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INTRODUCTION:

The DNA Analysis System described here is an implementation of 2
method developed in our lab to analyze data generated by electron micro-
scopic studies of DNA. The purpose of this paper is to describe, in
general, the method we use to accomplish this analysis and also to describe,
in particular, the capabilities of our specific implementation. While
some of the details of these two programs are specifically tailored to our
hardware configuration and will therefore be of little interest to those
with other configurations, the general method which we employ will surely
be of interest to those with similar data to analyze.

Our system consists of two interactive computer programs, DNA1 and
DNA2. DNA1 is used to maintain disk files containing experimental data
and allows storage, retrieval and modification of the data. DNAZ is used
to analyze the stored data according to user parameters.

These programs are written in the BASIC programming language ard are
implemented on an Apple ITI microcomputer. The system contains 4BK of
user memory and runs under the Apple supplied Disk TII Floppy Disk Oper-
ating System (DOS). Printed output is produced on an Integral Data

Systems line printer with tractor feed and graphics options.



DATA DESCRIPTION:

The data which we analyze on our system is generated as follows. An
experiment is run whereby certain protein molecules are caused to bind to
specific regions of DNA molecules. The general function of these specific
sites is well known but their exact location on the DNA molecule has not
been determined. Once these proteins have been attached to the DNA, the
DNA is prepared for viewing on an electron microscope. In a photograrph,
the DNA-protein complex resembles a thread (DNA) with small spheres
attached (proteins). These small spheres are commonly called bushes
because of their appearance when enlarged. The DNA molecules are meas-
ured using an electronic digitizer (Numonics Corporation) and the relative
positions of the bound proteins are recorded as well as the total length
of the DNA molecule. The molecules are measured twice to prevent large
measuring errors. A sample number is assigned to each molecule as it
is measured and it is stored in a disk file using DNA1, along with the
total length of the DNA molecule and the relative positions of the bound
proteins which are stored as percentages of the total length. Photographs
are enlarged to different degrees and therefore absolute measurements have
no real meaning.

The function of DNA2 is to determine, if possible, where the specific
sites of attachment are located. It will be shown in the next section

why this is not as straightforward a process as it first appears to be.



GENERAL OVERVIEW:

DNA1 allows the user to enter new data into a disk file or to re-
trieve data which has previously been save. Once stored in a disk file,
the user has the option of 1) adding new samples to the file, 2) deleting
samples from the file, 3) printing out the data file on the line printer,
and 4) storing the data back to the disk.

A data description is stored along with the experimental data to
identify the data set once it has been read from the disk. Users are also
encouraged to give their files descriptive filenames to facilitate casy
access to specific data sets.

Error handlers have been included to prevent errors in entering the
experimental data and to handle disk I/O errors (disk full, incorrect
filename and redundant filenames). These features are illustrated in a
later section of this paper.

The function of DNA2 is to analyze the data stored by DNA1l in an
attempt to determine, if possible, where the specific sites of attachment
of the protein molecules to the DNA are located. DNA2 allows many cptions
when analyzing the experimental data to aid the user. The method we use
is as follows.

Each DNA molecule may be divided into n equal lengths, where n is
decided by the user. A histogram can then be generated from this data
with intervals 1-n on the x-axis (typically 1-100% in 1% increments) and
the number of molecules with a bush present in a given interval on the
y-axis. This relatively straightforward process is complicated by the
fact that for a given molecule viewed in a photograph, it is not known

which end is the left end and which is the right end. Therefore any one



molecule has two possible orientations. Furthermore, each molecule| may
have any number of proteins bound and a small amount of random binding
occurs, contributing to the "noise" which appears in a histogram. DNA2
takes as its input data with no apparent ordering, and attempts to gener-
ate the "best" histogram it can by manipulating the orientation of nole-
cules in the data set. We define the "best" histogram as one with the
tallest peaks and deepestvalleys(least amount of "noise"). We use the
following coefficient to evaluate different arrangements of the same data
set:
n

¢y =& H(1)? / m
where n is the number of equal intervals in the histogram, H(i) is the
number of molecules with a bush in interval i, and m is the total number
of bushes represented in the histogram. The inclusion of m allows us to
compare arrangements of different data sets.

If we had only a small number of molecules in the data set, we could
easily generate the maximum CH by iteratively trying all the possible
arrangements of the samples within the data set. While this would be
useful for very small data sets, it is not practical for larger date sets
which we typically analyze (75-100 samples). We try to approximate that
solution using a much faster technique which will now be described.

The first step is to compare molecules on a one-to-one basis irn
order to determine which molecules are similar to each other (i.e.,
which molecules have bushes within (or near) the same interval H(i)).
Each possible pair of molecules may be compared as follows:

1) For the first molecule, generate an array H, such that for each

element H(k), 1€k%n, H(k)= the number of bushes in interval &.



