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Ak, 2GR HE A AT 3. S A # RBCRZ 4 (heavy chain, H)-CDR348 & 69 % A£ 14
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A2, BCR H-CDR3Z1 & #9442 AL, ) 95 22 54+ T BCR H-CDR34L & 89 AF R R A AL sh 403
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Abstract B cell is the main component of adaptive immunity and the main cell group mediating specific
humoral immune response. It mainly depends on the B cell receptor (BCR) to take part in antigen response. The
variable region of B cell receptor is a complementary determinant region (CDR), consisting of CDR1, CDR2,
CDR3, among them, CDR3 has the most abundant diversity. This article through high-throughput sequencing
analyzes BCR heavy chain (H)-CDR3 repertoire diversity, composition characteristics of CDR3 region gene or
amino acids and bias usage in each subfamily gene of 1, 3, 5 months old mice, finds that BCR H-CDR3 repertoires
of peripheral immune organs (spleen) and peripheral blood exist the corresponding dynamical change during the
development of mice. The results of this study are helpful to explore the changes of BCR H-CDR3 repertoire during
the development of organism and to provide basic data for the study of BCR H-CDR3 repertoire under pathological

conditions.
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M: marker; M1-S: 17 #/NBREIE; M1-B: 1H #/]
W /N BRAM LI S A 2 v 4 5 AR AH ) 3

tlﬂ 7}
> =

NRAME L, M3-S: 3 /N BB, M3-B: 3H

MS5-B

M3-B
MS5-S

W /N BR AN I MS-S: 5 H #5718 BRBEAE; M5-B: 5 H

M: marker; M1-S: spleens of one month old mice; M1-B: peripheral blood of one month old mice; M3-S: spleen of three months old mice; M3-B:

peripheral blood of three months old mice; MS5-S: spleen of five months old mice; MS5-B: peripheral blood of five months old mice. Abbreviations

means the same thing in the following figures and tables.

Bl 6/MNEEEDNAKE AR A IR B HE B Bk B

Fig.1 Agarose gel electrophoresis of 6 genomic DNA samples

=1 1. 3. 58#BALB/c/NRBCR H-CDR34B EEHTS 5145

Table 1

The BCR H-CDR3 repertoire HTS sequencing data from 1, 3, 5 months old BALB/c mice

RS- ¢ in-frame
5+ CDR3 $5CDR3  Fin-fi
JiCDR3  H:5CDR3 E; sy ACDR3 SSICDRS3 EZ S C;};;&"; frame CDR3[X
i N, 2 — tp N, e e
KRR ORHEE L. KRR KEEmF O . CDR3X  HERTII
‘ " ; Tt . S BEE SRR o
FEAR 527l 52l . 524l ) e . TAEMRF  Ein-frame
. [iviagdllaal]] . RF 5G] Total in B .
Sample Total Unique %) otal Unique %) ; 4| CDR3%1
rame
CDR3 CDR3 o CDR3 CDR3 * Uniquein  Huf5il(%)
. . Unique/ Unique/ CDR3 .
nucleotide  nucleotide AA AA frame Unique/
total (%) total (%) AA
CDR3 AA  total (%)
MI1-S 460 358 324 022 70.384 79 359 061 251925 70.162 17 339 489 209 410 61.683 88
MI1-B 140 820 101 719 72.233 35 109 425 78 964 72.162 67 103 679 70 340 67.844 02
MI1-Sum 601 178 425 741 70.817 79 468 486 330 889 70.629 43 443 168 279 750 63.125 05
M3-S 238923 170 962 71.55527 186 461 133 626 71.664 32 177 165 116 218 65.598 74
M3-B 10 836 8097 74.723 15 8375 6 258 74.722 39 7934 5797 73.065 29
M3-Sum 249 759 179 059 71.692 71 194 836 139 884 71.795 77 185 099 122015 65.918 78
M5-S 121 507 84 066 69.186 14 96 160 66 591 69.250 21 90 871 59370 65.334 38
M5-B 18 567 13219 71.196 21 14 573 10 320 70.815 89 13739 9491 69.080 72
M5-Sum 140 074 97 285 69.452 58 110 733 76 911 69.456 26 104 610 68 861 65.826 40
M1-Sum: 15 8N B AN E AT EAE T 51 6 M3-Sum: 35 8 /I8 B4R E AT AT /7 51 ST, M5-Sum: 57 /0N B A1 LRI IR 5 51 S0

