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* Omics & MNpWTEWMLKN
* AvaAuvon aAAnAouXLWV O€ TPWTEWOTA KoL
NMPWTELVEC

* Edappuoyeg




[Molec elvalt oL
WHLKEC (omics)

TEXVOAOVLEC;;;







TexvoAoyiec vPnAng arnodoonc

(high-throughput)
TTOU XPNOLLLOTIOLOUVTOL VIOl TNV OALOTLKA
ovaAuon Twv BLOAOYLIKWV HopLWV




OMICS

v’ MPOOEyylon UEAETNG

-QukN:
H kataAnén adopa tn LEAETN EVOC
ouVvOAoU KaBoALka
(mponyouuevou cUVIETIKOU TNC

A&éng)




m National Human Genome J Iy
Research Institute A f RESEARCH ABOUT CAREERS &

AT NHGRI HEALTH TRAINING

..Begin your search here

The Human Genome Project

The Human Genome Project (HGP) is one of the greatest scientific feats in history. The project was a voyage of biological
discovery led by an international group of researchers looking to comprehensively study all of the DNA (known as a
genome) of a select set of organisms. Launched in October 1990 and completed in April 2003, the Human Genome
Project’s signature accomplishment - generating the first sequence of the human genome - provided fundamental
information about the human blueprint, which has since accelerated the study of human biology and improved the
practice of medicine.

Learn more about the Human Genome Project below.

TRANSLATING THE'CODE OF LIFE

twitter | linkec“‘n




-Quikec -Omics




Proteogenomics

Multi-omics

Realizing the potential of
P B e population-scale
\ Liar N proteogenomics

Biobank Pharma Proteomics Project

\ e 3 Landmark articles in Nature present impressive findings from the UK

https://olink.com/




Multi-omics

2uvOUaoOC SLadOopwV TEXVOAOYLWY OMics

[MAgovekTApOTA OTNV AvAAUGCN BLOAOYIKWY UYpWV

§ Tautoxpovn Tautomnoinon yovidiwy, mTPwTeVWV Kol LETABOALTWY
%R Aleukpivion / amocadvion TwWV HOPLAKWY TOUC LOVOTTOTLWV

BeATLWHEVA TIPOYVWOTLKA LOVTEAQ LE TN XPNON aAYopLOUWY HnNXavikng nabnong



-Quikec -Omics

>200 “~omics’ vtokaTtnyopleg Exouv
ria EPdoVIoTEL

OALOTLKN MEAETN TWV OXETIKWV HLOPLwV

Moda

epigenomics
lipidomics
glycomics

interactomics

nutrigenomics

foodomics




Pon yevetikng mAnpodopiac

Meta-
LETODPOAOTLKEC
TPOTIOTIONOELC

Mpwreivn




Pon yevetiknc mAnpodoplog

DNA: auto nou evdexetal va. cUPEL

RNA: auto nou miBavotata Ba cupPei

MPpwTEIVEG: aUTO Mou cUMPBaLVEL

lNoviéia popeic 0dnyitwv -> TPWTEIVEC UOpLa ITOU EKTEAOUV TIC 00NYiEC




Epappoyec omics

Xpnotlormotlouvtal otnv Latplkn akplBetoc (precision medicine) n
£EOTOULKEVULEVN LOTPLKN

Xaptoypadnon avOeKTIKOTNTAC VEWV AoBeVELWV

Xaptoypadnon wv (m.x. covid)



Edappoyec omics

MeAetec naBoyEvelac voonpATWY
EUpeon BlodelkTwy

Tavtomoinon ¢oPUAKEUTIKWY CTOXWV



Npwtewpukn (Proteomics)

= protein + genome

(Marc Wilkins 1996)

» AvaAuvon Kot LEAETN TOU CUVOAOU TWV NMPWTEIVWV EVOC LoTOU o€ pa 6£doUEvN

XPOVLKN OTLYUN.



[P WTEWLLLKN: VLOTL;

[pwTteiveg: evepya Kal Kuplopxo LOPLA TTOU AVTLKATOTITPL{OUV PUCLOAOYLKEG
N MalOOAOYLKEC KATAOTAOELG

[MoooTtikomolnon Twv
pnetaPoAwv otnv Ekdppacn
MPWTEIVWYV KATA TN
SdlapkeLa maBoAoykwy N
SladpopPETLKWV
KATOOTAOEWV

AvoyvwpLon IPwTEVWVY
TIOU UTIALPXOUV OE€
Sdetlyparta evolodpEpovtoc

Avixveuon Blodelktwv



fovidlwpaTikn vs. MNMpwTewMLKN

1610 yovidiwpa...

...0l0DOPETIKA TPWTEWHATOL



[ovidlwpatikn vs. MpwTtewpkn

To avBpwriivo yovidiwpa rteplthapfavet niepimouv 30.000 yovidia

To MPWTEWHO EVOC ATOMOU O€ Lol SESO0UEVN XPOVLIKN OTLYUN UTOPEL va

neplthapBavel tepimouv 100.000 npoiovta yovidiwv

To TTPWTEWPA EVOC ATOPOU KaB' OAn TN diapkela TNG wNg Tou
utropei va mrepitAaupavel repitrou 1.000.000 TtTpoidVTa YOVIOIWV



[P WTEWMLKN

Mootk & TIOCOTLKN EKTLUNON TWV TPWTEIVWYV WC OmoTeEAseopa €kppaong Tou

YOVLOLWUOTOC

Mok & Tavtoxpovn HEAETN LEYAAOU aplOpoL MPWIEiVWY, ELOLKOTEPQL:
TG doung
TWV UETA-UETADPAOTIKWY HUETABOAWY

TwVv aAAnAeriidpaoswyv pe aAla BloAoyka popla



[P WTEWMLKN

E@apuoyEc:

OlIaAEUKAVON TTABOYEVETIKWY PUNXAVIOUWY VOONUATWY

TauToTToiNnON PIOOEIKTWY VIO TIPWINN Kal akpiBn didyvwon

VOO NUATWV

TTapaywyn euBoAiwv



MeBobdoloylLec

1 HAekTpo@Opnon 2 diactaocewyv (2-DE n 2-D gel

electrophoresis)

1 Yypn xpwuatoypagia (LC 4 HPLC)

)l ®aocpatopeTpia Malac (MS 1 MS/MS)

1 BiorAnpo@opikn (Bioinformatics)



H tautomoinon mpwteivwyv Pe pacpatopeTpia palog Umopet
va LOwOel kaBapad wc npoBAnua avaluong aAAnAouvyLwv.

Ye avtiBeon pe to DNA n to RNA, dev napatnpouLLE TTOTE
apeoa tnv aAAnAouyia tng npwteivng.

YT[O)\OVLO'TLKI"] AUTO TIOU £XOULLE €lval EQPECEC LETPNOELC palog.

AvaAvon

AAANAOUYLWV;;

“We never see the protein sequence directly
— we infer it.”




Proteomic analysis-methodologies
* Protein separation

2D gel electrophoresis Gel free methods (LC-MS/MS)
(gel dependent)



Bottom-up proteomics

[MpooEyyLon amo KATW-NPoc-ta-navw (bottom-up proteomics):
availvon twv mentdiwyv N Twv BpaVoUATWY Toug SLOTL EEKLVA PE TOL KOUULATLOL TNG
NPWTEIVNG Kol OXL e OAOKANPN TNV PwWTEeivn.

Y6poAuon pe Bpuivn (tryptic digest peptides):
LVOPOAVEL TIC TPWTEiveC, KOBovTac TNV aAAnAovyia Toug otnv KapBofuALkn teploxn NG
Auoivne (K) A tnc apywvivng (R), otav dev akoAouBouvtal amo to apvolu poAivn (P)

NP&%?CHSHTI’%CESAW@RECHSHTWCHSHTWWPPFFW

ltrypsin digest

MK PCHSHTK NE )4 ¥ ¥  1PPFFW

p:4 ECESAWK PCHSHTK PCHSHTK NE VWK



Bottom-up mpoceyylon: Protein - peptides - spectra - sequences - protein

Bottom-up Proteomics Workflow

/ Mass
|. -’ : '1%3 = e _ Spectrometry
r ) .: i weir il "‘E-::'.- - .
\“-.,__.__ _ _______.-'J 2&@'& :-{ v, _:I = ,_—_.,::r_'_\
Cell lysis , -
Biological Proteolytic RPLC .
Sample Digestion ’ Separation — —|| s
| e
| |
|I |

lonization and detection of peptides in mass spectrometer

I
—_— ‘

Denaturation — Reduction — Alkylation -> Méyn pe tpuivn -> Sequence link -> MpoBAEP Lpa temtdika akpa /n silico digestion
amno databases

LC-MS MS2




Top-down proteomics

[1poCEYYLON QMO MAVW-TIPOC-Ta-KATw (top-down proteomics): apyilel pe
TNV AKEPOALN MPWTELVN

MNpwteiveg popLakouL Bapouc < 50 KDa pmopouUv va LovioToUV Kol VoL KATOLKEPULOTLOTOUV
HECW pLac Stadikaoiag avaloyncg tng avaluong Bpouopdtwy TEMTOLKWY LOVIWVY, UE TN
Stadopa 0Tl dnuiovpyolvtal peyaAvtepa Bpavouata.

