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The identification of the CDR3 region in NGS data is critical for analyses of B/T-cell stereotypy, clonal evolution, and antibody discovery.!234

As CDR3 is the most important region conferring binding activity and specificity of those molecules, it is key to have accurate algorithms o find it.
We present DELTA-CDR3, a new high-throughput, alignment-based, reference-guided CDR3 identification algorithm included in Invivoscribe RUO LymphoTrack® Enterprise Software (DELTA).

DELTA-CDR3 provides the amino acid sequence of CDR3 for in-frame rearrangements, missing start or end anchors flags when translation is not possible, as well as indicators for unproductive rearrangements.
Additionally, it improves on the LT-CDR3, the CDR3 identification algorithm included in the RUO LymphoTrack MiSeq Software v2.4.3, by allowing to analyze greater than 200 most prevalent unique clones.

LT-CDR3 Workflow Full B or T cell sequence

Genomic DNA from 1136 lymphoproliferative disorder clinical samples (908 clonality, 228

follow-up MRD) was run using LymphoTrack® clonality assays, and sequenced on lllumina

MiSeg™ for IGH FR1, IGH Leader, and TRG target genes.

Sequencing results were analyzed using DELTA and RUO LymphoTrack MiSeq Software

v2.4.3 (LT).
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The CDR3 regions for the top 200 unique sequences were extracted from both LT and DELTA

outputs, and used to analyze the performance of LT-CDR3 and DELTA-CDRS.

DELTA-CDR3 results were verified by taking a representative clone sequence for all of the IGH
FR1, IGH Leader and TRG V families (7, 7 and 8, respectively), and manually comparing the
CDR3 sequence identified by DELTA-CDR3 with the junction sequence identified by IMGT/V-

QUEST.

Table 1: Total Number of CDR3 Sequences Identified
in top 200 sequences

LT-CDR3 DELTA-CDR3
Count Percent Count

Target
Percent

IGH FR1 65542 60.8% 105207
IGH Leader 44108 /8.1% 54431

TRG 19416 34.3% 54007

Total 129066  58.4% 213645

Table 2: Cases where no CDR3 result was provided
by DELTA-CDR3 (3.2% of total sequences across
all gene targets)

Missing V or J gene
(Impossible to identify
Target CDR3)

Count Percent Count  Percent

IGH FR1 2088 486 18.9%

IGH
Leader

TRG 2507 12 0.5%

Alignment issue

967 1076 52.7%

Total 5562 1574 22.1%

Table 3: Runtime Performance

Sequences
Analyzed

Top 200 307ms 5ms

LT-CDR3 DELTA-CDR3

Top 10,000 N/A* 64ms

* LT-CDR3 supports a maximum of 200 sequences for CDR3 analyses
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Figure 1: Workflow of LT-CDR3 and DELTA-CDR3 Algorithms

Flag Definitions:

104CM (104 Cysteine Missing or Mutated): The
cysteine preceding the CDR3 region cannot be
found at the expected position.

11T8WM/T18FM (118
Tryptophan/Phenylalanine Missing or Mutated): The
tryptophan trailing the CDR3 region cannot be

found at the expected position.

GXGM (Glycine-X-Glycine Missing or Mutated): The glycine-
X-glycine motif immediately following the 118F trailing CDR3
region cannot be found at the expected position.

LGM (Last Glycine Missing or Mutated): The last glycine in
the glycine-X-glycine motif immediately following the 118F
trailing CDR3 region cannot be found at the expected
position.

OOF (Out-of-Frame): The CDR3 sequence is not in-frame. This
means that either the length of the sequence is divisible by
3, the cysteine at position 104 is not present, and/or the
tryptophan/phenylalanine at position 118 is not present.

UNKAA (Unknown Amino Acid): The translated version of the
CDR3 sequence contains amino acids that are unknown,
represented by X in the standard amino acid one-letter code.

SCDR3 (Short CDR3): The length of the CDR3 region
falls below the minimum experimentally observed
(based off experimentally derived (not in silico)
sequences recorded in IMGT GENE-DB>¢) length

of CDR3:s.

LCDR3 (Long CDR3): The length of the CDR3 region
falls above the maximum experimentally observed
(based off experimentally derived (not in silico)
sequences recorded in IMGT GENE-DB>¢) length

of CDR3:s.
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Figure 2: CDR3 Flag distribution for IGH FR1,
IGH Leader, and TRG respectively.