M1-Sum: the sum of the peripheral blood and spleen sequences in one month old mice; M3-Sum: the sum of the peripheral blood and spleen sequences

in three months old mice; M5-Sum: the sum of the peripheral blood and spleen sequences in five months old mice.

HUFH A, I LEA 1 A [R]H 68 AN [R5 A7 (41 & if 5
BRI SR EH, S5 R E B 22 5. RATKIL, b
B A REAR A, /N B AN JE i AR I IGH VS i 45
IGHV3-1. IGHVI-26. IGHV9-2-1( El2AFIE2B).
IGHV-JH R e x5 B 43§, 3% H # /I8 B 41 & 1 i
IGHV-JHE RIBC T IR #AR AR, ek, 3 WS N5 e
S ONARAL. 3F H #5055 AEIG H V-T2 [R] Bt ot B
FARLFERE RS, Fodb, 1A R A3 H 8B NARL(E2C0).
2.4 1. 3. 5SBEBALB/c/NESMNE MMAIBRAEBCR
H-CDR3%H B 5 £ 85 YA FR < E 2 ARk

BCR H-CDR3 [ 2 % i 25 B RN 25 1) A2 B 4T g

TR R R B 45 A 0 0B . FRATE IS X A F
H#BALB/c/N i 4 A I A1RE IFBCR H-CDR341
Jo 2 3 TR 1A B AT A3 A R B, 3P 4 /N R AR
i 0BT ) S R TR R AR ), R E R, #
I B R W RAER . FER(E3).
B J=, FATTSORE /N B AR i A AIFBCR H-CDR3
SHETR 7 A B B o A AT B, R AR A if AN
JAFBCR H-CDR3E R 7 %) 1 K & 2 Bh 43
fi, WIENAREER A A, HEEH M, 2%
F& 1 B 3, 3 B et 5 s L(P<0.01,

4),
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(A)

Frequency (%)

B

Frequency (%)

IGHV GenName mapped genes (total)

A: AR /N B AITBCR H-CDR34LJ H (total in-frame CDR3)/GHVE K 5 i MY F 4526 L 43¢5 B: AN [A) H %% /)N BRUAME i BCR H-CDR34 5 Hi(total
in-frame CDR3)IGHVFER Z IS AL, C: AR H B/ B I A R fE6 A~ AXBCR H-CDR341FE H (total in-frame CDR3) F-J/3 [X] Bt X 1Y
FABZ AT . BICH T J5 Eitbs R, B AR HURI e, B B 21 V- R e vl B A6 kv, 0 {00 FH SR 2 2 A AR TRV R 1) -k R i 3o B
PRI RE DA B2, A I AT /- R] I o HFH A3 % A7 BAH 01 o

A: total in-frame /GHV usage distribution of H-CDR3 repertoire in spleen of different months old mice; B: total in-frame /GHV usage distribution of
H-CDR3 repertoire in blood of different months old mice; C: the comparisons of total in-frame H-CDR3 V-J gene pair usage distribution of 6 samples
from peripheral blood and spleen of different months old mice were compared. In figure C, the color bar was below, and the number represent the
frequency. The more red the color was, the higher the frequency of the V-J gene pair. On the left, the similarity of the V-J gene pairs in different samples
were expressed by clustering, and the closer the V-J gene pair was, the more similar the frequency distribution was.