LEYAAUTEPN TIPOKANON YO TIPWTELVEC TwV omolwv n pala Eemepva os peyeboc ta 50KDa
(katd tpoogyylon 500 apwvoéea)- avwtePo aéLOTILOTO OPLO



Top-down proteomics PTM mapping

Quantitiation
Protein ID
Data
Analysis
I MS/MS
Peptide MS
®
fms
Separation
by LC
- ’.‘___‘
Protein MS 8 gé\ hgrﬁ P‘wde
. 1 B
w“' 9’
tln—gel or in-solution
digestion
l MS/MS ’
~ “
Data 7 /
Analysis
" Protein extraction
Protein ID -
Quant;‘tiation Cell or Tissue " <A Cmrh
PTM mapping

Bottom;up proteomics

Gregorich, Z. R.; Chang, Y. H.; Ge, Y. Pflugers Archiv-European Journal of Physiology 2014, 466, 1199-1209



Workflow in Proteomics
2D GEL DEPENDENT METHODS

' Sample Preparation

. (protein extraction, fractionation)

.

Spot excision !
(manually, automatically) |

_______________________________

. Mass Spectrometry !
: (MALDI-TOF-MS, lon Trap, Qg-TOF) |

Protein Identification |
(changes, modifications) |

_________________



|cONAEKTPLKO ONUELO MPWTELVNC

Ta apwoéea pmopouv va epdavioouvv tooo tov oévo (-COOH) 0oo kalt to Baoiko (-NH2)
xapaktnpa, exouvv dnAadn audOoAUTLKO XOPAKTNPA.

Y€ OUOETEPO PH, OTIC MPWTEIVEC, KATIOLOL OLULLVOELKOL KOTAAOLTTAL ELVOLL YEVLKA OETLKA
dopTIOPEVD, EVW AAAA KATAAOLTTO ELVAL YEVIKA OpVNTIKA GOPTLOMEVAL.

H oopporia peTaél apvnTKwV Kol BeTIKWY popTiwv 0€ Eva TIPWTEIVIKO HOpLo e€apTaTal
aro 1o pH tou neptBailovtog

loonAektpilko onueio npwteivng (pl):
To pH ormovu to diktuo popTiwyv NG MPWTIEIVNG Elval pnoEv



Workflow in Proteomics
SAMPLE PREPARATION

BIOLOGICAL MATERIALS

~

Solid materials Biological fluids
(cells, tissues, biopsies etc) (plasma, serum, urines,

l amniotic fluid etc)

v High protein conc. Low protein conc.
Homogenization (plasma, serum) (urines, amniotic fluid)

!

Sample concentration
(ultra filtration, precipitation)

4

Protein Dialysis

(pressure, sonication, liquid nitrogen etc)

SAMPLE BUFFER

Subcellular  [yreq (7M), Thiourea (2M), CHAPS (4%),

fractionation DPTE (10mM), Protease and Phosphatase
inhibitors]

Protein extraction

\ Protein /

Fractionation




looNnA€EKTIKN €0TlOION - MPWTN dLaoTaon

Metd tov sotuoapd




[MoocoTtkomolnon MPWTIEIVWV

e 1Img/ml
* Bradford protein assay




MeBoboAoyiec- HAektpodopnon duo

OLOOTACEWV

HAektpodopnon duo dlaotacswv (2-D gel)

1n didotaon: lconAekTpLKn £0TiOON
opl{OVTLOC SLaXwPLoMOC mpwTteivwv I1mg/ml TEXVLKN TIou Staxwpilel TLg
npwteivec cuuPwva e TOo NAEKTPLKO Touc dhopTio




MeBoboAoyiec- HAektpodopnon duo =
SL0.0TACEWV

AgUTtepn di1doTOON

2n d1aocTAON: KATAKOPUPOGS OIaXWPICHOGS TTPWTEIVWYV O€ didAupa 12%
gel polyacrylammide

Alignment pin

Upper buffer gasket

Glass plate sandwich attached

% 3
R
Single-screw clamp \ — = to central cooling core
le )l 4
\l Bt .
| "
) x
o8
! :
' f

1 zHH




AT IAOPEVEG TIPWTEIVEG
ef igoppamnnan os SDS kal avaywyikd pioa
¥1d aTaBzpo MPWTEIvIKG OXAUG, povig
UToHOYddES, OTaDERd apvnTIKo

popTiopEveg pe SDS mpwreiveg oto IPG strip

sipappcyn oo SHS-FAGE gel

o1 popTigpiEveg g SDS mpwreiveg diagwpidovral avahoya ps 7o PiysBog Toug




MeBoboAoyiec- HAektpodopnon duo dltaotaceEwV

Xpwon tTwv mNKTwpatwy (gel) pe kvavo tng kovpaoivng — 2-DE gels

2 aovec X, Y




Acidic region

Basic region

I |; o Do 00 © © @00 00 °
Strip ;;o , R0 ; ; gi
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High MW
proteins

Low MW
proteins
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MALDI Target Plate




MPWTEWMLKOC XAPTNC YOAQKTOC




MPWTEWMLKOC XAPTNC OLLLATOC




AvaAuon pe Yypn Xpwpatoypadia
(nano LC-MS/MS)

e

Square Quadrupole
Electrospray with Neutral High-Pressure  Low- Quadrupole
lon Source  S-Lens Blocker Octopole Cell Pressure Cell Mass Filter C-Trap HCD Collision Cell

X i T e ] e

—

Thermo Scientific Orbitrap Elite

@)

New Detection
Electronics

Hybrid Mass Spectrometer

New High-Field Orbitrap
Mass Analyzer

V

Awahutortoinon
MPWTEVWY

y

néyn

Miypa
nenmdiwv

v

Epmoutiopog
HEOW OUYYEVELQG

v

[Mpwm didotaon
(IEC)

Aeltepn didotaon
(RP-HPLC)

y

ESI-MS
ESI-MS/MS

—

ZUAAEKTNG
kAaopdtwv




EIKONA 2.15

Zuvexopevn moAudidoTaTn Xpw-
patoypagia pe ahAayr oTHANG. Z&
autd To mapddetypa, d0o HPLC
omAeg o douAeiouv tapAAnAa
npooAapupdvouv evarAaktika
ekhouopata and pia ouotolyia €&
OmAWV poplaknc duenong. Metd
mv epapyoyr Tou delypatog kat
10 OlaXWPLoKG He Xpwpatoypagia
Hoplakig dumilnong, kAdopara ané
m oTAN poplakrig duienang ka-
teuBuvovtat otn HPLC otiAn 1
xonoworowwvrag pia BaApida teo-
oGpwv dadpopav (rayewd ypay-
pr). Eved ta mertidia naydevovrat
oe aut) m omAn, n HPLC omiAn 2
ekhoveTal kat to defypa kareuBu-
VETAL OTOV QVIXVEUTI| KQL TO OUAAE-
Ktn KAaopdtwv (dlakeKOppEVN
ypappr). Apou EemAuBel kau €EL-
ooppormBel n otrAn 2, ot BaABi-
deg avaotpgépovral EMTPENOVIas
0tn OTHAN 2 va Qoptwhel pe 1o
EMOpEVO KAGOpa amd dlaywplops
Hoplakrig dujenong eva n omiin 1
ekhovetal. Autdg o KUKAOG Ouve-
XiCetatl péxpt 1a kAdopata ané m
poptakn dujenong e&avrAnbouv.
(Adapted from Opiteck GJ, Ramirez
SM, Jorgenson JW & Moseley MA
3rd (1998) Anal. Biochem. 258,
349. (Katoruv adeiag andé mv El-
sevier).

ZTAN HOPIOKTIG
dujenang (6)

HPLC omiin 1




var’] Xpw I"larovpad)ia Sample & mobile phase
Meilwon moAumAokotnTog

*Xpovikn dlaotaon mAnpodopiag

Nebulizer gas ~ Nebulizer gas

.oo...:":': .
-~ - Sl it

¢
—

& Kabs peptide > ouykekppévo retention
time

Heater

L] )
. %’

i::‘.:‘ Drying gas
ol €

-
o (2 '.:.C'i.’. Gas phase lons
o ’ {

Desolvation <

- . ,

s
%

lon source to
mass spectrometer

What happens if we skip LC?

Analyte +\ Solvent =5 . Analyte ) Solvent

Molecule lon " lon

https://www.ssi.shimadzu.com/



Proteomic analysis-methodologies

* Protein separation

2D gel electrophoresis Gel free methods (LC-MS/MS)

(gel dependent)
* Protein Identification

Mass spectrometry
*MALDI-TOF-TOF MS
eLTQ-Orbitrap MS
eTandem MS (Qq-TOF)
eSELDI MS

* Data analysis-Bioinformatics

* Interpretation



Daopatopetpio palac — Baolkec apyec &

opyava

H @aouatoueTpia paldac diaxwpilel yopla Pe Baon tn oxeon
uada/popTio TOUG (M/z) TWV IGVTWY OTO KEVO

UTTOPEI va TTPOOOIOPIOTEI N HAda TWV POoPIWV JE uwnAd BaBuo
aKpielac, KaBIoTwVTAC EPIKTO TOV TTPOCDIOPICUO TG MOPIOKNG
ouvBeonc evoc ouvOAoU TTETTTIOIWV

|
‘\

&
S

(0]
o
c
©
o
o=
=2
Q
[
(]
Z
=
«
[}
o m/z

H MS-based proteomics eivat epapuocuevn sequence analysis o€ GopuBwdn dedoucva



Daopatopetpio palac — Baolkec apyec &

opyava

EXOUV Tpia Bacika AEITOUPYIKA OTOIXEIQ:

MIO TTNYRA IOVTWYV (LETATPETTEI TO AVAAUOMEVO OEiYUa O€ I0VTA OTNV aEpIa
pAaon o€ OUVONKeEG KEVOU)

Evav avaAutn padag (10vTa ETTITAXUVOVTAI O€ £va NAEKTPIKO TTEDIO TTPOC TOV
avaAuTr), 0 OTToI0G Ta dlaxwpEilel avaAoya e TO AOYyO m/z TTou €XEl TO KaBEva
KaBw¢ KaTeubuvovTal OTOV AVIXVEUTH)

AVIXVEUTH I0VTWYV (KaTaypAPEl TO ONUa KABE 10VTOC CEXWPIOTA.