2) For each bush on the second molecule within interval J, calculate

the following:

Cp =§ H(3) + 3413 x (8(3-1) + H(31)) + 1359 x (8(3-2) + H(3+2))
where n i;‘£he number of bushes on the molecule and j refers to the inter-
val in which bush i is found. This calculation compares a bush in an
interval on one molecule to the corresponding interval on the other mole-
cule as well as to the 2 intervals on either side of it. Matches in these
surrounding regions are not counted as heavily as a "direct hit" (a match
in the same interval).

We have derived this formula to be consistent with the fact that many
occurrences of a bush at aspecific site, when measured, will be found to
form a normal distribution around a central site. Since the electron
microscope results allow us to measure the position of a bush to within
2% of the length of the DNA, we form a hypothetical normal distribution
around the bush we have actually measured. This also forms the basis of
our smoothing function used in DNA2 to produce histograms of the results
of a given ahalysis.

3) Reverse the orientation of the second molecule and generate C,, the
reverse correlation.

&) These correlations as well as their difference can be compared to
those for other pairs of molecules in order to determine which molecules
are the most similar.

Once we have an idea of which molecules in the data set are most
similar, we pick 5 siall nuRber oF those (typically 5-8) and iteratively
manipulate their orientation to yield an arrangement with the highest

possible value for CH. An explanation of how we pick these samples is



given in the section "Using DNA2". We refer to this process as the 'best
histogram fit".

These molecules are entered into an array H with intervals 1-n. The
remaining molecules are now added to this histogram in the orientation

which yield the higher of the values, C_, and C,. Options have been in-

F R
cluded in DNA2 to restrict the conditions under which a sample is added
to the developing arrangement hased on the value ICF - CRl. The higher
this value, the more likely it is that the current sample belongs irn the
arrangement in either the forward or reverse orientation.

Once the analysis is finished, the resulting histogram may be viewed
on the video monitor and printed on the line printer. Statistics may be

Performed on the results and the arranged data may be saved in a disk

file for later reference.



DATA STRUCTURE:

The data structure for these programs has been kept simple in order
to conserve space but at the same time allow for quick access to individual
samples. It consists primarily of 4 arrays, A, B%, I and S.

Array I rontains the sample numbers of all the samples contained in
the file. To. locate an individual sample, array 1 is scanned until
the corresponding sample number is found. The index, X, which corresponds
to this sample is then used to index into array B%. The value obtained
from array B% points to a value in array A, which is the first item in
the sample. Therefore to access all the items for & given sample whose
idéntifying number is found in I(X), one need only access those items in
array A indexed from B%(X) to B#(X+1) - 1. The fourth array, S, consists

of the actual lengths of all the samples.



USING DNAL:

DNA1 allows the user to create and modify data files which will be
analyzed later by DNA2. Instructions on how to use DNAl are divided|up
intec the following categories:

1) Creating new files
2) Manipulating old files
a) Adding data
b) Deleteing data
c) Printing a file
d) Saving a data file

3) Error checking provided by DNA1L

1) CREATING A NEW FILE
To create a new data file, the user responds with 'NEW' to the

question which asks whether he will be working with new or old data.
After a short list of instructions, he is asked to input a short data
description (up to 40 characters) which will be stored along with the
sample data. A longer description causes an error message to be printed.
After entering the data description, the user will see the message:

BEGIN DATA ENTRY:

SAMPLE #?
A user-assigned sample number is then input and the program asks for
the first measurement for that sample. Measurements are input as pairs
(obtained by measuring the samples twice) and are averaged by the pro-
gram to yield a single value. The user continues to input measurements,

corresponding to the positions of the bound proteins, in ascending order



and adds the actual length measurements last. After the length measure-
ments have been entered, the user enters "0,0" to signify the end of a
sample. The binding sites are then converted to percentages of the
total length. The program will now ask for the next sample number.
Samples are entered in this manner until finished. When data entry is
finished, entering a zero (0) for the sample number will terminate data
entry.

At this point we advise the user to save his data on the disk (see
below) to prevent accidental data loss. This data is now considered to

be o0ld data and may be manipulated as explained below.

2) MANTPULATING AN OLD FILE

A user accesses old data (already on the disk) by typing 'OLD' |in
response to the question as to whether he will be working with NEW or
OLD data. After reading old data from a disk file, the user has four
options:

a) add sample(s)

b) delete sample(s)

c¢) print all samples

d) save data on the disk and stop

A) ADD SAMPLE(S) (type "A" when given options)

Samples are entered in the same manner as when creating a new file
(see above). Type a zero (O) for the sample number to terminate data entry.
After terminating data entry the user has the option of ordering the

entire file so that the samples are put into descending order in terms



of the number of bushes present. The usefulness of this option is

explained in the description of how to use DNAZ.

