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ABSTRACT
We describe the further development of a widely used package of DNA and

protein sequence analysis programs for microcomputers (1,2,3). The package*
now provides a screen oriented user interface, and an enhanced working
environment with powerful formatting, disk access, and memory management
tools. The new GenBank floppy disk database is supported transparently to the
user and a simi lar version of the NBRF protein database is provided. The
programs can use sequence file annotation to automatically annotate printouts
and translate or extract specified regions from sequences by name. The
sequence comparison programs can now perform a 5000 x 5000 bp analysis in 12
minutes on an IBM PC. A program to locate potential protein coding regions in
nucleic acids, a digitizer interface, and other additions are also described.

INTRODUCTION
Since it was created in 1981 for the use of our laboratory, this system

has grown from a small, user-friendly package of sequence handling utilities

for 8 bit microcomputers (1) to a large, powerful package (2,3) running on a

wide variety of micro, mini, and mainframe computers, under an equal variety
of operating systems, in both single and multi-user configurations.

Distributed at cost as FORTRAN source code, a version of the package was

supplied by us to over 150 institutions and individuals world-wide, who in

turn disseminated it to many other users. That version is still freely
available in the public domain, although we have stopped distributing it

ourselves.

An enhanced and expanded version of the package (4) has been developed

for commercial distribution through an agreement between one of us (J.P.) and

International Biotechnologies, Inc. (IBI). Since that version was first

released in August 1984, the demand has been even higher, permitting the

production of a major update within six months, and of a radically enhanced

version which is described here and is being released late in 1985.

* Avai lable to academic and commercial users for $800. See reference (4)
for details.
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HARDWARE COMPATIBILITY
Mini.,m:

IBM PC, xI, AT, or most Compatibles
S-OOS 2. or higher

256 Kbytes RAM Memory
Two 360 Kbyte Floppy Disk Drlves
Monochrome Display
Any Printer

Opt "onol
12 add itional memor y to 10 megabytes

Hlgh Capacity Floppy Disk Drivoes
Hard Disk Driees (Itnclding non-IBM)
Color Display
Dlgit Izer

DATA COMPATIRIL I7Y
Syrbo s

FuTT IUPAC-IUB standard tor nucloic and amino ocids
Disk Formats Acceptedl

1) Lanes of test
2) Standard GenBank
3) Stanford/intel Igenetics
4) GenBank Floppy Disk Database
5) Nat iona Blomedi ca Research Foundat ion Protei n

Database in our tormat
6) Restrict lon Enzyme, Subsequence, and Codon Bias gata

fi les In our format
Data Uti ties:

SequRnce FilesI
Text, GenBank, and Stantora/intal igenet ics t les ar

identitled and proper ly reed with no user interventlon
Dat abases

The high Iy compressed tfoppy disk databases are
presented to the user as if they wers individual
sequence iles n a large di rsectory. Any entry may be
accessed trom the detabese in secon ds and used
transprent Iy in any prograe. Entry subsets and
supersets may be made by the user. Use cross-lndlces as
supplied with the Getnank database: by Sequence Nee
(Locus), Accesslon nutber, Author, or over 750 unique
Keywor ds.

Annotatiton
GenBank, Stantord/lntel I igetetics. GenBank database, and
NBRF database t i les contei n explanatory I nformatton
which can be used to automatIcally annotete the sequence
on di sp lay, to trans ate It appropri ate ly, to extract
named regions from a larger sequence, or to format
spec f c reg ons of t h sequtnc f oyr asy
IdentifIcation.

NUCLEUS
User inter face, Duol Modes

Both Modes
Help Fac ity- Detal led messages w indowed to scrseen on

deand.
Functlon Keys- Up to 30 single key stroke functions

aval able siimutneoously, volues of keys displayed.
Clock Feci Ity- Ai output label Ied with date and time.
Machine Stetus- Aleays displayed on interactive screens

Including curront output device, current f ree memory,
current keyboerd status.

Menu Model
Screen oriented displays with multiple windows on screen
and selections made by moving an arrow
Values of currnt voariables may be displayed as a list.

Command Model
Liln or lented displey for rapid use by experlenced user.

Disk Itnterface
u7al Rctove Director iese
Default Path- User's directory w its Read and Write

permiss ions. May be password protected.
Alternate Path- A databese directory eIth Read-OnIy
psri ss lon.

