Dynamics of heavy chain junctional length biases in antibody repertoires
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Supplementary Figure 1. (a-f) CDR H3 length distribution of raw, as published, data and unique
lineages (clonotypes) in the AE and naive B cell compartments. (g-h) Comparative CDR H3 length
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Vy: Neutral
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Supplementary Figure 2

Supplementary Figure 2. CDR H3 length distributions associated with V4 germline segments (orange bars) compared to overall
distribution in the same samples and compartments (rows a-d, blue bars) or to corresponding naive sequences (rows e and f):

Row (a): AE sequences, all CA, TX, MA and WA donors pooled (n = 11)

Row (b) TX naive compartment (n = 3)

Row (c) WA naive compartment (n = 3)

Row (d) WA V4 unproductive sequences (n = 3)

Row (e) TX AE (orange bars, n = 2, same as orange bars in Suppl. Figure 3, TX) and naive sequences (blue bars, n = 3, same as
orange bars in row b)

Row (f) WA AE (orange bars, same as orange bars in Suppl. Figure 3, WA) and naive sequences (blue bars, same as orange bars in

row c) (n = 3)

Red and blue horizontal bars above the histograms in (a) indicate statistically significant (P < 10™) differences between the germline
segment-specific and overall distributions in a paired (within donors, n = 11 donors) t-test. The “all” label in row (a) refers to datasets
CA, TX, MA, and WA. Error bars indicate S.E.M. except orange bars in panel e, orange bars (n = 2 donors in TX AE), which indicate

range. Arrows indicate subtle enrichment of sequences in the distributions. Figure tags refer to each row of graphs.
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Vy: Neutral