B) DELETE SAMPLE(S) (type "D" when given options)
Sample numbers are entered one at a time to delete samples. I
a sample is not found in the file, a message will be printed to indi-

cate that fact. Enter a zero to terminate sample deletion.

C) PRINT SAMPLES (type "P" when given options)

This option causes a list of all the samples to be printed either
on the video monitor or on the line printer (hardcopy). For each sample
the sample number, sample length and position of bound proteins as 2

percentage of total length are printed.

D) SAVE DATA (type "S" when given options)

The data file will be stored on the disk under the filename provided
by the user. If the filename given is already present on the disk, a
message is printed to prevent the user from accidentally overwriting

another file.

3) ERROR CHECKING PROVIDED BY DNA1

The program has been designed to anticipate certain types of errors
and prevent them. This error checking takes place at data entry.

When adding data, three types of error checking are performed.
First, the sample number of a new sample is checked against those already

appearing in the file to prevent the presence of redundant samples.



Second, the measurements for the bushes must be entered into the pro-
gram in ascending order. This motivates the user to keep his data in
an organized fashion and attempts to prevent errors when entering bush
measurements. The third type of error checking has been found to be
very useful. As pairs of measurements are entered for a sample, their
difference is calculated. If the difference is greater than five, a
message is printed indicating that fact and the user is asked:

IS THAT 0.K. (YES,NO)?
This prevents the common error of displaced decimal points. Our pairs
of measurements tend to be very close so we have arbitrarily chosen 5
as our cutoff for printing a message. For other types of data, this

value can be easily changed.

What follows are some annotated sample outputs which demonstraie
all of the previously stated conventions and behaviors of DNA1. These,
in combination with the previous description should enable any user

to easily use the program for his own data.

11



SAMPLE QUTPUTS FROM DNALS

UM

HEH

PROGRAM FOR DATA ENTRY, RETRIEVAL &MD
MODIFICATION

NOTE! EACH FILE IS LIMITED 7O 200
SRHPLES

NEW OR OLD DATA (MEY0LD )?new

oy THSTRUCTIONS

TO TERMINATE DATA DARYs ENTER 0 FOR
SAPE $

TO START MEXT SAMPLE, ENTER 940

70 DELETE CURRENT SAMPLE, ENTER 9995999

INPUT DATA DESCRIPTION {ONE LILE OLY)

Tlest run for illustrstion of dasl sredras

T TOD LOMG =
INFUT DATA DESTRIPTION (DME LIME DY)

Ttest run for illustration of dnat

BECIN DATA DNTRYS

SAMPLE 371000

MEASUREMENT 171.25:1.28
HEASIREMENT 2734.19.35.24
MEASUREMENT 3737.8589.8
HEASURENENT 47050

He’ll stazrt by cresting z new
dalz file

Short instruciion ousesry

Datz deserirlion Lon long

Shorter dasla descrirlion

Unicue sarele numher

Hezsuresenis are enlored as
Fairs

End of zzels



SAMPLE $71001

HEASIREFENT 171,28,13.8

£ WARNING:

LAST Tu0 ENTRIES IS GREATER THAN S

T

IS THAT O.K. (YsN)?n

HEASIREMENT 171.28,1,33
HEASUREHENT 2743,653,47.57
MEASUREWENT 3783.2:87.3
MEASUREMEMT 4700

THE DIFFEREICE BETHEEN THE

SAEHMLE 471002

HEASUREMENT 1734,2,33.7
MEASUREMENT 27999.999

1% SRPLE DETED |

SAMPLE $71002

HEASUREMENT 175.65:5.78
HEASIRENENT 2734.2,35.7
ﬁﬁﬁ'qu 3?3?.?738’34

FEASURENENT 47050

SAMPLE 470

D0 YOU UANT THE DATA PUT IN ORDER

Yl )Ty

TO MODIFY THIS FILE YOU HAVD

1) ADD SAMPLES TO THE FILE

2) DELETE SAMPLES FRON THE FILE

Error in eniering dals
{disrlzced decimsl point)

