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A gene expression atlas of the central
nervous system bhased on bacterial
artificial chromosomes
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The mammalian central nervous system (CNS) contains a remarkable array of neural cells, each with a complex pattern of

that together generate perceptions and higher brain functions. Here we describe a large-scale screen to create an
atlas of CNS gene expression at the cellular level, and to provide a library of verified bacterial artificial chromosome (BAC) vectors
and transgenic mouse lines that offer experimental access to CNS regions, cell classes and pathways. We illustrate the use of this
atlas to derive novel insights into gene function in neural cells, and into principal steps of CNS development. The atlas, library of
BAC vectors and BAC transgenic mice generated in this screen provide a rich resource that allows a broad array of investigations
not previ i to the neurosci i
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GENSAT is an NIH-funded, publicly available gene expression atlas of
the developing and adult central nervous system in the mouse.

The project also generatés transgenic BAC-EGFP reporter and
BAC-Cre recombinase driver mouse lines, which'are available as
research resources to the scientific community.

Enter GENSAT (Gene Expression Nervous System Atlas)
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Cells of embryanic mouse brain (right) can be tagged by replacing the coding region of a native gene
(TrkC, in this example) with that of the EGFP 'reporter'. Immunohistochemical detection of EGFP,
magnified in the image above, reveals that TrkC is normally expressed in nerves that carry sensory
information from the face to the brain. The technique allows the nerve-cell projections as well as the
cell bodies (small round dots) to be traced.
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Tau-LacZ gene
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tau-lacZ, a fusion of the microtubule-
associated protein tau and B-galactosidase

Design of homology arms and primer

Left hm: Containing first ATG of Esrl

Right hm: End of 7D5

PCR
50 bp homology arms

recombination

tau-lacz PCR product
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*Construction of ER tau-lacZ fused gene

Red a(exonuclease) and Red B(DNA binding protein)

pRed/ET )
are expressed, which are used for homologous
l recombination.
OH
+ L-Arabinose ~o ’
O o o 30" ->37° HO. tau-lacz
O o { ; B
O PBAC O
tau-lacz
+ PCR product
hm hm
The expression of genes mediating Red/ET is
induced by the addition of L-arabinose and a
temperature shift from 30 to 37°c.
pBAC-tau-lacz
187557 BamHI (27)
i '1ésaas'aamm @n
185867 EcoRI (§5,
181670 BamHi (27} 510 Bam 27
9 ECoRI (55)

PBR322_origin 10
| 11410 ECoRI ( > )
&7D5-(R) A7
213 ECoRI (55)
17512 EcoRlI (55)
20456 EcoRI (55)

308..10927

163354 EcoRI (5
AR
ami (27) 26557 EcoRI (55)

155279 EcoR| (85) 31574 EcoR! (55)

1 -55‘37 EcoRI (55\

42317 BamHI (27)
43350 ECoRI (55)

163189 BamH! (27)
141464 EcoRl (55),

ligation{£pBAC-7D5-tau-lacZ
187571 bp

46785 EcoRlI (55)

47608 EcoR (55)
48508 EcoRl (55)

218 gami 27)
869 BamHI (27
1378 BamHI (27)
1445 BamHl (27)

137683 EwRI 155
137554 EcoR i
135;23 EcoRI {55

134837 BamH| (27),
133816 EcoRlI (55)

EcoRl BamHI

. 54332 BamHI (27
2208 Bami 1) ST 58
3225 BAmA (47 57788 EcoRl (55)
120512 BamHi (27 69223 BamHI (27)
17548 ey 551 0700 a2
116592 EcoRl (55) 72456 ECDRl (55\ )

1
88710 EcoRl (55)
91450 BamHI (27)
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RSB A A4 ZBICIDMAEBR COBRFREUCEL T, in vitro &
O in vivo CORMT 2D T D, TR, FEFENR B6 X (NARR /o7 T M= 2% FIN T,
P PRAERRZ in vitro CEBEZ AT XL B RMT AL > TR T 5B a T DREL
PCR 7L A&D WL DNA = A 2707 LA 2L THRITL CD, EBIZ, in vivo TOEIRIZ
DNTHZ A A XL R, FEEIR, AR /o7 T UM< A 2 ho—/L<o 2%

TREEED TWD,
A HIEEM
ARG CIE, BAESICR T 5N <
LB E ERE LI EORAERSE
WCEoT, FELHDVITRIERDGEES AT
DIEZONDEFIZEL T AT ANT
EREEA~DSTF AT =R N OB
HZEIZEY, FAESICBT HILEDE DR
BR~ORZEWNEFTMET D, FEMRTORNL
T B EORAERZEICLY, AEY
AT LOBENREDBERTED X S Iy
Fiol o CRE LRIV ERITT S, BAEH
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TFHIE O W EEE DR BB b 5 B R %
Eha L. BEOEER~DERAELEDKR
B, MERREZEMFMMROEMRE O ST,

