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Abstract Mice are widely used in various physiological, pathological and behavioral experiments.
However, it is yet unclear whether or how much spontaneous behavior varies between mice with different

genotypes, which may affect experiment design and outcome. In this study, three inbred mice C57BL/6J,

WIS EER: 2021-11-04 {EEBHA: 2021-11-10

EEUWH: EXERFAEESEFEIELIH (31800886) ; HZK HAAFI AL 4 H i H (31930047) ;) 7R 44 H s { ST & 11 RITTH (2018B030331001)
TEERE Y BRIR, WLFRA, R RNE AT NS BT, LR, BT ROAMEE B S THEAT % sHE, LA
A, WFRTT IS BAC LS THEAT %, TR, Wt BUERRFR, W55 Mo ARRAT A S B AL £ GEIRIER) , L, o
ook, EEHEFAE SN, BT A A BEAT SRR WL, E-mail: lp.wang@siatac.cn: AZEAS GHEIVEE), L, AR, BER4ES
T, W FE 5 1 R AT N A WL AR P HLEE,  E-mail: yj.zhul @siat.ac.cn.



4 FRBR, S RIS RN A RAT N B R S B 71

C57BL/6N, BALB/c (6], 6N, BC) were selected, and objectively evaluated for their spontaneous behavior
with a hierarchical unsupervised learning framework for 3D animal behavioral characteristics. The results
showed that genotype is the most significant factors influencing mice, with the whole list presented as
distant genotype>near genotype>gender difference. Behavior atlas varies greatly between BC and 6J/6N
groups due to obvious differences in body posture, and BC have significantly lower movement speed than 6J
and 6N. Although 6J and 6N behavior atlas were relatively similar, 6N sniffed significantly than 6J, and the
anxiety levels at 6N were relatively high. The results of this study can be used as a reference for experiment
design, strain selection, and determination of N value in future research using mouse model.
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Fig. 3 Spontaneous behavior atlas were compared between inbred mice lines and female/male groups



4 1 FRIE, F MR A RAT IR S T 75
&, 61 M 6N /N B AT AEEOVHELL R, F— KRAT N AN A7 AT A A 1
2(a)), XLILE 2() fE 2(d) /K, BC 5 2. &M, T4, fraad i shiFeE s

6] Al 6N 1F 28~38 ‘Fizahi 2\ X I 2 7 1l &2,
3 FREER AN B RAT NI RIH — @ R
MEZE SR

GINEI e STk AT kR,
FRARE SR A AT AR, 6 KEBTA
e UC B TR 1. 6J/6N 4111 40 Fhir Jis
A, MR K9 Fh. “HREY L5 B
B RS PP “BERR” K3 PR ATRE” K4

Zx:He

y Z0R

AT, B BIHL S H 3R R 2 AT
AEM. AWM. BC AHE “MRE” I 11
“BRT RS M. “REART K3 M. “UTET K6
Bl WAHBEE B AT N, “HE” AEN
MR EMESNME, BC A&7 17 FA7 A+
PEBEA /D 2 AR E B E

WA b 6 AT A4 BRI AR (T ] 4) 0 6
HEI Gkt HIE 4 75, 6 FAT AL

5 ZH
e

%=1 6J/6NFBC4H 6 XFETHIFZLE

Table 1 Summary of 6 major behaviora

1 labels in the 6J/6N and BC groups

17 Rhr% 6J/6N 47tz BC 17 #{ E IR
MELPR 1. 20 34 44 5. 64205 29, 37 1. 2. 7+ 8 11, 16+ 20, 26+ 29, 6. 38 d\ﬁifﬁﬁéjﬁ%ZEEgigiﬁ%E§§§£E§i§§;2§%’ FHAERS)
il 9. 10, 18. 38, 39 3. 4. 21, 22, 39 INER I3 B3 AR5 e
ik 17, 30. 33. 35 9. 10, 12, 31. 33. 35 INER I3 B A A
R 16+ 23, 32 17. 19, 32 /N RS S RREG SL, T A R
ik 13 5. 14 15, 25 ANERHTTSESEA B, Skt 2R LR 3
ik 7. 8. 28, 36. 40 T /NGRS 0s I JTE B AN B 9 e B
e FIZAT N FEAT ARAAE 28, RREEIT ). 7 Ak fr e Pl AR 555 TH A B X )

07
#
ns
o6 "y
%% NS
05t —
04}
:<:§ i T kokoskok **ﬁ ***r **:: ***ﬁ
> 03 - 1 r 1 T 1 T 1
;E nS **** nS *** kK ***i **i‘ :;f ***ﬁ****
A b T L] T LJ 1
02}
o $$é$¢ =2 $
oL = EL;%H
L 1 1 1
6] 6N BC 6] 6N BC 6] 6N BC 6] 6N BC 6] 6N BC 6] 6N BC
L ] L ] L ] L ] L ] L 1
MR 0] [ips finesi! FEi ¥k
AT R
VE: PAHRGS * 54 LAk # 5 RAESE R AIRBARGE, HANRBAEEA ¢ K5

