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ABSTRACT

Background:

Next-generation sequencing (NGS), phage display technology
and high throughput capacities enables scientists to screen
antibody therapy candidates at a level never possible before.
NGS information makes possible to characterize antibodies based
on their HCDR3 sequence and further group them into families
before moving to hit-to-lead stage of drug discovery and
development. ¥ However, there was no method or software
available in-house; tailored for antibody discovery with
capabilities to apply biophysical rules to classify the volume of
sequences generated.

Methods:

A web based Shiny application GroupMyAbs was developed as a
collaboration between statisticians and scientists to aHew apply
biophysical properties for further antibody characterization to the
NGS data. Several Multiple Sequence Alignment (MSA) algorithms
implemented in the app enable sequence comparability. A method
was developed to both: evaluate pair-wise differences between
sequences and objectively classify them further into families-

Results:

The app provides custom-made and interactive data visualization,
enables refined antibody classification in a mathematically-driven
manner, considerably increases efficiency and reduces resources,
and insures reproducibility and traceability. This all decreases bias
in decision making during the hit-to-lead stage in biologics drug
discovery. The app further enables NGS to effectively replace
primary screening in an antibody discovery project.

OBJECTIVE

The objective of this project was to develop:

« a method to classify antibodies into families using the NGS
data of an antibody variable region as an input;

« a tool which enables antibody classification analyses in an
objective, automated, tracible, user friendly and efficient
manner

METHODS

Three steps in antibody classification

1. Make antibody amino acid sequences comparable
2. Evaluate pair-wise differences between the sequences
3. Classify sequences into families

1. Make sequences comparable

Two random sequences X and Y (Figure 1) must be aligned
before they can be compared. In reality, scientists deal with
hundreds or even thousands of sequences which have to be
arranged by certain regions within the sequences (HCDR3) that
may be a consequence of functional or structural relationship.

Figure 1. Sequences are not comparable

ARGRTVGYFDY
ARDLGDYRDYAFDY
ARDSRSYDGFDY

Y AKRRRNVRRMFDY ARGRRVGYFDY

X ARLRRRSFDY

100 s of
sequences

ARGLGGFDY
ARETRSYDGFDY
AKRRRGSKGYLDY
ARGRYRVPTSFDY

Three multiple sequence alignment (MSA) algorithms have been
implemented in GroupMyAbs shiny application:

e ClustalWw
e ClustalOmega
« Muscle

There are upwards of many MSA algorithms in use; these 3 were
selected on the basis of popularity, efficiency, implementation in
R environment, and discussion with the scientist.

At the end of this step all sequences are aligned and therefore
are comparable.

2. Evaluate differences between the sequences

After the sequences are aligned, biophysical properties of amino
acids are used to evaluate the differences between a pair of
sequences, following the process reflected in Figure 2:
« Mismatches in amino acids at each position of aligned
sequences are flagged
« For a vector of mismatches respective biophysical scores are
used for both sequences: X and Y
« A vector of mean scores is calculated for sequence X and Y
separately
« Two mean vectors are taking as an input into Euclidean
distance formula E(X, y)
« where x and y are two sequences,
« j corresponds to a biophysical score.

The same procedure is applied to all pairs of sequences.
During this step, GroupMyAbs enables users to go from aligned

comparable sequences to the distance matrix which reflects on
sequence dissimilarities.

Figure 2. The process of evaluating the difference
between a pair of sequences using biophysical
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Note: amino acid mismatches between two sequences X and Y are highlighted in red

in Figure 2

3. Classify sequences into families

Hierarchical cluster analysis is applied to the set of
dissimilarity measures and a dendrogram is used to visualize a
classification tree.

It is important to objectively determine the best number of
clusters. Five different indices (methods) were used to decide
on the number of clusters:

* Frey

« McClain

« Cindex

« Silhouette
« Dunn

The five indices were chosen on the basis of being able to
process dissimilarity measure as an input. The user is given
flexibility to evaluate the number of clusters proposed by each
method and consider the most frequently proposed number as
the optimal number of clusters.

Multidimensional scaling (MDS) is leveraged to visualize the
level of similarities between sequences in two dimensional
space as an additional unsupervised visualization tool. That is to
say, the closer the points to each other on MDS plot, the more
likely they are to belong to the same family.

RESULTS & DISCUSSION

The results of MSA are displayed in an interactive manner (partial
view is given in Figure 3) with the size of an amino acid on the top
of the array, corresponding to the frequency of that amino acid in
that position. A user of GroupMyAbs has an option of exporting,
sorting and filtering of sequences and a choice of a color scheme for
MSA results.

