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Forebrain regional subsystem analysis: adult female rat
(466 regions; 216,690 possible connections: 35,738 exist; MRCC analysis: 464 regions) 
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2.1.3
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2.2.3
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Functional hierarchy

SS
1

SS1 SS2

SS
2

Gustatory-related & accumbens

Gustatory & accumbens

Prelimbic

Dorsolateral cerebral nuclei
(dorsolateral “basal ganglia”)

Somatomotor
(spinal, mouth)

Visceral sensorimotor

Somatosensory

Somatoviscero-
sensory

Somatomotor
(eyes, nose)

Ventral orbital

Medial orbital
Orbital

Main olfactory-related cortex & olfactory tubercle

Main
olfactory;

navigation

Voluntary behavior;
 cognition 

Medial perforant path

Navigation Dorsal CA1-dorsal subiculum

CA3-CA2

Auditory perception-related

Visual imagery-related

Dorsomedial cortical strip
(cortical executive functions)

Cortical executive functions

Medial mammillary & dorsal anteromedial nuclei

Auditory & visual perception

Somatomotor
(vibrissae); claustrum

Somatomotor
(eyes, vibrissae);

claustrum

1º Somatosensory

Claustrum;
lateral orbital

Somatomotor
(vibrissae)

2º Somatosensory

Somatomotor (spinal, mouth);
dorsolateral cerebral nuclei

Somatovisceral 
sensorimotor & gustatory;

dorsolateral cerebral nuclei

Somatovisceral sensory-motor,
gustatory-main olfactory,

dorsal hippocampus;
dorsolateral cerebral nuclei

CNU TH

1GU
1AId
1AIp
1PERI
1BLAa

1PL

1MOp

1VISC

1SSp

1SSs

1ACAd

1ORBl
1CLA

1MOs

1ORBvl
1ORBv

1ORBm

1MOB
1TTd
1TTv
1AOA
1PIR
1EPd
1EPv
1AIv
1NLOT
1TR
1ENTl
1LA
1BLAp

1ENTm
1DG
1IG
1CA1d
1SUBd
1FC
1CA3
1CA2

1AUDp
1AUDd
1AUDv
1AUDpo
1PTLp
1TEa
1ECT
1-6b

1VISp
1VISam
1VISpm
1VISal
1VISrl
1VISlm
1VISlla
1VISli
1VISlli
1VISpl

1ACAv
1RSPagl
1RSPd
1RSPv
1RSPv.a
1RSPv.b/c
1PRE
1POST
1PAR

1ACB
1FS

1CP
1GPl
1GPm

1OT
1MA

1VPMpc
1RH
1CM
1IMD

1MDm

1PF

1VAL
1IAM

1VPLpc
1SPFp
1MGm
1POL

1VPMpr
1VPLpr
1RT

1PO

1AMv
1IAD
1MDl
1REc

1MDc
1PCN
1SMT

1VM
1CL

1PR

1PT

1MGd
1MGv
1SGN
1LP

1LGd

1AV
1AD
1LD

1AMd

1STN

1LM

1MM

CTX HY

Somatomotor
(eyes, nose, vibrissae);
orbital, claustrum

Somatomotor (spinal, mouth)
& dorsolateral cerebral nuclei;

somatoviscerosensory

Ventral pallidum, suprafornical LHA
Ventral pallidum, medial CEA,

anterior BST, LHA

Lateral CEA,
PVT (visceral sensory)

Medial CEA,
Anterior BST,
Lateral LHA

Accessory olfactory cortex, ILA-CA1v; MEAad-BSTtr
(pheromonal sensorimotor)

Theta rhythm & medial habenula

VMHvl & BSTif
Social agonistic & feminine

mating behaviors

Agonistic & feminine mating behaviors;
               behavioral state (circadian)

MEAav,pv & RCH

SBPV-I

VMHdm,c

CA1-related LS;
LHAjp,jd; REr

Ventral subiculum-LSr.m.v

Defensive behavior

Defensive
behavior-
reward

prediction
Lateral habenula & LPO

Defensive & circadian
   behaviors

Defensive &
circadian behaviors

AHN-SPFm
(defensive behavior)

CA3-related LS & NDB

Retina, suprachiasmatic, IGL

Ventral lateral geniculate-zona incerta

PVHd-BSTmg,v,dm
(autonomic responses-

ingestivebehavior)

Ingestive behavior;
visceromotor integration;

sleep-wake & arousal

Ingestive behavior;
visceromotor integration;

sleep-wake & arousal

Ingestive & reproductive behaviors;
sleep-wake & arousal;

visceromotor integration

VLP-TM-SUMm
(sleep-wake, arousal)

PVHmpd,pv-PVa; VMPG
(parvi neuroendocrine &
visceromotor integration)

SO-PVH; SFO-OV
(magno neuroendocrine)

Reproductive
physiology & behavior

LHAp
MPNl

MPNc,m-AVPV-ARH

PMv-PA-BSTpr-MEApd-LSv

Behavioral state: circadian
(retina-SCH-LGv-IGL-ZI)

Behavioral state:
foraging behavior

Innate survival behavior
 & physiology integration;

affect
(including  ILA, CA1v-SUBv &
ventromedial cerebral nuclei)