4 BEFEZNRETEITAREHES B

Fig. 4 Comparison of fractions of t

he 6 major movement modules



76 £

Hi 7N 2022 4F

I 0.6, FERIBUAHUT X REZHA 6J/6N,
EATIRAA “HRk” CMURT “RiE” ORI “RE
7 4 BT HRWH BENZ R, ERREERK
KHIGTHEL N 6 1 BC. 6N F1 BC, iZxfIEAA
“HRSK” O CRRERT BT “BERR” R C“ATIE” S
FATNERIHE R EMZSR . 6N 1) “IRER” 1TH
REZT 6], HEESHET 025, MM ZERA
19.0%. ZREAT RGBT WY, BE DRI 22 56/
SRAT A B2 R T A R 2, R 2 S R R A
IREIE . i BeA S RIIAT NI, RRAEHE
2 YRS TPk J DR AR e X B ZH 22 1A) AT N 2
S, BT A RAT AR ST A
Kot AT S S I 2 T VAl R AT
33 ZRHMITAFEEH

WIWFEA 3D HRHIBIHHEMATAS
B——Py Bt E, PR ARSI, O
HaERWME s fios. BB S oA, 7R3 AR
RIS, 6N [ T34 fE 4R AR E KT 6] Al
BC (fEJETE MU B e FE K™, BC [ Pk
5 RN #2 E B 2/NT 61 AT 6N, 1T 6T [T
TR AL RS SR /NI T 6N, L RIA B E M
ZESE . FEWAMERER BRI, PR R, LA
S 6IM Hl 6JF (A AE I E R B Z . X
B TAT NS HS AR R I 3 R R 22 S5 K T e

%R, 5 32 W NGS5, BeA ik
T LRI SR A0 047 9 MR DL 28 AT
H, N RAT VA AT A

4 HES o

RKEDNBAT M7, BT ALsRAT
NHEAR RN e BRI AERZ R,
Frfirzizzhsl, ARRLAEIssh R I NEN D B AR 48
BRA EYE (e F) AR 2 [E A2 1 .
BeA VA Z WA = 4Esh iz ahfilife R GlR AT
N, e TR SR AL LA L S B Bl
Py S RIS R A w225 FEMLAR 23T, A
SRIGR M T —MIFTH . 2B BURIE B o i SR
KRBEATZ AT NN 158525, Bt 1 25T 2
R 18BN AN P L A0 TR N Zh A 1) X 55 4% 7
PokIRIZENE) 115, REhs R I Big gy 4]
I AR, ST ORISR R, B
AT AT AN S AR . BeA ILRERIIN %
WIS B 22 AT N A S HORT i, b4t
ST RAT AR ZERE , K BRAT A TR 5
éﬁ[zo] .

AR, BeA IXAF N Rz Ktk
WIAT 2o BT T, XA 22 S BUOR IR AR T

0.141 TOT wws 260
| —0s T s S DS ok #
0.12 *% * % *kk 1 20F M
T 601 ool #_ stk x # ns
T 1) 1 T 1 | —
0.10 _ _ 220} é
5 . 5 Em#é TEe
e P o 180 1
# 0.06F % 40t 0180
Sy 5 R 160 F
*0.04r B 30} &
140 |
0.02F
20+ 120
Of 6] 6N BC 6]M 6IF 6NM 6NF 6 6N BC 6IM 6JF 6NM 6NF 1ok 61 6N _BC 6IM 6JF 6NM 6NF
S R T O e o R kR 2 L o R 4 HE [N AU R RS AL
(a) -1 A B ORESE s () AL

VE: PGS > BAAIER # S NS B RIS, SR N ARBRREA K%
B5 EREZUFMEEXRERBIT RS

Fig.5 Comparsing between genotype and female/male groups



4 FRBR, S RIS RN A RAT N B R S B 7

S, B, EEEIIZEM e LR, 8K
FE o BRI ARSI th4h, BeA EE&E
NAERAT 3D B AR EE TR R TEINE, A
BEARKH BC /NRS 6J/6N 44T itk HEAT 5T b,
IR EANR P S FiRS S, EoT T
PRI GREEA RE IR S A BREHE 1 T R /N R -
5. BRET-RIRELKE. BR1ERER
R TE LK E S5 AR K (BRI 715 - RIRIEL
KEE) L, BC 8 #E KT 6J/6N 4 (i
INERAFEREIIIEHITE 5~6 ), W BC /MR MK
TRV 2B O RAL, H BC Migshid
RE/NT 6N I 6]. [FA—4T AR ZE R, 1EL
AESCHR A A R L, B 22 (T iR A
Xof I L2 o 1) 22 R HEAT R VAR, O R R
AR E Lo fH ] BeA EARZENT AN NE
PERVBR B AT N2 AT AT JG B 7L, X
SR e HE TR A