Ye pan chande it bu responding
no
Corrected entry

Us lefl cut cne bush measurerani
999,992 deleles Lhis samels

Terninate dsis enlry

U’ 11 pul the dats in order
this tipe

Criion list



3) PRINT CUT THE DATA

4) STORE THE DATA ON ThHE DISX

AND STOP

AOD; DELETE, PRINT OR 5TCP

(AsTsPs5 )70

HARDTERY {Y5¥)n

FILERAMEY

TOTAL RUHEER OF MOLECULES = 3

PECILES §ITH 2 RISES = 3

SAMPLE § 1040 SIZE= 82.8
1.4 3%
SAMPLE # 1001 SIIE= 87,75

1,5 5.2

SAMME § 1002  SIZE= 83,17

4.3 9.7

TO MORIFY THIS FILE YOU HaY:
1) ADD SAMPLES TO THE FILE
2) DELETE SAMPLES FROM THE FILE
3} PRIMT CUT THE DATA

4} STORE THE DATA ON THE DISX
AHD STOP

ADDs DELETE; PRINT OR STOR
{AsP:5)Ts

D YO LIKE 7O SAVE THIS DATA
YU

FILENAE PLesidsta

Bafu;e uwe save the daia ue'll
srint il on the scresn io
check il

Sarple s size and puch rositions
are diven for sll semelas

The daiz looks 8.K, so ue'll
store il on Lhe dist under the
filenzes ‘TESTDATA



DATA HAS BEEN SAUED
FILEMMME= TESTDATA

19
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AL

FROSRAM FOR TATA BITRY, RETRIEVAL AMD
MODIFICATION

ROTED EACH FILE IS LIMITED YO 200
SAMPLES

NEW OR OLD DATA (NEH,OLIN?old
FILENAMETlesdala
TESDATA KOT FOUND ON DISK

CATALDS LISTING (Ys)n

FILENAMEPLesidats

DATA DESCRIPTION?
TEST RUN FOR ILLUSTRATION OF DAL

T0 NCDIFY THIS FILE YOU MAYS

1) ADD SAMPLES TO THE FILE
2) DELETE SAMPLES FROM THE FILE
3} PRINT GUT THE DaTA

4) STORE THE DATA ON THE DISK
AR STOP

ADDy DELETE, PRINT OR STOP
{ArDePsS 7

ENTER SAMPLES TO BE DELETED BELOW:

SAMPLE $710002

Qur files Tesidztss ic nou
consigered old dala
Filename spelled incorrecily

We could sel 3 cetaleg lisiing
if we couldn’i remesher it

This is the ridht dsts

Be uznl to delele szzrle 31002

Uo {ured il incorrectly

16



SAMPLE ROT FOUND
SAHPLE 371042

SAMPLE $70

T0 HODIFY THIS FILE YOU MAY?
1) AID SAMPLES TO THE FILE
2) DELETE SAMPLES FROM THE FILE
3) PRINT OUT THE DATA

4) STORE THE DATA ON THE DISK
A STOP

AlD, DELETE, PRINT OR STOP
[/ DaPy5)73

BEGIN DATA ENTRY:

SAMPLE 371008

- MEASUREMENT 172.3492.45

FEAGUREHENT 7746.,7+47 .39
HEASURENENT 3745.78,47.98
HEASUEMENT 4%07.9+83.7
HEASUREMENT 37050

HPLE 470

U TN

[ YOU UANT THE DATA PUT T¥ ORDER
(Y47

TC WODIFY THIS FILE YOI HaYS
1) ADD SAMPLES 7O THE FILE
2} DELETE SAMPLES FROM THE FILE

1) FRINT CUT THE DATA

Nouw il’s rishi

Terminzte zanele delstion

#33 snother saprle

Terzinale dztz enirs

Pul the.datz in order before
saving it

17



4) STORE THE DATA ON THE DISK
AHD STOP

ADD. DELETE; PRINT OR STCP

TR 14

HARDCOPY (Y5H)Pn

FILENAMED TESTRATA

TOTAL JMBER OF HDLECRES = 3

HOLECULES WITH 2 BUSHES
HOLECIEES WITH 3 BUSHES

2
1

m u

SAMPLE $ 1005 SI7E= 88,3

7 EI L 7
FR ) whird 7 e

SAMPIE § 1000 STZE= 83.8
L4 3l

SAMPLE § 1001 STZE= §7.75
1.5 5.2

T0 XODIFY THIS FILE YOU ¥AYS
1) ADD SAMPLES TO THE FILE
2) DELETE SAMPLES FROM THE FILE
3) PRINT OUT THE DATA

4) STORE THE DATA ON THE DISX
A STOP

AlD, IELETE, PRINT CR STOP
{8y TPy5 )i

4nin YU LIKE 70 SAVE THIS DATA
(Y%

Print the dasts oul firsi

Save the detiz



FILENAETlectasia

TESTUATA ALREADY IN CATALDS This prevenis us from sccidenlslly
wriling over pur or sozeone else’s
QUERIRITE {Yall)Tu file which hes the s=p2 name

