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Areducedandeffectivemodelofrealisticneurons
withspatialdendrites

WiththesupportbytheNationalNaturalScienceFoundationofChina,andScienceandTechnology
CommissionofShanghaiMunicipality,theresearchteamledbyProf．DouglasZhou(周栋焯)attheSchool
ofMathematicalSciences,InstituteofNaturalSciences,and MinistryofEducationKeyLaboratoryof
ScientificandEngineeringComputing,ShanghaiJiaoTongUniversity,developedaneffectivepointneuron
modelthatcancapturedendriticcomputationsofbiologicalneurons．TheworkwaspublishedinPNAS
(２０１９,１１６(３０):１５２４４—１５２５２)andwasdedicatedtolateDavidCai．

Complexdendritesingeneralpresentformidablechallengestounderstandingneuronalinformation
processing．Tocircumventthedifficulty,aprevalentviewpointsimplifiestheneuronalmorphologyasa
pointrepresentingthesoma,andtheexcitatoryandinhibitorysynapticcurrentsoriginatingfromthe
dendritesaretreatedaslinearlysummedatthesoma．Despiteitsextensiveapplications,thevalidityofthe
synapticcurrentdescriptionremainsunclear,andtheexistingpointneuronframeworkfailstocharacterize
the spatiotemporal aspects of dendritic integration supporting specific computations． Using
electrophysiologicalexperiments (incollaborationwithProf．ZhangXiaohui’sgroupattheStateKey
LaboratoryofCognitiveNeuroscienceandLearning,andIDG/McGovernInstituteforBrainResearch,
BeijingNormalUniversity),realisticneuronalsimulations,andtheoreticalanalyses,SongtingLi,David
McLaughlinand DouglasZhoudemonstratedthatthetraditionalassumptionoflinearsummationof

Figure　Realisticneuronsimulationtoverifythebilinearconductance
relationforapairofexcitatoryandinhibitoryinputs．

synapticcurrentsisoversimplifiedandunderestimatestheinhibitioneffect．Theyderivedaform of
synapticintegrationcurrentwithinthepointneuronframeworktocapturedendriticeffects．Inthederived

form,theinteractionbetweeneachpair
ofsynapticinputsonthedendritescan
bereliably parameterized byasingle
coefficient, suggesting the inherent
lowＧdimensionalstructureofdendritic
integration．Theyfurther generalized
theformofsynapticintegrationcurrent
to capture the spatiotemporal
interactions among multiple synaptic
inputsandshowthatapointneuron
model with the synaptic integration
current incorporated possesses the
computationalabilityofaspatialneuron
with dendrites, including direction
selectivity, coincidence detection,
logical operation, and a bilinear
dendriticintegrationrulediscoveredin
experiment．This work hasamended
the modeling ofsynapticinputsand
improvedthecomputationalpowerofa
modeling neuron within the point
neuronframework．