<l

\

Relative abundance

m/z

v
Had
= O |
='H
—




Faraday
collectors

mz}=46  —3

mizy=45  —— i

miz} =44 -+ | |

| |

L a |

3 |

2 |
amplifiers %

I ratio
on source output
o -/bcam focussing
= jon acclerator
-
Q clectron trap
\ ion repeller
gas inflow (from behind) lcgcn.d:

m ... 1on mass
ionizing filament Z ...10n charge

Devon Fyson, Wikimedia Commons



MALDI-TOF (MS)

To 6voud Tou €lval cuUVTOPEUON TN AELToupylag Tou:
Matrix Assisted Laser Desorption/lonization Time Of Flight

MaAAopevo AElep
: /—

A

2

. MAaketa delypatog

TOF

M

My

Avakhaompag




MALDI TOF-TOF MS-MS




LTQ-Orbitrap MS

Square Quadrupole

Electrospray with Neutral High-Pressure  Low- Quadrupole
lon Source  S-Lens Blocker Octopole Cell Pressure Cell Mass Filter C-Trap  HCD Collision Cell
New Detection
Electronics

Thermo Scientific Orbitrap Elite
Hybrid Mass Spectrometer

New High-Field Orbitrap
Mass Analyzer




[Mwc pTavou e
oTnVv

Tautonolnon...




Pipeline
Protein - peptides - spectra - sequences — protein

Experimental
spectra

Enzymatic
digestion Theoretical
spectra

Protein

Peptide identification through
database search

https://agile-bioscience.com/



lonization

MaAuog A€ilep

(A)
Expoonon/ioviopog pe Aéilep  Emgavela

urtoponBoupevo ano prtpa deiyparog lovia
(MALDI)
MAEypa anopovwong EIKONA 3.7
M£Bodo1 fimiou 10VIOPOU 0TV MPWTEWIKI).
(A) H néBodoc MALDI nepihappdvel Beppat-
IT6p0  Kavog deiypatog VOIEVOUC KPUOTAAAOUG NG avaAuopeEVNC ou-
Yypn , giag oe pa mAdka delyparog e xpromn maA-
® . SRR 0 / pov Aélep. (B) H ESI mepihapavel mv eka-
loviopog pe [C— was s «+« |OvTQ y
nAektpoEKaops (ESI) P \ vaykaopgvn dlEAeuon tou deiypatog HEOW
WEKAopOU plag Aertic BeAovag rou dnpoupyel €va Ae-

MT0 EKVEQWHA (Spray) LOVIWV.



lonization & MS*

(a) “T+ S:N=222 "] 50SL29 2)
13+ SIN=39 gso
Reduclion c
SIN=15 §
: 17+ 3 30S S1
_ Oxidf;lion : .® i “
s © ©%.. s z
A S e o}:;‘ _@Q,—_’ & & B o
c‘:" B *| * & 20 303 310
LS |
|Electrons S i:lO 500 700 900 11&52 1300 1500 1700 1900 5%1}!] 6000 7000 8000 93100 10000 11000 12000 130
1P — PIP WF 100
® O Eloctrons (c) *6+  S:N=1509 50S L29 (d
High voltage
power supply SN = 700 e 80y
=
SIN=171 §
11 > L1
* < 0518 305 513
| £ 30S S3
°‘m/z y @
/ T | €20 | 308510
echarge states I s I )

*isotopic envelopes
1. Aev bdivel aAAnAovyia

Movo uronéra peptide features ~ We still don’t know the sequence.



Daopoata paloc

padikn mapaoctacn tTNS EVioonc TOU LOVILKOU ONUOTOC WS ouvaptnon tou Adyou palog
npoc¢ poptio (M/z) Twv LOVTWV IoU avixvevovtal

data01_140320184515 #1 RT: 5,00 AV: 1 NL: 2.25E7 W
T: FTMS + p NS! Full ms [300.00-2000.00] . h
428 5217 ' . -to-
. i X-axIs: mass-to-charge
N ratio (m/z)
60 6422789 7387592 e L : . .
] =2 22 *y-axis: ion intensity
2 703 3812061 ]
5 et Zz=2 | t b d
§ o0 relative abundance
3 -
< 503
| 464 2503
5 403 z=2 S
€ 503 |5162631 Y [660.3563
3 [} z=2 GE=T
203 i 761.4047
3 ‘ =1
103 J = 901‘31148 979.4899 1073.7593 1225 5159 13825540 14765219 1609.6360 17331582
e L s l L z=1 z=3 z=? z=? z=? z=? z=?
0 LI 1 =] 1 T '[ - ] T & % G o T T oEd g & ES T e L EEEd T BEELT T ELEE g RS g B g A
300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000

Each peak represents an ion detected by the instrument



% ° AnoTinwpa palag
0o, % nenmdiwv
MALDI-TOF
avaiuon LGMDGYR AndAuro Taipiaopa
—  GISLANWMCLAK ———» AvBparvn Avooluun
WESGYNTR
A
MpwtedAuon I
je Bpuiivn
—’ . ’
SLANW AvBpwrivn Auoolun

Avooluun npoBarou

EE—
RATHYN Aakroopaipivn apoupaiou
FQINS
WESGYN Zuhhoyn TV
EST kpouoswy
ESI-MS/MS
VALY Mageg GISLAN
Bpavopdrwv GISLANW
GISLANWM

GISLANWMC BaBpovopnpévny |
GISLANWMCL KAipaka nenmidiov
GISLANWMCLA

GISLANWMCLAK

H npwtn eupewc xpnotpomnotoUpevn nEBodoc yla TNV TauTomoilnon MPWIEVWY UE
N Xxpnon ¢aopatopeTploc naloc NTav 10 SOKTUALKO QIOTUTTWHLO TIETTLOLKWV
pnalwv (peptide mass fingerprinting, PMF), n onoia apopad tnv tautomnoinon
MPWTEIVWV HECW TNE Xpnong 6edopevwy amo TI¢ HAleEC TwV aKEPALWYV TIEMTLO LWV




Peak Identification

a45.
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—trrts

9. 0. 0.0, 0.0.0.0.0,.0.90.0,0.0.0.0,0.,0.,

1000 1250 1500 1750 2000 >22'50 2500 2750 3000 3250 3500
m /=

Peptide Mass Fingerprint (PMF)

Mpdypappa URL

El Anorunwyia mERTIGIKWV palwv
A— Mascot http://www.matrixscience.com/search_form_select.html

MS-Fit http://prospector.ucsf.edu/prospector/cgi-bin/msform.cgi?form=msfitstandard
ProFound http://prowl.rockefeller.edu/prowl-cgi/profound.exe
MassSearch http://www.cbrg.ethz.ch/services/MassSearch_new

Protein Identification



MS/MS paopata

KOTATULNON OKEPALWV TEMTLOLWV Kal e€ayovtac mepltoocotepa SeSOUEVA OTTO TLG
LA{EC TWV TUXOLWC TIAPOYOUEVWYV LOVTLKWY BpouoUATWV.

Precursor ion: Mo mpodpopun Lovtikn popdn (precursor ion) ivat €va Lov mou
aviyvevetal oto paoua MS1, To omolo amopoOVWVETOL Kot UdiloTatal
KOTOLKE PLATLOUO WOTE va tapaxOet Eva daopo MS2 (MS/MS).

To MS/MS ddopa pe ayvwotn aAAnAovxia pUmopel ToTe vol ouykpLlOel pe BewpnTika
bACHATA TWV TUNUATWY TIOU TIPOKUTITOUV aro nemtidla o€ omola faon
eTIOUUOU E.

Mati n MS' mAnpodopia dsv semapket yia sequence identification, evw n MS/MS sivail
Kplotun;



Mati n MS' mAnpodopia sv emapket yia sequence identification, evw n MS/MS sivai
Kplowun;

MS' (Precursor Mass Information)
*Napexel Lovo m/z, charge state Kat LOOTOTIKI] KATOVOLL)
*[ToAA& SladopeTika emtidla pmopet va €Xouv:
* (6lan oxedov idla pala
* ooBapn n woopepn apwoea (m.x. Leu / lle)
*Aev eplEXeL MAnpodopla yla T GELPA TWV AULVOEEWV
~ H MS' mAnpodopla sival avaykaia aAAd OXL EMAPKNAC YL TowTomoinon aAAnAouyiag

MS/MS (Fragmentation Information)
*H eAeyxopevn Bpavon tou memntidiov mapayel oelpec Opavopatwyv (b/y ions)
*OL Stadopéc m/z petalv SLadoxLKwV LOVIWV OVTLOTOLXOUV OF:
* OUYKEKPLUEVO aLVOEEDL
e TUAMaTA TNG TEMTIOIKAC aAuoidacg
*To MS/MS ¢daopa kwdikomolel mAnpodopia aAAnAovyiag
- To MS/MS petatpenel tn daopatopetpla paloc os mpoPAnua sequence matching

H MS’ nteplopilet tov xwpo avalntnong, evw n MS/MS eRITPENEL TNV AVAKATACGKEUN TG aAAnAouxiog



Nwc emAéyetal to Precursor ion?

