





High-throughput Paired Heavy:Light Sequencing
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Light V-Genes
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IGLV2.5 1 1
1GKV3 NL4 1 1
IGKV7-3 1 1 2
IGLV1-41 2 2
1GKV1.37 2 2
IGLVS-4! 2 2
IGLV4-3 1 1 2
IGKV3.NL2 a 4
IGKV3-NL1 2 2 4
IGKV2D-30 1 3 4
IGLVS-52 1 1 1 1 1 s
IGLV3-12 3 1 1 s
IGKVID-13 1 2 1 1 1 6
IGKVID-16 2 1 2 1 6
1GKVID-11| 3 2 1 6
IGKV2-29 3 2 1 2 10
{V3.NLS a 2 1 1 1 2 11
16kva7| 4 1 1 1 2 2 1 12
IGKV1D-8 9 2 1 2 2 1 1 1 2 1 22
IGLVS5-37 1 1 4 2 1 1 2 2 1 1 2 28
1GLV3-16 1 1 T2 2 3 1 v 2 1 2 o ! 29
IGKVS-2/ 2 5 4 2 4 3 1 5 2 1 1 2 1 5 4 2 7 51
IGKV2.-40 15 4 2 3 9 1 6 10 7 2 7 1 1 3 5 76
GLvsas| 10 6 T T rs 2 E Touon 7 2 1 L2 79
IGLV4-60 24 7 1 6 3 1 3 12 2 7 1 2 3 1 1 1 4 2 2 1 1 85
IGKV3D-20 21 3 3 1 a 13 a 4 6 2 2 a 8 3 2 2 8 1 2 1 a 2 100
Gkvipa2| 22 8 12 s 4 s s 7 3 1 3 1 a2 2 PR 2 1 2 3 9 1 1 PR 1s
IGLV3-27 16 7 1 11 2 7 2 9 11 2 11 1 2 2 1 1 2 5 3 2 9 3 2 1 2 115
IGKVID-17 22 4 3 6 1 14 1 6 1 5 3 6 1n 2 13 5 s 1 1 1 2 2 2 17
Gkvspas| 18 2 8 7 s 4 2 7 3 7 s 3 5 s a4 7 2 3 3 2 1 2 1 2 2 a3 s
IGKV6-21 1 4 7 8 7 4 1 10 1 6 1 9 3 5 3 7 2 2 5 2 2 1 12 4 3 1 2 2 1 2 2 1 131
IGLV9-49 5 5 16 5 11 2 7 6 1 3 10 4 2 3 7 3 5 5 2 3 5 3 1 8 1 2 135
IGLV1-36 15 6 7 S 8 5 4 4 a 3 12 2 1 a 5 3 6 8 6 2 8 5 2 1 2 2 2 6 1 139
IGLV3.9 18 7 16 12 10 2 2 3 8 2 10 2 6 4 2 10 8 5 1 2 2 1 1 1 2 3 140
IGKV1-8 62 7 8 6 7 5 4 6 4 7 2 1 s 1 13 6 3 3 2 1 2 2 2 3 1 2 1 168
wivaas| 8 17 s s 9 6 o 8w 9 4 o & a4 9 s ! v s a 3 2 4 3 3 2 2 1o 4 2 182
IGLVS-61 33 10 6 11 5 27 2 1 1 16 11 9 2 1 3 3 2 5 1 3 9 12 2 2 5 2 1 1 186
IGKV2D-29 39 20 5 8 24 10 10 6 1 7 3 13 2 5 4 1 1 2 22 4 1 21 2 1 4 226
IGLV7-43 32 30 2 S 15 16 6 5 10 9 11 2 3 16 18 9 20 33 5 2 5 14 a 5 6 3 5 2 14 1 2 a 2 316
IGLV3-10 18 6 10 32 7 16 8 3 5 19 15 2 11 8 14 4 40 27 6 3 13 2 3 5 1 7 4 7 3 2 4 2 2 2 4 5 320
IGKVis| 48 1 5 20 25 47 10 4 7 4 o 8 9 14 15 12 4 3 s w1 3 7 s 6 2 6 3 1 71 4 14 1 1 FR 339
IGKV1-17 59 15 2 23 13 25 1n 9 7 12 12 9 2 12 19 9 9 19 3 9 6 4 7 a 8 1 s 17 1 1 4 1 27 2 1 368