DATA HAS BEEM SAVED

FILEMAME= TESTDATA

19



R

Al

PROGRAM FOR DATA BTRY, RETRIDVAL A

HODIFICATION

NOTE! EACH FILE IS LIMITER 70 200

AMEd OO
ol St}

NEW OR OLD DATS (NE,0LD)cld

FILERAMEPLasidsls

DATA LESCRIFTICH:

TEST Rk FOR ILLUSTRATION OF Al

T MODIFY THIS FILE YOU :A

1) ADD SAMFLES 7O TE FILE

2} DELETE SAMPLES FROX THE FILE

3) PRINT OUT THE DATA

4) STORE THE DATA O¥ THE IIsX
R S0P

ADDs DELETE, PRINT OR STEF
{AsBsP550T2

EEGIN DATA ENTRY!

SRIPLE 4710065
HEABLIREMENT 17999,999

T SAMPLE DELETED &

SAIPLE §71045



SRIPLE 31005 MLREADY IHN FILE,

RE-ENTER

SEFLE #71004

MEASUREMENT 173.45:3.5%
MEASUREHENT 2748.47:44.73
MEASURTHENT 3787.7,87.7
HEASURENENT 47040

SHPLE 37

LD YOU ST THE DATA PUT IN ORISR
(Yl )Ty

TO HODIFY THIS FILE YOU HAY:

1) ADD SAMPLES 7O THE FILE

2) KELETE SAMFLES FROH THE FILE

3) PRINT QUT THE D&TA

4) STORE THE DATA D% THE BIsX
i ST

Ay DELETEs PRINT (R STOF
(A DePs5)7R

HARDLOPY (Y sH)Tn

FILENAME) TESTDATA

TOTAL HBEER OF MOLECULES = 4

MOLECULES WITH 2 BUSHES = 3
MOLECULES WITH 3 BUSHES =

21
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SAHPLE § 1005 5IZE= 93.3
27 36 7T

SHELE §1000 SIE= 85,3
14 39

SRPLE $ 1001 SIZ= 875
1,5 53.2

SANPLE 3 1005 SIZE=88.3

4 32.3

TO MORIFY THIS FILE YOU Xav!
1) ADD SAPLES TO THE FILE
2) DELETE SAMPLES FROM THE FILE
3) IRINT (BT THE DATA

4) STORE THE MTA O THE DISK
w0 SToP

ADBs DELETE, PRINT OR 5T
{ArsPy5)7s Save the dets o ik

WOLD YOU LIKE 7O SAVE THIS DATA
{177

FILENAHEMesldats

TESTDATA ALREADY IN CATALS

QVERWRITE (Yol
DATA HAS BEEN SAVED

FILENATE= TESTDATA

22
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USING DNAZ:
DNAZ allows the user 3 major options with a number of minor options
within each of them. The major options include:
1) Correlations - to determine which samples in the data set are
similar to each other.
2) Arrangement - to arrange the user's experimental data based on
his selected parameters.
3) Histograms - to provide a graphic representation of the results

of an individual arransement and statistics based on those results.

These major options and the minor options within each will be
described here. For hints on how each may be used see the "Sample

Outputs of DNA2" section of this paper.

1) CORRELATIONS:

The purpose of this option is to identify similarities betweern
samples. This is done so that a small number of similar samples may be
chosen as a model, against which the remaining samples may be arrarged.
For a pair of samples, CF’ CR and F%‘- GR} are calculated. Since
these values are dependent on the number of bushes present on the

c /n are also calculated where n is

samples, CF/n, CR/n and [Cp - Cp

the number of bushes on that sample in the pair which has the smaller

number of bushes. These values are printed out for all possible pairs
of samples or only a subset depending on the parameters selected by the

user.

23



Options Available When Obtaining Correlations:

a) Interval Size - this parameter defines the number of intervals into
which the user wishes to have each sample divided. Our data typically
uses an interval size of 1% (100 intervals). The larger the interval
size, the less strict the program will be in deciding that 2 samples
are similar.

b) Minimum and Maximum Bush Number - this Parameter allows the user to
put a restriction on the samples to be included when obtaining corre-
lations for a given data set. This is used to shorten the time which
it takes to run an entire set of correlations. Since we will only
need to know which samples are most similar, it is usually advisable
to leave out those samples which only have a small number of bushes.
c) Minimum Correlation For Printout - since the correlation values

are printed on the line printer, this parameter allows the user to
have only those correlations which fall above a certain value printed
out. The value which is tested is ICF - CRI. After using the program
a few times, the user will be able to predict the magnitude of the
correlations for his data and reasonably pick a value to limit the
amount of output produced but at the same time generate the needed
results.

d) Miscellaneous Features - if the user decides to terminate the run-
ning of his correlations abnormally, typing an "S" will terminate the
Procedure and allow him to start again. This is so the user does not
have to wait for all the correlations to be calculated in the event
that he has made an error in choosing parameter values.