*One ion (DDA)
*A range of ions (DIA)

XapaKTNPLOTLKO

DDA (Data-Dependent
Acquisition)

DIA (Data-Independent
Acquisition)

ErttAoyn twv Top N 1o évtovwv
LOVTWV

OAa ta Lovta VTO¢
nipokaBoplopEVWY TtapaBu pwv

KaBapd, xapnAng
TTOAUTTAOKOTNTOLC

EvaloBnoia og xapunAng adBoviag
nentidia

Tumikn xpnon

AvakdaAun, tavtomnoinon

Moootikomoinon, LEAETEC LEYAANC
KALpOLKOLG

DDA — Who is there?

DIA — How much is there, reproqucibly?



MS1

o 9000
U 0

Single precursor selection

CC MS2
H <
_— 2
_ﬁ P
_— P .
Fragmentation Detection of all fragmentations

00 = PE
‘ . M O )
DIA — ) o !
» — )
Multiple precursor selection Fragmentation Detection of all fragmentations
B
DDA DIA
MS1 MS1
= >
3 3
g ‘ N I ‘I
m/z m/z
z MS2 = MS2
o7
5 |
gl 1
 miz

Babaei, et al. Quant. Biol., 2024, 12(1): 53-69



Comparison of MS1 and MS2 Spectra

Feature MS1 Spectrum MS2 Spectrum (MS/MS)

What is measured Intact (precursor) ions ;2%?22: lons of a selected
‘Acquisition stage ~ FirststageofMS Second stage after fragmentation

m/z represents Whole peptides (or metabolites) Efgii?n?ig)ments (b/y fons in
‘Fragmentaton ~~ No Yes (CID, HCD, ETD, etc.)
‘Spectral complexity ~~ Lower Higher
‘Main purpose Quantification, precursor selection  Identification, sequence inference
\Information obtained ~~ Mass and abundance of precursors Amino acid sequence information
‘Usedfor  Featuredetection, DIAwindows,  Database searching, peptide-

isotope patterns spectrum matching
Typicaloutput Chromatographic peaks | Fragment ion patterns
‘Example question answered ~ How much is present? Whatisitz
‘MS1 — Detect and quantify intact molecules « Fragmentation produces smaller ions (b-ions, y-ions)

*‘MS2 — |dentify molecules by their fragments * These are called fragment ions (or product ions)



HENj\L_(HEJ\:M.‘j N)\ﬂ/ W)L )\ Tandem MS (MS/MS): Where Sequence Appears

acwium ion
R ’ Q R
b
oy HﬂJﬁr YL *r
0 R & 28 amu 1? amu ¥ ¥o ¥s e
carbenium ion  ag \ ammeniumion &' H R1 O R2 O R3 llli} FE|4 I[lflJ
A KN—C—C%N—C—C—N—?—G—N—?—G—DH
- i H H H H H H H
R o rl |7 A B ¢ o
N)\ N /L H #k charge on N terminal fragment by 2 b 3 by
H I M ] OH
T i |
0 R Q R yirs
L charge on C terminal fragment

X
L Ys = v 3 l *Erttdoyn precursor (ion detected in the MS1 spectrum that is
%3 isolated and fragmented to generate an MS2 spectrum)
Aﬂu | 1& *@pavon (CID / HCD / ETD)
et — *Napaywyn b/y ions
0 0

Q

H @
I(II‘N\I’JJ\OH H'}N\I)LDH "I'I/LLOH I l I
o R R R = To MS/MS @aoua neptéyet mAnpopopia aAAnAouyiog

Xy v's " m/z differences - amino acids

acylium ion ammonium fon carbenium ion



From Spectrum to Sequence

Peptide Protein entry Protein group

of C’

° AvoKOALEC
T P *Shared peptides
T — *Isoforms

*Redundancy databases

i ¢~ Protein ID # antAn évwon peptides

+Shared

of D'+ F
+Shared

Zhang et al. ) Proteom. 2015, 129:25-32

A MV

o —

Protein Inference Problem



From Spectrum to Sequence

=

KLAASTSAA
i KLAASSTSA
é (ii) Db look up RKLAASSTA
- m/z ﬁ -
R ‘ YToAoyLoTIkO MpoBAnLa
> *Experimental spectrum
£ (iii) scoring Th ical s datab id
g 0000006 eoretical spectra ano database peptides
U] m/2 : | | | *Scoring & matching
' ° ¢ Sequence alignment uné 66pufo
@
@
] .
== (i) validation egeee ‘ ‘ ‘ ‘ ‘ ‘
—_— = ¢ | | |
V — o)
_ — . O
E—— ®
R Eeeee—— o

https://csbiology.github.io/



% Intensity

Probability Based Mowse Score

lons score is -10*Log(P), where P is the probability that the observed match is a random event. |Number of mass values se
S ¢

Protem scores greater than 48 are significant (p<0.05).

“
25+
5
20 4
s
E3
10
%
) pee——TTrT T T T T T T T
100 200 0
Probability Based Mowse Score
~
=
8
=
100 e
%
30
&
~
70 2
60+
50
=
40 ';
5 8 B2 “
304 - G s = ~N
e g8 E R =
204 ;R = 2 % g a
& ge?‘-,.». s & lz3J. S 2 = o 2 8 R 2
“ - Gz a3 = F2 « 2 - = & a2 - = ~ o R 2
0| & = 2B glg” 2 3T H= { & ~ = p B 2Ew 8
- - B= = b 00 = N - w f & RO
W JEVIECHE FAREQ O B ~
adll ] I I IR A Y 1 1 L fd | 9 | | L2
?9‘ 0 14394 20798

Database Searching & Validation

Protein ID is probabilistic

ePeptide—spectrum matches (PSMs) are
assigned statistical scores

eProtein IDs are reported with confidence
measures (e.g. p-values, FDR)

eMultiple proteins can share peptides -
ambiguity

eFinal identification reflects the most likely
explanation of the data



NMINAKAZ 3.2 Baoika epyakeia otnv avaiuon dedopévawv paopatopetpiag palag

Mpdypappa URL

Amorunwpa nenTidIk@v palwv

Mascot http://www.matrixscience.com/search_form_select.html

MS-Fit http://prospector.ucsf.edu/prospector/cgi-bin/msform.cgi?form=msfitstandard
ProFound http://prowl.rockefeller.edu/prowl-cgi/profound.exe

MassSearch http://www.cbrg.ethz.ch/services/MassSearch_new

Avalnrijoeic o paon oedopévwv MS/MS

Sequest http://fields.scripps.edu/sequest/

Mascot http://www.matrixscience.com/search_form_select.html
ProteinProspector http://prospector.ucsf.edu

ProbID http://tools.proteomecenter.org/wiki/index.php ?title =Software:ProblD
X! Tandem http://www.thegpm.org

SpectrumMill http://www.chem.agilent.com/

Phoenyx http://www.genebio.com/products/phenyx/

VEMS http://yass.sdu.dk/

ProteinPilot http://www.absciex.com

MyriMatch http://fenchurch.mc.vanderbilt.edu/software.php

PepSplice http://www_ti.inf.ethz.ch/pw/software/pepsplice/

RAId_DbS http://www.ncbi.nlm.nih.gov/CBBresearch/qmbp/raid_dbs/

Mass Matrix http://www.massmatrix.net/mm-cgi/home.py

Ixvn@éreg aAAnAouyiac/uBpidikég péBodor

InsPecT http://proteomics.ucsd.edu/Software/Inspect.ntml

Popitam http://code.google.com/p/popitam/

TagRecon http://fenchurch.mc.vanderbilt.edu/software.php

ByOnic hitp://proteinmetrics.com/software-products/byonic-software/
Spectral Networks http://proteomics.ucsd.edu/Software/SpectralNetworks.html

MODi http://www.massmatrix.net/mm-cgi/home.py

MS-Tag http://prospector.ucsf.edu/prospector/cgi-bin/msform.cgi?form=mstagstandard



AAAnAouyion de novo

Lutefisk http://www.hairyfatguy.com/Lutefisk

PepNovo http://proteomics.ucsd.edu/Software/PepNovo.html

PEAKS http://www_.bioinformaticssolutions.com

Sequit http://www.sequit.org/

Qaoparikij avrioToixion

SpectraST http://www.peptideatlas.org/spectrast/

X! P3 http://ppp.thegpm.org/tandem/thegpm_ppp.html

BiblioSpec https://skyline.gs.washington.edu/labkey/project/home/software/BiblioSpec/

begin.view

AvdAvon pera Tiv avalijtnon ogoopEvwv
PeptideProphet and ProteinProphet
Scaffold

IDPicker

MassSieve

MS-GF

MaxQuant

PeptideClassifier

http://www.proteomecenter.org/software.php
http://www.proteomesoftware.com/
http://fenchurch.mc.vandemilt.edu/software.php
http://www.ncbi.nim.nih.gov/staff/slottad/MassSieve/
http://proteomics.ucsd.edu/Software/MSGeneratingFunction.html
http://maxquant.org

http://www.mop.unizh.ch/software.html




Qaopatoypadoc Malog (MS)

File Search Report Quantification Processing Workflow Editor Administration Tools Window Help
: 2 e ® L B @D, SequesthT WMascot R K AR EBB

~ Administration X ing.. X~ AA plasma work flow.msf X

Seh i Rl Fiter T AL
; ‘_‘Acce-srsion ' Description | score Coveragg "}-‘:Uniqﬂure;:Peptiders”: # PSMs ,‘ Area | #AAs ‘ MW[kD-a] \ calc.plr a- aT[OTE Eouata

PO2768  Serumalbumin OS=Homo sapiens GN=ALBPE=15V=2-.. 330188 795% 1 61 61 1957 3078el0 609 603 628