IGLV4-69 50 27 11 15 22 9 9 1 12 29 25 18 15 4 15 8 10 2 2 1n 5 21 6 2 6 16 2 1 1 3 5 1 2 2 2 1 381
IGKV2-24 41 10 4 13 14 29 11 o 7 7 24 5 16 31 8 17 9 9 10 5 33 6 7 2 8 12 13 4 6 8 1 2 3 384
IGLV10-54 26 2 24 20 20 a5 5 6 15 7 50 1 5 24 ) 3 22 14 3 10 27 2 5 5 3 10 1 2 s a 5 2 6 388
IGLV7.-46 34 35 12 19 19 56 29 a 19 13 8 3 5 13 6 10 39 25 17 a 9 6 5 6 1 2 9 6 13 1 10 2 1 441
Gkvias| s m 22 48 19 1 25 4 7 12 17 1w 3 10 15 13 4 6 2 1 8 7 6 7 13 8 s s 1 3 12 6 a4 7 s 2 2 an
IGLV2-11 51 29 37 11 15 18 16 20 21 16 11 16 6 19 12 8 7 22 11 7 4 12 3 6 4 11 9 2 17 11 17 1 2 7 2 1 9 3 1 475
kv230[ e 9 s 29 7 105 33 4 1 23 7 3 2 8 12 2 3 12 6 10 17 3 4 u 2 2 s 8 10 a2 8 a2 2 1 s19
Gkvi27| M2 % 10 3% 10 25 4 9 16 21 25 2 25 18 12 6 18 4 15 4 12 7 15 8 4 5 3 9 6 > 1 2 s 34 2 S48
IGKV1-9 83 29 18 2 23 57 15 12 27 12 16 32 16 14 28 15 7 3 15 14 1n 2 6 6 10 3 2 5 3 10 6 2 4 1 32 1 2 6 7 1 1 599
IGLVes7| 6 37 44 44 36 13 21 15 16 21 12 3 31 25 33 10 3 2 7 15 2 12 1 s 13 4 6 12 9 8 1 1 2 s 16 3 2 2 30 1 642
IGKV1-16 119 39 33 35 8 75 28 13 13 17 13 7 12 15 20 19 25 25 20 7 18 8 9 3 16 8 2 1 16 23 1 2 4 49 4 2 2 2 1 714
IGKV1-12 149 45 51 41 44 30 28 43 43 30 34 17 34 31 48 16 18 18 9 39 22 9 21 8 5 9 4 L 3 8 6 3 4 8 8 4 4 1 3 207
1GLv28| 103 S 65 24 34 93 25 29 26 21 3 26 24 47 30 1 44 45 5 14 24 5 13 4 5 6 8 16 S5 10 8 7 2 14 1 1 3 4 2 2 1 961
83 77 53 55 41 12 29 26 30 2 57 25 38 62 23 14 85 32 26 21 6 13 14 4 13 18 24 8 1 1 9 1 11 7 2 1 5 5 6 5 2 3 2 992
IGLV3-19 56 45 s 40 103 24 54 87 60 33 61 37 36 52 29 128 7 11 25 25 9 49 10 5 4 12 29 6 16 1 13 4 4 8 2 1 3 3 7 5 8 1 1231
IGLV1-47 128 90 63 70 56 a5 24 53 59 53 38 Q2 34 35 51 33 37 43 54 34 20 27 22 10 15 14 15 6 6 13 14 26 76 5 13 8 a 12 2 1 2 2 1 2 2 1360
IGLV2.23 88 105 103 83 57 29 57 79 31 66 68 74 30 54 30 38 a3 59 34 33 38 21 21 13 31 10 24 1 24 12 18 7 12 16 1 5 2 13 1 6 2 a 2 1455
1GKkv133| 168 9 61 100 s 44 119 & 3  so 6 s6 49 48 66 22 3 14 3 so 23 13 6 11 45 36 10 10 2 1 30 2 8 13 s 6 2 5 2 7 5 3 1 1 1| aser