Visceral sensory;
sleep-wake & arousal;
CEA, SI, anterior BST

Pheromone-visceral inputs;
sleep-wake & arousal;

affect

SS1.2

SS1

SS1.1
CNU THCTX HY

1AOB
1COAa
1COApm
1COApl
1BMAa
1BMAp
1ILA
1PAA
1CA1v

1SUBv

1PA

1CEAm
1BSTal
1BSTfu
1BSTov
1BSTrh

1SI
1BSTam

1CEAl
1BSTse
1BSTju

1CEAc
1MEAad
1BA
1AAA
1BSTtr

1MS
1TRS

1NDB
1LSc.v
1LSc.d
1SH

1BSTif

1MEAav
1MEApv

1LSr.m.d
1LSr.dl
1LSr.vl
1BAC

1LSr.m.v

1IA

1BSTmg
1BSTv
1BSTdm

1LSv
1MEApd
*1BSTpr
1BSTd

1PVT

1MH

1SPFm

1REr

1LH
1FF
1PP

1IGL

1PMd
1LHAa
1LHAsfa

1LPO

2R
1SCH

1PVHd
1LHAsfp

1PVHmpd
1PVHpv
1PVHap
1PVa
1DMHa
1DMHp
1DMHv
1MEPO
1MPO
1PSCH
1PS
1AVP
1ADP
1PD
1PVp
1TM
1VLP
1SUMm
1SO
1PVHpm
1SFO
1OV

*1PMv

1AHA
1LHAp
1MPNl
1TU

1ZI
1LGv

1SUMl

1VMHvl
1LHAjvd
1LHAjvv

1RCH

1SBPV
1I
1VMHdm
1VMHc
1VMHa
1AHNa
1AHNc
1AHNp

1AHNd
1LHAjp
1LHAjd
1PH

1LHAd
1LHAv
1PSTN
1PST

1LHAs

1MPNc
1MPNm
*1AVPV
1PVHam
1ARH

Agonistic & feminine
mating behaviors

Agonistic & feminine
mating behaviors;

luminance inputs for
circadian rhythms & arousal

Gustatory-related & accumbens

Gustatory & accumbens

Prelimbic

Dorsolateral cerebral nuclei
(dorsolateral “basal ganglia”)

Somatomotor
(spinal, mouth)

Visceral sensorimotor

Somatosensory

Somatoviscero-
sensory

Somatomotor (eyes, nose)

Ventral orbital

Medial orbital
Orbital

Main olfactory-related cortex & olfactory tubercle

Main
olfactory;

navigation

Voluntary behavior
(cognition & affect) 

Medial perforant path

Navigation Dorsal CA1-dorsal subiculum

CA3-CA2

Auditory perception-related

Visual imagery-related

Dorsomedial cortical strip
(cortical executive functions)

Cortical executive functions

Medial mammillary & dorsal anteromedial nuclei

Auditory & visual perception

Somatomotor
(vibrissae); claustrum

Somatomotor
(eyes, vibrissae);

claustrum

1º Somatosensory

Claustrum;
lateral orbital

Somatomotor
(vibrissae)

2º Somatosensory

Somatomotor (spinal, mouth);
dorsolateral cerebral nuclei

Somatovisceral 
sensorimotor & gustatory;

dorsolateral cerebral nuclei

Somatovisceral sensory-motor,
gustatory-main olfactory,

dorsal hippocampus;
dorsolateral cerebral nuclei

CNU TH

2GU
2AId
2AIp
2PERI
2BLAa

2PL

2MOp

2VISC

2SSp

2SSs

2ACAd

2ORBl
2CLA

2MOs

2ORBvl
2ORBv

2ORBm

2MOB
2TTd
2TTv
2AOA
2PIR
2EPd
2EPv
2AIv
2NLOT
2TR
2ENTl
2LA
2BLAp

2ENTm
2DG
2IG
2CA1d
2SUBd
2FC
2CA3
2CA2

2AUDp
2AUDd
2AUDv
2AUDpo
2PTLp
2TEa
2ECT
2-6b

2VISp
2VISam
2VISpm
2VISal
2VISrl
2VISlm
2VISlla
2VISli
2VISlli
2VISpl

2ACAv
2RSPagl
2RSPd
2RSPv
2RSPv.a
2RSPv.b/c
2PRE
2POST
2PAR

2ACB
2FS

2CP
2GPl
2GPm

2OT
2MA

2VPMpc
2RH
2CM
2IMD

2MDm

2PF

2VAL
2IAM

2VPLpc
2SPFp
2MGm
2POL

2VPMpr
2VPLpr
2RT

2PO

2AMv
2IAD
2MDl
2REc

2MDc
2PCN
2SMT

2VM
2CL

2PR

2PT

2MGd
2MGv
2SGN
2LP

2LGd

2AV
2AD
2LD

2AMd

2STN

2LM

2MM

CTX HY

Somatomotor
(eyes, nose, vibrissae);
orbital, claustrum

Somatomotor (spinal, mouth)
& dorsolateral cerebral nuclei;

somatoviscerosensory

Ventral pallidum, suprafornical LHA
Ventral pallidum, medial CEA,

anterior BST, LHA

Lateral CEA,
PVT (visceral sensory)

Medial CEA,
Anterior BST,
Lateral LHA

Accessory olfactory cortex, CA1v; MEAad-BSTtr
(pheromonal sensorimotor)

Theta rhythm & medial habenula

VMHvl & BSTif
Social agonistic & feminine

mating behaviors

Agonistic & feminine mating behaviors;
               behavioral state (circadian)