X

o
> P

S

Percent of sequences

SRI

o

o

DONPPO=NNTWONRRO=NAIOO
e e = NNNNNNS

0

20 20
15 15
10 10
5 5
O BB OoOr NOTOON2OSINRRAR |

20

20

15

10

5

o

BONDOOCANTVON VRO NOTOS

0

V,1-8 V,1-46

mbmw

DONDHOCANTVORDROTANDTHOE ~ DONDOO NN TOONBOO=NOHIOO

V, 311

moNQQOvawmmnmeFvagg

0

v, 3-21

BONDOO AN TOONBOO= AN

WLONDOO=NOIDONDDO—NDTOO
e T e e e NNNNNNN

20

0

20

15

10

5

0

DONOHOCNNTVONDISTNO TG mwnwmcrwmwm@hmmormmvmw

O R oo O TION DSOT NPT O
e e e e e - NNANNNN

20

0

20

o

0

DONPOO=NOTDONODO—NO T
e e e e e NNNNANN

DONDOOTANNTOONRROTUOTIHO

DONOHO=NNTDONDPHO ! 0O
R Y NN

DHONDHOTANNTVONRDOTAOTIHO

NS NOTIOO
B e R NSNSt

DONOOOTNMTONDDO—NMTOC
R O NN

0

0

DONOOO—NOTDONDDO—NDTLO
B St NI NN PN

CDR H3 length

© NS NOT
I R NN

14

m@NmmOervmmhmmOva?ﬁg

Omwnmmo:umwmwNwmoFwaﬁg

0

DONDOOTANTOONRROTAOTIOO

DONDHOCANTVON VRO NOTOO




Supplementary Figure 3

Vy: Neutral
V,,3-48

20
15
X
5.
O BB oo N T PR NRRAR

20
15
(:;/Q\ 10
5
0 B oS N T DO PORINRRAR

<
>

DONDOOTANTOONRROT UOTIHO

0

20

0

20

15

10

5

o

V,,3-49

DONDOOCANTVON VRO NOTOO

V, 4-4 V,4-30-2

JI""IMLJWM

BONDHOTANTVORDRQTANDHOG ~ HONDOO-NUNTOONBOO=NOFIOS

0

V,4-30-4

moNQQOvawmmnmeFvagg

V, 4-61

0

BONDOO AN TOONBRO= AN

LONDHO = NOTDONDORO—NOTLO
R e NN

DONDHOCANNTVONRDOT AOTIHO

20

DONBHOTANIIDOR DD NAO
NN

20 20
15 15
10 10
5. 5.
0 0

DONODOCNNTVONDIOTNO OO

S

Percent of sequences

SRI

0 I.D(DI\UDO)O\—NMQID(DI\E)O)OFN(’!Q'I{KO
TOOCROINRANRR

20

DONOOO—NOTDONDDO—NDTLO
B -t NI NN

DONOOO=NMTONDDO—NMTLOC
R O NN

20: 20 20
15 15 15
10 10 10
5 5 5
O RO O MO DOrPORTNRRAE TSR

CDR H3 length

15

O R oo MO TION DSOT AT O
e e e e e - NNANNNN

DONODOCANTVONDIOTNOIHG

20
15
10
5
0 B oS - N T DO POR INRRAR

20

o

0

Omwnmmo:umwmwNwmoFwaﬁg

BONBOOTANTOONRROTAOTIOG

0

BONDOOCANTVON VRO NOTOO




Supplementary Figure 3

Vy: Neutral
V,4-31

V,4-39 V,4-59 V, 7-4-1

V,2-5

20 20 20: 20 20:
15 15 15: 15 15
TX 10 10 10 10 10
5 5 5 5 5
O BB SeO IO T OO PR NI ST IO RO NRRAR SN e EIRRNRNAR | SENTTOOLROR NRRRE | PO SO DT RO oY NI EE
20 20 20: 20 20:
N 5 15 15 15 15
C A O . 10 10 III|| 10 10
8 5 5 5 5 5
o ° TN EOrBOQR ARG TR OO POQRNRRAE TN ROQR ARG CrNOTROrEeQRAGRER TN EOrROQR ARG
g 20 20 20 20: 20
O = 15 15 15 15
MA w 10 10 10: 10: 10:
H6 5 5 5 5 5
a— SENOTOCr PO RIS, Or IOTOOTRORINRIRE | PO PO MO TSN SIS AATAE | o eeSrInT OO EogINTIaE POt voorNe IO EaS NNTAg
% 20 20
(&) 15 15
et
WA o) 10 10
D_ 5 5
Omno!\aoo:o-—vamorxnomo-—Nnvmm o {el<e]
e e e e NNNN NN e e st NI NN
20 20 20: 20 20:
15 15 15 15 15
S RI 10 10 10: 10 10:
5 5 5 5 5
O BER o or IO T PN BIRRNGIRR  C PORSOOr NO TR aoSr NRRAE | PeRsoer NnTOereoR  NARRE SrIRTOOLRPRINRRE | DO oL N IO ROS ARTAE

CDR H3 length

16



Supplementary Figure 3
Vy: Long
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Supplementary Figure 3. Comparability of Vy-associated CDR H3 length biases among AE datasets. V4 germline segment-specific
CDR H3 length distributions (orange bars) compared to overall distribution (blue bars) in the AE B cell compartments of the five
datasets. Error bars indicate S.E.M. except for TX (n = 2 for TX AE donors), which indicates range. Arrows indicate subtle enrichment

of sequences in the distributions shared among datasets.
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compartment. Prevalence of germline segments was calculated based on unique clonotypes after

pooling of donors within each dataset.
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Supplementary Figure 5
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Supplementary Figure 5. RSI analysis of V4 (a) and VL (b) germline segment-associated
sequences. Points show average and standard deviation of the RSI value for sequences from
each donor, germline segment and CDR H3 length. WA and SRI sequences were excluded due
to large dataset sizes. Note that RSI values cannot be higher than 60 in the TX, CA and MA
datasets due to clonotype definition. Germline segments are noted in the IMGT naming

convention.
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Supplementary Figure 6. CDR H3 length distributions associated with V. germline segments (orange bars) compared to overall
distribution in the same samples and compartments (rows a and b, blue bars) or to corresponding naive sequences (row c):