Both-
FIlIes diesplyed in scroll ng w ndow, categorized

and a lphabet izad.
User sets deftout directory names, changes and

displays directories and sub-directories, selects
disk.

F Ies s Iocted by poisnt ng asroe at st and
eanipulated aIth ttnct ion keys Load, Renaes,
DeIlte, Browse, etc ).

Are displayed as directotlle ot sequences with the
some function optIons as d sk t il es.

May be selct Ively dIsplayed by organIsm or get type
usIng elwII-carydse

Entrl es accessed as quIckly as sequence t i es by all
prog ras

Mmor Inter face
Prograes use whatever usor meory Is avai lable and display

realtning tfee meeorsy
Thesr Is no eimRt to sequence length accepted by programs.
Files loaded In memory ere displayed, categorized and

alphabetizae In a scroll Ing window, and ar selected for
antipuolation by moving an arrow

Printer Interface
Prograes support up to Hour virtual printers (dittFernt

physical prFnters and/or various tonts and pitches)
Screen Interfacel Monochroee or Color

Ussr eay seloct screen attributes to be used by displays
and by automatic annotat ot rouotinesl highlight,
lowlight, inverse, bl Ink, unortIsned, foreground color,
background coRor

User ay select the tone to be soundeA tor each base, when
entering sequences

Format Control
Ussr may control Ieny format parameters such as II nt and

page Itngth upper or lower case, doublI or singIa
strFnded, DNR or RNA, numberlng systee, 3-letter or 1-
etter AA code, printer type, automatic tnnotation.

automatic translation, etc.
Format spcif icat ions say be entered In sequence l

annotat lon
Format spec licat lons mey be changed wIthin a sequence

file. Eg. translated, untranslated, and ftlerklng reglons
may be ftoratted dIfferently In a sIngIe dIsplay

Format spciftiotlons say be ditterent tor ditteernt
progr ams

Tokens tor marking designated regions durIng outoeatIc
annotation may be set by uscr.

Some Other User 0ptios
AIternate gen.t5IF7cGdes
Output di sk ti e tormat (GenBank or Stantord

nts genet cs
Digit Izer port
Audibll cues on or oft

DATA MANAGEMENT

Enter/Edit DNA or protein sequences and annotat ion in
Gon8ank tformat

FuoI y screen or ntetad edi tor Changes mede at cursor
location, may Involve bases or blocks trom this or other
tiles. Double entering tor occuracy, option ot audible
tons tor oach base.

DigitIzer Supportt Enters reading ot sequencing gals Into
editor directly troe digitizer. Handles curved or narrow
anes. Screen shows Iocat ion on tfil and sequence
entered. Can exactly locate on tism last posItion
entered, permitting Interruptions. Mase spec itlc tones
permit monitoring ot nput. Doubl tnterIng for
accuracy.

Restr ction File Editor:
Permits d-thIng of mory than 100 restr ct ion enzyme

entries supplled with programs
Create Ppt a from Nucleic Acid:

P AtIde aseqoeoaTIDsereaid by trans at on ot nuc o c
acid tile. Automatic notation ot nuceic acid regions
used.

Subsequenca Editor
Enters or oxtracts f rom f les soubsaequents tor use with

the subsequence homo logy program.
Create Codon Bias Flia:

Creates codon bIas t i les trom up to 50 sequences f or us
by protein coding region locator. Features permIt
reject Ion ot devo ant sequences anda i ci nat ion ot
Ins I gn tt cant co s In bias table, soft Ing basal Iano at
the value calcu lated tor a random sequence determnitng
correlation coetticlents for al sequences, antd
calcu let Ing strand adjustment.

Database Manager
r-g s aacbaes screates subsets aen supersets,
adds/deletes entries.

GENERAL ANALYsIS
Tr ns lat iotn

TanssIates nucIic aoci sAeqence into a poptIde n any or
all tramesos ing standard or aiternate genetlc codes.
Can translate just eoonss as di rected by annot t ion.
Flexoble output formats, 3- or i-letter AA codes.

Calcu Iates codon uosage table, papt Ida molcu lIar el ght,
paptide plI It desired

Reverse TransIation:
PrFdlcts poss ibl nucslsc aoci sequenc of a peptIde and

adjuts tor codon bias. Locates minimal Iy redundant
segments, prseents as o l i gonuc leot Ide probes ith
multiply substituted positions. and calculates probe Tm.

