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DNA

=>4 Bases-A,C,G,and T

-> (Going along a
strand gives the
sequence

-> A pairs with T, G with C

-> EXxists in folded and Linker
unfolded forms

-> Histone = protein |
that DNA Wraps around Nucleosome

a nucleosome is a complex of a histone and 146 nucleotide pair

Core DNA



What is the ICM?

Software that generates a 3-D model of
a given DNA sequence.

Nucleosome Placement Options
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® Use Default © Use Energy
Parameters Calculations
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ICM Final Output
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Needed Improvements to ICM

Currently can only efficiently handle
sequences around 10,000-20,000 base
pairs long.

There are many sequences that are much
longer (human genome is billions long!)

Interface should be easier to use and
iIntegrated with other DNA research tools.



Goals

Redesign ICM with an object oriented
approach including steps to increase
efficiency (enough to handle 1 Mil base
pairs)

Integrate with an existing genome
browser for more intuitive usage and
increased functionality.



Helical Parameters

Used to describe each DNA base pair
relative to an adjacent base pair

Translations across XY/Z:
Shift, Slide Rise

Rotations around XY/Z:
Tilt, Roll, Twist




ICM Workflow/Logistics

@ Inputs: DNA Sequence, Energy Models,
Temperature, Nucleosome Placement

® Outputs: XYZ File, 3-D Rendering
(using Jmol)




Sequence File Reference File

= se uenceixtEEl 16 base-pailrs
Hseq 0 **¥local base-pair & step parameters#*##*

Shear Stretch Stagger Buckle Prop-Tw Opening  Shift Slide
-0.06 -0.02 -0.03 0.14 -6.91 0.44 -0.06 -0.03
0.03 -0.02 -0.02 -1. -7.77 0.20 -0.05 0.04
0.03 -0.02 -0.02 -1. -7.76 0.21 0.10 -0.25
-0.06 -0.02 -0.03 } -6.91 0.43 -0.00 -0.08
-0.06 -0.02 -0.03 . -6.92 0.42 0.02 0.25

-0.02 -0.02 -1. -7.79 0.20 0.15 -0.28

e

-0.02 -0.02 -1. -7.77 0.20 0.00 0.30

-0.02 -0.03 . -6.90 0.42 -0.10 -0.25
0.42 -0.05
0.20 -0.00
0.21
0.43
0.43
0.20
0.20
0.43

B QO H00O0RQO
TAA700000 000 =22
—on0r—00rr—00>—00 >

Parameter File

6197 base_pairs
0 ***local base-pair & step parameters**

Shear Stretch Stagger Buckle Prop-Tw Opening Shift Slide
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
-0.06 -0.02 -0.03 0.13 -6.91 0.42 -0.05 0.22
-0.06 -0.02 -0.03 0.13 -6.91 0.43 -0.00 -0.08
0.03 -0.02 -0.02 -1.43 -7.78 0.20 0.05 0.22
0.03 -0.02 -0.02 -1.44 -7.79 0.20 0.15 -0.28
0.03 -0.02 -0.02 -1.42 -7.77 0.20 0.00 0.30
-0.06 -0.02 -0.03 0.13 -6.92 0.43 0.05 0.04
0.03 -0.02 -0.02 -1.43 -7.78 0.20 0.05 0.22
0.03 -0.02 -0.02 -1.42 -7.77 0.20 0.00 0.30

G-C
A-T
T-A
C-G
C-G
G-C
T-A
C-G
G-C




El Hassan’s Algorithm

Process used to convert a .par file to
a .xyz file (par -> xyz)

Involves a series of rotation matrix
multiplications.

1 0 0
RX(Q) = EO Cos(@) — Sin(@) o o
0 Sin(@) Cos(0) Tia = [&(7 — ¢ )Ry(l‘)IL-(i + ¢ )]T. 9)
Cos(68) 0 —Sin(6)
R@® =] 0 1 0
Sik@) 0 Cos(6)

Q I
o= | R(§-¢ )R (SR@ |1 a0

rf-’, 1= r? =] Dxxmst + Dmest + D:zmst (11)

Ry (0) =

- Sin(@) Cos(8) 0

Cos(8) Sin(8) 0
{ 0 0 1]




XYZ FILE

COMMENT TcB par2xyz

CA
H1
H2
H3

CA
H1
H2
H3

® CA-Central Atom Coordinates
® H-Director / Pointer for an axis

0.00000
1,00000
0.00000
0.00000

-0.01227

0.82456

-0,95635

0.04846

0.00000
0.00000
1,00000
0.00000
0.23463
0.77837
1.07335
0,25807

0.00000
0.00000
0.00000
1,00000
3.22933
3.16564
3.24274
4,2272]




Efficiency of par -> xyz

One of the most time consuming
process of the program

Since test files are up to millions of base
pairs long, process must be optimized.

Application runs on a webpage,
quickness Is a necessity.



Current Running Times

Time Comparison of New and Old Code

| 000G+ 00| = FORIRAN |
# of Base Pairs _[Running Time (s
| l000000] 683 0000 745 00 2569 @ 100
| 1oooc0] 000 73 0000 748 @0 254 @0 99

| loooof 083 662 025 100
| looof 009 5550 0 003 666
| foof = 002 @ 50f @ 0003 00
| 1w o 0o o 0
-

New code is slower.....File I/O issues

C++ code was also writing files at the same time



Ways to Improve Running Time

Introduce new data structure to hold
all .par data and prevent opening and
closing files many times.

Execute El Hassan's Algorithm while
expanding matrices beforehand so that
multiple matrix multiplications are not
needed.



Ways to Improve Running Time (2)

We can parameterize the rotations using
unit quaternions.

Quaternion algebra is especially
practical for rotation calculations, very
likely to increase efficiency.



Future Plans: The Big Picture

Integration with a Genome Browser.

This allows a user to input a sequence
directly from a DNA database.

Also saves calculation time, as the genome

browser can tell exactly where nucleosomes
should be placed.

More intuitive and aesthetically pleasing user
interface.



Genome Browser - Halobacterium Tiling Array
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[ Search Results !

Ipb [60612, 61625]
VNG0264H [213067, 214422]
prriV2 [394233, 395336]

eif2a [422847, 423647]

VNGO0600C [457594, 458676]
VNGO0604H [460447, 460725]
VNGO0612H [466392, 466583]

o _L

yvbT [708396, 709409]

gap [714164, 715603]

VNG 1349C [1005336, 1005605]

VNG1595C [1190961, 1191887]

hyrA [1353443, 1354078]

VNG 1865H [1378010, 1378207]

VNG1905C [1410380, 1412059]

4 »

chromosome Displayed Range: 677498, 699641 Width: 22143 Coordinate: -
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