Row (a) AE sequences, CA and TX donors pooled (n = 5)

Row (b) TX naive compartment (n = 3)

Row (c) TX AE (orange bars, n = 2, same as orange bars in Suppl. Figure 6 TX) and naive (blue bars, same as orange bars in row b)
sequences of the indicated germline segment (n = 3)

Red and blue horizontal bars above the histograms in row (a) indicate statistically significant (P < 107?) differences between the germline
segment-specific and overall distributions in a paired (within donors, n = 5 donors) t-test with a rolling window of 2 consecutive CDR
H3 lengths (see main text for details). Error bars indicate S.E.M. except for orange bars in row (c), where it indicates range (n = 2).

Arrows indicate subtle deviations in the distributions. Figure tags refer to each row of graphs.
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Supplementary Figure 7. V -associated CDR H3 length biases are comparable between the CA and TX (AE compartment) datasets.
V. germline segment-specific CDR H3 length distributions (orange bars) compared to overall distribution (blue bars) in the four datasets.
Error bars indicate S.E.M. (CA, n = 3) and range (TX, n = 2). Germline segments are named in the IMGT convention. Asterisks indicate
spikes at length 18 in the IGKV1-6 distributions of TX and CA datasets with high prevalence of convergent clones with IGHV3-7, IGHJ3,
CDR H3 consensus sequence (A/V)RDX7(L/I/V)(W/Y)YDAFDI and light chain Arg-116 in CDR L3, observed in all CA and TX donors.
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Supplementary Figure 9. Ju germline segment distribution as a function of V4 germline segment
and CDR H3 length in unproductive sequences and in the naive compartments of the WA dataset.
Data is averaged for all donors. Germline segments are noted in the IMGT naming convention. A
fraction of the sequences does not have an unambiguously annotated J4 segment, particularly in
the short end of the spectrum. Values calculated after pooling of sequences from 3 donors.




Supplementary Figure 10

V3-72

L,

monwmovavmmewovavmw
e e e NN

Jyd
4 aa

Jy3
5aa

s aNn
o S o o

0 L{KDI\UJO)O\—N(')QIDQI\COQO\—NMV
TOONLOILNRNTER

20
15
o o
5aa 5
0

DONDHOC NN TDONDPO=NDHOG
e e NN

20
15
J++1 10
6 aa 5
0

DONDHOCNOTDOR RO ADTIOO
e R AN

Percent of sequences

20

15

o

V,3-73

20
15]
10

5

[

HONDHO=NMOFOON-DHOT—NUDTHD
e e e e NN

i,

mwhmmOervmmNQQOFNm %)
e NNNNNNN

HONDHO NN TDONDPO=NDIHG
e e NN

DONDHO- NP TOOR DO

OO
RNNNNNN

V,3-74 V, 6-1

20 20
15 15
10 10

5 5

o mwhwmorwmwmwv\wmgNgNNN o IO(DNCOO)O*—N(’)?ID(DNQO’OFNQR‘PQ&

il

mcthOFNQOwthOva

mwhwmo—vamwhmmo NI ey
SN e e NN

OIS
NN

HONOHO NN TOONDPO=NAIOO
e NN NN

HOENOPO-NNTHONDPO=NDTOO
S e e NN

HOrDHO =AM OONDDO O HOMDOOTNDTOORDHO=UOHOO
e e e e NN NN P e e e NNNNNNN

20 20 20 20
J.2 15 15 15 15
H 10 10 10 10
(3 aa 5 5 5 5
- NOTOOTPAIARTRR S NOTOOTPOIIARTRR CrNOTOONOOINNRNEE OrNOTOONEAIARTES