Table 4: Comparison of top é6* and unique* major IGH CLL CDR3 subsets® between DELTA-CDR3 and LT-CDR3 output for 80 IGH FR1 MRD
follow-up samples sorted by DELTA-CDR3 frequency

Number of clone clusters identified for each subset using DELTA-CDR3 (total clusters=12709) and LT-CDR3 (total clusters=3629)

DELTA-CDR3: Ranked LT-CDR3: Ranked 1st DELTA-CDR3: Ranked

Subset 1st by b-value 2nd
Number3 by p-value yP by p-value

Count Percent Count Percent Count Percent Count Percent
#5 1667 13.1% 494 13.6% 606 4.8% 105 2.9%

#28A 489 3.8% 35 1.0% /63 6.0% 92 2.5%
#202 405 3.2% 18 0.5% 30 0.6% 2 0.06%

#1 261 2.1% 15 0.4% 112 0.9% 0 0.0%

#31 232 1.8% 4.1% 251 2.0% 186 5.1%
#7C 224 1.8% 38 2.4% 65 0.5% 19 0.5%
#6™* 11 0.09% 0 0.0% 21 0.2% 0 0.0%

# clusters where
no subset p < 8482 66.7% 2700 /4.4% 10023 /8.9% 2878 79.3% N/A

0.05

LT-CDR3 Ranked 2nd

by p-value CDR3 Patterns3

ARXXXXXX[AVLIIXXXYYYYXMDx

ARXXXGXXYYYYYGMDx
A[KRH]xxxGxX[AV LI]xxxDx

ARX[NQ]W[AVLI]xxxxFDx

A RXOOOOXOXOXXXXXY Y Y XM DX
AXXXXXXDFW [ST]GYxxxXY Y YxxDx
ARGGXYDY[AVLIIWGSYRxx[DE][AVLI]FDx

Background: A tertiary analysis that utilizes the CDR3 region was performed on the results of both LT-CDR3 and DELTA-CDRS3 to see the impact of the new algorithm on downstream analysis. A motif analysis
was used to determine if shared clone motifs were similar to motif patterns observed in clinical samples. This comparison in the differences between DELTA-CDR3 and LT-CDR3 was performed against a set of
19 stereotyped IGH CDR3 subset motifs derived from 7424 clinical chronic lymphocytic leukemia (CLL) samples.3 The CLL subsets motifs are associated with certain clinical attributes (e.g. age of patient,
aggressiveness of disease). Motif matches between the clones and the subsets would indicate that these motifs are possibly clinically-relevant, given they share motifs that are associated with certain clinical
atftributes (e.g. age of patient, aggressiveness of disease). A similar clustering analysis performed with treatment information for the diseases analyzed here (B-ALL, MCL, PCN), may reveal motifs similarly
associated with clinical outcomes, given that clones in IGH locus cause all aforementioned diseases, although this would not be the case if convergence is related to the treatment itself.

Tertiary Analysis: Clusters of CDR3 regions were generated using 3 criteria: 50% amino acid identity, 70% amino acid similarity based on physio-chemical properties, and same CDR3 amino acid sequence length.3 Position-specific scoring
matrices (PSSMs) were generated for each cluster, each CLL subset, and 31 random sequences (mean length 19), using MEME's sites2meme? with pseudocounts=0.0001 and background amino acid
frequencies derived from analyses of vertebrate polypeptides.” Matches between cluster PSSM and CLL subsets were determined with MEME's tomtom,® and similarly we compared each cluster PSSM with
the PSSM of the random sequences. A match was considered insignificant if its p-value was greater than the p-value of a random sequence or 0.05 (whichever lower), and excluded from cluster mofif
classification.

Results: DELTA-CDR3's improved CDR3 detection (in terms of raw CDR3 identification) is able to classify more sequences into subsets, generate more specialized clusters (vs the more generalized LT-CDR3),
and identify a unique subset (subset #6) that is associated with an enriched frequency of NOTCH1 mutations,* in comparison to LT-CDRS3. This demonstrates that the DELTA-CDR3 algorithm enables more precise

downstream (tertiary) classification as compared to LT-CDR3.

DELTA-CDR3 interrogates the CDR3 region more effectively than LT-CDR3 by identifying 166% more CDR3s, reducing runtime by 98.2%, and providing flags that add genomic context surrounding
rearrangements.

This genomic context can enable researchers to investigate patterns in mutation in unproductive sequences, and matches CDR3 information provided by the IMGT/V-QUEST reference tool.>¢

The improved DELTA-CDR3 enables greater utility of specific tertiary repertoire analyses, allowing relevant mutated and prognostic CLL subsets to be identified. Further interrogation of these CDR3
sequences could aid in the development of future diagnostic or prognostic indicators for CLL or other lymphoproliferative disorders.34ldentifying more CDR3s provides more data to characterize a
sample’s immune repertoire and enables tracking CDR3 clonal evolution and stereotypy.

Above we present an example for CLL where the identification of more CDR3 sequences by DELTA-CDR3 enhances the utility of the tertiary repertoire analysis.
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