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[ Abstract]  Mice are a core model organism in neuroscience and are undergoing a technological transition in
whole-brain atlas construction, as researchers shift from traditional anatomical approaches to multidimensional
molecular-level analysis. This marks a new phase in brain research method ology, characterized by higher resolution
and systemic integration. Spatial transcriptomics technologies have significantly advanced the biological depth of
neuroscience studies, offering novel paradigms for exploring dynamic neural circuit evolution and cellular diversity in
the brain. By combining traditional anatomical localization, single-cell molecular connectomics, and functional
imaging for macroscopic dynamic tracking, brain atlas research achieves “ molecule-circuit-behavior” tri-level

integration, thereby constructing molecular regulatory networks underlying dynamic neural circuit remodeling.
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However, current challenges persist in technical integration. Reference brain atlases hold great promise for elucidating

brain homeostasis mechanisms, identifying abnormal circuit metabolic features in neurological disorders (e. g.

anxiety ) , and screening therapeutic targets. Future brain atlas research must advance multimodal technology fusion

and cross-dimensional data integration to achieve precise mapping from static structures to dynamic functional

networks, and thus provide revolutionary tools for neuroscience.
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Table 1 Comparison of core parameters among four categories of spatially resolved transcriptomics technologies
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2, HaX S Ak B R e 1 25 TRl

TR T 8 /0 15 5 248 i R Al 52 B 5 4
T A RGERE RESMERTHEESY
BTN I A i e S R R 1
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AH2 B B, H ¢ T 9E 52 B W 41 Y ( border-
associated macrophages , BAMs) A/E FH M FL I fiE %
RATHL, VAN Z505 ERZS | A8 B 3k PR/ B
Hh O3 R Al R A 2 B DX, 45 A
FP | oo A5 200 I T A i i s s B R RUSUIR
PR H57n T R A AR 52 o B W 240 i 9 22 R e
HAGUR SRR AL, eSO, 75 B2 IR - K T
NI HE5E HH— P 2Ll o 4 B A S A, 2
e e 2 SRR W /N BRI TP S e A i B AT Tz
FRp S5 e A, FL v 7 Rl T | A T S ik
ZMEA ) BAMs BAT i S e R R B 2
GURR SR B HE SR ARAE R BR 2% RN b B Y Ty
RIHEE T — A RF A9 /)N B2 50 200 SV A -k 465 P\
I B AR e A W 2 B ( choroid plexus epithelial -
associated border-associated macrophages, CPepi-
BAMSs) , AR RFEBE R 5 7E P 2B 25 A T
WL 3 A4 T 1 /N IS 5 40 S R S AL, itk — 2P
SR, TP ZE I N+ 8 (interferon regulatory
factor 8, TRF8) J2 i 4 il 5 W52 240 i 10 15 25 A 1
)R BER Se IR X — R B E S R I h s 32-E
Wit 2 L RH EL A PR B TR BT 5T 10

IS 2R G A 2 R R A 25 T 1 A 4 S R
i, BESE B EMOST SR EE /N B i+ 1
JEE T L 45 A2 Ao 7 /)N B/ i A A el o i
S IEATHERE EF ( dextran-3, Dex-3) H IARIC I HF
W ( cerebrospinal fluid, CSF) , 30,120 min J5 J& it
Jok T 5 I 2R AR AL A I LA, AT IMOST R T
Dex-3 4 Jifi 7313 B9 = 70 B3 3D Bdledke . 45598
G BRI B 51, PR3 1 A3 St 3 AL
SEHE BRI I, AR T A DX AR 840 5 OR AR
2375 ) DK A T W 0 S 4 DA X s 3R B B
SRAY CSF ikt BEoh, 84K P T CSF A
IR 0 B 32 B Bk L2 48 L 3D BB
IEBTFEE UARAT T e 23 H R 00 2 i o Ak L 4
}4,3D 7R T 4 CSF 3L A FIE H 3 5 78 T
2 B £ 2R 00 4 i DX S5 S P, DA s — 2B B i i
R DRETR AL T i ) S A
3.2 MEXEREE(HMELER)