E2 IGHVERRIEBAERS
Fig.2 IGHYV gene family usage distribution
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Amino acid usege

E
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Il MI-B
N M3-B
I Ms5-B

Frequency (%)
s o 8

L
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Amino acid usege
A: 1. 3. SHESBALB/c/NREATBCR H-CDR3% Lz (total in-frame cmmﬁx%ﬂ B LLE B: 1. 3. 5HWBALB/c/N AN IMIBCR H-CDR3%,
$EFL (total in-frame CDR3)HUFH AR L . BAAKARARER20Fh ZUIE /R 1045 S
A: BCR H-CDR3 repertoires total in-frame amino acid usage distribution in spleen of 1, 3, 5 months old BALB/c mice; B: BCR H-CDR3 repertoires
total in-frame amino acid usage distribution in blood of 1, 3, 5 months old BALB/c mice. The abscissa represents 20 amino acid abbreviations.
[E13 BCR H-CDR3%HESEEIA 71
Fig.3 BCR H-CDRS3 repertoires amino acid usage distribution
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BCR H-CDR3 amino acid length distribution (total)
(B)
20 - I MI-B
BN M3-B

Il Ms5-B

Frequency (%)
) I

w
1

1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22
BCR H-CDR3 amino acid length distribution (total)
A: 1. 3. 5 #ABALB/c/NRMIFBCR H-CDR3Z i & L% (total in-frame CDR3)IHKE 0 4f; B: 1. 3. 5 HIEBALB/c/MR AN IMBCR H-CDR3
4 e R FE R (total in-frame CDR3) AU 7041 o BEALARAR R R L B A 2 KA
A: BCR H-CDR3 total in-frame amino acid length usage distribution in spleen of 1, 3, 5 months old BALB/c mice; B: BCR H-CDR3 total in-frame

amino acid length distribution in blood of 1, 3, 5 months old BALB/c mice. The abscissa represents amino acid length value.

[El4 BCR H-CDR3HESEBRKE S HHIBUA 247
Fig.4 Amino acid length usage distribution of BCR H-CDR3 repertoires

(A) (B)
151 157
3 Mi-S 1 MI-B
3 I M3-S 3 1 M3-B
2 107 3 Ms-s ERUS 3 M5B
E E
a a
S G
o =}
5 54 55
=) o
£ £
= =
z z
0 04
s & & s o S & & & & &
\é\o @&0 \@\\0 &° 0&0 \q}\o A \é\e @(\\o \?}\0 \@\@ 0\0 \e}\e A4
I SR I S
PR VR AR R R AR

A: 1. 3. SHEBALB/c/NRAEBCR H-CDR3ZEIHBEAMEA AR, B: 1. 3+ SHRBALB/c/NRAMA MBCR H-CDR3ZLFA AR A AR
A3 A 45 A (n=n1 insertion+n2 insertion).

A statistical analysis of BCR H-CDR3 repertoire insertions and deletions in spleen of 1, 3, 5 months old BALB/c mice; B: statistical analysis of BCR
H-CDR3 repertoire insertions and deletions in blood of 1, 3, 5 months old BALB/c mice (n=nl insertion+n2 insertion).

E5 #HAMm1. n2. n)FEELWV. J. D5. D)5t
Fig.5 Statistical analysis of insertions (nl, n2, n) and deletions (V, J, D5, D3)

