POSSIBLE PITFALLS IN LIVE TRACKING MICROSCOPY EXPERIMENTS
BO3MOXXHbIE JIOBYLLUKW/ B 3KCNEPUMEHTANbHbIX MCCIIEQOBAHUAX AN®OY3UN OHK

INTRODUCTION

Characterizing chromosome dynamics and organization in living cells is
experimentally challenging. In particular, experimental observations can perturb
chromosome organization and lead to altered dynamics. For example, it has been
observed that the amount of fluorescent probe binding (e.g. GFP) to DNA can change
chromosome dynamics (A. Javer et. al., 2013). Using polymer simulations, we explored
whether a local change in properties of DNA due to the probe binging can change the
measured diffusion of that region. We found that locally changing the stiffness or
stickiness of DNA can alter the dependence of the mean square displacement on time,
MSD(t), which is a measure commonly used to characterized diffusion of DNA in live
tracking experiments. Finally, we assessed if the duration of the exposure time in
microscopy experiments can alter MSD(t). In our simulations, we found that averaging
particle coordinates over the exposure time is different from taking “instant” coordinates,
and can lead to about 5% error in measured diffusion exponent.

Pic.1. Polymer DNA model
Puc.1. NonnmepHaa mogene AHK

STIFFNESS
XECTKOCTb

We chose the polymer region of varying
length and change its stiffness. From the
plots you can see that when the region’s
length increases, the stiff region moves
faster, and when the region’s stiffness
increases, it moves slower.
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Pic.2. The stiff DNA region o

Puc.2. XKectkuin yyactok JHK
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CONCLUSION

In our research we found two effects which can introduce bias in live
microscopy experiments and lead to a slower measured diffusion.
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KOHTPOSIbHbIW Yy4aCTOK

BBEOEHWE

[BXeHne 1 opraHm3aumsa XpOMOCOM B KrneTKax 4O CMX NOp OCTATCS CMNOXHbIMU AN
9KCnepuMeHTanbHOro naydeHusi. CyLiecTByeT MHOXECTBO METOA0B, OAMH N3 KOTOPbIX — Ha-
brnogeHne 3a driyopecueHTHO okpaweHHbiM yvyactkom OHK. Ho HekoTopble nccnegosa-
Hua (A. Javer et. al.,, 2013) nokasbiBatoT, 4TO npucoegnHeHne k OHK donyopecueHTHbIX
npob (Hanpumep, GFP), MOXET BNNATb Ha ABMXEeHNE XPOMOCOM. Mcrnosb3ys norimmepHoe
MOOENMpPoBaHME, Mbl UCCredoBanu, sIBNSETCA N JIoKaribHoe U3MEHEHUE (PriyopecLeHT-
Hon npobown ceoncte OHK npnyunHon nameneHuns ceoncts audpdysmmn AHK. Mel obHapyxu-
NN, YTO N3MEHEHME XKeCTKOCTU nnun nunkoctn OHK moxeT nsmeHnTb 3aBUCUMOCTL CMELLLe-
Hus yyactka JHK ot BpemeHu, MSD(t), koTopas obbIYHO SABAAETCA XapakTepPUCTUKoN and-
dy3nn B aKCnepumMeHTanbHbIX UccriegqoBaHmax. Kpome 1oro, Mbl MOCMOTPESN, MOXET K
BNUATL Ha pe3yneTaT crnocod namepernusa MSD(t). Pesynstatel MogennpoBaHus nokasblBa-
0T, YTO pasHuuUa Mexay 3aBMCUMOCTbIO CPedHUX KOopAuMHAT MOHOMepa OT BPEMEHU U
«MrHOBEHHbIX» KOOpAMHAaT cocTaBndeT okorno 5%.

STICKINESS
JIMMKOCTDb

We chose the polymer region of varying
length and change its stickiness. But there is
no visible difference between the results, so
the local stickiness does not alter DNA
diffusion.

Mbl BbliOMpanun y4acTok nonvmepa pasHoun
ONVHBI N UBMEHANN ero NUNKocTb. Ho Mbl He
YBUOENU HUKAKOW pasHuULbl, TaK YTO MOXHO
CKasaTb, YTO JfloKaribHOE U3MEHEHNE JTUMKO-

Pic.3. The sticky DNA region

CTU He BnuseT Ha anddysmo OHK. Puc.3. unkuit yaactok OHK
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KOHTPOSbHBI Y4aCTOK CALCULATING THE MSD
PACHET CMELWEHWA

In experimental studies the MSD is calculating taking the average monomer
coordinates, but actually we must take the “instant”. This method leads to about 5%
error.

B akcnepumeHTanbHbIX paboTax ans pacyeta cMeLleHns 00bIYHO UCTONb3YHTCS
cpedHue KoopauHaTbl MOHOMEpPA, XOTS npaBuibHee Obio 6bl MCNoNb3oBaTh “MIHO-
BeHHble”. Ownbka Takoro Mmetoga cocTtaBnsaeT okono 5%.
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SAKJITIOYEHWE

B pesynbraTe Hawen paboTbl Mbl HALLSM ABE MPUYKHBI, KOTOPbIE
MOryT BNUATbL Ha andpdysuto [JHK B peanbHbIX akcnepuMeHTax.
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