P01024 Complement C3 05=Homosapiens GN=C3 PE=15V=2-... 790.17 50.81% 61 61 372 3.612e9 1663 187.0 6.40 ’ ’
P01023 Alpha-2-macroglobulin 05=Homo sapiens GN=A2M PE=1... 53246 4953 % 44 51 297 1.399e9 1474 163.2 6.46 T[ p O K U T['co U V 8 T[E L‘[a
P02787 Serotransferrin 0S=Homo sapiens GN=TFPE=15V=3-[.. 47930 5544% 33 33 3.585e9 698 77.0 7.12

P04114 Apolipoprotein B-100 0S=Homo sapiens GN=APOB PE=1... 40834 29.72% 101 101 220  1.806e8 4563 515.3 7.05

P02647 Apolipoprotein A-10S=Homo sapiens GN=APOAL PE=15.. 40233 59.18% 15 15 200  6.558e9 267 30.8 5.76 1 /4

P0100S Alpha-1-antitrypsin 0S=Homo sapiens GN=SERPINAL FE... 387.76 6100 % 23 23 234 4.738e8 418 46.7 5.59 aT[ O T r] Xp rl 0 n
POCOLS Complement C4-B 0S=Homo sapiens GN=C4B PE=15V=... 25544 4L57% 3 52 5.024e8 1744 192.6 7.27

P01857 Ig gamma-1chainC region 0S=Homo sapiens GN=IGHG... 24441 6030 % 5 13 5.922e9 330 36.1 8.19

POCOL4 Complement C4-A 05=Homosapiens GN=C4APE=1SV=.. 24371 40.14% 1 50 4.613¢8 1744 1927 7.08 KOLT d}\A r' A oUu S 0O ft ware
P01834 Igkappa chainCregion0S=Homosapiens GN=IGKCPE... 22711 80.1%% 5 5 4.141e9 106 11.6 5.87

P68871 Hemoglobin subunit beta05=Homo sapiens GN=HBB FE... 20177 7755% 10 10 2.626e9 147 16.0 7.28

P00738 Haptoglobin 0S=Homo sapiens GN=HP PE=15V=1-[HP... 201,02 48.03 % 10 16 2.363e9 45.2 6.58

P00450 Ceruloplasmin 0S=Homo sapiens GN=CPPE=15V=1-[C... 195.76 3249% 24 24 6.454e8 1221 5.72

P02751 Fibronectin 0S=Homo sapiens GN=FN1PE=15V=4-[FL.. 167.64 2251% 33 33 1.874e8 262.5 571

P02774 Vitamin D-binding protein 0S=Homo sapiens GN=GC PE=... 14107 #73% 16 16 9,070e8 52.9 5.54

P02765 Alpha-2-HS-glycoprotein 0S=Homo sapiens GN=AHSG FE... 13571 3134% 8 8 6.963e8 393 572

POCGOS Iglambda-2 chainCregions 0S=Homo sapiens GN=IGLC... 12747 55.66 % 2 4 266789 113 7.24

P08603 Complementfactor HOS=Homo sapiens GN=CFHPE=15.. 122.84 30.06% 26 26 2.026e8 139.0 6.61

P01860 Ig gamma-3 chainC region 0S=Homo sapiens GN=IGHG... 12193 50.93 % 6 13 4.380e9 413 7.90

P02790 Hemopexin 0S=Homo sapiens GN=HPXPE=15V=2-[HE... 111,18 45.02% 14 14 1.568e9 51.6 7.02

P01876 Ig alpha-1 chainCregion 0S=Homo sapiens GN=IGHAL... 9956 43.34% 5 1 1.365¢e9 37.6 6.51

BoADG4 Immunoglobulinlambda-like polypeptide 5 0S=Homo sap... 9334 26.64% 2 4 2.840e9 23.0 8.84

P01859 Ig gamma-2 chainCregion 05=Homo sapiens GN=IGHG... 91,15 42.02% 4 10 4.619e9 35.9 7.59

P01011 Alpha-1-antichymotrypsin 0S=Homo sapiens GN=SERPIN ... 79.50 29.55% 11 3.329¢8 47.6 5.52
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315/328 Protein Group(s), 427/427 Protein(s), 1237/1237 Peptide(s), 6218/6218 PSM(s), 42237/42237 Search Input(s)



DTGILDSIGR

H+.(H+)2.(H+)3

# Fragment Type MF

1 HAsp(+1) b1 C4HgNO3
2 HAsp(+1) b1 C4HgNO3
3 HAsp(+1) b C4HgNO3
4 H2(+1)ArgOH CeHisN4O3
5 H2(+1)ArgOH CeHisN4O3
6 H2(+1)ArgOH CeHisN4O3
7 HAspThr(+1) b2 CgHi3N;03
8 HAspThr(+1) b2 CaH13N,0%
9 HAspThr(+1) b2 CaH13N20%
10 H2(+1)GlyArgOH y2 CgH1gN503
1 H2(+1)GlyArgOH y2 CaHigNs03
12 H2(+1)GlyArgOH y2 CgH1gNs03
13 HAspThrGly(+1) b3 CioH1eN308
14 HAspThrGly(+1) b3 CioH1eN308
15 HAspThrGly(+1) b3 CioH1eN308
16 H2(+1)lleGlyArgOH y3 Ci4H29NGO}

Downloads B Q g
@] DTGILDSIGR .csv
See more

[ = DIGIDSIG.. - LastModified: Just now v £ search @ - (u]

File ~ Home Insert Pagelayout Formulas Data Review View
ﬁj X |Aptos Narrow  ~[[11 ~ | General
pate B 7 BT U~ A A 8%
A Helav A @ 58
Clipboard % Font m Alignment & Number
AL v i fr sno
A B c D E F G
1 [sno [~ [fragmel~]type [~|monoi¢~lionizati~Imf  [~]mz 4]
2 55 HAspThrGlylleLeuAs; 1045.54 H+ C43H75N1 1046.548
3 56 HAspThrGlylleleuAs; 1045.54 (H+)2  C43H75N1 523.7775
4 52 H2(+1)Thr 9 931.5213 H+ C39H7IN1 466.264
5 49 HAspThG b9 872.4365 H+ C37H62N9 436.7216
6 46 H2(+1)6lyly8 830.4736 H+ C35H64N1 415.7402
7 43 HAspThrG b8 815.4151 H+ C35H59N8 408.2109
8 40 H2(+1)lleLy7 773.4521 H+ C33H6IN1 387.2294
9 37 HAspThrG b7 702.331 H+ C29H48N7 351.6689
10 57 HAspThiGlylleleuAs] 1045.54 (H+)3  CA3H75N1 349.5207
1 34 H2(+1)Leu y6 660.3681 H+ C27H50N9 330.6874
12 53 H2(+1)Thr y9 931.5213 (H+)2 C39H71N1 311.1784
13 31 HAspThrG b6 615.299 H+ C26H43N6 308.1529
14 50 HAspThrG b9 872.4365 (H+)2 C37H62N9 291.4835
15 47 H2(+1)Glyly8 830.4736 (H+)2 C35HB64N1 277.4959
16 28 H2(+1)Aspy5 547.284 H+ C21H39NS 274.1454
17 44 HAspThrG b8 815.4151 (H+)2 C35H59N8 272.4764
18 41 H2(+1)lleLy7 773.4521 (H+)2 C33H61N1 258.4887
19 25 HAspThrG b5 500.272 H+ C22H38N5 250.6394
20 38 HAspThrG b7 702.331 (H+)2 C29H48N7 234.7817
21 54 H2(+1)Thr y9 931.5213 (H+)3 C39H71N1 233.6356
22 35 H2(+1)Leu y6 660.3681 (H+)2 C27H50N9  220.794
23 51 HAspThrG b9 872.4365 (H+)3 C37HB62N9 218.8645
24 22 H2(+1)Serly4 432.2571 H+ C17H34N7 216.6319
25 48 H2(+1)Glyly8 830.4736 (H+)3 C35HB64N1 208.3737
26 32 HAspThrG b6 615.299 (H+)2 C26H43N6  205.771
27 45 HAspThrG b8 815.4151 (H+)3 C35H59N8 204.6091
28 42 H2(+1)lleLy7 773.4521 (H+)3 C33H61N1 194.1184
29 19 HAspThrG b4 387.188 H+ C16H27N4 194.0974
30 29 H2(+1)Aspy5 547.284 (H+)2 C21H39N8 183.0993
31 39 HAspThrG b7 702.331 (H+)3 C29H48N7 176.3381
32 16 H2(+1)lleCy3 345.225 H+ C14H29N6 173.1159
33 26 HAspThrG b5 500.272 (H+)2 C22H38N5 167.4287
34 36 H2(+1)Leuy6 660.3681 (H+)3 C27H50N9 165.8473
35 33 HAspThrG b6 615.299 (H+)3 C26H43N6 154.5801
36 23 H2(+1)Serly4 432.2571 (H+)2  CI7H34N7 144.757
37 30 H2(+1)Aspy5 547.284 (H+)3 C21H39N8 137.5763
38 13 HAspThrG b3 274.1039 H+ C10H16N3 137.5553
39 20 HAspThrG b4 387.188 (H+)2  CI6H27N4 120734
40 27 HAspThrG b5 500.272 (H+)3  C22H38NS 125.8233
7 10 H2(+1)Glyiy2 232,141 H+ C8H18N5C 116.5738
) 17 H2(+1)lleCy3 345.225 (H+)2  C14H29NG 1157463
43 7 HAspThr(1b2 217.0824 H+ C8H13N2C 109.0446
44 24 H2(+1)Serly4 4322571 (H+)3  C17H34N7 108.8196
45 21 HAspThrG b4 387.188 (H+)3 C16H27N4 97.55231

DTGILDSIGR_

o)

b

Automate  Help  ChemOffice  Acrobat
[ Conditional Formatting ~ @
[ Format as Table Celle
[ Cell Styles v v
Styles
J K L

a

Workspace Lite

Jo

Editing

Sensitivity

[ commenss )

Add-ins

Add-ins

Analyze
Data

X

DTGILDSIGR



PEPTIDES

Sequence DS 7GILDSIGR

lonizations

Select the fragments to simulate:
@ Fragment A @ Fragment B @ Fragment C @ Fragment X
@ Fragment Y @ Fragment Z @ Immonium ions @ Allow neutral choice

1 Compass DataAnalysis - Untitled

Eile Edit Find Masslist Deconvolute Identify Chemistry Process Calibrate Annotstion Method View Tools Compass Window Help

L | 0D

BrainA_éx from original_Lul_DIA_os

Analysis List Chromatogram - 952_5-13-2025 BrainA 4c from original Tul DIA Pos 1.d: EIC 1046.5476=0.02 + All MS
952_5-13-2025_BrainA_sx from original_1ul_DIA_Pos_L. | Intens

o ey anawsis | (@
[ A BPC +alMS
.. EIC 1046.547620.02 +Al MS.