B. WEHE

FEIREAIZ 31T 2 MR AE Rk~ TCDD &I
L BB BETRIMITICL T
BEt L7, ER%HE) (Wik 15 BEH)., st~
A (B6<UR) HDHWEARRKO =7 2D
Mg pRAERRIZ in vitro T TCDD (100 nM) % 0
L. 2 R EREE & 417 - 72, mRNA #iH#,
84 D T ML LEERELAFERICEL T
PCR 7 VA ko THIT L7z, EH1C, HEfE
HBLETFHEALZREFTT 5729 DNA ~ 47
07 VA &EME L7, —5. in vivo TD TCDD
T & DRI O J R R~ D B & R



T BT, EEH @R 15 HE) O~wU X

H AN~ 7 2~ TCDD O 5 %217,

MofRi# 2 VT DNA ~/ 7 a7 LA 2%
L7,

(R ERE~DEE)

< U RAEAWEEIMERICE L X EREBIC
B3 2B N DWW THERT 2B OFERF DR
BSOREIED TR E il & L TEERFER
BMZEESR JUOELERS RAEEFERICK
WTCED bLTW A MEEICERE L EREYE
EHREICESE MK REELR L TERINT
W5,

C. HWEHFR

AL, In vitro TOMEIRH AR ~D
TCDD DOREFEIZILBIEFREOEIEREIL
7eo T ARISMEICBE 55 84 B FIZELT
PCR 7V AL > T EINZ T,

TEHAL RO ENA L S BREEETIZBEL
TiE, B6, AhRKO <V REBITIEIRIZE - TH
BLAME L Tz CCLS, IR IRIC K - THREL
METL T CCLTE= 71X TCDD Oz
Fo TV T LB FRIUCERD Rbi/en:
-7 (K 1), F/=, CCR3, CCR6 [IZNZE it
IRIZE S TEEN 2D 07205, TCDD Hwiiz ko
TENLDBIEFFREMETL (K 1),

P ANIAL Ff O ANIA L Z BB TIZE
L i, IL-12b. IL-13ral. IL18, IL-18r1.
IL-1r1, IL-1r2, IL-1rl1, IL-21, TNF 72 6%
IZE>TB6~7 A AhRKO v AEHIZRIDTL
ERELIL, TNHIFEAE DB ETFHRIRIT
TCDD WINCEVIER T T2ZEHBALE (K
2),

T ~3—1 BNZESE T A8 FIZBEL T,
B6 & AhRKO ~ VA COZEREIIB T 4T

WRIZE - T Igsg6. IL-12b, IL-18, Socsl, Tlr4,

Tlr6, TNF 72 THHBTTEL . TCDD HMIZ
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Lo TENLORBOIK T AEEINE (K 3),
T~ =2 BN B E T 8B FIZBEL T,
CCL5 X B6<7A, AhRKO <=7 REHIZHEHRIZ
FJOEBAMET$25—F5 T, CCL7, IL-13ral,
Nfatc2ip, Tmedl ' ZAEAREIICHE D TLET D

(® 4), TCDD DOEFEIMZE->T, FNb7rEIA
VY ANIAY BEBERFORBEOE;IRD
Nip o7 (K 5),

T MIEOSLBRE TR TF 47 R AL
DEIGIL TS B FEICELTHRETT 5L,
Thl FFAESE TIL, B6 <7 XA TIHFIRIZ E>T
Ifng, IL-12rb2, Fasl, Tbx21 DFIEENHEMT S
25 AhRKO =D A TIIE D Rboien -7 (K
6), IL-18rl, IL-18rap X B6. AhRKO <7 A%
WHEIRIZE > TREOTLEN RSN (K] 6),
TCDD OWMZE->T, FNHDBIETFOEH)
WCERNALN2IRDTEIHBAL (X 6),

Th2 FAESE TO I Y = XF 47 R
HONTWAEBEFICELTE, B6 v VATD
FERRIZEY Gata3 DFEBATLEET 203, TCDD D
WINZI 2 0EBITBES <o (K 7),
B6, AhRKO =T AELGITIEIRIZHE- T IL-1rll,
Pparg DFEHITLE T 523, TCDD OEMIZL-
TENLDOEBEFRBADOTLEITZ D LN
-7 (®7),

Th17 HBARSE TO IV = R F 47 RIS
HENTCOABIETIZBIL T, B6, AR =R
EHITHEIRIZAE ST IL-17a, IL-1r1. IL-21. Rora,
Rorc MFBTCHET A3, TCDD OEMIZL-
TENLOBBFRERBEITTEILIR N2 2o
(X 8),

I T #BPE (iTreg, nTreg) BE THOTE Y=
2T 47 ARBEAC BB TOBBIETIZELT
I%, B6, AhRKO =T REHIZELIRIAIZ Cerb, 119,
Ifn4, Myb, Pou2f2 DIEERIHEMNT 253, TCDD
WIMZEVENLOREBUIE T T 5208 LN
Lo (X 9),