MEAav,pv & RCH

SBPV-I

VMHdm,c

CA1-related LS;
LHAjp,jd; REr

Ventral subiculum-LSr.m.v

Defensive behavior

Defensive
behavior-
reward

prediction
Lateral habenula & LPO

Defensive & circadian
   behaviors

Defensive &
circadian behaviors

AHN-SPFm
(defensive behavior)

CA3-related LS & NDB

Retina, suprachiasmatic, IGL

Ventral lateral geniculate-zona incerta

PVHd-BSTmg,v,dm
(autonomic responses-

ingestivebehavior)

Ingestive behavior;
visceromotor integration;

sleep-wake & arousal

Ingestive behavior;
visceromotor integration;

sleep-wake & arousal

Ingestive & reproductive behaviors;
sleep-wake & arousal;

visceromotor integration

VLP-TM-SUMm
(sleep-wake, arousal)

PVHmpd,pv-PVa; VMPG
(parvi neuroendocrine &
visceromotor integration)

SO-PVH; SFO-OV
(magno neuroendocrine)

Reproductive
physiology & behavior

LHAp
MPNl

MPNc,m-AVPV-ARH

PMv-PA-BSTpr-MEApd-LSv

Behavioral state: circadian
(retina-SCH-LGv-IGL-ZI)

Behavioral state:
foraging behavior

Innate survival behavior
 and physiology integration

(including ventral CA1-SUB &
ventromedial cerebral nuclei)

Visceral sensory;
sleep-wake & arousal;
CEA, SI, anterior BST

Pheromone-visceral inputs
sleep-wake & arousal

SS2.2

SS2

SS2.1
CNU THCTX HY

2AOB
2COAa
2COApm
2COApl
2BMAa
2BMAp
2ILA
2PAA
2CA1v

2SUBv

2PA

2CEAm
2BSTal
2BSTfu
2BSTov
2BSTrh

2SI
2BSTam

2CEAl
2BSTse
2BSTju

2CEAc
2MEAad
2BA
2AAA
2BSTtr

2MS
2TRS

2NDB
2LSc.v
2LSc.d
2SH

2BSTif

2MEAav
2MEApv

2LSr.m.d
2LSr.dl
2LSr.vl
2BAC

2LSr.m.v

2IA

2BSTmg
2BSTv
2BSTdm

2LSv
2MEApd
*2BSTpr
2BSTd

2PVT

2MH

2SPFm

2REr

2LH
2FF
2PP

2IGL

2PMd
2LHAa
2LHAsfa

2LPO

1R
2SCH

2PVHd
2LHAsfp

2PVHmpd
2PVHpv
2PVHap
2PVa
2DMHa
2DMHp
2DMHv
2MEPO
2MPO
2PSCH
2PS
2AVP
2ADP
2PD
2PVp
2TM
2VLP
2SUMm
2SO
2PVHpm
2SFO
2OV

*2PMv

2AHA
2LHAp
2MPNl
2TU

2ZI
2LGv

2SUMl

2VMHvl
2LHAjvd
2LHAjvv

2RCH

2SBPV
2I
2VMHdm
2VMHc
2VMHa
2AHNa
2AHNc
2AHNp

2AHNd
2LHAjp
2LHAjd
2PH

2LHAd
2LHAv
2PSTN
2PST

2LHAs

2MPNc
2MPNm
*2AVPV
2PVHam
2ARH
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Forebrain regional subsystem analysis: adult female rat
(466 regions; 216,690 possible connections: 35,738 exist; MRCC analysis: 464 regions) 
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Forebrain regional subsystem analysis: adult female rat
(466 regions; 216,690 possible connections: 35,738 exist; MRCC analysis: 464 regions) 
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Structural hierarchy
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Functional hierarchy

SS
1

SS1 SS2

SS
2

Gustatory-related & accumbens

Gustatory & accumbens

Prelimbic

Dorsolateral cerebral nuclei
(dorsolateral “basal ganglia”)

Somatomotor
(spinal, mouth)

Visceral sensorimotor

Somatosensory

Somatoviscero-
sensory

Somatomotor
(eyes, nose)

Ventral orbital

Medial orbital
Orbital

Main olfactory-related cortex & olfactory tubercle

Main
olfactory;

navigation

Voluntary behavior;
 cognition 

Medial perforant path

Navigation Dorsal CA1-dorsal subiculum

CA3-CA2

Auditory perception-related

Visual imagery-related

Dorsomedial cortical strip
(cortical executive functions)

Cortical executive functions

Medial mammillary & dorsal anteromedial nuclei

Auditory & visual perception

Somatomotor
(vibrissae); claustrum

Somatomotor
(eyes, vibrissae);

claustrum

1º Somatosensory

Claustrum;
lateral orbital

Somatomotor
(vibrissae)