5 6] AINERAHEL, 6N NRHIRIT NTE L,
BHE R RAHE, ERATNF NN, X
BE IR —FR I, ZAT NS BRI
PR ZEFHIFE, BATFRIANA 6N /R AR
JEMISEHE F . 6N M ARBP AU N 6 153}F, BT
6 1 6N AN 3R 5 3 [ B R R 2 53 P4 3
Wt PR 22 S a] RS SR R R, AHAHE e 4 SRR
T AR R REE, BT 6N A i B v T R
SS90 ol =T e O AW =g
TN, BAE, MRl RBHERmRT R AR 2
i, GRS “SHRE” MiRTT i £ 50
RESE IR HEAT T, (B3 S W AT 9 09 B AR
PR, “CXPRE” VRIT RS INE R . L 6N
DB I — [ AT IR AL, BV AT AN
TR IAT N IIT TR 8T 1) R %

Har, HTMRAAEAEEE, K2Hs
BEE AT 0 50 SAE P e R AT 0 9, DAk
NEAINY &AL TR N W EE S i
AR B B R AT N AEMERE 2 TR ) 2 R R AR R

K, HEREZ AR N T R ZER . RKRIT
NEA SIS AT DA R8BS P A B A I E B, g
U N A2 ZAR L J7 22 K AP vl 3 inzh
Ykce, R Z KRR B AR IS /> i
PEAS RN, el R 5 S AR R 2 R o

AR BT 2 A = 4E S AT N R AE
T B 22 ST HEZE (BeA) , X 3 FEAE A &R 6],
6N 1 BC 4B 1) B RAT NIEATWHE. 58
BWEFITIRALE, BeA ] LLH &) 58 AR K5
MlLEs% 2]\ 2D AT AR RA . 2 MMEEME
HIIRIT 3D B AEIE . 1T N R4S
Fiz B AT GBS — R, EARU
PE, T R S 3 W ] 3R R 1) S50 e 22 . AR 4l
3D B BEE s AT LU — B R A AT A2
1T RVERTT DLE— 20 hR R G BT A AT s
25, AR EEEONEW. AH. XHERAT N AT
NG NG AT NS R AT 556
ALA,  HORAT N RS R 2 2 e R Dy 3z Ak A Y
(6J/BC. 6N/BC) > it J: K B (6J/6N) > i Aff: 72
(6IJM/6JF. 6NM/6NF. BCM/BCF), HFA:7/NE,
P EHRAT RRRE — e HEE MR ZE R . &I
FAT NG MAT NS HIY R I FE R 2 7 KT
WEREZE 5, 6N IMUHRAT AREZ T 6], BC HIE
BENMRE, BEEZHE/NT 6] Ml 6N. BeA
VRBERE RS 2 7 I AT N e, & B RISk
LIS . ARSI 45 R E R/ BB S0 &
i ERER R RAEWEN S,

2 £ X #k

[1] Leffa DT, Panzenhagen AC, Salvi AA, et al.
Systematic review and meta-analysis of the
behavioral effects of methylphenidate in the

spontaneously hypertensive rat model of attention



78

£k

VN 2022 4F

[2]

(3]

[4]

[5]

(6]

[7]

deficit/hyperactivity disorder [J]. Neuroscience &
Biobehavioral Reviews, 2019, 100: 166-179.
Fernandez-Teruel A, Tobefia A. Revisiting the
role of anxiety in the initial acquisition of two-way
active avoidance: pharmacological, behavioural and
neuroanatomical convergence [J]. Neuroscience &
Biobehavioral Reviews, 2020, 118: 739-758.
MAEG, AWK, BT, S T DRI AT 2
L NL PR LA e P Sk S AE I D0 LB ) B F
5t [I]. FEREIA, 2021, 10(5): 12-22.

Wei MX, Ji SQ, Li ZJ, et al. The activation of
locus coeruleus under stress and its norepinephrine
projection to vestibular nuclei [J]. Journal of
Integration Technology, 2021, 10(5): 12-22.
Montardy Q, Wei M, Ti T, et al. Selective
optogenetic stimulation of glutamatergic, but not
GABAergic, vestibular nuclei neurons induces
immediate and reversible postural imbalance in
mice [J]. Progress in Neurobiology, 2021, 204:
102085.