20 20 20 20

J..6 15 15 15 15
H 10 10 10 10
9aa s 5 s s
0 0 0 0

BORBOHO—NOTOON VDO —NOTIOO
T P e E RN

BORDOO=NRTOONOOSTNOTOO

e PR RN

BERDPDO NN TDONVOS=NOIIOO
P P T P RNNNNNN

CDR H3 length

BOERDFPO-NNTDON VDS NOIIOO
e NN

V,3-15

20
15
10

5

o mohmmormmwmmv\wmgNgNNN

20

15

20
15
10

5

0

bnnnnh

mwhmevavmmhme NOTIOO
RNNNNNS

DONDHO NN TOONDPO—ND

100
e e NN

HOrDHO =AM OONDHO—NOT
e e e e NN NN

25
26

BORPHO AN TDONVOSTNOIOO
PP T T P RNNNNNN

BOROHO—NMTFOONDDO—NOFIOO
P P P e C ANNNNNN

V1-2

20
15
10
5
0

BERDHO NN IOONDDO—NOFLOO
e e e e e NN

BONOPO NN THONDPO=NDTOO
e e NN

BHONDPO AN TOONDDO WD
e e e e RN NN

26

20

15

HONBPO NN TIDONDHO=NDTOO
e NN

20
15
10
5
O O B S T OO RO NRRAE



Supplementary Figure 10

Vy1-3

L

monwmovavmmewovavmw
e e e NN

Jyd
4 aa

Jy3
5aa

s aNn
o S o o

0 L{KDI\UJO)O\—N(')QIDQI\COQO\—NMV
TOOELOILNRTER

20
15
o o
5aa 5
0

BONDHO NN TDONDPO=NDHOG
e e NN

20
15
J++1 10
6 aa 5
0

DHERDHOCNOTDOR RO AT
e R NN

Percent of sequences

V, 349

5
[
5
[

BONDHO=NOFOON-DHO—UDTHOD
e e e e NN

Ll

mwhmmOervmmNQQOFNm %)
e NNNNNNN

HONDHO NN TDONDPO=NDIHG
e e NN

BORDHOr NP TOOR DO O

OO
RNNNNNN

V,2-5 V270

0 20
5 15
0 10
5 5
o mwhwmorwmwmwv\wmgNgNNN o IO(DNCOO)O*—N(’)?ID(DNQO’OFNQR‘PQ&

il

mcthOFNQOwthOva

mwhwmo—vamwhmmo NI OO
SN e e NN

OIOO
NN

HOENBHO NN TDONDPO=NDAIOO

HOENBPO-NNTDONDPO=NDTOG
e NN NN

S e e NN

HOENDHO =AM OONDDO—NOT HO~DOOTNDTOORDHO=UOHOO
e e e e NN e e e e NNNNNNN

20 20 20 20
J.2 15 15 15 15
H 10 10 10 10
(3 aa 5 5 5 5
O-NOTOOTPAII AT S NOTOOTPOIIAIRTRR OrNOTOONOONNRNEE S SN

20 20 20 20

J..6 15 15 15 15
H 10 10 10 10
9aa s 5 s s
0 0 0 0

BOR OO NOTIOONDDO—NOTIOO
T P e E NN

BORDOO=NRTOON OO NI
PP R RN

BERDHO NN TDONVOS=NOIOO

BOERBHO-NNTDON VDS NOIIOO
NN N

N

CDR H3 length

15

10

20

15

20
15
10

5

(]