Figure 3. Dynamic Multiple Sequence Alignment

Note:

ClustalW method of dynamic multiple sequence alignment was used to produce
Figure 3

The results of hierarchical clustering is represented by the
dendrogram (Figure 5b). The color coding of the branches in

the dendrogram

is a function of the number of clusterss

suggested by different indices (Figure 5a). Cluster membership
(Figure 5d) is also displayed in interactively=and has a search

option.

The MDS plot (Figure 5c¢) aids in visualizing similarities and
dissimilarities between the sequences. Color coding for MSD is
equivalent to the one for dendrogram and is a function of an
optimal number of clusters.

Figure 5.
Suggested number of clusters (top-left, 5a)

Visualization of cluster analysis (bottom-left, 5b)
MDS plot (top-right, 5¢)
Cluster membership (bottom-right, 5d)
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After classification

is complete, the user has an option of

downloading MSA results as a report. The results of classification
are included as a part of the downloadable report as well.
As depicted in Figure 6, GroupMyAbs application enable users
to go from amino sequences of hundreds of antibodies to
classified families.

Figure 6. Antibody Amino Acid Sequences prior

(top) and after classification (bottom)

RHPAFNPAFDY

WEVGVWGSYELDY

WWRDOSYEYGRSNAFDY

ARGRGGLAGAFDY

WRDGGGSWGNYRGGYFD

JARVSLGVAAFAY

ARDERYFDY

JARERSYYWLGSYGYAFDY|

WWRHYLSGSLGLDY

PKASGKGLDY

JARPKFDYGYQHFDY

JARVMNRFAYSHLDY

JARGTAIFDY

JARDLSGSNLDPAFDY

JARGFGYRFDY

AREATYGDFDY

JAKDGNVWVCDNYYLDY

JARKKPGDHRADLDY

JRDTRSYDGFDY

AROLWGYLDY

RGRSPRYFDY

JAKLAGRTLDY

ARLADLFDY

ARGLGNSVARAFDY

JARFSPGSYGYLDY

JAKKSNWIFDY

RPFRWLDY

AEKRTKLLDY

ARISSDDDFDY

JARGVTTLGRROYFDY

JARDTRASDGFDY

WRRAAWGGWADLDY

JARDAGGGDYYLDY

JARGPCFSIGTPLDY

JARFGFSLDY

ARVOADGLYSFIFDY

MRDRGRELGVVYAFDY

WMWRHDPWSLDLDY

JARLARWTFRLDY

JAKNSHYSALRFDY

JARVSRTFDGLDY

ARDCNVLDY

ARMMWDSFDN

JARGERRSLYMFDY

WRYGSSFDY

AKRTRDLDY

ARDRGYGNYLRSYLGYYYFDY

JARNTSYLDY

JARHTPFSGCYYCLDY

ARDCLTSCVWFDY

JARDSLTASSFAFDY

JARWRRELDY

ARNAGGDDYYLDY

ARYRSRFDY

MRVHYRROWVVLDY

WARDRYGWRSYPVYYFAY

JARHSWRTYHWELDY

JARTRGPAVPFDY

JARERYYRWRSYGSYYFDY

JARGRSLSGFDY

[VRDAGGDDYYLDY

JARRCEWALDY

RASRSYDGFDY

IMKHQRPGLDY

WLEKLSPFPGW PFDY

WREGGGGSAGSYSDGFDY

JAKGVFSNLFDY

JARGRTLGYFDY

ARVHSVFFLFDY

ARASSWARFDY

ARATVASGWVFWFDY

ARAVVPLDY

MRERYYRYGRYGYSYYFDY)|

LRDPGGSYRGAYGFDY

RDYLYLDY

JAKKHNWLDY

ARLQLLPFDY

ARGGGGWLTEGTYYFDY

JARGESDTDSGSFDY

JARDGGCEEACLDY

RDRRYRYGLDY

PKHRRGGSLDY

JARVDPWSVDFDY

JARDRGPRYFLDY

JAKKHTWFDY

ARRCYRLDY

JAKGSVGSGDFDY

JARHCTDITNLYLDY

ARGGSRWRGAFDGFAY

ARFSPDADGGSFDY

MRVIGRVSAGYIFDY

WRGPSYPWLLYGYGGAFDY

JARGRYYPWYVYGSYYFDY

ARRAAWVGDFDY

WMRVAGWDLGKFDY

JARGSVCTIFCQSFDY

JARNKDGCSFTLDY

JARGRDYRGGTAFDY

RGRGGRLYDAFDY

MAGRYYPWYGYGSYYFDY]

