Global chromosome positioning from lamina attractions
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Abstract

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
more variable radial positions from cell-to-cell as compared to longer chromosomes.

Introduction: Chromsomes Have Preferential
Radial Positions in the Nucleus
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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.

How does Lamina Attraction influence
chromosome positioning in the nucleus?

Lamina Domains in Green, Non-Lamina Domains in Red

Radial Positions of Lamina Attracted
Regions Depend on Attraction Strength
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Average Contact Frequency between
Chromosome Regions depens on Parameters

simulation depth width AA BB AB

AA

1 0.1 1.0 1.047 0940 1.0 J—
2 01 50 1499 1.021 1.0 BB

3 05 10 1312 0.886 1.0

4 05 30 3.364 2876 1.0 .
5 1.0 1.0 2551 1.763 1.0 AB

6 1.0 3.0 3933 5262 1.0

OpraHum3auma XpOMOCOM B YCIOBMAX YAaCTUUYHOIO NPUTAXKEHUA K AAEPHON MeMOpaHe

Chromosome positioning in an
8-chromosome 3200-monomer model

g WLy
“ ﬂ -l!&""‘" A.T"(Q’ a” Ny
¥

xave

3

sliced through not sliced through

Simulated chromosome positions
vary from cell-to-cell

long chromosome in red; short chromosome in green

Simulated chromosome dynamics:
a6 fluctuations at equlibrium

i)

') " 'm,,".,“iAAﬂ‘w"M\DJ "WN ’;"A 1‘ ‘J_,..M ol

K" | .
i’ ARl g A
’w ™y 11"“‘

) Al DAY i 1 ' e
C AN y i .J‘:;‘I- i Jil | '“1 S o ‘ H l| y ‘.,_m‘.‘;,,“-] b (AwE *kaﬁ
) Wy S W P AN 0
S G o O AN T
o i i M 6%, 2 NG RIVR RGN L VAR "if‘s"‘r\,ﬁ' {. JPALp ;.if".., !
S AW U P IR
— ” |<I| \‘
©
-c 40
S Chromosome Numbers
Q ) (in increasing lengths)
g 30 O 5
EJ 25 1 6
<C § 2 7
0 20 40 60 80 100 10 3
0 20 40 60 80 100 4
0 500 1000 1500 2000
Time

Radial chromosome positioning depends on
lamina domain size;
Radial chromosome standard deviation
depends on chromosome length
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Pyccknn nepesos,

MHoruve Ba>KHble reHOMHbIe MPOLIECChl MPOUCXOAST B AApe BO Bpema nHTepdasbl. HecmoTpa Ha To, UTo
MOSIOXKEHMA XPOMOCOM B UHTEP)A3HOWN KNETKE CUIIbHO M3MEHAIOTCA OT KIIETKU K KNETKe, MUKPOCKOMNMSA NoKasana,
YTO XPOMOCOMbI MEIOT ONpPeAENEeHHY OpraHM3auUnio — AJIMHHbIE XPOMOCOMbI PACMONIOXKeHbI GnuXe K
nepudepun agpa, B To Bpemsa Kak KopoTKre bnmxe K ueHTpy. C nomoubto TexHonorum Hi-C 6b110 ycTaHOBREHO
,4TO YAaCTOTa KOHTAKTOB MeXAy ABYMA MeMOPaHHbIMU JOMEHAMW U ABYMA HEMEMOPAHHBIMI AOMEHAMI BblLLEe
YyeM YacToTa KOHTAKTOB MeXAy MeMOpaHHbIM 1 HeMeMbpaHHbIM AoMeHamu. OfHaKo, He O6bINo MOKa3aHO, MOXET
NN YaCcTOTa KOHTAKTOB , yaoBneTBopAtowan AaHHbIM Hi-C, cooTBeTCcTBOBaTb NpedepeHTHOMY paananbHOMY
PACMONIOKEH IO XPOMOCOM.

YT06bI OTBETUTL Ha 3TOT BOMPOC, Mbl pa3paboTanu moaenb NoaMmepa C onpeaeneHHbIMu obnactamu,
NPUTArMBaLWNMUCA K AaepHon obonouke. Mbl BbIABWIIN, YTO NOBEAEHNE XPOMOCOM CUSIbHO 3aBUCUT OT CUSbI UX
NPUTAXKEHMA K AAePHON 060/10UKe 1 OT UX ANVHbI. Pe3ynbTaTbl MOKa3blBakoT, UTO €C/Iv YaCcTOTa KOHTAKTOB
coBnagaeT ¢ AaHHbIMK Hi-C, TO XpOMOCOMbI UMeIOT NpedeppeHTHbIE paananbHble pacnonoxeHus. Kpome Toro, B
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