2º Somatosensory

Somatomotor (spinal, mouth);
dorsolateral cerebral nuclei

Somatovisceral 
sensorimotor & gustatory;

dorsolateral cerebral nuclei

Somatovisceral sensory-motor,
gustatory-main olfactory,

dorsal hippocampus;
dorsolateral cerebral nuclei

CNU TH

1GU
1AId
1AIp
1PERI
1BLAa

1PL

1MOp

1VISC

1SSp

1SSs

1ACAd

1ORBl
1CLA

1MOs

1ORBvl
1ORBv

1ORBm

1MOB
1TTd
1TTv
1AOA
1PIR
1EPd
1EPv
1AIv
1NLOT
1TR
1ENTl
1LA
1BLAp

1ENTm
1DG
1IG
1CA1d
1SUBd
1FC
1CA3
1CA2

1AUDp
1AUDd
1AUDv
1AUDpo
1PTLp
1TEa
1ECT
1-6b

1VISp
1VISam
1VISpm
1VISal
1VISrl
1VISlm
1VISlla
1VISli
1VISlli
1VISpl

1ACAv
1RSPagl
1RSPd
1RSPv
1RSPv.a
1RSPv.b/c
1PRE
1POST
1PAR

1ACB
1FS

1CP
1GPl
1GPm

1OT
1MA

1VPMpc
1RH
1CM
1IMD

1MDm

1PF

1VAL
1IAM

1VPLpc
1SPFp
1MGm
1POL

1VPMpr
1VPLpr
1RT

1PO

1AMv
1IAD
1MDl
1REc

1MDc
1PCN
1SMT

1VM
1CL

1PR

1PT

1MGd
1MGv
1SGN
1LP

1LGd

1AV
1AD
1LD

1AMd

1STN

1LM

1MM

CTX HY

Somatomotor
(eyes, nose, vibrissae);
orbital, claustrum

Somatomotor (spinal, mouth)
& dorsolateral cerebral nuclei;

somatoviscerosensory

Ventral pallidum, suprafornical LHA
Ventral pallidum, medial CEA,

anterior BST, LHA

Lateral CEA,
PVT (visceral sensory)

Medial CEA,
Anterior BST,
Lateral LHA

Accessory olfactory cortex, ILA-CA1v; MEAad-BSTtr
(pheromonal sensorimotor)

Theta rhythm & medial habenula

VMHvl & BSTif
Social agonistic & feminine

mating behaviors

Agonistic & feminine mating behaviors;
               behavioral state (circadian)

MEAav,pv & RCH

SBPV-I

VMHdm,c

CA1-related LS;
LHAjp,jd; REr

Ventral subiculum-LSr.m.v

Defensive behavior

Defensive
behavior-
reward

prediction
Lateral habenula & LPO

Defensive & circadian
   behaviors

Defensive &
circadian behaviors

AHN-SPFm
(defensive behavior)

CA3-related LS & NDB

Retina, suprachiasmatic, IGL

Ventral lateral geniculate-zona incerta

PVHd-BSTmg,v,dm
(autonomic responses-

ingestivebehavior)

Ingestive behavior;
visceromotor integration;

sleep-wake & arousal

Ingestive behavior;
visceromotor integration;

sleep-wake & arousal

Ingestive & reproductive behaviors;
sleep-wake & arousal;

visceromotor integration

VLP-TM-SUMm
(sleep-wake, arousal)

PVHmpd,pv-PVa; VMPG
(parvi neuroendocrine &
visceromotor integration)

SO-PVH; SFO-OV
(magno neuroendocrine)

Reproductive
physiology & behavior

LHAp
MPNl

MPNc,m-AVPV-ARH

PMv-PA-BSTpr-MEApd-LSv

Behavioral state: circadian
(retina-SCH-LGv-IGL-ZI)

Behavioral state:
foraging behavior

Innate survival behavior
 & physiology integration;

affect
(including  ILA, CA1v-SUBv &
ventromedial cerebral nuclei)

Visceral sensory;
sleep-wake & arousal;
CEA, SI, anterior BST

Pheromone-visceral inputs;
sleep-wake & arousal;

affect

SS1.2

SS1

SS1.1
CNU THCTX HY

1AOB
1COAa
1COApm
1COApl
1BMAa
1BMAp
1ILA
1PAA
1CA1v

1SUBv

1PA

1CEAm
1BSTal
1BSTfu
1BSTov
1BSTrh

1SI
1BSTam

1CEAl
1BSTse
1BSTju

1CEAc
1MEAad
1BA
1AAA
1BSTtr

1MS
1TRS

1NDB
1LSc.v
1LSc.d
1SH

1BSTif

1MEAav
1MEApv

1LSr.m.d
1LSr.dl
1LSr.vl
1BAC

1LSr.m.v

1IA

1BSTmg
1BSTv
1BSTdm

1LSv
1MEApd
*1BSTpr
1BSTd

1PVT

1MH

1SPFm

1REr

1LH
1FF
1PP

1IGL

1PMd
1LHAa
1LHAsfa

1LPO

2R
1SCH

1PVHd
1LHAsfp

1PVHmpd
1PVHpv
1PVHap
1PVa
1DMHa
1DMHp
1DMHv
1MEPO
1MPO
1PSCH
1PS
1AVP
1ADP
1PD
1PVp
1TM
1VLP
1SUMm
1SO
1PVHpm
1SFO
1OV

*1PMv

1AHA
1LHAp
1MPNl
1TU

1ZI
1LGv

1SUMl

1VMHvl
1LHAjvd
1LHAjvv

1RCH

1SBPV
1I
1VMHdm
1VMHc
1VMHa
1AHNa
1AHNc
1AHNp

1AHNd
1LHAjp
1LHAjd
1PH

1LHAd
1LHAv
1PSTN
1PST

1LHAs

1MPNc
1MPNm
*1AVPV
1PVHam
1ARH

Agonistic & feminine
mating behaviors

Agonistic & feminine
mating behaviors;

luminance inputs for
circadian rhythms & arousal

Gustatory-related & accumbens

Gustatory & accumbens

Prelimbic

Dorsolateral cerebral nuclei
(dorsolateral “basal ganglia”)

