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The Structure of the Polytope 
of Hereditary Information
Gennadiy Vladimirovich Zhizhin, Skolkovo, Russia

ABSTRACT

Therepresentationsofthesugarmoleculeandtheresidueofphosphoricacidintheformofpolytopes
ofhigherdimensionareused.Basedontheseideasandtheirsimplifiedthree-dimensionalimages,
athree-dimensionalimageofnucleicacidsisconstructed.Thegeometryoftheneighborhoodofthe
compoundoftwonucleicacidheliceswithnitrogenbaseshasbeeninvestigatedindetail.Itisproved
that thisneighborhoodisacross-polytopeofdimension13(polytopeofhereditaryinformation),
inthecoordinateplanesofwhichtherearecomplementaryhydrogenbondsofnitrogenousbases.
Thestructureofthispolytopeisdefined,anditsimageisgiven.Thetotalincidentflowsfromthe
low-dimensional elements to the higher-dimensional elements and vice versa of the hereditary
informationpolytopearecalculatedequaltoeachother.Highvaluesoftheseflowsindicateahigh
intensityofinformationexchangeinthepolytopeofhereditaryinformationthatensuresthetransfer
ofthisinformation.
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INTRodUCTIoN

In1953,JamesWatsonandFrancisCrickbasedontheanalysisofdiffractogramsproposedathree-
dimensionalmodelofaDNAmoleculeconsistingoftwochainstwistedintoaspiral(Watson,&
Crick,1953a,1953b).Atthesametime,sugarmoleculesandphosphoricacidresiduesincludedin
theDNAmoleculewerealsoconsideredthree-dimensional.However,itwasnotindicatedwhich
three-dimensionalfigurescorrespondtosugarmoleculesandphosphoricacidresidues.According
tothismodel,flatnitrogenousbases,beingindifferentchains,usingtwocomplementaryhydrogen
bondsconnected twospirals intoasinglewhole.Buthowexactly the flatnitrogenousbasesare
locatedinspaceremainedunknown.Andthisisdespitethefactthatitistheserelationsthatdetermine
themostimportantissueofthetransmissionofhereditaryinformation.Recently,itwasprovedthat
sugarmoleculesandphosphoricacidresidueshavethehighestdimension(Zhizhin,2016,2018a,
2018b).Thephosphoricacidresiduehasadimensionof4,andthesugarmoleculehasadimension
of12.Inthisregard,thegeometryofnucleicacidswasconsideredtakingintoaccountthehighest
dimensionofthecomponents(Zhizhin,2018b,2019a,2019b,2020).Inaddition,fortheconvenience
ofimages,asimplifiedthree-dimensionalmodelofasugarmoleculewasbuiltonthebasisofafull
twelve-dimensionalmodelofasugarmolecule(Zhizhin,2019c).Thismodelcanbeusedinfurther
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constructions,notforgettingthedimensionofitscompletemodel.Thismodelwasusedtoconstruct
imagesofsinglenucleicacidhelices.Whenpassingtotheanalysisofnucleicacidsconsistingof
twolinkedhelices,itisnecessarytotakeintoaccounttheemerginganti-parallelismofgeometric
elements in linked spirals (Zhizhin,2019c). In this article, continuing the researchbegun in the
works(Zhizhin,2018b,2019d),itwillbeshownthatsugarmoleculeslocatedinlinkednucleicacid
helicesformapolytopeofdimension13ofthetypeofcross-polytopeinwhichthereareexactly12
coordinateplanes.Inthesecoordinateplanesoutlinedbyrectangleswithantiparalleledges,exactly
12compoundsofnitrogenbasescurrentlyknowncanbelocated(Spirin,2019).Theimageofthe
polytopeanditscoordinateplanesisobtained,itsstructureisdetermined.Thispolytopecanbecalled
thepolytopeofhereditaryinformation,sinceittransmitshereditaryinformationfromonespiralto
anotherusingasequentialalternationofnitrogenousbases.

Ithasbeenshownthatthepolytopicofhereditaryinformationischaracterizedbyapowerful
streamofincidentsbetweengeometricelementsofdifferentdimensions(Zhizhin,2019c),providing
anextremelyintenseexchangeofinformationbetweenthecomponentsofnucleicacids.Theevidence
oftheexistenceofsuchanexchangeofinformationcanbefoundintherecentlydiscoveredinheritance
ofchangesnotrelatedtothemodificationofsequencesinDNA,i.e.withmethylation-thebinding
ofamethylgroupCH3 to thenitrogenousbaseofDNA(Mancuso,2017;Lindquistetal.,2016;
Sanbonmatsuetal.,2016).

SPATIAL ModES oF SUGAR MoLECULE ANd NUCLEIC ACId HELICES

FromasugarmoleculewithfivecarbonatomsintheFischerform(Lehninger,1982),wecanmove
ontorepresentingthemoleculeasaclosedchain.Havingchosen,forexample,FormBfromthe
twoenantiomorphicformsAandB,theclosedchainofthesugarmoleculehastheforminFigure1
(Zhizhin,2016,2019a,2019b,2019c).

Toobtainaspatialfigureofasugarmolecule(B-ribose),consideringtheatomsandfunctional
groupsshownintheprojectionontotheplaneinFigure1astheverticesofthecorrespondingspatial
figure,itisnecessarytointroduceadditionaledgesinadditiontotheedgesshowninFigure1(Zhizhin,
2019с).Theseedgeswillhaveonlyspatialsignificance,unliketheedgesinFigure1,whichalso
depictchemicalcovalentbonds.Todistinguishbetweenedges,wewilldepictedgescorresponding
tochemicalcovalentbondswiththicksolidblacklines.Edgesthathaveonlyspatialsignificancein
theimagesofthefigureswillbeindicatedbythindashedblacklines.

Sincethenumberofatomsandfunctionalgroupsis13,theclosestconvexclosedfigurethatcan
beobtainedfromFigure1isasimplexofdimension12.Thedimensionofthesimplexisn-1,where
nisthenumberofvertices(Zhizhin,2016).Moreover,eachvertexisconnectedtoallothervertices
byedges,i.e.12edgesemanatefromeachvertex.AspatialimageoftheB-ribosemoleculeisgiven
inthearticle(Zhizhin,2016).If,asasimplification,weleave,inadditiontotheedgescorresponding

Figure 1. Closed chain sugar molecule (form B)
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