Once the required values have been obtained, the user has the

24



option of printing out samples on the printer to see which samples
the program has chosen as being similar. After answering "Y" to ths
question:

WOULD YOU LIKE CERTAIN MOLECULES PRINTED OUT (Y,N)?
the user need only enter one sample number after another. After in-
putting all of the sample numbers which he wishes to have printed,
entering a zero (O) will cause all of those samples to be printed on
the video monitor and on the line printer. This process will aid the
user in choosing those samples which will be used as a model, against

which to arrange the other samples (see "Arrangement" below).

2) ARRANGEMENT:

The purpose of this option is to accomplish the actual arrangenment
of the samples in such a way as to give the user results which will
allow him to predict the location of the sites he is investigating.
This option contains a large number of minor options in order to
sllow a great amount of flexiblity when arranging the data. Along with
this flexibility will come some confusion as to how these coptions may
be used to the user's advantage. The options are explained below and
examples are give as to how certain options may be used in combination.
Any confusion which exists after reading about these options should

be cleared up in the section "Sample Cutputs From DNA2".
Options Available When Performing an Arrangement

a) Interval Size - this option serves the same function as it does

when obtaining correlations (see above).

25



b) Putting Certain Molecules First - since the data will be arranged
beginning with the first samples in the data array, the user will want
to put the similar samples, determined by the correlations, at the top
of the data set. After responding "Y" to the question:

DO YOU WANT TO PUT CERTAIN MOLECULES
FIRST (Y,N)?

the program asks:

HOW MANY MOLECULES (1-10)?
After responding to this question, the sample numbers of the desired
samples are entered one at a time, causing them to be moved in the
corresponding order to the top of the data array.
¢) Best Histogram Fit - once the user has moved his similar samples to
the top of the data set using option (b) above, he may then perforn
a Best Histogram Fit (seeGeneral Overview) on up to 10 of the first
samples in the data set. This arrangement of the first few samples
will serve as a model against which to arrange the remaining members
of the data set.
d) Minimum and Maximum Bush Number - as when obtaining correlations
(1b above), this option allows the user to put a restriction on thdse
samples which will be included in forming the final arrangement. This
allows the user to leave out those samples with a small number of
bushes. Those samples with a large number of bushes are more likely
to yield better results. For this reason, the user is allowed to order
his samples in decreasing order in terms of bush number in DNA1 (see
"Add Samples" under "Using DNA1"), thereby causing samples with the

most bushes to be added to the arrangement first.
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e) Correlation Cutoff Value - as each sample is added to the develbping
data arrangement the values CF/ (N) (M) and CR/ (N) (M) are calculated
where:

N

il

the number of molecules already in the arrangement

il

M = the number of bushes on the current sample being arranged

and CF and C, have already been described.

R
This gives a measure of how well a new molecule fits into the present
arrangement. The correlation cutoff value entered in response to:

CORRELATION CUTOFF VALUE?
will be the minimum value either of the above values must have before
a sample is added to the present arrangement. Entering a zero (0)|causes
none of the checking to be performed. This is another method the user
may employ to add those samples to the current arrangement which fit
best. The others may be added in a subsequent re-analysis (see below).
f) Starting the Arrangement in the Middle - once the Best Fit Histogram
has been performed on the initial samples in the data set, saving that
arrangement on the disk will cause those samples to remain in that
orientation for subsequent retrievals. Because the user will want to
Perhaps perform several analyses on the same data set without repeating
the Best Histogram Fit, he may respond "Y" to the question:

START ANALYSIS IN THE MIDDLE (Y,N)?
which will be followed by the question:

START WITH WHICH MOLECULE?
For any n which the user may respond with (1€n€k where k is the rumber
of samples in the data set), the program will automatically form a model

using the first n-1 samples in the data set in their current orientation.
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Therefore if the user has previously saved some data upon which a Eest
Histogram Fit of 7 samples was performed, specifying 8 to the question
above will cause the same Best Fit model to be used and start the sub-
sequent arrangement with the eighth sample.

This feature also allows the user to take a final arrangement of
his current data and determine if adding more samples to the data set
will improve the present results. If a user has 75 arranged samples in
a data file and wishes to add 50 more in an attempt to improve the results,
he simply adds the 50 new samples using DNA1l and responds "N" to the
question:

DO YOU WANT THE DATA PUT IN ORDER (Y,N)?