Amini N, Eghbali BB, Ramezani S, et al. Animal
Kernicterus models: progress and challenges [J].
Brain Research, 2021, 1770: 147624.

R, TRERE, TR, S BT RMA R N
AT RI3HT [9]. BEFREA, 2020, 9(4): 36-46.

Rong XY, Zhang YL, Huang K, et al. Behavior
analysis of fear emotion [J]. Journal of Integration
Technology, 2020, 9(4): 36-46.

Hsu AI, Yttri EA. B-SOiD: an open source
unsupervised algorithm for discovery of
spontaneous behaviors [J]. BioRxiv, 2019, 12:
1-13.

Bruni G, Rennekamp AJ, Velenich A, et al.
Zebrafish behavioral profiling identifies multitarget
antipsychotic-like compounds [J]. Nature Chemical
Biology, 2016, 12(7): 559-566.

Ravbar P, Branson K, Simpson JH. An automatic

behavior recognition system classifies animal

[10]

[12]

[13]

[15]

[17]

behaviors using movements and their temporal
context [J]. Journal of Neuroscience Methods,
2019, 326: 108352.

K, b, 5K, THREAT AT Tt ()], #
2ZiE Rk, 2021, 66(30): 1-12.

Ren W, Yu S, Zhang YQ. Progress on comput-
ational ethology [J]. Chinese Science Bulletin,
2021, 66(30): 1-12.

Pereira TD, Shaevitz JW, Murthy M. Quantifying
behavior to understand the brain [J]. Nature
Neuroscience, 2020(23): 1537-1549.

Kabra M, Robie AA, Rivera-Alba M, et al.
JAABA: interactive machine learning for automatic
annotation of animal behavior [J]. Nature Methods,
2013(10): 64-67.

Mathis MW, Mathis A. Deep learning tools for the
measurement of animal behavior in neuroscience [J].
Current Opinion in Neurobiology, 2020, 60: 1-11.
Huang K, Han YN, Chen K, et al. A hierarchical
3D-motion learning framework for animal
spontaneous behavior mapping [J]. Nature
Communications, 2021(12): 2784.

WRr, B, #hLT, 5. —FhEh AT sl
SREYERIRRE . A RGN B E,
CN112101146A [P]. 2021-11-21[2020-12-28].
http://epub.cnipa.gov.cn/Sw/SwDetail.

Chen K, Huang K, Han YN, et al. A 3D animal
ethology capture device, method, system and
application: China, CN112101146A [P]. 2021-
11-21[2020-12-28]. http://epub.cnipa.gov.cn/Sw/
SwDetail.

Mathis A, Mamidanna P, Cury KM, et al. Deep-
LabCut: markerless pose estimation of user-
defined body parts with deep learning [J]. Nature
Neuroscience, 2018, 21(9): 1281-1289.

Rousseau JBI, Van Lochem PBA, Gispen WH,
et al. Classification of rat behavior with an

image-processing method and a neural network



4 FRBR, S RIS RN A RAT N B R S B 79

[18]

[19]

[20]

[J]. Behavior Research Methods Instruments &
Computers, 2000, 32(1): 63-71.

PRI, =ML AE /N BT SR 5 B
[D]. ERYIl: AR B K AR BB T B,
2021.

Li XX. Construction and comparison of the
spontaneous behavior atlas of/in three inbred mice
[D]. Shenzhen: Shenzhen Institute of Advanced
Technology, Chinese Academy of Science, 2021.
Gould TD, Dao DT, Kovacsics CE. The open field
test [M]. New York: Humana Press, 2009: 1-20.
Liu N, Han YN, Ding H, et al. Objective and
comprehensive re-evaluation of anxiety-like
behaviors in mice using the Behavior Atlas
[J]. Biochemical and Biophysical Research
Communications, 2021, 559: 1-7.

(21]

[22]

[23]

[24]

[25]

Datta SR, Anderson DJ, Branson K, et al.
Computational neuroethology: a call to action [J].
Neuron, 2019, 104(1): 11-24.

Mcelvain LE, Friedman B, Karten HJ, et al. Circuits
in the rodent brainstem that control whisking in
concert with other orofacial motor actions [J].
Neuroscience, 2018, 368: 152-170.

Deschénes M, Moore J, Kleinfeld D. Sniffing
and whisking in rodents [J]. Current Opinion in
Neurobiology, 2012, 22(2): 243-250.

Mekada K, Abe K, Murakami A, et al. Genetic
differences among C57BL/6 substrains [J].
Experimental Animals, 2009, 58(2): 141-149.
Marshall T, Ramchandani P. Emotional disorders in
children and adolescents [J]. Medicine, 2008, 36(9):
478-481.