Restrictlon Analysis
Lists all cut sites In alphabet ical order
Prints sequence with all restricti on stes shown
PrFnts restrslcton map weth single sin tor each enzyme
CalcuIates. sts, and dent It es ends of tragments

produced by multi-enzyme digests.
All restrctlons cite tunctions can use various subsets

of enzymes and anal yze circu lar and i enear molecu le
corroctly, complete or in part.

Measure Fragment Slezs:
CTRol-tes gel tragesnt s iles (nuclelc acld or proteln)

trom digit iler, us Ing spuane and least squares ethods.
Calculate Base Composition:

CalcuIat*s strand assymstry, base composIt lon, and dA- and
tri-nucleotide trequencis wsith ChI-squre ansalyses of
*ach cal Hsor all trames and measures purlsn/pyrimidine
ratlo ot tirst and third bases to predict codlng regions

Plot Masa Compositlon
Plots, on prs ntr, base compos It ion as rat Io or percont

for any combination ot bases. Can supesrlmpose plot on
protaln coding region locator plot.

Calculate Amino Hcid Compositlon
aaeoes aeino acid compost ion of a paptide, calculates

mo leocu lr wl ght and est ates pl, prl nts a map of
trypsln and CNBr cleavage sites on sequence of peptide,
and lIsts corresponding fragments with molecular welght
and pl .

Plot Amino Hcid Compositiont
PIotosonprinter oAA ceposition and proteln hydropathy,

froe peptide tiles or by translating nuclelc acid HI les.
Plots Illustrate protein features and suggest possibly
antigensc domains.

Figure 1 - Summary of Program Package (continued on facing page)
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SIMILARITY SEARCHES
Subseuence Match:

Rpid search for *atch aith a short subsequence without
inSrtIOns or dalations with percent *atch set by user. Global Sarch - Nucleic Acids:
and bases which ay ba defined by user. ETssnteialT he first pass of tha ti lbur-Lipaan program

Forward and Reonrse Matricas: (5,6) with enhancaemnts from tha matrix programs above
Enhan-ce-d Mjipeda dot aatrixi comparisons that locate for a rapid search of the DNA sequance database.

si larIt:eas, tandem repeats, inverted repeats. Global Sarch - Proteins:
potantial stem loops. and palindromes rTo co-p1eaf Lipman-Pearson program 17) aoditied for

ulItiple lvels oA noisol iltration and very high speeds compatibi ity with the packaga. It uses the databasa
(5000x5000 bases on BMM PC in 12 minutes) forest, permitting use of protein sequences without

Accept very large sequences (up to 32,000 bases on one previous extraction. The coeplete set of N8RF sequences
axis no length limit on the other), protein or nucleic fit on one floppy disk.
acid sequances, linear or circular. Display by printer Manuall Align Saquences:
on a graph paper-l ike background, using latters to Pare ts user to align sequence segments enual Ily and
indicate degree of eatch. produce consensus sequences by f lexible criter is for

Automatic Matched Snguences slides or publication.
A high-sped *alT intprogram with the saee attributes Locate Protein Codja Rgions

as eatrlcas, used to oxamine homologies In detail at the Locates poliAnfti coding regions in DNA usIng codon bias
bs pair level til es created by progrsm described above

OptpeI AlIgnyent Enhances resolution by strand adjustment. plots
For nuclecTacids and proteins respectively, the Wilbur- termination codons next to codon bias plot for all six
Lipman prograe (5,61 transposed into C, and the frames (both strands) using a printer, and calculates
alignment pass of the Lipman-Pearson program (7) with correlation coefficients.
soditications to aaks thee compatible with the rest of
the package

The current version is suppl ied ready to run on the IBM PC I ine and most

compatibles. It has been designed to move into newer machine environments as

they become popular, particularly into MS-DOS or UNIX based systems. The user

interface is now screen and cursor oriented, large databases are supported,
and a digitizer interface is provided. A number of new programs have also been

added. We briefly present only some of the new aspects of the package in the

text and give examples of their use.

THE NUCLEUS

We have rewritten the complete package from FORTRAN into the C

programming language, which is far more powerful in terms of data structures,

memory management, and flexible 1/0. These characteristics are particularly

evident in in the general purpose interface we call the "nucleus" (Figure 1).