After saving this data to the disk he may now perform an arrangement of
the new data into the old data by specifying that the arrangement start
in the middle of the data set at the 76th sample.

g) Reanalysis - once all of the parameters have been chosen, the anal-
ysis begins. All of the sample numbers are displayed on the videc mon-
itor as they are arranged. Since it is possible that certain samples
will not be included in the arrangement because they don't meet the
requirements of the user defined Correlation Cutoff Value, those sample
numbers are displayed with an asterisk (*) next to them. If, at ths end
of an analysis, certain samples have been left out of the arrangement,
the user will be given a message indicating that fact and be allowedl

to re-analyze the data in an attempt to include those samples. The
histogram coefficient, CH’ is printed at the end of each analysis to
indicate how the arrangement is shaping up.

If the user does not wish to attempt to fit the remaining samples
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into the arrangement at this time, he responds "N" to the question:

RE-ANALYZE (Y,N)?

The user may wish to first generate a histogram of the current arrange-
ment before performing a re-analysis. This may be accomplished by
responding "Y" to the question:

WOULD YOU LIKE A HISTOGRAM (Y,N)?
and following the directions described under "HISTOGRAMS" below.

If the user wishes to perform the reanalysis, he responds "Y" to
the above question. He will then be allowed to change the Correlation
Cutoff Value before performing the reanalysis.

After performing any of a number of analyses on the data, the user
may generate a histogram, following the directions below.

h) Miscellaneous Features - if the user wishes, he may terminate the
analysis currently in progress by typing an "S". This action will term-
inate the arrangement option and return him to the point of choosing

between the 3 major options provided by DNA2.

3) HISTOGRAMS:

The purpose of this option is to provide the user with a graphic
representation of the current arrangement of his data either on the
video monitor only or as a hardcopy on the line printer. The process
of obtaining histograms is initiated by responding "Y" to the question:

WOULD YOU LIKE A HISTOGRAM (Y,N)?

Any number of histograms of the current data may be obtained using the
options described below. After producing the desired histograms, sta-

tistics may be generated based on the current arrangement of the data.
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Options Available When Producing Histogranms:
a) Step Size - this option allows the user to choose the size of the
intervals on the x-axis of the histogram. We typically choose 1% di-
visions, thus generating 100 intervals.
b) Multiplication Factor - this option has been included to accommoédate
a special property of some of our data sets. We frequently wish to
compare two different data sets where one set consists of total DN&
molecules and the other of many occurrences of only a fragment of that
molecule. After performing the arrangement on both sets of data, we
wish to compare the histogram of the fragment data to its corresponding
area on the histogram of the total molecule by placing the printouis
alongside of each other. This would not be possible unless we were
able to "squeeze" the histograms of the fragment so that its size was
equal to the corresponding area on the total molecule histogram. This
is accomplished by multiplying the bush positions of all of the frag-
ment molecules by a percentage of the length of the total molecule|

For example, if we have a situation as above, where our fragment
is the lefthand 58% of the total molecule, we need only to multiply the
fragment data by 0.58 to "squeeze" it down to the size of the correspon-
ding region of the histogram of the total molecule. For an example of
this option se the section "Sample Cutputs From DNA2".
c) Minimum and Maximum Bush Number - +his option serves the purpose of
limiting the samples which will be present in the histogram. This allows
the user to take his data arrangement and produce histograms of sanples
with 1 bush, 2 bushes etc. allowing him to assess the role played by

certain classes of samples in the composite histogran.
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d) Reverse - this option allows the user to reverse the orientation of
all of the samples in the data set. When statistics are performed (see
below), they reflect the current orientation of the samples. When
comparing statistics in 2 different data sets, it will be necessary

to have both data sets in the same orientation.

e) Smoothing - this is an option which has proven to be very useful to
us in our work. Ordinarily, when a histogram is produced, the values
on the y-axis reflect the number of samples with a bush in a given
interval. However, to analyze the data in this form is difficult bs-
cause of the "noise" which occurs due to random binding of the proteins
to the DNA. TIn addition, as has been explained previously, many occur-
rences of a bush at a specific site when measured, will be found to form
a normal distribution around a central site. Our smoothing function
takes an occurrence of a bush in a given interval and makes it into &
small normal distribution. So, for each occurrence of a bush in inter-
val i of H(i), 1% i€k, where k is the number of intervals, we form a

smoothing array T, which is initially set to zero, as follows:

T(i+1) = .3813 + T(i+1)
T(i-1) = .3413 + T(i-1)
T(i+2) = .1359 + T(i+2)
T(1-2) = .1359 + T(i-2)

After performing the calculations above for all intervals, we add the
smoothing array, T, to the data array, H, as follows:

H(1) = H(1) + T(1) 1£12k
Examples of the effect of this option are given in the section "Sample

