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Introduction

Step-by-Step Examples shows, in exhaustive detail, typical applications of GraphPad
Prism 4 for graphing and analyzing basic research data. The examples progress from
simple graphs, through common statistical analyses, and finally to curve fitting and
special topics. It is not necessary to read the examples in order, and you are
encouraged to proceed directly to the examples of most interest. You should consult
the table of contents entries, as well as the index, carefully to find techniques that are
not obvious from the chapter headings alone.

While the directions and figures match the Windows version of Prism 4, all examples
can be applied to Apple Macintosh systems with little adaptation.

We encourage you to read this manual at your computer, trying each step as you go.
Before you start, use Prism’s View menu to make sure that the Navigator and all
optional toolbars are displayed on your computer.

This manual is one of four that come with Prism 4. All manuals are available for
download as PDF files at www.graphpad.com.
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Bar Graphs with One Grouping Variable

There are three ways to make a bar graph in Prism, each using a different graph type.

»  This chapter shows how to create and format a column bar graph, so named
because each bar shows the mean of all Y values in a column (data set). This
approach is recommended when you have one grouping variable, because the
table format is the same as that necessary to do several other analyses, such
as t tests, one-way ANOVAs, and column statistics.

» Ifyou have two grouping variables, consult “Bar Graphs with Two Grouping
Variables” on page 19.

» Ifyou want to plot bars and lines together on the same graph, or to place bars
along a true X axis where horizontal position of the bars is determined by X
value, see “Combining a Bar Graph with a Line Graph” on page 43.

Histograms—bar graphs that illustrate frequency distributions—are covered
separately, beginning on page 33.

Creating Column Bar Graphs

When you launch Prism, the Welcome dialog appears. Select Create a new project
and indicate that you will create the initial data table and graph by choosing the Type
of graph.

Suppose we want to make a graph similar to the following:

Plasma Level (ng/mL)
H

Untréated Plac;ebo Treated
Treatment Group

One-Variable Bar Graphs 11



Our data are organized by one grouping variable, Treatment Group, which has three
levels—Untreated, Placebo, and Treated. Therefore, in the Welcome dialog, select the
tab for One grouping variable.

wr One grouping variable ] Twa grouping variables | Survival |

One column per group for ttests, one-way ANDWA, ete.

55 ﬂﬂﬂ E bt

P o N Cm :H‘U\ -

=

g | | | B o~

Selected graph: Column bar, vertical

Error bars will be caleulated from stacked replicates

Prism displays 10 choices for the graph type. You can switch freely between the
buttons, reading the “Selected graph” descriptions if you don’t find the thumbnail
illustrations clear. Note that you are not limited to using bars on a column (one-
grouping-variable) graph; you may also choose dot plots (column scatterplots), box-
and-whiskers configurations, etc. The top-middle button—for vertical bars—is the
correct choice for our intended graph. Click OK to exit the Welcome dialog. Prism
creates and displays the new table.

The table contains no X column, and for each data set (A, B, C,...; each corresponding
to a level of the grouping variable), there is a single Y column. With no X values, there
is no categorical distinction from row to row, so replicate values can now be stacked
vertically within single columns.

Click the default table name in the drop-down list on the toolbar. Type a new name
for the table. This name will be used as the title for your graph and in the names of
other sheets linked to the table (note, however, that you are free to name any of those
sheets independently).

Plazma lewvel of GP-14858 w

Enter the values shown below into your table. Be sure to include column headings.
The name of the grouping variable is not included on the table, but the levels are
identified in the Y-column headings “Untreated”, “Placebo”, and “Treated”.
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A B C
Untreated | Placebo Treated
Y Y Y
1 3.4 2.3 4.2
2 4.3 0.2 7.8
3 30 45 59
4 39 31 6.4
5 4.1 5.0 7B

You can change the number format if you wish. Select all of the columns you want to
change, then choose Number Format... from the drop-down list under the
Change button.

Prism creates the column bar graph automatically. In the Navigator, choose the sheet
Plasma level of GP-14858 graph (or the name you gave to the data table earlier).

Plasma level of GP-14858

7.5+

5.0+

0.0- = = —
Untreated Placebo Treated

Note that Prism fills each bar with a different pattern—each bar in this graph
represents a different data set (column), and Prism always colors/patterns bars or
symbols according to data set. If you want to override that default to make all the bars
look the same, follow the directions on page 15 for changing bar appearance, using
the button for changing all data sets at once:

Al
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Displaying Column (Descriptive) Statistics

At this point, you may want to see descriptive statistics for each column. Click the
Analyze button. From the list of Statistical analyses, choose Column statistics.

In the Parameters: Column Statistics dialog, choose the Descriptive Statistics

you want to see.

Parameters: Column Statistics

Dezcriptive Statistics

tinimum and masimum

Cuartiles [Median, 25th and 7Ath percentile]
Mean, SO, SEM

5% Cl of the mean

[] Coefficient of variation

[] Geometric mean with 953 CI

[ 5kewness and kurtosis

Inferences
[ Test whether the distribution iz Gaussian.

Hypothetical value [aften 0.0, 1.0 or 100]

Optiong
Confidence Intervals: () 90% &) 95% (O 99% O 4

Show |4 » | significant digits

[] One-zample t test. Are column means significantly different than a hypothetical value?

[Jwilcoxon signed-rank test. Compare column medians to a hypothetical valus?

X

[HelpMeDecide] [ Cancel ] I

(]S

When you exit the dialog, Prism displays the Results sheet.