RGN BEME RGN RN AERT L
e BEDRST PRI IHORS o 3t 1)l RR G 43 B L3
AR FERSAH SR AL B0 PR S AR RIS T4

I IS T RE A e AD Y &R AL ikt & =

KHEZ R, A S IL AL TT 1270 B MOST %t
Ptk T B RO R 4 il 3D B JF HoE IR TE
0.35 pm x 0.35 pm x 1. 00 wm 23 FHRKF F 3k
HUT APP/PS1 555 AD BEAL/N U 52 48 /N R
S fiiilps RO 3D & B R R T i 5 iR (el
(dentate gyrus molecular layer, DG-ml) 432 A9 F
LA AN [ O DX I A R v R AR R O S
PR A W Ak, I R IRIR A, AD /)
R T - 25 I AE LA | L R AR 0 RO 2 S A
JIE 18 b 2 RRATR, 4 — 20 XU S AN [R) I IXC 1 L3 4
Prif7n T DG-ml 431 2 B~ ¥ 48 B AR A8 K
JEE5 B (FRALARRRZH 2N B IS B ) R il 45 AR
BN FE R O B 2, LA BT R B
AD /INERUALAS S 52 AN MU 285, 3k ] e 2 2
A FER N R Z —, ZWPFEE R T 50
PR RO A RO PR IR LS, I TR 1 BF5E
TR IO ISR PR T T RRAR AD A bl i B2

1% P BE B 3] 27 ( chronic sleep deprivation,
CSD) AT RET A AMAR A& XL R A PR BRI
FJETIRASCING o TEMZBL AT 5T, B2 5 1
BEDA c-Fos™ Bl 142 1T b 32 K ki 21 RE 1R ¥ 30,
CAT %5V 5 5 fMOST % A R AH OG5 5 2k Mk iF
1742l c-Fos™ MMLRE 7, HE 1M 4= 11 73 M CSD /1y B
RS AN R A SRR IR A, SRR i
ZEREARRIRE 14 d J5 /D R BLH SRS FE R AREE
320, TRIE 224 Il DX ( B Jo- RN e 2 i DX I, 04
JEJ5 B2 R0 ] T BURL & i B2 R X R
Rl B2 IX) e-Fos ZRIAKF-1 35 T, 2 CSD HYy ik
— BT AR Y Pl T AR

FIPRE J&— 2 A 1 il 22 % 3 Wi, Lo 1R
BAMARTE W, DFFEUESE, Nign3 HEDR Rk
/NSRBI IRERE 14T R R A (B Nign3 Jk
DR 75 A B T Jo 4 i v & #%EE F o AS B
K H] Stereo-seq 4% R 45 45 =ik BE DNBSEQ I /¥,
XF/INEROR M AT 85 73 P43, e B Nign3 FE A
FEL3AT T B I 5T 40 M ) B A DX B T A 5k
KA, Nign3 2Rk 2K i35 B0 /N R AL 32 47
B HAZ 2l B ) A BEOKCOF T B e
BT RBAAET Nign3 SER I @ik & 5 3 2 Fh 4
IS TR v 5 R 2 3 R DG R DX R 3Rk kA R
b, IXHE7R Nign3 BEPR ] RE I8 o 94 4 855 B % &
PEIA 5 BRI AL I RE
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3.3 MERGZHYAR(EDHREN. 7T
=)

HRHX 28 R Bt ( central nervous system, CNS)
PR I S AR EE E T H CNS 25801 K AT 1 e
HRPM 62 7% S S H A R W] DUR IR 8
{18 ki PO 28 AP RS T Y RE S, W R B¢
G WIT RS T T E R A

22 RN ACAE J2& — Pl 52 i KR 22 R GE 1Y
P S RE M, HL i B2 TR J 5 240 e A L R i L
il b R OCHEVE ] . BESERI 10 x PR 455
MBI PR, 4G S A B S P IR BE AR
(experimental autoimmune encephalomyelitis, EAE)
Je 28 RAEREARIE /N B BY | 5E tH — 2R BLAT dute
SRR Y B TR I A0 LA, I RE R I
LA b st T W T E2 A5 F 2 (nuclear
factor erythroid 2-related factor 2,NRF2) FEIRREA .
MAF bZIP ¥% 5% A ¥ G ( MAF bZIP transcription
factor G, MAFG ) R ik 5% T, #t—2 0
7N, MAFG Al 5 BB & R IR 1 %% B B o
( methionine adenosyltransferase Il alpha, MAT2a)
TR MFIEH L e 2F DNA H AR il b Ak
LA s it o HLHIT It — DRI BIP i
B 240 B 14 0 - 4 Y B 9 R A 115
£ S BRE MAFG Fl MAT2a0 DL S IR 4% % SR e 1y
ik, T EAE H1% CNS HH2E JFA RS R
RAERIRAE R & Bk £ KRR IE A 3R
ST ER At 1R LR A