JARDSRASDGFDY

ARDSRSVDGFDY

JARDRGIGYGGFDY

ARVOQFLPLDY

JARGTWIFDY

JARVVAGFYMYQTYLDY

JARGRGRRLGVVYAFDY

ARHVLSGPELDY

MK GAGASVAWDFDY

ARMRKAQFDY

KIRGWRRADFDY

JARDRGRRSPGFDY

ARGGWTGVSPYAFDY

JARRDIQWPHNEDLDY

JARDAGGDDHYLDY

lARIQMLLDY

RVGGPAPWFDY

MRADPWSIDFDY

AKSSFDY

WRGTGAYNWAHGFDY

JARERSLNRSYRGFDY

JARNIRATYFDY

|ARRYAFGTFALDY

JARETHSAFGDYAWLDY

LARLASVLDY

RVLEWHLDY

MRDDGROGFDY

WEKQFRNSYSDPFDY

JAREGGYYPVYADYDAFDY

ARGAGGDDOYYLDY

JAKDGGDYWGDFDY

ARDDAYGPYLFDY

ARGRYSRTFDY

JARRHIVFDY

RYLIRFDY

MRGLYYPWYSYGSYYFDY

JARHRRGAFDY

JAKHVFSTRGNLDY

JARGYRRTIYFGY

ARGPYGYYGNWIGDYFDY

JARVKRHSYYGSFDY

JARGSRSYDGFDY

JAKHNARGEFDY

AKAAGNCAHGFFDY

PEKNSGKGFDY WRAYVYDASDGGDLDY RGHRSDWYTYLDY JARGSS5GPTCYCRFDY ARGRRNIDSRGFDY JARVPSWARFDY JARGVRMRYGYSLDY JARAPGSTYIFDY KHRVRAFWFDY
PENAWGWFGAELDY  JARIWWVSTYLGSFDY RGRRGGTGGFDY |ARGEAFGTCFDY ARARGIVNWFFDY JARVTRRLDY JARIAYSFSSFDY JARGWVTGSLPFDY WRDAGGDDYYLDC
MRDSITSDGFDY ARDTSFRLRYRFDY ROAGGDDYYFDY JARLPRKFDY JARGRRVGLFDY AKPMNCLCLDY ARKIDEREFYSGLDY JARARRLGWFDY RDAGGDNYYLDY
IAREYYLDSEGFDY ARGYDFFAYAALDY JARIAAGFAYGNLDY JARDPDGYYSRFGFDY ARGFSYYVFDY ARDNAFYVLDY ARNDSYFALDY IARDGTSSSRYRAFDY ARDVGGDDYYLDY
AKASGRAFDY WRERYYLLGRRGYGYYFDY JAKSDGGSRGLLDY IARGDPWWGDFDY ARGRRNVYFDY IARDRLWGGYRAFDY __ JARNIWLVVLDY JARDRROYGGLDY RDWEAFRYKHRLDY
MRIDSPYDCCGYLDY WRVPHWSSKLDY WRGSGCDIGDLDY JARVQFVPLDY JARGRYYPWRSYGYSYYFDY JARGRRSYRLFDY |ARRTEVLDY JARGGSRADLYGYYLYY  JAREYSYGAGDAFDY
MATYGYAGVSLDY JARDTRGYDGFDY RRRNGSYFAY JARDW\VYSAHLDY ARSIRGGFDY JARHW ISRLDY ARVGVYNWNFDY JARGTPYGGLDY RGAYGYWFDY
MKESRTADGFDY AREPSSYPWNNGASSYDAFDY JAREASDGDFDY JARGRGGGSTFDY AKVDRDGRWAGLDY JARMCEELDY JARVWSHMVIPLFYLDY  JARNRMLLDY WRGRYYPWRVRGYSYYFDY]
AKRMRGSKRYLDY PRGRGYGLRGFDY JARVFSHGWGSLDY JARDSLTYDGFDY JARGAYVDDWFDY ARVGEYVSFDY ACDAGGDDYYLDY ARTWWYLDY RHCFAFDY
MRVDPWSLDLDY ARSRPSSVFDY JARDRYYGGNSVRRGGYYFDYJARDRRGKAGLDY JARRRPWSGFLDY JARVSW DGVFFDY JARDEGNFATLDY JARVSSRARFDY PRLMALLDY

MK AAAAGRALLDY JAREQRTYDGFDY RGOQGGFAYSCLDY JARDSVTSDGFDY [TRPYISLDY JARDAGGDGYYLDY ARDMGSNSLGYGLDY JARVSSWAGFDY RLRNGFDY
MRDPARGRSRGFDY JAKEDRQYDGFDY ARHIWGYFDFYGLDY JARGVYWGHGSLDY AKHLHGSLDY JARGIDRGKCCODLDY |ARDYNLGNNDAELDY JAKDIWEKWHFDY RSVGDWFDY
MKSVRIFDY WRENPNGDFDY JAKCRINLWDYDPGFDY JARQFMMLDY ARDVPITALDY ARGRVGTFDY ARGLSGYLLGGRRYGYFDY |AKGFNARLDY RVDPWSTDFDY
IMKGWGFSGSGLDY ARHWRGKYWSIFGLDY JAKKHVWFDY JARVRIYGWRVRGYSYYFDYARGRSYEATANLDY LARLWASFDY ARGLTWLDY JARDYVDVNDFDY ARVSSWARFGY