Somatomotor
(spinal, mouth)

Visceral sensorimotor

Somatosensory

Somatoviscero-
sensory

Somatomotor (eyes, nose)

Ventral orbital

Medial orbital
Orbital

Main olfactory-related cortex & olfactory tubercle

Main
olfactory;

navigation

Voluntary behavior
(cognition & affect) 

Medial perforant path

Navigation Dorsal CA1-dorsal subiculum

CA3-CA2

Auditory perception-related

Visual imagery-related

Dorsomedial cortical strip
(cortical executive functions)

Cortical executive functions

Medial mammillary & dorsal anteromedial nuclei

Auditory & visual perception

Somatomotor
(vibrissae); claustrum

Somatomotor
(eyes, vibrissae);

claustrum

1º Somatosensory

Claustrum;
lateral orbital

Somatomotor
(vibrissae)

2º Somatosensory

Somatomotor (spinal, mouth);
dorsolateral cerebral nuclei

Somatovisceral 
sensorimotor & gustatory;

dorsolateral cerebral nuclei

Somatovisceral sensory-motor,
gustatory-main olfactory,

dorsal hippocampus;
dorsolateral cerebral nuclei

CNU TH

2GU
2AId
2AIp
2PERI
2BLAa

2PL

2MOp

2VISC

2SSp

2SSs

2ACAd

2ORBl
2CLA

2MOs

2ORBvl
2ORBv

2ORBm

2MOB
2TTd
2TTv
2AOA
2PIR
2EPd
2EPv
2AIv
2NLOT
2TR
2ENTl
2LA
2BLAp

2ENTm
2DG
2IG
2CA1d
2SUBd
2FC
2CA3
2CA2

2AUDp
2AUDd
2AUDv
2AUDpo
2PTLp
2TEa
2ECT
2-6b

2VISp
2VISam
2VISpm
2VISal
2VISrl
2VISlm
2VISlla
2VISli
2VISlli
2VISpl

2ACAv
2RSPagl
2RSPd
2RSPv
2RSPv.a
2RSPv.b/c
2PRE
2POST
2PAR

2ACB
2FS

2CP
2GPl
2GPm

2OT
2MA

2VPMpc
2RH
2CM
2IMD

2MDm

2PF

2VAL
2IAM

2VPLpc
2SPFp
2MGm
2POL

2VPMpr
2VPLpr
2RT

2PO

2AMv
2IAD
2MDl
2REc

2MDc
2PCN
2SMT

2VM
2CL

2PR

2PT

2MGd
2MGv
2SGN
2LP

2LGd

2AV
2AD
2LD

2AMd

2STN

2LM

2MM

CTX HY

Somatomotor
(eyes, nose, vibrissae);
orbital, claustrum

Somatomotor (spinal, mouth)
& dorsolateral cerebral nuclei;

somatoviscerosensory

Ventral pallidum, suprafornical LHA
Ventral pallidum, medial CEA,

anterior BST, LHA

Lateral CEA,
PVT (visceral sensory)

Medial CEA,
Anterior BST,
Lateral LHA

Accessory olfactory cortex, CA1v; MEAad-BSTtr
(pheromonal sensorimotor)

Theta rhythm & medial habenula

VMHvl & BSTif
Social agonistic & feminine

mating behaviors

Agonistic & feminine mating behaviors;
               behavioral state (circadian)

MEAav,pv & RCH

SBPV-I

VMHdm,c

CA1-related LS;
LHAjp,jd; REr

Ventral subiculum-LSr.m.v

Defensive behavior

Defensive
behavior-
reward

prediction
Lateral habenula & LPO

Defensive & circadian
   behaviors

Defensive &
circadian behaviors

AHN-SPFm
(defensive behavior)

CA3-related LS & NDB

Retina, suprachiasmatic, IGL

Ventral lateral geniculate-zona incerta

PVHd-BSTmg,v,dm
(autonomic responses-

ingestivebehavior)

Ingestive behavior;
visceromotor integration;

sleep-wake & arousal

Ingestive behavior;
visceromotor integration;

sleep-wake & arousal

Ingestive & reproductive behaviors;
sleep-wake & arousal;

visceromotor integration

VLP-TM-SUMm
(sleep-wake, arousal)

PVHmpd,pv-PVa; VMPG
(parvi neuroendocrine &
visceromotor integration)

SO-PVH; SFO-OV
(magno neuroendocrine)

Reproductive
physiology & behavior

LHAp
MPNl

MPNc,m-AVPV-ARH

PMv-PA-BSTpr-MEApd-LSv

Behavioral state: circadian
(retina-SCH-LGv-IGL-ZI)

Behavioral state:
foraging behavior

Innate survival behavior
 and physiology integration

(including ventral CA1-SUB &
ventromedial cerebral nuclei)