2.5 1. 3. SBE#ABALB/c/NESMNEMFIEBEBCR  FENLHIC. FATRAF H RN R AME AT BCR
H-CDR3%HEE H(total in-frame CDR3)EYSRE  H-CDRIZHFESG NFIMR 7347 o, Jo B 22 5 (K15).
(deletion)F13f X (insertion) 2.6 1. 3. SBHABALB/c/NRAZAEFISMNE IMBCR
BCRIE RFELREARE, V. D, JER F BOE#: & H-CDR3(total in-frame CDR3)%H B Z#£ 14 5347
FRAEAZERR AR AR, T CDR3X 2 FEE ) N T AR F H # /0 B Ah R i AR IFBCR
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(A) (B)
0.15 0.15
MI1-B 1/Ds=65 142.03 - MI-B
MI-S 1/Ds=85 352.32 -+ MI-S M3-B 1/Ds=10 668.90 = ﬁg-g
M3-S 1/Ds=92 336.71 = M3-S M3-B 1/Ds=16 486.28 - =+ M>-
= 0.10- MS5-S 1/Ds=58 785.73 -+ M5-S =010
g g0
g 2
=) =]
Q Q
& &
= ]
~0.05 = 0.05-
0 : : — 0 . - . - :
1 4 16 64 256 1024 4096 16384 1 4 16 64 256 1024 409 16384
Number of clonotype Number of clonotype

A: 1.3 SHEBALB/c/M U IEBCR H-CDR3(total in-frame CDR3)ZH JE 1) 2 FEME BN 245 4K; B: 1. 3+ S H B BALB/c/M 4 IBCR H-CDR3(total
in-frame CDR3)ZHJ% [ £ FE 1 sh &4 1k
A: the dynamic change of BCR H-CDR3 repertoire total in-frame amino acid sequences diversity in spleen of 1, 3, 5 months old BALB/c mice; B: the
dynamic change of BCR H-CDR3 repertoire total in-frame amino acid sequences diversity in blood of 1, 3, 5 months old BALB/c mice.
[El6 BCR H-CDR3ZHFEZHEMEIHT
Fig.6 Diversity analysis of BCR H-CDR3 repertoire

\ 9378 4

M5-S

\ 9 640 /

MsB
A: ANFE A ENFBCR H-CDR34 JF v b 240 H ; B: ANF A #/ME MBCR H-CDR34 s fE S 4 H -

A: the number of BCR H-CDR3 repertoire unique productive amino acid overlapping clones sequences in spleen of different age mice; B: the number

of BCR H-CDR3 repertoire unique-productive amino acid overlapping clones sequences in peripheral blood of different age mice.
%7 BCR H-CDR3%H [ unique productive 5 EERFFIEEZHE
Fig.7 The number of BCR H-CDR3 repertoire unique productive amino acid overlapping clones sequences

H-CDR3ZH & 1 2 FEVE, 2 75 4 H DA B 1 3 245 2
A, ARICHINT AIANBIR RS AR IR E(1/Ds), FTHT
FIWT R B 2 R, I RIEEUR IEA AR 1
Ds=1/3 {nix(ni-1)}/{nx(n-1)}, ni $8 5 i2% ¥4 (unique
productive sequence) ) £, 1/Dsitim 2 FE %N Z .
H A, &ESARFEECC T2 DA 509 fn A 2 2% 1
N THIBANfICDR3A i 2 e AR AL I R A Y, A
SCAH S 1/Ds M 5 B 7K P>k 4 HiTBCR H-CDR34H
Z R

WXL 30 SR /N AN I 5 I IEBCR
H-CDR3(total in-frame CDR3)ZH %2 % Eb 3 41 & B, B
& H ARk, A0 JE AT IFBCR H-CDR34 [ 477

AR, HARMEAEAARF. mE6E R, 3HE
/N AEBCR H-CDR34LZE ZREMEELL. 5 HE /I
SRR SR, /N ROANE 1A §CDR3YLE £ £ 14
wNFEE. B, A H R, /NS E A R
BCR H-CDR3(total in-frame CDR3)ZH & [ £ #E P77
TEAR R I
2.7 Total productive R E L 75| 8 #E, XTEL 553476
N¥ABCR H-CDR34EEREEE R