[l Eic 523 02 +All MS
A EIC 349,520 2 48l s

] An EIC 10%.54760.02 +dia-PASEF
O/ EIC523.7 02 +dia-PASEF ISOTOPIC DISTRIBUTION
[ . EIC 345.5207:0.02 +dia-PASEF 3
I Mobiiograms
¥y, Compound Spectra

Ju, +dia-PASEF, 51.3min, #28909-28946

Fragment Monoisotopic mass lonization

HAspThrGlylleLeuAspSerlleGlyArgOH Ca3HzsN330p7 1045.54039 1046.54766

HAspThrGlylleLeuAspSerlleGlyArgOH CasHzsNizOp7 1045.54039 523.77747

HAspThrGlylleLeuAspSerlleGlyArgOH CazHzsNy30p7 1045.54039 349.52074

56 58 Time [min]
$lo s3] ook

Overlaid {{List ), Stacked ) Analysis

Mobilogram - 952_5-13-2025 BrainA_dx from original_lul_DIA Pos_1.d -0Ox
Intens.

BPM 1046.5476£0.02 +AI M5
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0

i 17 18 18 Mobiity, 1K [V-sfam]
slolsal am

Overlaid ) List ), Stacked \ A View

Spectrum View - 852_5-13-2025 BrainA_4x from original_1ul_DIA_Pos_1.d -Ox

e +4S, 51,320, 2min, #28833-29054
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08
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BrainA_4x from original_1ul_DIA_Pos

Analysis List Chromategram - 952 5-13-2025 BrainA 4x from original_Tul DIA_Pos._1.d: EIC 1046.547620.02 + dia-PASEF -Ox
v 952_5-13-2025_BrainA_4x from original_1ul_DIA_Pos_ | Intens.
~ M\, Chromatograms x10%
[ /. 8PC +all M5
[ A EIC 1046 2 +AIMS
[ A EIC 5237 +All MS 3
[ A E1C 349.520740,02 441 MS
Ji, EIC 1046.5476:+0.02 +dia-PASEF
[ /i E1C 523.777520,02 +dia-PASEF
[ /.. E1C 343.52070,02 +dia-PASEF
Jish Mobilograms
~ |l Compound Spectra 2
Jl +dia-PASEF, 51,3min, $28909-28946
1
, A W | N A
50.8 510 512 514 516 518 52.0 522 Time [min]
SlelEl a mosk
Spectrum View - 952_5-13-2025_BrainA_4x from original_1ul_DIA_Pes_1.d [ s v
et e \ Overlaid )\ List )\ Stacked )\ Analysis/Spot A View /
10 —
s Spectrum View - 952_5-13-2025_BrainA_dx from original_Tul_DIA_Pos_1.d
’ Intens.
08 1047,5460 x10% 1046, 5427
0.4 1.0+
02 1048, 5482 0.8
0.0
x10%
25 1045,5427 0.6
20
0.4
L 1047.5460
10 0.2
a5 1048.5482 0.0
o x10%
’ 1046.0 1046.5 1047.0 1047.5 1048.0 1048.5 2.5+ 1046, 5427
|2 el= a Oauto [proflems Edlinems [ Fragmer s —
2.0
Sppm accuracy = .
1.09
1 |sno - fragment - |type| ~ |monois * |ionizati ~ | mf v mz - 0.5
gl 55 HAspThrGlylleLeuAspSerlleGlyArgOH 1045.54 H+ C43H75N1 1046.548 0.0 : .
1046.5 1046.6
3 13 HASPT"ITG[‘}'"E‘LE‘UFLS pSE'r"E'GhI'ATEGH 1045.54 “'H}E C43H75N1 523.7775 s |8l =2 a [auto [Arroflems [Alinems [JFragmentms [ ]Precursor MS v




AAN\EC ePapPLLOYEC
avaAvonc
aAAnAouxLwyv o€

npwTelvec &
NP WTEWHOTA

Alepelvnon povadikwyv ntentidiwyv tnc kabeAiodivnc-1

yla tTnv npwipn dtayvwon tng pootitidog — in silico

avaAuvon

Evtomiopog povadikwy memntidlwv = evdeyxopevol
oToyol

ylot akpLBn avixvevuon tng mpwieivng

e Evtomiopog povadikwyv nentdiwyv os memtidla
TPOEPYOLEVA HETA aTto Xprion Bpudivnc - BeAtiwon '

NG akpiBelac Tavtomnolnong tng MPWTELVNG /

KOTA TNV avaAuon pe GaoUOTOUETPLA ud{y
—
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MovadLKoO emTLOLo

« Movadiko mremrTidlo (Unique peptide): TTeTTTIdI0, TOU OTTOIOU N apIvVOEIKT) aAAnAouxia

EM@AVICETAI HOVOV O€ Hia TTPWTEIVN O€ KATTOIO TTPWTEWMA

Proteins in which the peptide
i Cc
Peptide is present ore

50 60

Accession Unique
Number

PO7316
CRGB HUMAN ---GCWMIYERPN YQGH|QYFLRR GEYP .QYFLRRGEYP... |  YES PO7316 _ CRGB_HUMAN __ NO
- QYFLRRGEY YES P07316 _ CRGB_HUMAN __ NO
_ _ QYFLRAGE YES PO7316  CRGB_HUMAN _ NO
Unique peptide YFLRRGEYP YES P07316  CRGB_HUMAN NO
QYFLRRGEYP YFLRRGEY YES P07316 | CRGB_HUMAN | NO
FLRRGEYP YES P07316 _ CRGB HUMAN __ NO
YFLRRGE YES PO7316 | CRGB HUMAN __ YES
- FLRRGEY YES PO7316 CRGB_HUMAN YES

F |_ R R E]Y P 075443  TECTA_HUMAN -

G P56199 ITA1_HUMAN -
- ) " FLARGE NO P07316  CRGB_HUMAN -
QOHB09  B2L12 HUMAN -
P07320  CRGD_HUMAN -

.ly

YFLRRG NO PO7316 CRGB_HUMAN -

_ _ P11844 CRGA_HUMAN -

Core unique peptides PO7316 CRGB_HUMAN -
YFLRRGE YFLRRGEY LRRGEY NO P48736 _ PK3CG_HUMAN __ -

FLRRGEY P0O7315 CRGC_HUMAN o




EAGyLotOoU pnKouc povadLKO MEMTLOLO

« EAdxIoTOU yAKouc povadiko TTeTTTidlo (Core unique peptide, CrUP): TreTTidlo ue

eANAXI0TO UAKOC aAAnAouXiag apIvogEwy TTou epgavideTal OvVoV O€ PIa TTPWTEIVN O€

Proteins in which the peptide
Peptide is present Gt_:lre
P07316 “ Number
MO
MO

KATTOIO TTPWTEWMA

CRGB_HUMAN ---GCWMIYERPN YQGH|QYFLRR GEYP[DYQQWM... ..QYFLRAGEYP... | YES PO7316 _ CRGB_HUMAN
QYFLRRGEY YES P07316 _ CRGB_HUMAN

_ ) OYFLRRGE YES PO7316 CRGB_HUMAN NO
Unique peptide YFLRRGEYP YES P07316  CRGB_HUMAN NO
QYFLRRGEYP YFLRRGEY YES P07316 | CRGB_HUMAN | NO

Fl RREREYER WES P78 "RER HLIRAA R [ [l |
YFLRRGE YES PO7316  CRGB HUMAN  YES
\ FLRRGEY YES PO7316 CRGB_HUMAMN YES

075443  TECTA_HUMAN
P56199 ITA1_HUMAN

.(QIYFLRRGEY P...