Visceral sensory;
sleep-wake & arousal;
CEA, SI, anterior BST

Pheromone-visceral inputs
sleep-wake & arousal

SS2.2

SS2

SS2.1
CNU THCTX HY

2AOB
2COAa
2COApm
2COApl
2BMAa
2BMAp
2ILA
2PAA
2CA1v

2SUBv

2PA

2CEAm
2BSTal
2BSTfu
2BSTov
2BSTrh

2SI
2BSTam

2CEAl
2BSTse
2BSTju

2CEAc
2MEAad
2BA
2AAA
2BSTtr

2MS
2TRS

2NDB
2LSc.v
2LSc.d
2SH

2BSTif

2MEAav
2MEApv

2LSr.m.d
2LSr.dl
2LSr.vl
2BAC

2LSr.m.v

2IA

2BSTmg
2BSTv
2BSTdm

2LSv
2MEApd
*2BSTpr
2BSTd

2PVT

2MH

2SPFm

2REr

2LH
2FF
2PP

2IGL

2PMd
2LHAa
2LHAsfa

2LPO

1R
2SCH

2PVHd
2LHAsfp

2PVHmpd
2PVHpv
2PVHap
2PVa
2DMHa
2DMHp
2DMHv
2MEPO
2MPO
2PSCH
2PS
2AVP
2ADP
2PD
2PVp
2TM
2VLP
2SUMm
2SO
2PVHpm
2SFO
2OV

*2PMv

2AHA
2LHAp
2MPNl
2TU

2ZI
2LGv

2SUMl

2VMHvl
2LHAjvd
2LHAjvv

2RCH

2SBPV
2I
2VMHdm
2VMHc
2VMHa
2AHNa
2AHNc
2AHNp

2AHNd
2LHAjp
2LHAjd
2PH

2LHAd
2LHAv
2PSTN
2PST

2LHAs

2MPNc
2MPNm
*2AVPV
2PVHam
2ARH

Agonistic & feminine
mating behaviors

(expression &
prioritization)

Agonistic & feminine
mating behaviors;

luminance inputs for
circadian rhythms & arousal
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Forebrain regional subsystem analysis: adult female rat
(466 regions; 216,690 possible connections: 35,738 exist; MRCC analysis: 464 regions) 
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Structural hierarchy

Forebrain regional subsystem analysis: adult female rat
(466 regions; 216,690 possible connections: 35,738 exist; MRCC analysis: 464 regions) 
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Functional hierarchy

SS
1

SS1 SS2

SS
2

Gustatory-related & accumbens

Gustatory & accumbens

Prelimbic

Dorsolateral cerebral nuclei
(dorsolateral “basal ganglia”)

Somatomotor
(spinal, mouth)

Visceral sensorimotor

Somatosensory

Somatoviscero-
sensory

Somatomotor
(eyes, nose)

Ventral orbital

Medial orbital
Orbital

Main olfactory-related cortex & olfactory tubercle

Main
olfactory;

navigation

Voluntary behavior;
 cognition 

Medial perforant path

Navigation Dorsal CA1-dorsal subiculum

CA3-CA2

Auditory perception-related

Visual imagery-related

Dorsomedial cortical strip
(cortical executive functions)

Cortical executive functions

Medial mammillary & dorsal anteromedial nuclei

Auditory & visual perception

Somatomotor
(vibrissae); claustrum

Somatomotor
(eyes, vibrissae);

claustrum

1º Somatosensory

Claustrum;
lateral orbital

Somatomotor
(vibrissae)

2º Somatosensory

Somatomotor (spinal, mouth);
dorsolateral cerebral nuclei

Somatovisceral 
sensorimotor & gustatory;

dorsolateral cerebral nuclei

Somatovisceral sensory-motor,
gustatory-main olfactory,

dorsal hippocampus;
dorsolateral cerebral nuclei

CNU TH
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1PL
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1VISC

1SSp

1SSs

1ACAd
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1ORBm
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1TTd
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1AOA
1PIR
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1TR
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1ENTm
1DG
1IG
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1CA3
1CA2

1AUDp
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1TEa
1ECT
1-6b

1VISp
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1VISpm
1VISal
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1RSPagl
1RSPd
1RSPv
1RSPv.a
1RSPv.b/c
1PRE
1POST
1PAR
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1FS

1CP
1GPl
1GPm

1OT
1MA

1VPMpc
1RH
1CM
1IMD

1MDm

1PF

1VAL
1IAM

1VPLpc
1SPFp
1MGm
1POL

1VPMpr
1VPLpr
1RT

1PO

1AMv
1IAD
1MDl
1REc

1MDc
1PCN
1SMT

1VM
1CL

1PR

1PT

1MGd
1MGv
1SGN
1LP

1LGd

1AV
1AD
1LD

1AMd

1STN

1LM

1MM

CTX HY

Somatomotor
(eyes, nose, vibrissae);
orbital, claustrum

Somatomotor (spinal, mouth)
& dorsolateral cerebral nuclei;

somatoviscerosensory

Ventral pallidum, suprafornical LHA
Ventral pallidum, medial CEA,

anterior BST, LHA

Lateral CEA,
PVT (visceral sensory)

Medial CEA,
Anterior BST,
Lateral LHA

Accessory olfactory cortex, ILA-CA1v; MEAad-BSTtr
(pheromonal sensorimotor)

Theta rhythm & medial habenula

VMHvl & BSTif
Social agonistic &
mating behaviors

               Agonistic & mating behaviors;
               behavioral state (circadian)

MEAav,pv & RCH

SBPV-I

VMHdm,c

CA1-related LS;
LHAjp,jd; REr

Ventral subiculum-LSr.m.v

Defensive behavior

Defensive
behavior-
reward

prediction
Lateral habenula & LPO

Defensive & circadian
   behaviors

Defensive &
circadian behaviors

AHN-SPFm
(defensive behavior)