1 1T XFunique productive, % 1R /7 71 £ 5 11
&N, KI3FASE H 85/ 8 E S %8
1845, M Ak J& I 4854 (E7). 53 4b, AT X total
productiveZ FE R 7 Y B HE 24T 400, R IAS A ¢
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Table 2 The number and proportion of BCR H-CDR3 total productive amino acid repertoire overlapping sequences in 6

samples of peripheral blood and spleen of different age mice

o HEHUESR
Sample Number of the repertoire/ratio of the repertoire

MI1-B M1-S M3-B M3-S MS35-B M5-S
MI1-B 29 916/100% 16 130/19.08%* 1 585/4.23% 7 639/11.46%* 2 300/5.34%" 5071/8.40%"
MI-S 16 130/19.08%%* 54 623/100% 5358/8.61%" 15 657/17.14%%* 6 712/9.90%" 11 473/13.49%*
M3-B 1 585/4.23% 5358/8.61%" 7 590/100% 2 963/6.68%" 414/1.99% 1 429/3.76%
M3-S 7 639/11.46%* 15 657/17.14%%* 2 963/6.68%" 36 742/100% 3251/6.51%" 6 739/10.03%%*
M35-B 2 300/5.34%" 6 712/9.90%" 414/1.99% 3251/6.51%" 13 190/100% 2501/5.73%"
M5-S 5071/8.40%" 11 473/13.49%* 1 429/3.76% 6 739/10.03%%* 2501/5.73%" 30 429/100%

SR H T NANB)(A U B) B T S 2= £ A 557 515U W FE AT 51 2 AN x100%; 8 A L5751 EL R F10%, “h A 387 51 Bl AT

5%~10%.

The overlap ratio of the repertoire calculated as [(ANB)/(A UB)]; * is overlap rate >10% and # is overlap rate between 5%-10%.

JIR U B S R A TR GEB 1 10%), 1M 40 A I 5 & R AR
(TES5% 2 A7) (FK2).

3 Wig

IE#AMARIBCR, £V, D, JHER A B EHE &L
V-DFND-J3% 22 i} i N\ BB 52 4% 1 B8R 7 91 1) 26 it
R LS R B A SR AR, NI 77 2R 3 & 1 2 RE
I, BN NABCRIET S 4, A B 12 &
HEE. BREEECON G 2R, JRRETE R 10"
FREL EBCRI, X Fi=F & 1) 2 #E1E, JLFRefd B %
BT BTG AN AR B 4 72 AR R, BAH f it 5L iR
ST RE WA BILAE T BCR H-CDR3 ) £ £k |-, BCR
H-CDR3Z FEE 5y, LA S22 b7 1 5e 77 st ik nig; AH B,
BCR H-CDR3Z AR, WL N2 BE 715k 55, IX IR
WU R 2 BB PS5 I, BEEHTS
FARRE, nrld v PR ER . HEVERE. AdLoapEss
TEEEHEATCDRISZARFE I Z A6 4E, JREME . B
TP H B G5 TN E W A T2 55 22 P A RT3 BDIR
AF, BA R INCDR3Z AR 2 FEI AR 4, MTTIE
BT3P B g% e SR R

ASCEBUEHE AR B BEGHR). &
FEGSH RN, VPR A KK E IR
A1 JE AT FBCR H-CDR34LZE s 5481k . dl it
MFF, FEXFBCR H-CDR34 JE #4743 #r KB, 37 H
W& /N B AN E AT AR V. D JEER BRI LR I
FIHAER, JoW R 2 5, IX Le R A N F Al 7T
I/ Y. D JEN Fr B FE R AR 45 B 45 2R
FHFIC, R, HUAA KR E B S, V. Dy JEER
F B R A A = R AR E . @

T VETEESS 43T, R I3F 8 /) AT V-JTC %t
GBI, 3R H & /N BN AR /N, o,
AR AN Z AR /N B AN A it v 5 B ML v, T
HAE/N AR B, AHUBEME . S 4b, ANIA H w4 40 i
R V- BRI A AE — o 2 S, X RNVAAEKE
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