This nucleus has aspects of both the kernel and the shell of the popular UNIX

operating system. It contains essential command and utility programs,
monitors the current machine and program status, and also surrounds the user

in a convenient environment tailored to the molecular biologist. Like a

biological nucleus, it also contains the information to run various tasks

outside itself. These tasks are the separate special function programs.

The nucleus can be run in one of two modes. Menu mode provides the most

information on the screen, and will be described in more detail below.

Command mode is for the rapid execution of specific tasks by the experienced

user as explained in the program documentation.

In menu mode choices and information are displayed on the screen and

selected by moving the cursor or an arrow to the appropriate item on the

display (Figure 2). A few examples are described below. For a more complete

list of capabilities refer to Figure 1.

Across the top of the screen are displayed (1) the current output
destination (printer, screen, or disk), which may be changed at any time with
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Figure 2 - Nucleus Function Screens

one keystroke, (2) the remaining free memory, (3) the current keyboard status

(caps lock, insert on/off), (4) the current date and time, and (5) the current

program task title. Across the bottom are the operations currently assigned

to the function keys. The programs support up to 30 key assignments at any

point. For eff iciency, assignments change appropriately for each part of the

program, or even for each choice in a ist, and a special function help key

permits use without straining the user's memory.

Figure 2 (left) shows the main menu from which the user may select

programs by pointing with the arrow. In this case, the menu has been overlaid

(center) by pressing the CLOCK function key. The date and time can now be set

by moving the inverse video bar (currently on year) to the datum to change and

typing in a new value. The HELP function key has also been pressed, resulting
in a second overlaid box (to the right of the CLOCK data entry box), which

explains use of the clock function. The function keys do not appear at the

bottom of the screen in this example because the help message is displayed.

The nucleus can be configured in a great many ways in terms of parameters

such as operations, fi le formats, printing formats, printer and screen

support, etc. It also contains extensive disk and memory support accessed by
the disk operations faci I ity (Figure 2, right). The two upper central boxes

in th is display show the two paths supported by the program, a read/write
working directory (the default path) and a read-only common directory (the

alternate path). The lower central box is for use of the cross indices to the

databases. Paths may be changed by simply typing in a new path in the

appropriate box. The box on the right of the screen shows the files which are

currently in memory. Frequently one is doing many analyses on a small group

of sequences. The whole group may be loaded into memory from the disk, then

manipulated quickly and easily from any program by using this memory window.

The box to the left of the screen is a scrol ing window isting the disk
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fi les in one of the two supported paths (in this case, "Alt" on the top line
of the box indicates the alternate path is displayed). The programs classify

disk fi les by type, then alphabetize the names within a type. Fi les are

selected with the moving arrow, and single keystrokes permit the user to load

the file into memory, rename, delete, get fi le statistics, or browse through

the contents of the selected entry.

An important feature of this package is the convenient use of large

databases. Databases are sets of large disk fi les which are not accessible by
the usual operating system utilities. However, these programs present them to

user as if they were large directories of normal sequence files. The GenBank

primate directory has been used as the example in Figure 2 (right). In the

alternate window the detai led path has been specif ied: disk C (C:), the

GenBank directory (\genbank\), and the primate index (pri#). A specif ic

subset of the primate index has been requested by the ambiguous name which

appears after the index name. It specif ies only human (hum) hemoglobin (hb)

sequences, of any kind (*). Only sequence names matching al I these criteria
are displayed in the disk window. Database support also contains a

specialized browse faci I ity, which would normal ly overlay the right two-thirds

of the screen. We show only the bottom half of such a display in Figure 2,

reserving the top half for demonstration of the normal disk operations screen.

The very convenient database browse facility presents a one line description

of each entry in a parallel window to the right of the sequence names. This

window scrolls as the sequence names are scrolled, and does not interfere with

the usual disk functions such as loading files into memory. One may also use

the cross indices provided to select a set of entries by name, by accession

number, by author, or, perhaps most valuable, by one of over 750 unique
keywords. Any sequence in either database can be accessed by name or by cross

index in seconds.

When GenBank sol icited help on its f loppy disk database release from

sequence software suppliers, we elected to donate all the work we had done in

that direction for their unrestricted use, since we much prefer to help the

existing database efforts than to duplicate them. We are pleased that much of

our work was incorporated into their format, and have changed our software to

accomodate the ways in which they differ from our original conception. For

the protein database we used a variable number of bits per amino acid, with

the most common amino acids having the shortest codes. This permits us to

compress the complete set of proteins onto a single 360 kbyte IBM floppy disk.