CA3-related LS & NDB

Retina, suprachiasmatic, IGL

Ventral lateral geniculate-zona incerta

PVHd-BSTmg,v,dm
(autonomic responses-

ingestivebehavior)

Ingestive behavior;
visceromotor integration;

sleep-wake & arousal

Ingestive behavior;
visceromotor integration;

sleep-wake & arousal

Ingestive & reproductive behaviors;
sleep-wake & arousal;

visceromotor integration

VLP-TM-SUMm
(sleep-wake, arousal)

PVHmpd,pv-PVa; VMPG
(parvi neuroendocrine &
visceromotor integration)

SO-PVH; SFO-OV
(magno neuroendocrine)

Reproductive
physiology & behavior

LHAp
MPNl

MPNc,m-AVPV-ARH

PMv-PA-BSTpr-MEApd-LSv

Behavioral state: circadian
(retina-SCH-LGv-IGL-ZI)

Behavioral state:
foraging behavior

Innate survival behavior
 & physiology integration;

affect
(including  ILA, CA1v-SUBv &
ventromedial cerebral nuclei)

Visceral sensory;
sleep-wake & arousal;
CEA, SI, anterior BST

Pheromone-visceral inputs;
sleep-wake & arousal;

affect

SS1.2

SS1

SS1.1
CNU THCTX HY

1AOB
1COAa
1COApm
1COApl
1BMAa
1BMAp
1ILA
1PAA
1CA1v

1SUBv

1PA

1CEAm
1BSTal
1BSTfu
1BSTov
1BSTrh

1SI
1BSTam

1CEAl
1BSTse
1BSTju

1CEAc
1MEAad
1BA
1AAA
1BSTtr

1MS
1TRS

1NDB
1LSc.v
1LSc.d
1SH

1BSTif

1MEAav
1MEApv

1LSr.m.d
1LSr.dl
1LSr.vl
1BAC

1LSr.m.v

1IA

1BSTmg
1BSTv
1BSTdm

1LSv
1MEApd
*1BSTpr
1BSTd

1PVT

1MH

1SPFm

1REr

1LH
1FF
1PP

1IGL

1PMd
1LHAa
1LHAsfa

1LPO

2R
1SCH

1PVHd
1LHAsfp

1PVHmpd
1PVHpv
1PVHap
1PVa
1DMHa
1DMHp
1DMHv
1MEPO
1MPO
1PSCH
1PS
1AVP
1ADP
1PD
1PVp
1TM
1VLP
1SUMm
1SO
1PVHpm
1SFO
1OV

*1PMv

1AHA
1LHAp
1MPNl
1TU

1ZI
1LGv

1SUMl

1VMHvl
1LHAjvd
1LHAjvv

1RCH

1SBPV
1I
1VMHdm
1VMHc
1VMHa
1AHNa
1AHNc
1AHNp

1AHNd
1LHAjp
1LHAjd
1PH

1LHAd
1LHAv
1PSTN
1PST

1LHAs

1MPNc
1MPNm
*1AVPV
1PVHam
1ARH

Agonistic & 
mating behaviors

(expression &
prioritization)

Agonistic & 
mating behaviors;

luminance inputs for
circadian rhythms & arousal

Gustatory-related & accumbens

Gustatory & accumbens

Prelimbic

Dorsolateral cerebral nuclei
(dorsolateral “basal ganglia”)

Somatomotor
(spinal, mouth)

Visceral sensorimotor

Somatosensory

Somatoviscero-
sensory

Somatomotor (eyes, nose)

Ventral orbital

Medial orbital
Orbital

Main olfactory-related cortex & olfactory tubercle

Main
olfactory;

navigation

Voluntary behavior
(cognition & affect) 

Medial perforant path

Navigation Dorsal CA1-dorsal subiculum

CA3-CA2

Auditory perception-related

Visual imagery-related

Dorsomedial cortical strip
(cortical executive functions)

Cortical executive functions

Medial mammillary & dorsal anteromedial nuclei

Auditory & visual perception

Somatomotor
(vibrissae); claustrum

Somatomotor
(eyes, vibrissae);

claustrum

1º Somatosensory

Claustrum;
lateral orbital

Somatomotor
(vibrissae)

2º Somatosensory

Somatomotor (spinal, mouth);
dorsolateral cerebral nuclei

Somatovisceral 
sensorimotor & gustatory;