FLARGE NO PO7316 CRGB_HUMAN

QgHBD9 _ B2L12 HUMAN

P0O7320  CRGD_HUMAN

YFLRRG NO PO7316 CRGB_HUMAN

e P11844 CRGA_HUMAN

Core unique peptides PO7316 CRGB_HUMAN
YFLRRGE YFLRRGEY LRRGEY NO P48736 __ PK3CG_HUMAN

FLRRGEY P0O7315 CRGC_HUMAN




>UvOeTO povadLko TemTLOLo

e 20vOeTO povadiko tTeTTidoo (Composite unigue peptide, CmUP): tTeTTTidI0 TO OTT0IO

oxnuaTifetal atrd TNV Evwaon dUO0 N TTEPICOOTEPWY MOVADIKWY TTETTTIOIWY EAAXIOTOU

UNKOUG, OTAV TO £va ETTIKAAUTITEI TO OEUTEPO

PO7316 o0 oC
CRGB HUMAN ---GCWMIYERPN YQGH|QYFLRR GEYP

Unique peptide
QYFLRRGEYP

(QIYF

Core unique peptides
YFLRRGE YFLRRGEY
FLRRGEY



UNIQUOME

Composite Unigue
Peptides
(CmUPs)

Tryptic digest
Unigue Peptides
(TUPs)

Proteotypic Universal Unigue

peptides Peptides
(UUPs)

Immuno-
epitope

Bioactive peptides
peptides
IMmuno Pathogen
entides —_— against Host
PP CrUPs
Core Unique ANHENIC gy (* ATHEENIC ) s
Peptides = Peptides Targets /

N\

Cancer
Antigenic
Peptides

Disease

Single Amino Acid
Biomarkers

Polymorphic
CrUPs

Pathogen
|dentification




Cathelicidins

KUplat opada avtipkpoBlakwy memtidilwyv pe apeon dpaon evavit ToAAwv maboyovwy

Evtomni(ovtal oto SEUTEPOYEVN KOKKLOL TwV OUOETEPODIAWY Kal arteAeUBepwWVOVTOL LETA TNV

gvepyormnoinon

Exon I 2 3 4

Arntavtwvtal o€ oudetepodlAa Kat emOnALaka kKUTTOAPA

Signal

peptide Cathelin propiece Peptide

TOU , ME QUENUEVA eTtimeda oTa TPWIKO [

otadlo paotitdag

T B+l - Cabelicidin gene

Cathelicidin precursor

“.  Structurally
diverse peptides



AvaAlvon aAAnAouxwwyv Cathelicidins

Avalntnon tnc kabeAloldivnec-1 0To MPWTEWA KOl OTLC TIPWTELVEC TWV IPOLATWY, TWV
yoLwv Kot Twv Booetdbwv rmou AndBnkav armo tn Baon dedopevwy Uniprot

(https://www.uniprot.org/)

AvaAvon: epyaleio BlonmtAnpodoplknc ou eixe Baolotel oe alyoplOpo peyaAwv

dedopeEvwy

#P54230 - CTHL1_SHEEP

Protein! | Cathelicidin-1 Amino acids | 155 (go to sequence)
Gene! | CATHL1A; CATHL1B Protein existence! | Evidence at transcript level
Status! | % UniProtKB reviewed (Swiss-Prot) Annotation score' | 3@

Organism'! | Ovis aries (Sheep)


https://www.uniprot.org/

Input: Proteome, minimum and maximum peptide lengths
Goal: Identify peptides unique to a single protein

Method (Rolling Window Approach):
*Process window sizes from W in t0 W ax

*For each protein (length L), generate peptides using a rolling window
C=L-W+1

Filtering Rule (Priority):
*Discard any peptide that contains a previously identified CUP
from smaller window sizes (same protein)

Uniqueness Test:
*Search remaining peptides against all other proteins
*Stop immediately if a match is found

CUP Definition:
*A peptide is a Core Unique Peptide (CUP) if no other protein
contains it

Iteration:
*Repeat for all peptides, all proteins, and all window sizes

multiple protein sequences

e Minimum peptide length (W,;,)
5 © Maximum peptide length (Wiyax)

Proteome containing | For window size W = W, to W,

For each protein of length L:
e Apply a rolling window of size W
e Generate C =L — W + 1 car\Wwwy i s

STEP 3 PROTEOME-WIDE SEARCH

For each protein of length L:

If peptide is not found in any other proteins,
C continue to Step 4

ProteinA*+— \

y Protein B Protein C
J

STEP 6 ITERATION

Repeat steps 1-5 for:
e All peptides in all proteins
e All window sizes Wiin — Wmax J

Algorithm ends when all window sizes
and all proteins are fully examined.

Runtime: O(sumL v (W, ,,—W,;,) 1=

» | f candidate peptide contains any

e Search any passing peptites against A~
all other proteins in proteome »
(Exclude originating protein) l§

CUP CONTAINMENT CHECK

previously found CUPs from
smaller-sized windows for the
same protein,

Discard peptide.

no not search [T
i proteome.

STEP 4 | EARLY TERMINATION RULE

If peptide is found in any other
protein, discard peptide

and stop searching
immediately.

If no other protein contains the
peptide:

e Smallest window sizes
are processed first.

e Discard any peptide containing
previously identified CUPs

e Proteome search.

e Proteome search termnates as
socn as a match is found.

J




AvaAlvon aAAnAouxwwyv Cathelicidins

AlepeuvnOnke n evbexouevn povadikotnta Kabe mentdikng aAAnAouxiog tnC
kaBeAloldivne-1 og ouykplon Le OAEG TIC TIPWTEIVEC TTOU aviyvelovtal o€ pofarta, yidla n

Booeldn
Avixvevon povadikwy remtidiwyv eAaxlotouv pnkouc (Core unique peptides)

Avixveuvon ocuvBetwv povadikwy mentdiwv (Composite core unique peptides)



AvaAlvon aAAnAouxwwyv Cathelicidins

Nentidla mpoePXOLEVA LETA ATTO

H Bpuivn udpoAvel Tic mpwteivec, koBovtacg tnv aAAnAouvuyia Toug otnv KopBoEUALKN
nieploxn tnc Avaoivne (K) n tnc apywivng (R), otav dgv akoAouvBouvtal amo to apvoly

NPOALVN

MNemtidla mpoepyoueva peta ano udpoAuon pe Bpudivn avaAuBnkov OMwe apamavw, yLo
TOV EVTOTILOMO MOVOSIKWY TIEMTLO LWV EAAYLOTOU MNKOUC 0€ KaBeuLd oo T aAAnAouyxleg

TOUC



AvaAlvon aAAnAouxwwyv Cathelicidins

&

N

~

7B~

-
"
y
J

Evtomiotnkav 59 sAdylotou pnkouc povadika memtidla kot 4 cuvOeTa povadika Temntidla

otnv kaBeAodivn-1 twv mpofatwv

, Cathelicidin-1 npofdtou
O¢on : : ; . ;
AAAnAouyia Twv cUVOETWV povadikwy MAKo AplOUOG povadikwy
MENMTIS LWV nKos NeENTSiwv
1-9
43-79
44-57 QLNEQSSEPNIYRL 14 8
81-154
LELDQPPQDDEDPDSPKRVSFRVKETVCPRTT
- 2
>8-112 QQPPEQCDFKENGLLKRCEGTVT = 3
115-121 QVRGNFD 7 3
122-155 ITCNNHQSIRITKQPWAPPQAARICRIIFLRVCR 34 24

MEOQERAELSOLCRECS)

0909000000000@0

30 Q)

60

9t

120

150

WOEORXEAVLERAVO@
EOORXONEEEEEN
DREEEEEOEOEPRQ)
0000@009@000900
QEEEQOOEXENCOOLD)
CLOUOEEOR®R)

45

105




AvaAlvon aAAnAouxwwyv Cathelicidins

6 povadika memtidla EAAYLOTOU LAKOUC TIPOEPXOEVA LETA aTto LOpOAUoN He Bpudivn

) AAANnAovuyia Twv povadikwv ) AplOUOG povadikwy menTtidiwv eAdyLoToU
Ozon NMENTLS LWV EAGXLOTOU HAKOUG Mnkog HAKoug otnv KaBeAoldivn-1 twv npofatwv
41-56 AVDQLNEQSSEPNIYR 16 7
57-74 LLELDQPPQDDEDPDSPK 18 9
88-99 TTQQPPEQCDFK 12 1

107-117 CEGTVTLDQVR 11 2
118-131 GNFDITCNNHQSIR 14 6
135-144 QPWAPPQAAR 10 5




< j‘ y KT
A&loAoynon miBovwyv avuvovmwv otoxwvc/ WM%

Kputpla yia emtidoyn mBavwy oVTLyovVIKWY OTOXWV
Meploxec pe ‘aélomiotn’ mpoBAsdn tplodlaotatou MPoTUTIoU

Kopuo¢ tne mpwteivng oupudwva e TNV tplodlactatn doun tng, aAAnAouyiec o a-EAKEC N
Bpoyxoug

Avaktnon tnc tplodtactatng (3D) dounc tne mpwteivne amnod tn faon

dedopévwy AlphaFold
Protein Structure Database

Avaktnon tng tplodtactatng (3D) kpuotaAAlkng Souncg tng kaBeAodivne-1 amo
™ Paon 6edopevwy Swiss Model Repository &8 SHTSS-MODEL®

7B~



Xy

w! o

/\./v

A&loAoynon miBovwyv avrtvovmwv otoxwv/ WM% |

=
N

6 povadika memtidla EAAYLOTOU HNKOUC TiPOoTELvovTal WC TtiBavol avilyovikoil otoyol yLa

NV KaBeAlodivn-1 twv mpofatwv

AAANnAovuyia Twv po- , . .
. , Npotuna dsutepotayou SOMAG TNG
Oéon vadikwv mentidiwv MAKOC
. . NPWTEIVNG
EAAYXLOTOU MRKOUC
44-48 QLNEQ 5 44-48: a-€Nlka
46-49 NEQS 4 46-48: a-€Aka, 49: Bpoyxocg
47-51 EQSSE 5 47-48: a-€Aka, 49-51: Bpoyxog
48-52 QSSEP 5 48: a-€Aka, 49-52: Bpoyxoc
68-71 EDPD 4 68—71: BpOyXoC
69-72 DPDS 4 69—-72: Bpoyxo¢