HORDPO NN TOONDO

HONDHO NN TOONDPO=NDATIOO

e e NN

HOBHO NN FOONDHOTNDOTOD
e e e e NN NN

BONDHO AN TDON VOOV
PP T P RNNNNNN

BORBHO—NMFOONDDO—NOFIOO
P P P e C RNNNNNN

HENDHO NN HOON D

20
15
10
5
0

BN DBHO AN TDON VOO IO
e e NN NI

21

22
23
24
25
26

26

BENOPO NN THONDPO=NDTOO
e e NN

15

10

HORDHO NN TOODO

2!
26

R

20
15
10

BORBHO NN TIOONDDO—NOTIOO
e e e e E NN

20
15
10

BOERBNO—ANNTOONDDO—NOTIOO
P e e e e E NNNNNNN



Supplementary Figure 10

V323 V,1-18 V,2-26 vV, 7-4-1

20 20 20 20:
JH4 15 15 15 15
1 10 10 10
4 aa 5 5 s s
o 28 S55 BT NBSEE VBB eor NhThOR DO T BE
FFFFFFFFFF ISNNGSSS STROTOTOOOTNNNDR CrNRTOOTCOLTNRNRS
20 20 20 20
J 3 15: 15 15 15:
H 10: 10: 10 10:
5aa 5 5 5 5
FFFFFFFFFF RENRNES T RO RORINRNRS CrNOTRONRORINRNES CrNOTRONRORINRNES
C 20 20 20
J.5 ) 15 15 15 15
H U 10: 10: 10 10:
5 aa GJ 5 5 5 5
() Ot itinoraneraiins  OnotiberNounereer nis ObotbbernpanerRes ity OBt Eh e an e e e EE
rrrrrrrrrr R EENERT IR RN OCNRYRORRIINRNES OrNOTOO OO NRNRS
(@)
20 20 20 20
-+
Ju1 cC 15 15 15
H q_) 10 10 10 10:
6aa O - s 5 5
| -
GJ O5ERGooranTnoreocTaoths iR booranTnorEogranTG U BoNBoor NNTOONROCTNNTEE L BoRorOr NO TR OOCT NOTHE
FFFFFFFFFF SRRIRE S NRTIOONROR NGRS O NOTINONRORTNGNES OO OO OoSTNRNRS
20 20 20 20:
J 2 15 15 15 15
H 10 10 10 10
6 aa 5 5 5 5
o yelie] 0 < OO 0 NOOTLOO o DOMODOTNMFNONONO T NMTOO
FFFFFFFFFF SRR CrNRTIRON RO NGRS CrNRTIRONRORTNRNGS CTNOTOOOCOTNNNGS

20 20 20 20.
J 6 15 15 15 15
H 10 10 10 10:
9 aa 5 5 5 s
o DONODOT=NMFDONONOTNOTOO o DONODNOTNMFDONONO—NNDTN© o DONODNOTNMHONONO NN FTN© o DONONOT=NMIDONODNOTNMFOO
vvvvvvvvvv RINRIRE CENPIPETL2RNRRIGR NI L2RNNRICR NI 2LTRORNNRICR

CDR H3 length

Supplementary Figure 10. CDR H3 distribution as a function of V4 and Ju germline segment in the WA naive compartment. Vu/Ju
combination-specific distributions are shown in orange and JH-specific distributions in blue. V4 germline segments are noted in the
IMGT naming convention. The number of CDR H3 amino acid residues potentially encoded by Ju1-J16 are shown in row legends. Error
bars indicate S.E.M. (n = 3 donors except for IGHV3-9 and IGHV7-4-1, with n = 1 donor each).
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Supplementary Figure 11. Modulation of Vy-associated CDR H3 length biases by J4 segments in the SRI naive compartment. Colors,

arrows and panel organization is the same as in Figure 5, adding Ju1 and Ju2, for ease of comparison. Omitted panels had low
sequence counts. The number of CDR H3 amino acid (aa) residues potentially encoded by J41-Ju6 are shown in row legends. Error

bars indicate S.E.M. (n = 8 donors except V13-9, n = 7 donors).
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Supplementary Figure 12

IGHJ4: YFDY (IMGT 114-117) WA, nonproductive sequences
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Supplementary Figure 12

IGHJS: NWFDP (IMGT 113-117) WA, Nonproductive sequences
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