Clustering algorithms and model fit to analyze karyotypic variation from flow cytometry data
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BACKGROUND METHODS METHODS METHODS

« Karyotypic variation in ploidy (the number of chromosome sets) and Proposed workflow for mixed-populations

aneuploidy (aberrant numbers of chromosomes) is observed in : Aim 1: Build a new R package, PloidyCluster, to implement  : Aim 2 Use unSt_Jperwsed mac-:hlne learning to identity and i« We will automate this manual process by using hierarchal clustering to
multiple biological contexts, such as cancer cells and fungal microbial : | the Dean-Jett-Fox model. Develop a statistical method to quantify karyotypic sub-populations. identify the number of clusters instead of manual gating and use
populations isolated from ecological, clinical, and industrial : ~ measure model fit to flag atypical populations that contain methods of least square error (FitterError) and the Dean-Jett-Fox
environments. In order to understand the dynamics of karyotype subpopulations. : _ : algorithm (CellCycle) to identify the GO/G1 and G2/M pairs.
subpopulations and their role in adapting populations, we require a  : i Aim 2 workflow: _ _ o _ : + This will eliminate human bias and will account for populations with
computational method to identify different subpopulations and quantify ~ : i+ The workflow consist of identitying the number of clusters in a cell  : more then two subpopulations. (Figure 4)

the number of cells within them. Flow cytometry is the gold standard : population and determining the GO/G1 and G2/M pairs :

Dean-Jett-Fox algorithm:

method to measure genome size typically from ~10,000 cells from »  This model assumes that cells in the GO/G1 and G2/M clusters are

Cell Size (FSC-A)

. eCZ‘I’IZ gfglg?;g)enn?]icr:natﬁr&?;ses of the cell oycle (Figure 1): GO/GH prior Gaussian distributed and that the G2/M cluster mean is ~1.75 the 000 2= Visual analysis b. Cell-cycle analysis
e . o ' size of the GO/G1 mean. For the S phase cells, the model fits a : : A e
to DNA replication, S phase during replication, and G2/M when cells second order polynomial g : dentify 2;7nt/|ers and GO/G1 e IERRRIE SR R L e
. . - - : airs | s g AT 3
haV?] double thfe ?]N'Aégyé?aVe”n t d'\é'ded- Senome S'Zz IS dﬁtegn(;?g? : « The algorithm is made of three parts: the normal distribution of the : W ol hierarchalpa omerative % o S 100
. ef om 6 Ot tle lati o Shan tf]an I 9dCO_mEare o GO/G1 peak (1), the normal distribution of the G2/M peak (2), and the Clﬁgt)érin al orithr%gfla edb |dentify number of clusters 5 3
mean from controf popuiations where the ploidy 1S known. : second order polynomial of the S phase(3). The parameters AB and : . J a9 n flagg yi ! y : T 200 | E
. . : FittedError from mixed in flow cytometry data : o z
C being decided by methods of least squares error. : . : ;
: eopulatlons y : 0]
(1) GO/G1: F (x) = exp [_ (x— x;)zl : 0 500 400 600 800 1000 0 200 400 600 800 1000
‘/_’wl 201 / Create a function ) : Genome Size (FITC-A) Genome Size (FITC-A)
: FindClusters, which uses the Determine which model Figure 4
: — M mock populations, which have options are optimal
(2)  G2/M: B (x) = v— no; exP[ ] : L2 known number of clusters y The previous workflow can not be applied when there are more then two
: : subpopulations or the visual analysis is not easy to manually gate.
: (x= x))? : ; i
Figure 1 : (8) Sphase: F/(x) =7 e fx )v_—lrexp [ —xj—zl : (Write a new function, )
« The Dean-Jett-Fox algorithm is a well-known algorithm that fits a cell- Mlxl 2015 : FindSubPop, that uses . : : :
. . : : B e . :  Aim 3: Implement the developed functions into PloidyCluster
cycle algorithm to a cell population. : . : CellCycle and FittedError to Determine the GO/G1 and : nd rel B; nductor y
. Figure 2 is a visual analysis of cell size (FSC-A) and genome size :  Forasynchronous populations: : find the corresponding G2/M pairs :  andreiease as a blotonducior package.
(FITC-A). From the visual analysis you can see two distinct cell : , : clusters that yields the lowest : . . . .
clusters representing the GO/G1 cells (centered around FITC-A = 200) : f (xl) = A+ Bx;+Cx; : \error values - P V‘Yr_lte he”Ip documentation and - a compreh_enswe user guide
and G2/M cells (centered around FITC-A = 400). A small number of : : (wgn_ette ) and upload the package to the R Bioconductor package
cells are in S phase (in between the two clusters). b) Cell-cycle :  Forsynchronous populations: repository.
analysis. The green fitted line represents the Dean-Jett Fox algorithm. : : iati ivad- : : - :
y g P g E (x B xls) : The e)_(lstlng workflow for a mixed populatl_ons in Flow-Jo . For each population, the user will be provided with:
a. Visual analysis b. Cell-cycle analysis : f(x ) A+ Bx; + Cx + exp  In Figure 3 a) we conduct manual gating (pink and brown gates) to . Anindication of model fit
1000 - 500 - : V2 match up G1 & G2 clusters based on visual analysis. In b) we repeat .
? o 0 : GO/G1 =200 : visual and cell-cycle analysis from cells in each manual gate * The number of subpopulations .
800 - 3 separatel * The number of cells within each subpopulation
600 { S a0 Aim 1 workflow: P y » Calculated genome size (GO/G1 mean).
; > £ « The workflow consist of two parts, finding critical values and creating :
400 Z functions. Below is a diagram of the workflow, the empirical lab work  : a. Manual gating ”
200 is indicated in blue, and the computational work as green. : I SIGNIFICANCE
A e NI, NIV —— . Find critical values: 2 600 . Provid biased ¢ model fit
0 200 400 600 800 1000 0 20 40 600 800 1000 : + This workflow is used to create cutoff points and define critical values : 3 400 A R 1 e : oviae an ur? ase me.asureo mo e. | _ _
Flgure 2 Genome Size (FITC-A) Genome Size (FITC-A) to implement into our functions. 3 R RIE: L2 * Able to quantify populations that contain multiple subpopulations
- Create functions: : | S| : « Can be applied in karyotype variation in cancer cells
OBJECTIVE : « Create CellCycle and FittedError : O e a0 oo e aono :

Genome Size (FITC-A)

To develop a new, open-source, method to quantify karyotypic variation : Find critical val _ : / \ :
in populations from flow cytometry data in an unbiased fashion. : ind criticat vaiues p Create functions . : b. Manual cell-cycle analysia 3 ACKNOLEDGEMENTS
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