2UMTIEPOAOUOTA LEAETNG

EVTOTILOMOC EVOEXOUEVWV OVTLYOVLIKWY OTOXWV yla akpLpn aviyvevon tng kaBeAodivne-1
Blodeiktng yia mBovn npwipn dtayvwon pootitidac ota npopata

E&L povadika remtidia eAaxtotou pnkouc (QLNEQ, NEQS, EQSSE, QSSEP, EDPD, DPDS) wc¢

eVOEYOUEVOL OLVTLYOVLKOL 0TOXOL

E&L povadika memtidla EAAXLOTOU HAKOUG TIPOEPXOMEVA LETA aTto uOpoAuon pe Bpuivn



AAN\EC edOPUOYEC
avaAuonc

aAAnAouxlwv o€
NPWTEiveC &
TP WTEWMOTA

e Classification

 Evolution



Katsafadou et al. Human Genomics (2025) 19:69 Human Genomics
https://doi.org/10.1186/540246-025-00779-w

Update of the sideroflexin (SLC56) gene family 2

Angeliki . Katsafadou'#'®, Daniel W. Nebert>* Sergey A. Krupenko®, David C. Thompson' and Vasilis Vasiliou'
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HsaSFXN4
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PpaSfxn-like
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HsaSFXN1
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Fig. 2 Amino acid and peptide sequence and alignment of human and plant SFXNs. Dark purple (fully shaded regions) denotes amino acids that are
identical across all sequences, while lighter purple (or partially shaded regions) indicates semi-conserved or conserved substitutions. The HPDT motif and

the asparagine (N)-rich sequences are also highlighted. Unmarked residues represent sequence variations. Dashes (-) represent gaps in the alignment;

these gaps suggest evolutionary divergence, i.e., where one sequence has additional or missing amino acids. The sequence numbering on the right side
indicates the position of amino acids in the full-length protein sequence. Sequences were retrieved from the NCBI Gene Entrez database and aligned

using Clustal Omega v1.24 (default parameters) via the UniProtkKB/Swiss-Prot alignment tool [59]. Abbreviations: Hsa: Homo sapiens, Smo: Selaginella

moellendorffii, Ppa: Physcomitrium patens. The figure was created using Biorender (https://BioRender.com)




HsaSFXN2
MmuSFXN2
DreSFXN2
XtrSFXN2
ResSFXN2-like
LvaSFXN2-like
CscSFXN2-like
DmeSFXN2
CelSFXN2
MgiSFXN2
AquSFXN2-like
CelSFXN1.5

CelSFXN1.4

CelSFXN1.2
CelSFXN1.1
[ CelSFXN1.3

AquSFXN1-like
ResSFXN1-like
DmeSFXN1/3
LvaSFXN1-like
MgiSFXN1
CscSFXN1-like

HsaSFXN1

MmuSFXN1
DreSFXN1

XtrSFXN1

HsaSFXN3
MmuSFXN3
DreSFXN3

DreSFXN4
| — HsaSFXN4
|

XtrSFXN3
SroSFXN1
— SceFSF1
SroSFXNS
SmoSFXNS5
Res5-like
CelSFXN5
AquSFXN5-like
MgiSFXN5

LvaSFXNS5-like

DreSFXN5a
DreSFXN5b
XtrSFXN5

HsaSFXNS5

MmuSFXN5

XtrSFXN4

0.50

MmuSFXN4

Citrate

4

SFXN

A

Formate

Ser
Protein / I

synthesis Initiation

v >OCM —— of protein
\Gly l synthesis

NADPH

Heme

Mitochondria

Cytosol ;

Fig. 4 Proposed roles for SFXNs. SFXNs transport serine or citrate to mitochondria. Whereas citrate feeds the TCA cycle for energy production, serine has
multiple functions. Its main pathway is folate-dependent conversion to glycine catalyzed by SHMT2. This reaction feeds one-carbon groups to mitochon-
drial folate metabolism (OCM, one-carbon metabolism). These groups can be: (i) oxidized to CO2 to produce energy in the form of NADPH,; (ii) converted
to formate, which is exported from mitochondria to feed the cytosolic folate metabolism; and (iii) directed to formylation of Met-tRNA, which is a required
(initiation) step in mitochondrial protein biosynthesis. Both serine and serine-derived glycine are also required for protein biosynthesis in mitochondria.
Glycine is also required for the rate-limiting step in heme biosynthesis. Surplus glycine can be exported from mitochondria for utilization in cytosolic
reactions. Proposed model also considers the putative function for SFXNs in exporting citrate from mitochondria

Fig. 1 Phylogenetic analysis of the SFXNs from representative species. The evolutionary history was inferred by using the Maximum Likelihood method
and Jones-Taylor-Thornton (JTT) matrix-based model [61]. The tree with the highest log likelihood (-21706.14) is shown. Initial tree(s) for the heuristic
search were obtained automatically by applying Neighbor-Join and Biclogical Neighbor-Joining (BioMJ) algorithms to a matrix of pairwise distances esti-
mated using the JTT model, and then selecting the topology with superior log likelihood value. The tree is drawn to scale, with branch lengths measured
in the number of substitutions per site. A distance scale of 0.50 indicates 0.5 substitutions per site. This analysis involved 48 amino acid sequences. There
was a total of 429 positions in the final dataset. Evolutionary analyses were conducted in MEGA11 [60]. Abbreviations: Aqu: Amphimedon queenslandica,
Cel: Caenorhabditis elegans, Csc: Centruroides sculpturatus, Dme: Drosophila melanogaster, Dre: Danio rerio, Hsa: Homo sapiens, Lva: Lytechinus variegatus,
Mai: Magallana giga, Mrmu: Mus musculus, Res: Rhopilerna esculentum, Sce: Saccharomyces cerevisiae 5288C, Smo: Selaginella moellendorffi, Sro: Salpingoeca
rocetta Xtre ¥Xenonus tronicalis



Cell Cytoplasm
HEPRTHOSRITVECCOCROSERIVRE : £ garke - Aaed eP0ee®
OMM '
CRSTIVISTATCTS T ST R LA TSR LT ST IV ICTHISTORE, | oy SPOoB@®

Intermembrane
space

Mitochondrial
matrix

SFXN1 SFXN1 SFXN2 SFXN2 SFXN3 SFXN3 SFXN4 SFXN4

Fig. 5 Mitochondrial localization of the predicted 3-dimensional structures of sideroflexins. SFXN1, SFXN3 and SFXN4 are embedded in the inner mito-
chondrial membrane (IMM). SFXN2 is found in either the IMM or the outer mitochondrial membrane (OMM); thus, SFXN2 is depicted in both locations.
A structural model for SFXNS5 is available; however, due to the lack of localization data, SFXNS5 is not included in the figure. The orientation of the SFXNs
in the membranes remains to be determined; therefore, they are depicted in both possible configurations. Colors on the SFXN molecules indicate the
distinct secondary structures as follows: alpha-helices (magenta), beta-sheets (yellow), and loops (white). All predicted 3-dimensional structures were
obtained from AlphaFold Protein Structure Database [62-64]. The figure is based on Tifoun et al. [12] and was created using Biorender (https://BioRender.
com)




AGNC

HUGO Gene Nomenclature Committee

HGNC

A Genedatav Tools» Downloadsv PGNC~ VGNC~v Contactus~ Morev Request symbol &

arcnive Downloads

HGNC: assigns unique

Update of the Methyltransferase Gene Family: Proposed New symbols & names to human
Classification Scheme, and Evolution genes and manually curates

them into functional groups

based on shared characteris
Angeliki 1. Katsafadou'**, Pal O. Falnes*, Elspeth Bruford’, Bryony Braschi®, tics: e.g.

Quinlin M. Hanson®, Matthew D. Hall®, David C. Thompson!, Daniel W. Nebert”?, .
Vasilis Vasiliou!”

sequence similarity,
e structural homology,
(under review - Human Genomics) e common function,

* protein complex
membership




Methyltransferase families

families
grouped by structure

SPOUT methyliransferase
domain containing

SET domain containing

Seven-beta-sitrand methyliransferase
motif containing

Radical S-adenosylmethionine
domain containing

Homocysteine domain
containing methyliransferases

Membrane-bound methyltransferase
family

Tetrapymole methylase
domain containing

tRNA wybutosine-synthesizing
prolein domain comaining

Methyltransferases
with unique structures

PR/SET domain family

78S protein methyliransferases

78BS DNA/RNA methyliransferases

78BS small molecule
methyliransferases

78BS orphan methyliransferases

78BS non-methyliransferases

7BS protein lysine
methyliransferases

7BS protein arginine

methyliranferases

7BS protein histidine
methyliransferases

7BS protein glutamine
methyliransferases

7BS C5-cytosine DNA/
RNA methyitransferases

7B5 N6-adenosine DNA/
RNA methyitransferases

7BS 2'0O-ribose DNA/
RNA methyltransferases

7BS N3-cytosine RNA
methyltransferases

7B5 N1-adenosine RNA
methyliransferases

7BS N2-guanosine RNA
methyliransferases

7BS N7-guanosine RNA
methyliransferases

7BS C5-uridine RNA
methyliransferases

NOP2/Sun RNA methyltran sferase
E
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Arginine methyltransferases

Histidine methyliransferases

Protein methyltransferases ge= Histone lysine methyltransferases

Glutamine methyltransferases

- Non-histone lysine
Methyitransferase families DNA/RNA methyltransferases methyltransferases

N- and C-terminal methyitransferases

Small molecule methyltransferases Putative lysine methyliransferases

Isoaspartate methyltransferases

Lysine methyliransferases

Group contains the following subgroups &

« DNA/RNA methyltransferases o Small molecule methyltransferases
e Protein methyltransferases

~] Genes contained within subgroups: 186 €+
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