v-& 3 T R 8 ( gamma-aminobutyric acid-
ergic, GABAergic ) 1 48 702 KM H e 352 19 4 )
PERRZE T, H 32 SR8 2 94 19 M Y A 1, A
T2 o 28 0 2% ) Bl 2 P-4 . B 40 i e s 2 o
BT (single-cell RNA sequencing, scRNA-seq ) 45 &
23 [8) 5 2H 2% ( spatial transcriptomics ) fiff 57 % HH |
TEMR A F R, GABAergic BT T 2%
a2 oT i I s 2T sh A AL, X — 7%
kR R 2 M e TR R B WAE . K F /D
SR L[] A #5 AE 22 ( developmental mouse brain
common coordinate framework, DevCCF) % & T
MRI 55650 AR, Al fE SR i 7 BE
1B¥E GABAergic PZIC MG I (E12. 5) 2 AUAR
HRYIT A% B0l Ko =3 ] 23 A, -4 78 AR RN B
J24 0 S DX T R S AR Y L SR

S ,GABAergic P28 038 1o 3 2 VR 30 2 ik
i 5 BE | V- e J2 2% A PR X 2% 1 ) 28 AL i 3
X—Z B RIS AL B T GABA fgti&
TCR B B ZS 3l 15 AL 3 S i 25 0 1) T 5
ST mit mR Ry m

4 BEERE

UTAER | AR 25 () S 21 B R 1) 28 ol v
& R LA Slide-seq 5 fMOST AR B [H] B2
RIEZR, 33 A 2 o8O hric 5 e 46 8 5
T, ST M 20 i 2 53 5 o7 B BB 2 TR B
(1) 85 RUBE P 2 B0 B SR ATT , N8 7 T 1l DX 2 T
2% S5 IRE H.Sh IR 2 FUHE , 38 REAS v R 51 4 2
TSI BT RERR I | 2R S8 i Hr i 48 [l (6 fh 21 4 48
F8) B FEAE DN 6 4 AT b i B A T S ik
[, N TR BB AR A R B il 75 4 80 T RS A oY
T ECHOH I L 2 S BRI TR AL A
TEART 2 o HER SR ARG B, SR, Sk Se
ENIEN DS R i S SRk R4 NN 2 Re 1] 5]
PrE A G, AR AR AE CAn i L e B v
) VT RE - BN W PR LS AU A, AR A
ZENR TR IE AT BE 5| K J&E B Al 48R 17 P I 1
o R, WF5E 3 i R B AR QB 5 R 2 o ] 5
KOV . — 5 1 AR A T et TR
R AR ICE A BEAR S50 KU, 55— J7 TH i Ak
SERG LT AC B A HLA , A A [ B sh i S
IR SRl A A AR 2R R S S R
FA) KU 2 B S PR T P K

[ A AR B AR e & % SR AT I — EE A%
OBk R B b v AL )2 1T, AS TR 52 86 28 ) &5 ) 7
S SO 45T 1k (S BOE RS R B
B ERZ I, A IMOST R4 T54F 48 h HFH
HERUAR S50, ME LU B2 4 Bh i 206 sh Bl 455 4
R SERYEZTE , CSTBL/6) & 2R )2 5L H e A 48
SRBESBR, WA (BREE LR
W) AR R iR AR AR B R, R
WAl BE— M = bR vfEAL” fif vy 48 . 1%
IEG— WG S B, R 2 RS
W 265 LASR A B0 o0 A 25 5%, 18 SCZ A AR 3K
HIMEZEERTERRS, BAREH W, HibN £
RO Bl 2R 38 e SR AT R B S KRR I R
AR, 0 B PR T T RO A ROR, W sl
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PT35S ) B3 55 133 B R PR %) i
JEEFK MRS R T A 1980 4 K5 ) .
(1) FEN7 5 H AT 6 BB A AL PR, JF & A
TR P R SIS ARL IE R 5 (2) HE B A ]
P 5 RE TR BRI A, SE o PR I 1Y
SRR A B (3) AR TS 5 B
Tl it PR ) 22 J 18 e DR 2 A BB A5 1 1R ol 5040 2
THRRSE S R AL DR AP HERSL; (4) 5 AL 5 2 ) U0 1)
% RAYHE TFENRE S WA Y E N
ARPEF, A T B bR E AL B s I = HLH O
165 16 BEA B R W U R R8T, J7 BEAE I 2
iy S BN H B R A B AT TER B Y o AR
BRiT
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