K GSKALFDY. WKGGYAGCCNDFDY RDTAGCWTFDY ARAARIGTFDY ARRAAW IGSFDY JARPGRTIITLDY JARHDCKYVKHLDY ARGACGHGLDY RDEGGYYKFDY
MRDGRTSDGFDY WEPYLWLDY JARHTWGYYDAYGLDY JARVDDWYRTFDY JARVSSWARLDY JARRGWPLDY LARKLYALLDY IARGCAGESLDY ARDSATYDGFDY
IMRDTRSSDGFDY JARVDPWSWDFDY RDARTSDGFDY JAREYYYGSGDAFDY WREPSWPGNGAGAFDY  |ARVDDHDYILKLDY ARQSVCLDY JARGFGSSSLRAFDY RDY

PEMGKVFDY ARGRYYRWVSYGSYYFDY JARGOADSFDY JARGDPWSMDLDY ARGRVGGLSGFYFDY JARASDTGSLDY [TRDAGGDDYYLDY JARGRTALVVFDY ARERAALDY
MKSSGKAFDY JARISGWADDRFDY RGRGGGLWGFDY |ARGRGAYLIWFDYFDY WWRDAGGDDYYSDY JARDEYEGSAWYFDY AKHSWGWAGDLDY IARLSRRLDY RERYDSYGVWDAFDY
MRDGYGAKHYVLAFDY  ARDPYGGGEVNTORYYGMDV JARIDPWSSDLDY ARGWYPGYRGDLDY ARVSPWARFDY JARETMSLDY JARARSDRWFLDY JARQSWEFDY WRGCYLLFCFDY
RERYYRWRRSYGYYFDY JARDPDGSLSAWGFDY RESGGTVSLSYYYYGFDY  JARTWIAMVFFDY ARIWVW GLGMPFDY JARGRGAGGRGFDY JARDYVQVGGWLDY JARRSWFTLPGSLDY RGGSVVYVAFDY
MRORSYKSALRYFDY JARDTRAYDGFDY JARGSCCCSLDY JAKHGGHTVHWDLDY ARNSGDWGASLDY JARGRGNSLRGFDY JARERYYRWRVRGYSYYLDYJARSSRSLDY ARGISS5DSFDY
MRGRGRYFMANFDY ARGRRAVAAFDY WROMVMFDY JARGIDYAVDGFDY JAKHCVCGVFDY AKDQVGMYPVEYLDY |ARGNEDWADYWDLLDY JAKGHSAWKPLDY RGPDYISAFDY

RENRTYDGFDY

RESRTNDGFDY

JAKRGVGLRLDY

JARRNEEHLDY

IARHLDGTAAFDY

AR

ARSNVLLDY

JAKLIAWFCFEYLDY

ARLEAFCVSCYCFDY

MRVSPGPYGLFDY

AKGNRAAGGFDY

RALIASWFDY

lARDAGGDDY

ARNYGNTRDDFDY

JARAVSRFDY

ARDLYRGDGWFDY

LARAGFYVKVVGEFDY

RNWYYCPYSLDY

MRDSLTSDGFDY

ARDGFOAYYAWYWLDY

JARDTLTSDGFDY

JARENRVLDY

JARRYPW IGHFDY

JARHRGYIHLELDY

JARDRRW FGAFDY

JARDGGYRTDGTTYYYFDY|

RSSGGNGSAHFDY

MRGDPWSVDFDY

ARSSIYPYLWVLDY

JARPYEGLDY

ARRGGSNNSTFDY

REASSASSDAFDY

ARMOQSRTFDY

ARDSSPYGYFDY

ARFSGOFLDY

RVSSWARFNY

MKRRRDSRSRDLDY

RVRDRFAYSMLDY

ARTSVGETFDY

JARVSRVEFDY

JARGRNTGSFDY

JARVDPWSHDLDY

ARDTAPGPGEDLDY

ARGCCGRTLDY

WRVYFSRFDY

JWRGRGRYGRGYFDY

RGRYYRWRVRGYSYYFDY

JARDAGGDDYY

WRTVLGLDY

JARDAGGDDYYLGY

JARECPITNGYSTFDY

JARHDWSSYS\WYLDY

RWDTDACKYYGRFDY

CONCLUSION

GroupMyAbs shiny application:

e Provides customized, objective, mathematically-driven
analysis and visualization of NGS data;

e Reduces resources, insures traceability and decreases bias
in decision making during the hit-to-lead stage in biologics
drug discovery;

e Enables NGS to effectively replace primary screening in an
antibody discovery project.
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