Thus one may easi ly do a global protein search without needing a hard disk.
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The annotation is also compressed onto additional disks.

The databases can be used as suppl ied on f loppy disks, but a database
manager provided with the package greatly extends their usefulness. With it,

one may create subsets or supersets of the database, or add one's own
sequences to it.

Large amounts of sequence data are relatively useless without annotation.
For some types of information, such as general description or references, it
is suff icient to provide functions to display or print it. For locating

specific regions of sequence, such as coding regions, promoters, inserted
viruses, etc, it is far more useful and accurate for the machine to read the

annotation and use it. Our programs separate the sites and features tables,
which contain such information, from the rest of the annotation. The tables
may be printed out, if desired. They may also be used to translate specified
regions, to extract specified regions into another file, to annotate the

sequence itself at the specified location much like a restriction map, or some

combination. For example, if the user requests "Large T antigen", the
programs can locate SV40 among the thousands of sequences in the database,
find the location of large T from the annotation, read the two exons into

memory, splice them, reverse complement them (large T is on the minus strand
of SV40), locate the entries in the features table which pertain to this

region, renumber them to fit the new sequence, reorder them in reverse order,
and store the new sequence in memory under the name LARGE T in less than 10

seconds. In addition to the information supplied by GenBank, the user may add
information to format the printout in different ways for different regions, or

to note features of specialized interest.

THE PROGRAMS

Unl ike the nucleus, which is an environment within which one works, the
programs are specific specialized tasks done by command from the nucleus. They
are summarized in Figure 1 and only selected new features wil I be described
here.

Editor
Since we are no longer bound to I ine or iented displays for

transportability, the sequence editor has been endowed with full screen and
cursor functions. It features a split screen which enables the user to view

both annotation and sequence simultaneously and to move easily from one to the
other. During cutting and pasting of sequence fragments, the sites/features
table information associated with a particular fragment is moved with it, and
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renumbered appropriately. Similarly, numbered annotation entries are

renumbered automatically during editing within a sequence. The editor has a

double-entry capability in which a sequence may be entered twice for checking

accuracy. The second entry is typed over the f i rst as it is entered. When
the second does not agree with the first, the user is stopped with an audible

tone and corrections can be made immediately.

The editor also has a digitizer interface for direct entry of data from

autoradiograms of sequencing gels. It can correctly interpret curved lanes
and/or very narrow lanes. It displays both the sequence entered and a map of

the gel showing how much of each lane has been entered. Should a data entry
session be interrupted, it has a facility to locate the last position entered

on the gel before resuming data acquisition. The interface supports many
editor features on the digitizer itself such as double-entry, ambiguity oodes,
insert, delete, etc. The digitizer can also be used to estimate size from
mobility on a gel by both a least squares (9) and spline (smooth curve)

method.

At this time we are preparing a "shotgun" sequencing program to

automatically overlap gel readings during a sequencing project, of the type
originally pioneered by Roger Staden (8). It will be available by the time

this paper is publ ished and is a free update to users. It is designed to
interface with the editor, digitizer routines, and disk file facilities

described above.
Matrices and Automatic Matched Sequences

We have increased the speed of the forward and reverse matrices and of
the automatic matched sequence programs up to several hundred-fold by adding a

hashing algorithm. Such algorithms create look-up tables from the sequences

to find short matches directly, rather than by searching for them. They are

used extensively in the very fast global database search programs (5,6,7). In

our implementation, the programs wi I I look only at places w ith at least a

minimal number of matching positions, thus performing the more extensive and

time-consuming analyses at only a subset of al I possible positions. Using
these methods one can compare a I of polyoma to al I of SV40 (5000 x 5000 bp)
in 12 minutes on an IBM PC and in less than 5 minutes on a 16 bit minicomputer
(similar to a PDP-11).