Outputs From DNA2".
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f) On-Screen Options - after the user has chosen whether or not he
wants his histogram to be smoothed, the histogram will appear on the
video monitor, with divisions on the x-axis of 5% and divisions on|the
y-axis of 1 sample each (includes smoothed array when that option is
chosen). This will remain on the screen while the user exercises the
options below:
I) Hardcopy - typing a "C" produces a hardcopy version of the histggram
which is currently on the screen on the line printer. Information?
provided with the plot includes:

FILENAME :

STEP SIZE '

MULTIPLICATION FACTOR

RANGE OF BUSHES INCLUDED

HISTOGRAM COEFFICIENT (cH)
These parameters serve to provide the user with the means of reprodu—
cing the plot at some other time. |
II) Reverse Screen - typing an "R" will cause the entire plot to be
reversed on the screen (from left to right), thus giving a mirror
image of the original plot. This in combination with Option I allows
the user to quickly obtain hardcopy plots of both orientations of ane
arrangement. It should be noted that this option reverses the screen
image only and not the data itself. When statistics are performed (see
below), they will reflect the current orientation of the data only.
III) Continue Analysis Which Is Currently In Progress - if the user

|

has chosen not to re-analyze his data so that he might first obtai#

a histogram of the current arrangement of the data, typing an "A" #ill
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cause the re-analysis option to be given once again. Thus, the user
might alternately run an analysis and generate a histogram to see how
the arrangement is shaping up graphically.
IV) Begin Statistics - once the user has obtained all of the graphics he
desires, typing the "RETURN" key causes the program to go into the | sta-
tistics mode. The statistics allow the user to assess the probability
that the arrangement he has generated accurately represents the real
situation.
g) Statistics - three types of statistics are provided so that the user
may assess his results. They are as follows:
Type 1 - Single Site Statistics - this allows the user to obtain sta-
tistics based on individual peaks in the histogram. The user inpuis
the range which a peak covers in response to the question:

INPUT RANGE (MIN,MAX)?
The statistics provided include:

The number of samples with a bush in the specified range

Mean measurement of the included bushes

Standard deviation

Variance
Entering "0,0" in response to the above question terminates Type I
statistics.
Type II) Multiple Site Statistics - this option allows the user to
determine whether a peak in the histogram is real or an accidental
result of the arrangement process. Ranges are input for a number of
peaks, specified in response to the question:

NUMBER OF SITES?
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If any samples are found with bushes in all of the specified ranges,
its identifying number is printed out. |

This option is useful in the situation where the user would like
to determine whether a given peak on a histogram is real. By inputting
the range of that peak and also the range of the peak assumed to b=
real based on other results, it can be determined whether or not there
are any samples with bushes in both the known peak and the undecidegd
peak. If not, then the undecided peak may not be real. If a numbgr
of samples do exist, then it might be assumed that both Peaks are ?eal.
Type IIT) Distribution Statistics - this option allows the user to:
determine whether a wide peak is an accurate representation of *he;real

situation. After inputting the range of a peak, a distribution of|the

number of bushes within the range will be generated of the form:

BUSHES IN RANGE MOLECULES
1 7
2 3
ete.,

If any samples are present which have a number of bushes in the spec-

ified range, the peak might be as wide as it appears in the histogﬁam.
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DISCUSSION:

It has been our experience that the system we have developed allows
the user to perform an analysis, which previously took several weeks, in
several hours instead. Since the research in this lab involves running
many sets of data gathered by varying the conditions under which the
Proteins are allowed to bind to the DNA, this system has saved the
users of this system much time when analyzing their data.

The most time consuming and most important portion of the
analysis is the arrangement process. The time required here (assu-
ming a correlation cutoff value of zero) is O(n). However, since it ié
possible that choosing a specific correlation cutoff value may cause
no samples to be added to the arrangement, the process may actually be
greater than 0(n). Therefore, it is difficult, if not impossible, to
derive a run time for n samples.

One method which deserves more investigation is one of a class
of algorithms known as Greedy algorithms. This method works‘in stages
by considering one input at a time (in this case, one of n samples).
The goal is to find a feasible solution which either minimizes or
maximizes a given objective function (in this case, maximizing GH).

The samples would be chosen from a data set which had previously been
ordered by applying some selection function on them. Upon selection
for entrance into a developing arrangement, a sample would have the
objective function applied to it to see whether this sample should be
We approximate this by calculating |CF - CRI and comparing it to the
user defined correlation cutoff value for each sample selected, Per-

haps some function could be derived which orders all of the samples
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in the data set. This would give us a definable run time which would
include applying the selection function, ordering the samples based on
the selection function and performing the arrangement using the objective
function.

I have attempted to keep the programs in this system general o
allow other users with similar data to use them for their work without
requiring a large amount of alteration. I hope I have succeeded in this

‘goal.
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