dorsolateral cerebral nuclei

Somatovisceral sensory-motor,
gustatory-main olfactory,

dorsal hippocampus;
dorsolateral cerebral nuclei

CNU TH

2GU
2AId
2AIp
2PERI
2BLAa

2PL

2MOp

2VISC

2SSp

2SSs

2ACAd

2ORBl
2CLA

2MOs

2ORBvl
2ORBv

2ORBm

2MOB
2TTd
2TTv
2AOA
2PIR
2EPd
2EPv
2AIv
2NLOT
2TR
2ENTl
2LA
2BLAp

2ENTm
2DG
2IG
2CA1d
2SUBd
2FC
2CA3
2CA2

2AUDp
2AUDd
2AUDv
2AUDpo
2PTLp
2TEa
2ECT
2-6b

2VISp
2VISam
2VISpm
2VISal
2VISrl
2VISlm
2VISlla
2VISli
2VISlli
2VISpl

2ACAv
2RSPagl
2RSPd
2RSPv
2RSPv.a
2RSPv.b/c
2PRE
2POST
2PAR

2ACB
2FS

2CP
2GPl
2GPm

2OT
2MA

2VPMpc
2RH
2CM
2IMD

2MDm

2PF

2VAL
2IAM

2VPLpc
2SPFp
2MGm
2POL

2VPMpr
2VPLpr
2RT

2PO

2AMv
2IAD
2MDl
2REc

2MDc
2PCN
2SMT

2VM
2CL

2PR

2PT

2MGd
2MGv
2SGN
2LP

2LGd

2AV
2AD
2LD

2AMd

2STN

2LM

2MM

CTX HY

Somatomotor
(eyes, nose, vibrissae);
orbital, claustrum

Somatomotor (spinal, mouth)
& dorsolateral cerebral nuclei;

somatoviscerosensory

Ventral pallidum, suprafornical LHA
Ventral pallidum, medial CEA,

anterior BST, LHA

Lateral CEA,
PVT (visceral sensory)

Medial CEA,
Anterior BST,
Lateral LHA

Accessory olfactory cortex, CA1v; MEAad-BSTtr
(pheromonal sensorimotor)

Theta rhythm & medial habenula

VMHvl & BSTif
Social agonistic &
mating behaviors

               Agonistic & mating behaviors;
               behavioral state (circadian)

MEAav,pv & RCH

SBPV-I

VMHdm,c

CA1-related LS;
LHAjp,jd; REr

Ventral subiculum-LSr.m.v

Defensive behavior

Defensive
behavior-
reward

prediction
Lateral habenula & LPO

Defensive & circadian
   behaviors

Defensive &
circadian behaviors

AHN-SPFm
(defensive behavior)

CA3-related LS & NDB

Retina, suprachiasmatic, IGL

Ventral lateral geniculate-zona incerta

PVHd-BSTmg,v,dm
(autonomic responses-

ingestivebehavior)

Ingestive behavior;
visceromotor integration;

sleep-wake & arousal

Ingestive behavior;
visceromotor integration;

sleep-wake & arousal

Ingestive & reproductive behaviors;
sleep-wake & arousal;

visceromotor integration

VLP-TM-SUMm
(sleep-wake, arousal)

PVHmpd,pv-PVa; VMPG
(parvi neuroendocrine &
visceromotor integration)

SO-PVH; SFO-OV
(magno neuroendocrine)

Reproductive
physiology & behavior

LHAp
MPNl

MPNc,m-AVPV-ARH

PMv-PA-BSTpr-MEApd-LSv

Behavioral state: circadian
(retina-SCH-LGv-IGL-ZI)

Behavioral state:
foraging behavior

Innate survival behavior
 and physiology integration

(including ventral CA1-SUB &
ventromedial cerebral nuclei)

Visceral sensory;
sleep-wake & arousal;
CEA, SI, anterior BST

Pheromone-visceral inputs
sleep-wake & arousal

SS2.2

SS2

SS2.1
CNU THCTX HY

2AOB
2COAa
2COApm
2COApl
2BMAa
2BMAp
2ILA
2PAA
2CA1v

2SUBv

2PA

2CEAm
2BSTal
2BSTfu
2BSTov
2BSTrh

2SI
2BSTam

2CEAl
2BSTse
2BSTju

2CEAc
2MEAad
2BA
2AAA
2BSTtr

2MS
2TRS

2NDB
2LSc.v
2LSc.d
2SH

2BSTif

2MEAav
2MEApv

2LSr.m.d
2LSr.dl
2LSr.vl
2BAC

2LSr.m.v

2IA

2BSTmg
2BSTv
2BSTdm

2LSv
2MEApd
*2BSTpr
2BSTd

2PVT

2MH

2SPFm

2REr

2LH
2FF
2PP

2IGL

2PMd
2LHAa
2LHAsfa

2LPO

1R
2SCH

2PVHd
2LHAsfp

2PVHmpd
2PVHpv
2PVHap
2PVa
2DMHa
2DMHp
2DMHv
2MEPO
2MPO
2PSCH
2PS
2AVP
2ADP
2PD
2PVp
2TM
2VLP
2SUMm
2SO
2PVHpm
2SFO
2OV

*2PMv

2AHA
2LHAp
2MPNl
2TU

2ZI
2LGv

2SUMl

2VMHvl
2LHAjvd
2LHAjvv

2RCH

2SBPV
2I
2VMHdm
2VMHc
2VMHa
2AHNa
2AHNc
2AHNp

2AHNd
2LHAjp
2LHAjd
2PH

2LHAd
2LHAv
2PSTN
2PST

2LHAs

2MPNc
2MPNm
*2AVPV
2PVHam
2ARH

Agonistic & 
mating behaviors

(expression &
prioritization)

Agonistic &
mating behaviors;

luminance inputs for
circadian rhythms & arousal
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Forebrain regional subsystem analysis: adult female rat
(466 regions; 216,690 possible connections: 35,738 exist; MRCC analysis: 464 regions) 
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Forebrain regional subsystem analysis: adult female rat
(466 regions; 216,690 possible connections: 35,738 exist; MRCC analysis: 464 regions) 
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Forebrain regional subsystem analysis: adult female rat
(466 regions; 216,690 possible connections: 35,738 exist; MRCC analysis: 464 regions) 


