Global chromosome positioning from lamina attractions
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Many important genomic processes occur in the nucleus during interphase. While
chromosome positions in the interphase nucleus are highly variable from cell-to-cell,
microscopy has shown they have preferential radial positions; longer chromosomes
are located towards the lamina, whereas shorter chromosomes are located more cen-
trally. Independently, it was observed by Hi-C that the frequency of contacts between
two lamina domains, or two non-lamina domains, is higher than the contact frequency
between a lamina domain and a non-lamina domain. Nevertheless, it has not been
shown whether frequency of contacts consistent with Hi-C can lead to preferential
radial chromosome positioning. To answer this question, we developed polymer
models with specific regions attracted to the lamina. We found that chromosome be-
havior depends largely on their lamina attraction strength and their length. The results
suggest that if contact frequency agrees with Hi-C data, then chromosomes have pref-
erential radial positions. In addition, in our simulations, shorter chromosomes have
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more variable radial positions from cell-to-cell as compared to longer chromosomes. S|iced th rough not shced through
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long chromosome in red; short chromosome in green

Histogram of radial positions and microscopy images of chromosomes in the nucle-
us (Bolzer, 2005). The short, gene-rich, chromosome 20 shown in green, the long
gene-poor chromosome 1 is shown in red. Chromosome 1 is positioned more to-

wards the lamina (periphery), chromosome 20 is positioned more centrally. S| mMu Iated Ch romosome dyna m iCS:
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Chromosome Regions depens on Parameters PyCCKMI Nepesos

MHoruve Ba>KHble reHOMHbIe MPOLIECChl MPOUCXOAST B AApe BO Bpema nHTepdasbl. HecmoTpa Ha To, UTo

simulation depth width  AA BB AB NONOMEHWA XPOMOCOM B MHTEPda3HOI KNeTKe CUIIbHO U3MEHSAIOTCA OT KNETKM K KNeTKe, MUKPOCKOMMWA NoKa3ana,
AA —_— 4TO XPOMOCOMbI MEIOT OfpefAeneHHYI0 OpPraH13aLIio — JJIMHHbIE XPOMOCOMbI PAaCMONOXKeHbI brvxe K
1 0.1 1.0 1.047] 0.940 1.0 — nepudepnn agpa, B To BpeMs Kak KOPoTKue 6avske K LieHTpy. C nomolbio TexHonorum Hi-C 6bii10 ycTaHOBAEHO
2 0.1 5.0 1.499| 1.021 | 1.0 B B ,UTO YaCTOTa KOHTAKTOB MeX[y ABYMA MEeMOPaHHbIMN JOMEHAMW WAV ABYMA HEMEMOPaHHbIMU JOMEHAMM BbilLe
3 0.5 1.0 1.312] 0.886 | 1.0 YeM YaCTOTa KOHTAKTOB MeXxay MeMBpPaHHbIM U HeMeHM6CpaHHbIM OMeHaMMU. Op,:)aKo, He 6bIN0 NOKa3aHOo, MOXeT
N YacTOTa KOHTAKTOB , yaoBneTsopsowas aaHHbIM Hi-C, cooTBeTcTBOBaTL NpedepeHTHOMY pagnanbHOMy
4 0.5 3.0 3.364| 2.876 |1.0 A B — DACTONONEHIIO XPOMOCON.
> 1.0 1.0 2.551] 1.763 |1.0 YTo6bl OTBETUTb Ha 3TOT BOMPOC, Mbl pa3paboTany Mofenb NoAnMepa ¢ onpefeneHHbIMY 0bnactamu,
6 1.0 3.0 3.933| 5.262 1.0 NPUTATMBAOLWNMUKCA K AAepHON obonouke. Mbl BbISIBUMK, YTO MOBeAEHNE XPOMOCOM CUTbHO 3aBUCUT OT CUSIbI UX

NPUTAXKEHMA K AfePHON 060/10UKe 1 OT UX ANVHbI. Pe3ynbTaTbl MOKa3blBakoT, UTO €C/Iv YaCcTOTa KOHTAKTOB
coBnagaeT ¢ AgaHHbIMU Hi-C, TO XpOMOCOMbI UMeIOT nNpedeppeHTHbIE paananbHble pacnonoxeHus. Kpome Toro, B