X B2, Percellome f#HT % AV 72 DNA <A



7u7 VAL 5B EETREICELT
X, B B6 ~ U ADMERMELIC TCDD % i
mss e, SHREICHR L CHERICEF L
BT (P<0.05) i3 42 BT, BEICET
L7=bDit 273 &=+ ThHoto, 1EIE B6 <
7 A DR R TCDD Z2%m+ 5 &, E&
L7zbDix 6256 BfsF. IEF L DX 15
B+ TdHoT, AhRRKO ~ 7 X DRk
\Z TCDD Z ¥4 % & 366 T4 EHF L.
511 B F2MET L7z, & bz, ik AhRKO
~ U A D MIRERC TCDD 28t 5 &
425 BT B ERE L, 64 BEFHETLTY
oo BEIORE Do oB@mFO—EEERT
% & . Parathyroid hormone (PTH)&E/{=F i
EFEMRAES IR EA EREARRD A
WA, R~ U AR TIXE ORBB KX <
EH L. TCDD OB L VT~ A TD
ERERPEF~ VAL ZEREECETLE
(E 10), AhRKO ~ 7 2 T % [FER DB 2552
ozl b, TCDD @ AhR Z#8H L
BNV T NVOEERE X b, £, L&
BROEFICEET 52E8ETFTHD Repetin
(Ppto) i 3RS 25 L FEA LH L. TCDD @
I LV 2R EFITIMHE sh s Z &R
M L7z (K 10), AhRKO TIIEIRIZ L > T
ZOFHBL B6 v U R EREERIC LA T 50,
TCDD DOEINZ L » CTF DBIETHIFICES
IFRER SN o7 (® 10), Ledis T,
R K » THRE EH L7 Rptn &
TCDD-AhR %M L7=RE CTHIE I TWD
AIREE DR E T,
D. &

HAFF I E OBERIVE DER~DE
BLLUT, B, TR ERIEBINTNDN,
e R~ D IERER I QX mE N0,
FEx X T TIo, FTAERFRICEREDOY (4 FY
VORI, HAERBERMEIZE CAEER

ENRFEINDHZEEHEL 72 (J Immunol
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182:6576, 2009) , EHIZ, V=—7 L U EERETE
TNy R ANT, EREHTOF A 4F
DEBVRAEMANICH B CARBEEREDRIEIC
FEERITTILERWEL TS CRAET —
&/ B S ER F R BRI E TR 22 F
EREEH) .

SRR 24 R TIX, IIRBEIC I 2 Mg
fk~D TCDD ORFIZ L BT OEENCES
LC, THREOSMEIZEET 5 84 B TR
% PCR 7 VA KRIZTHRE LT, 7D A,
YA bIA Y, FNOOZEMR, FHEEER
F. Thl B#EEGEF. Th2 BEELEF. Thl?
BEBLGFICMLZ, TV RXT 4 v 7 RE
L HEE I NABEEFIZEE LT, in vitro TD
TCDD B&ZFEDHEETOELTFOEE % EEL
L7z, &I B6 <7 2, AhRKO <7 2T
DEGTFERIADOEIIRE oL, HRIZE -
TWTNDY T A HE L DBIGFDFEEN
JLETHZ ERBAL LY, TCDD O&EE
WZEoT, BIRIZCTEH L Z OBETD
REMET LTWe, 7 TH, Thl BEEER
FTCid Igsf6, 11-18, Socsl, Tlr4, Tlr6é OF
ROEENEN -7, Th2 BEEMRET TIX
Ccl7.IL-13ral, Nfatc2ip OEEIMN R Siiz,
TV RT 4 v I REAPEESN DB
T Tk, FFlZ, Thl17 BEOBELETIZB6 vV
AL AhRKO =7 2 L HITHHRIZ L > TREL
FENTLE L, TCDD 12k > TEDBEHFDE
BRR LN 2B L, Th17 ~D431k
\Z TCDD DRERBARIE Y = 2T 4 v 7 7274k
ZRTFREMEN B H 05, EEED DNA D A F L
—va Y REERDRFDPBLETH D, &b
IZ. Percellome fETZ 7= DNA <1 7 &
TLAILLD2HEENECFRBAIZELTDH
Bx hBETHOEHNRE LN, TIRIZL -
THREBRICER T2V ONDOEERT &
TCDD/AhR % 41 L 7 EAn TR 23 BF & >
W AR+ oI B 2 b, £, in



vivo T? TCDD # 5.1z L 28k, FEitizk~ v
2 D A IRAERE C OB FEMICE L THmE
EMADTFETHY ., LYV EKRTOEILDHE
HARELLDEEZHND,
E. #5#
TR 31T 2 M BRAERE COBIGF IO
ZEN)E TCDD ORFFEIZ L 0 K& =4,
T MO LIZED CEERBELFRERICE
BERIELTWDZ LRGN ERoT,
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Transcription Factors
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Epigenetically Regulated Genes: Th1 Cells
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