng Pearson va givan 0.88, o cvvteleatng Manders va givor 0.92,
ol oVVTEAESTEC ovuvevtomiong Ml kor M2 va eivan 0.97 won 0.99, avtictorya, kot ot
ovvteleotég overlap kK1 kot k2 vo givor 1.24 xou 0.68, avrtictoyo. Avtd ta m0c00Td
delyvouv OTL LTAPYEL GLVEVTOTIOT).

Table 1.

Brief comparison of coefficients used to estimate colocalization with their meanings, ranges of values, and wse

CoefTicients

Meaning

Values

Use

Pearson’s correlation coefTicient
[19].

Describes the correlation of the
intensity distribution between

channels [5, 20].

From—1.0 w 1.0; (0 indicates no
significant correlation and —1.0
mdicates complete negative cor-
relation.

Can be used in any colocalization
experiment.

Overlap coefficient according to
Manders [19].

Indicates an actal overlap of the
signals, represents the rue degree
of colocalization [3, 20].

From 0 to 1.0; 0.5 implies that
50% of both selected channels
colocalize.

Can be used inany colocalization
experiment, especially applicable
when fluorescence of one antigen
1s stronger than of the other.

Colocalization coefMicients ml
and m2 [34].

Describe contribution of each one
from two selected channels to the
pixels of interest [3, 20].

From 0 to 1.0; m1 and m2 of 1.0
and 0.2 for red-green par imply
that all red pixels colocalize with
green, but only 209 of green
pixels colocalize with red.

Can be used inany colocalization
experiment.

Colocalization coefTicients M1
and M2 [5, 20].

Identcal to ml and m2, but
applied to analyze scatter gram
ROI[3, 20].

From 0 1o 1.0; ml and m2 of 1.0
and 0.2 for red-green pair imply
that all red pixels colocalize with
green, but only 20% of green
pixels colocalize with red.

Can be used in any colocalization
experiment.

Overlap coefTicients k1 and k2
317

Split the value of colocalization
into the two separate parameters,
allows to determine the contribu-
tion of each antigen to the areas
with colocalizaton [3, 20].

Vary.

Can be used in any colocalization
experiment.

(Zinchuk V. et al, 2007)
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IMAGE-PRO:

1. YTOoAOYIGUOC TMV GUVTELEGTOV GUVEVTOTIONC
(Colocalization co-efficients)

AuAd khk oto image-pro plus oto desktop

File — open — avoiyovue v ewévo

Window — hide/show tool bar

Emiéyovpe gite oAOKANpN TV €koOva gite kdmowo and to. AOI (area of interest)
n.y. Irregular AOI

Measure — co-localisation — avoiyet to mapdBvpo co-localisation analysis. To
Tapadvpo mepLEYEL TIG EENG EMAOYEG:

1. CREATE GRAY CO-LOCALISATION WITH FREQUENCIES
2. CREATE COLOR CO LOCALISATION

3. CREATE 3-D VIEW OF COLOR CO-LOCALISATION

4. CALCULATE CORRELATION BETWEEN IMAGES

Mmnopovpe va emiéEovpe to CREATE COLOR CO LOCALISATION, omote
eUQOVICOVTOL GKESOGTIKA OL0LYPOLLLLOTOL

Orowr emhoyn Kou av oweiféovus, vToroyilovtol ot TIHEC TOV GUVTEAEGTOV:

Pearson's correlation Rr

Overlap coefficient/ Manders’ overlap R
Overlap coefficient k1

Overlap coefficient k2

Co-localization (ch2>0) m1
Co-localization (ch1>0) m2
Co-localization (ch2 within AOI) M1
Co-localization (chl within AOI) M2
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2. EQuppoyn yio vroloyisiod GUVEVTOTIGNC GE YPMOGN OtAov 0O0PLGHOV
(co-localisation in double fluorescence staining)

o Auho Khik oto image-pro plus oto desktop
e pasteur— fluro colocalisation — image per sheet (diver 6o to colocalisation
ratios oe éva @OALO oto excel). Emiong, vmapyetl kou 1 emAoyn image in a sheet,
oTnV omoia praivovv to amoteléouata g kabe eikovag og £va. apyeio Excel.
e fluoro colocalise — activate
e load — SlaAéyovpe TO apyEio LE TV POTOYPAPIC KO TO OVOTYOLE
e active spatial calibration — my. 63X @axog, 1024 pixel - ok—continue
e JSwAéyovpe my. to red signal — assign — otidyvoope ta Opron pEXPL Vo
KUKADOEL OAEG TIG TEPLOYEC OV LLOG EVOLAPEPOLY —CoNtinue
o JSwAéyovue m.y. to blue signal — assign — otudyvovpe ta Oplo. pEYPL Vo
KUKAMDOEL OAES TIG TEPLOYES TTOV PO EVOLOPEPOVLY —Continue
e amo Vv evtol draw/merge, emAéyovpe o€ moto kavail Oa yiver to draw/merge.
Me aptotepd KMK QTUIYVOVLE TO GYNLA (TNV TEPLOYN OV OGS EVOLOPEPEL) KOL LLE
de&i Kk Khetvovpe to oyfua — ok
e Co-Localise — save data
e X1 ovvéyeln, avoiyel avtopata évo excel. to excel avoiyovpue to @vAlo Ipp
Co-localise.
e Exel gaivovron ta €€fg anoteléopata pe mocootd % co-localisation:
- Greeninred
- Blueinred
- Redingreen
- Blueingreen
- Red in blue

- Greenin blue
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