Since there is a certain loss of sensitivity in the hashing process we

made the degree of hashing user adjustable. We also introduced a variable we

call a jump into the hashing process. Using a jump of three, for example,
enables the user to create a hash table in which the bases considered are
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always three positions apart. For the coding regions, in two out of three
possible registrations a jump of three wi l produce a hash table containing
only conserved first and second bases, and the matching regions will be
readi Iy located even if every third base is substituted. Thus the programs
are very flexible in terms of trading off speed versus sensitivity and in

adjusting to compare coding versus non-coding regions. The same additional
variables have been added to the global nucleic acid search which has

otherwise been previously described (5,6).
Locate Protein Cod£ing Regions

This program locates regions of DNA whose potential codon bias suggests
they may code for proteins, a method first suggested by others (10,11,12).
The method involves a heuristic measure which we cal I the '"C-statistic". It

involves measuring codon usage over a short interval of sequence and comparing
it to that for an appropriate set of known coding regions (eg. a number of
genes from the same species). Fol lowing (12), we use a ratio of the number of
actual occurrences of each codon within a synonymous group versus the number
of occurences expected if there were no bias within that group. Potential
codon usage is then measured over a region of an unknown sequence, and a value
calculated for overall codon usage in that region in each frame, as a measure

of the likelihood that it is a bona fide coding region translated in that
frame. We have added several important improvements in the construction of
the reference codon bias table and in the analysis itself.

A bias table is constructed by a program which accepts a number of
sequences and measures their usage of codons within synonymous groups. A bias
table is constructed for each individual sequence and an aggregate table is
constructed using al I sequences together. The program measures the

signif icance of bias in each synonymous group, compares each sequence in the
table to every other, and sets a baseline for a random sequence of the same

base composition as the real sequences in the table. Thus one may readi Iy
evaluate the internal consistency of the table and have a standard of
comparison to values for known genes.

Previous programs of this type only analyze the three possible reading
frames on a DNA strand. Our programs analyze six frames at once, three on
each DNA strand. This involves special difficulties due to the way in which
codon usage seems to be biased. As part of a larger study of codon bias, to
be published elsewhere (13), we have noted that the pattern of codon bias
tends to produce long open reading frames and strong positive bias on both
strands of a known coding region. To deal effectively with this problem, the
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F igure 3 -Codon bi as p lot of the first 4200 base pai rs of the Drosoph ilIa
cuticle protein locus (DROCTCL2, accession number J01081). The region
contains two cuticle protein genes (CP2 on the minus strand in frame 5, and
CP3 on the plus strand in frame 1) and a pseudogene (9'1) on the plus strand.
Wide bars denote coding regions, narrow bars denote introns. The first exons
are only four amino acids long and are too short to be detected by this
method. The lower column shows a "T" in one of three horizontal lanes for
each termination codon found in frames 1,2, and 3, respectively, on the plus
strand. The upper column shows the termination codons in frames 4,5, and 6
on the minus strand. The numbering on the bottom is 5'-3' for the plus
strand, and on the top is 5'-3' on the minus strand, counting from the end of
the complete 6314 bp sequence. The black bars extending up from the bottom of
the plot show the C-statistic at that point. The numbers from 1-6 within the
plot give the values for each frame, with the correct frame at that point
appearing at the top of the bar. The baseline of the plot has the C-statistic
value of 1.0 for a random sequence, and this is noted by the "R" on the left.
Between the C-statistic values of 1.5 and 2.0 is a line running through the
plot marked by "M". This the minimum value, the lowest C-statistic value for
any of the known sequences which were used to make the particular codon bias
table. Empirically, anything above the M line is probably significant,
anything below the R line is probably not signif icant (and is, in fact, not
shown on the plot).

program creates a second C-statistic called a "strand adjustment", by making a

codon bias table using only those codons which are positively biased on one

strand and negatively biased on the opposite strand. This value is calculated
independently of the more usual C-statistic described above and then used to

adjust the C-statistic up or down. The resu Its of this process substantially
increase the discrimination between strands.

The analytical program which uses the codon bias tables generated above

can produce a plot of the C-statistic (Figure 3) with or without the strand

adjustment. It can also calculate the statistic by either multiplying bias
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values over the window and taking the root, or by summing the values over the

w i ndow and tak i ng the average. We f i nd the product method gene ra l I y more

discriminating, but the average method is helpful when one has a poor bias

table (one with too few sequences). Once a potential coding region has been

located with the plot, this program can also calculate the correllation co-

efficient between the codon bias table for the selected region versus the

codon bi as tab le previously estab I ished f or the set of standard genes f or a

more accurate measure of the significance of the comparison.
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