IGLV3-1 145 86 98 77 94 35 54 48 a5 65 2 88 51 61 52 20 39 57 28 54 9 61 38 3 21 10 25 22 16 11 14 9 7 1 2 40 1n 3 5 10 3 2 2 3 1 1606
IGKV2-28 153 104 64 66 78 92 88 46 58 37 50 49 54 33 37 61 83 97 43 42 31 28 19 24 12 25 40 20 6 33 8 15 16 13 5 15 4 6 3 6 1 1 1666
IGLV1-51| 216 55 20 1n7 91 65 59 67 64 70 70 65 116 7 59 87 40 39 48 42 37 31 20 24 26 4 38 9 7 27 26 14 11 16 5 16 13 3 7 10 1 s 4 2 4 1891
IGLVa21| 243 88 103 126 102 6 6 50 50 58 45 8 % 17 71 22 51 24 29 50 8 22 45 36 34 19 34 28 3 10 7 10 4 3 1 10 6 1 3 8 2 4 3 1945
IGLV1-40 245 83 122 86 129 36 87 101 84 63 66 82 88 64 80 58 43 20 67 45 43 27 28 36 28 30 30 22 7 ° 28 4 5 25 2 5 4 7 3 4 1 1 1 1999
IGKV3-1 392 61 103 79 82 73 86 86 81 80 99 85 66 52 49 42 51 35 22 38 74 28 57 54 31 23 23 32 24 25 8 17 3 11 1 12 4 13 5 4 2 1 2 2 2118
IGKV3-15 354 83 13 148 92 70 138 74 74 57 80 59 78 77 65 87 18 25 40 33 52 17 31 19 33 33 11 44 37 10 18 6 14 2 10 16 s 5 12 3 2 2 2 5 2154
IGLV1.44 203 149 145 109 156 82 76 64 72 70 a8 85 83 63 92 85 54 a1 56 48 35 86 32 17 28 14 43 8 10 10 9 37 19 28 9 14 5 10 1 9 9 2 1 6 1 2234
1GKval| 268 168 123 130 163 143 9 6 6 19 73 52 48 100 45 155 136 123 71 75 50 50 45 39 27 75 6 3 22 31 8 55 s0 15 30 1 8 5 6 4 5 12 2833
IGLV2-14 384 247 140 193 84 145 94 15 106 79 93 86 119 115 86 52 57 133 128 64 70 32 51 40 88 36 42 29 13 19 20 21 29 14 5 8 12 26 16 10 7 4 1 3 1 2 2 3121
IGKV1-5[ 618 184 227 233 183 194 247 89 151 165 194 m 136 137 217 96 104 84 9 94 93 45 1 66 54 61 16 65 32 40 30 27 9 20 26 17 23 12 10 a 19 2 5 1 a 2 2 4356
IGKV3-20| 525 291 261 183 253 204 396 179 206 199 9 161 17 143 130 214 67 100 139 126 108 65 50 66 56 96 32 32 73 12 51 a3 10 26 21 29 10 19 1 8 21 3 2 3 2 2 2 2 4845
270 223 361 186 176 283 212 158 128 184 166 98 125 220 140 120 140 178 104 80 78 84 65 80 36 51 68 61 74 35 33 52 15 49 29 30 23 F] 5 6 3 8 4 3 5226
2728 2673 2608 2361 2336 1882 1792 1786 1784 1764 1751 1714 1695 1689 1455 1395 1390 1239 1151 864 802 772 752 691 645 595 510 494 475 414 372 340 302 299 216 216 171 138 120 45 42 38 25 23 10 8 8 6 4 3 3 3 2 1 | 53619

129,000 distinct VH:VL clusters recovered in a single day

36,468 cross-confirmed VH:VL pairs / 37,995 VH in both re

- 98.0% VH:VL pairing precision

6% H3 clustering
plicates

DeKosky et al., Nat Medicine, 2014
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scRT-PCR  VH:VLv1.0 VH:VLv2.0




Functional Antibody Repertoire Analysis
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Wang & DeKosky et al., Nature Biotechnology, 2018



Functional Antibody Repertoire Analysis
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Donor 3

Antibody Isotype

Primary
Secondary

No assignment

Rd 2 Enrichment Ratio
> 1000

Affinity prediction

High
500-1000 Medium
100-500 Low
50-100 No affinity
10-50

<10

2IKV(m)

TR

[T

Anti-ZIKV mAb Profiling

ZIKV(m) ZIKV(m) ZIKV(m)
24 10 21
0 27 0 19 0 10
7. 0 1
YFV ZIKV(i) YFV ZIKV(i) YFV ZIKV(i)
11 0 23 7 0 11 6 1 22
Donor 1 Donor 2 Donor 3

195 native human antibody
lineages mapped for affinity and
flavivirus Ag specificity.

>90% functional accuracy
predictions in 24-mAb panel

Potent neutralizers (<2 ng/mL I1C)

Fahad et al, In 2"? Revision






Standards for Single-Cell H:L BCR Seq
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Mix two immortalized cell lines together with known VH:VL

Spike an immortalized cell line(s) into an unknown human immune repertoire
Blinded control with single-cell RT-PCR from a matched patient

Mix a panel of known cells together (10-ish)

Compare two different biological replicates from the same individual



Standards for Single-Cell H:L BCR Seq

1. Mix two immortalized cell lines together with known H:L

e 3 .“.
1,888 =50 b ‘ -

1,212
1,016

12/16/2011

DeKosky et al, Nature Biotechnol 2013



Standards for Single-Cell H:L BCR Seq

1. Mix two immortalized cell lines together with known H:L

Similar: mix human/mouse lines in Drop-seq

12/16/2011

DeKosky et al, Nature Biotechnol 2013



Standards for Single-Cell H:L BCR Seq

2. Spike an immortalized cell line(s) into an unknown human immune repertoire

Known cell lines - sequenced correctly? \

DeKosky et al, Nature Biotechnol 2013



Standards for Single-Cell H:L BCR Seq

3. Blinded control with single-cell RT-PCR from a matched patient

Single-cell RT-PCR

e

Anti-FLAG FITC

Agree? DeKosky et al, Nature Biotechnol 2013

HIV Round 2 Affinity Gates

Doria-Rose et al, Nature 2014

Wang & DeKosky et al, Nature Biotechnol 2018

Ou
107 7 Medium High
0+
w _mw :_Vu 10* . :wm
HIV FP APC
n HIV .. From
Antibody zosﬁﬁwzoa muu%ﬂ:_q Affinity
Clone Gates
VRC34.YD.01 16/22(73%) 269+14
VRC34.YD.02 12/22 (55%) 47.0+9.2
VRC34.YD.03 13/22 (59%) 30.5+1.7
VRC34.YD.04 15/22 (68%) 89.6+20.1 Low
VRC34.YD.05 13/22(59%) 39.8+4.2 Medium
VRC34.YD.06  13/22 (59%) 26.3+1.7 Medium
VRC34.YD.07 13/22(59%) 17.5+0.8 High



Standards for Single-Cell H:L BCR Seq

3. Blinded control with single-cell RT-PCR from a matched patient

Single-cell RT-PCR

Agree? DeKosky et al, Nature Biotechnol 2013
Doria-Rose et al, Nature 2014
Wang & DeKosky et al, Nature Biotechnol 2018



Standards for Single-Cell H:L BCR Seq

4. Mix a panel of known cells together (10-ish)

Light Chain

1L
2L
3L
4L
5L
6L
7L
8L
9L
10L
11L
Total

Heavy Chain
1H 2H 3H 4H 5H 6H 7H 8H 9H 10H 11H
1,842 4 20 13 18 16 39 20 49 6 4
0 4,916 34 31 59 41 102 127 146 28 8
0 2 6,251 9 38 25 116 60 118 13 2
21 27 75 14,592 81 158 348 189 397 75 51
5 15 97 41 16,204 99 192 231 277 86 19
2 12 92 37 64 16,427 358 180 404 62 23
9 13 218 72 112 180 21,315 203 1,320 78 45
4 39 85 71 242 145 365 32,393 506 79 72
4 29 182 105 116 186 1,335 323 35,391 109 46
12 24 944 189 1,597 1,080 3,519 1,898 4291 8,535 98
32 66 1,153 272 1,258 1,655 6,405 6,567 6,185 555 | 14,126
1,931 5147 9,151 15432 19,789 20,012 34,094 42191 49,084 9,626 14,494

DeKosKky et al, Nature Medicine 2014

Total
2,031
5,492
6,634
16,014
17,266
17,661
23,565
34,001
37,826
22,187
38,274
220,951



Standards for Single-Cell H:L BCR Seq

5. Compare two different biological replicates from the same individual
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DeKosky et al, Nature Medicine 2014
Lagerman & Lopez t al, J Biosci Bioeng 2019



Oct 2020 Case Study

5. Compare two different biological replicates from the same individual

Experiment A
Experienced lab staff

Standard nozzle emulsification
95,000 BCR clusters/sample (2 samples)
97%/98% pairing precision

October 2020

Experiment B
New lab staff

Microfluidics #1 (small droplets)
3,900 clusters
96% pairing precision

Microfluidics #2 (larger droplets)
17,000 clusters
74% pairing precision



Oct 2020 Case Study

5. Compare two different biological replicates from the same individual

Experiment A
Experienced lab staff

Standard nozzle emulsification
95,000 BCR clusters/sample (2 samples)
97%/98% pairing precision

October 2020

Experiment B
New lab staff

Microfluidics #1 (small droplets)
3,900 clusters
96% pairing precision

Microfluidics #2 (larger droplets)
17,000 clusters
74% pairing precision

—->Conducted post-hoc
estimate of # cells per
droplet.

Small droplets — 9%
occupancy, perfect.

Large droplets — 36%
occupancy, 50/50 split
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dekosky@ku.edu thank you!