14

Prism Examples



Untreated | Placebo Treated

Y Y Y
Murnber of values = = =
Mlinirnum 3.000 2.200 4200
25% Percentile
Median 3.500 4 00 f.400
75% Percentile
Maximum 4300 5200 7800
Mean 3.740 4020 £.280
Std. Deviation 05320 1.264 1.457
Std. Error 02379 05652 0.E515
Lower 95% Cl of mean |3.079 2451 4 571
Upper 95% Cl of mean |4.401 5.589 8.189
Sum 18.70 20,10 31.90

Remember that this sheet is linked to the original data table, so that if you change
that data, these results will be updated automatically.

Formatting Column Bar Graphs

Click on the yellow Graphs tab to return to the graph. Refer to the finished graph at
the beginning of this chapter as you make the following format changes:

One-Variable Bar Graphs 15



To:

Do this:

Change bar appearance

Edit X axis title

Adjust axis title position

Adjust tick label positions

Edit Y axis title

Edit Y axis ticks and numbering

Convert the error bars from SEM
to SD

Double-click on a bar. In the Format Columns
dialog, choose the Appearance tab. Verify the
data set, then change Fill, Pattern, or Border. If
you wish, change to a different method of
representing your data, such as a box-and-whiskers
plot (Appearance drop-down box). You can even
mix different plotting methods on the same graph.
To change all data sets together, click the All button
before you make any changes:

All

Click on the default “XTitle”. Type replacement title.

Use the o button on the tool bar to enter Greek
letters. When done, click elsewhere.

Position the mouse pointer near the axis title
(avoiding tick labels) to display a two-headed-arrow.
Click and drag title away from, or closer to, the axis.

Double-click on an axis. Choose the appropriate
...axis tab in the Format Axes dialog, then
adjust the Numbering/labeling...Distance
from axis setting.

Click on the default “YTitle”. The text will flip to
horizontal. Type the replacement title. When done,
click elsewhere to flip the title back. Use the

o button to enter Greek letters.

Double-click on the Y axis. Under Range, remove
check from the Auto box. Adjust axis. Adjust Tick
options as desired.

Double-click on a bar, then choose the
Appearance tab. Click the All button to change
all data sets at once. Set Plot to Mean & SD.

16
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Reorganizing Column Bar Graphs

The changes discussed in this section are made by double-clicking any bar on the
graph to open the Format Columns dialog, then making adjustments under the
Order and Direction tab.

Format Columns E|

Appearance  Order and Dirsction l

Direction

() Vertical () Horizontal
Baseline

(%) dutomatic () Bars begin at =

Direnzsians
Space between columns: |50 | % of column width

Order

Data gete plotted [left to right):

Flazma level of GP-14858:Untreated Tap
Flasma level of GP-14858:Placebo

Plazma level of GP-14858: Treated

Up

Reverse

Space between selected data set and the previous one: | 100 | % of nomal

Help l [ Cancel l [ QK

Rearranging Bars

Under Data sets plotted (left to right), Prism shows the order of the bars on the
graph. Select the data set you wish to move, then click Top, Up, Down, or Bottom
as appropriate. Or you can completely invert the order of the bars by clicking
Reverse.

Adjusting Spacing between Bars

Change the uniform spacing between bars by adjusting Dimensions... Space
between columns. The overall width of the graph is not changed in the process,
hence widening the gaps between bars will simultaneously narrow the bars.
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Another quick way to expand the space between bars is to select the baseline, then
drag the right “handle” to the right.

Treated

But this widens the bars at the same time. It is a good way to make more room for
baseline labels that are so long that they overlap with adjacent labels.

You may wish to introduce additional spacing into a bar graph to isolate a particular
bar or group of bars. In the Data sets plotted section, select the data set (bar) that
is to immediately follow the additional gap, then change Space between selected
data set and the previous one. For example, the settings below produce
additional spacing between the second and third bars.

Order
[rata zetz plotted [left to right]:

Plasma level of GP-14858: Untreated Top
Plazma level of GF-14858:Flacebo
Plazmna level of GP-14858: T

Reverze

Space between selected data st and the previous one; % of nomnal

Plasma level of GP-14858
7.5+

5.0+

Untreated Plat;ebo Treated
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Bar Graphs with Two Grouping Variables

There are three methods for making a bar graph in Prism, each using a different
graph type:

Most of this chapter is concerned with the method that you must use to graph
data organized into two grouping variables (although you may apply the
method to data organized by one grouping variable). Prism uses the term bar
graph to refer specifically to a graph produced by this method.

When your data has only one grouping variable, the preferred method is to
create a column graph on which data are depicted using bars (as opposed to
columns of point symbols or box-and-whiskers plots). See “Bar Graphs with
One Grouping Variable” starting on page 11.

A third method actually uses a variation of the XY graph on which point
symbols are replaced with “spikes” widened so as to appear as bars. This
method is discussed later in this chapter (see page 28) and in the chapter
“Combining a Bar Graph with a Line Graph” on page 43.

Histograms—bar graphs that illustrate frequency distributions—are covered
separately, beginning on page 33.

Creating Bar Graphs

When you launch Prism, the Welcome dialog appears. Select Create a new project
and indicate that you will create the initial data table and graph by choosing the Type
of graph. Suppose we wish to create the following graph:

GP-13062
E 2007 ? = gre-T_Ir_eatment
ost-Treatment
NI |
£ | =
g 100 - % %
Placebo 10 mg 100 mg

Treatment
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As the graph shows, our data are organized by two grouping variables:
1. Treatment, with three levels—placebo, 10 mg, and 100 mg
2. Time, with two levels—pre-treatment and post-treatment

Therefore, in the Welcome dialog, select the tab for Two grouping variables.

boag ] One grouping wariable  Two grouping vanables l Survival]

Fiova and column cateqaries for bao-way ANOWA and contingency tables.

e [ |l [
HEHE

Selected araph: Interleaved bar, vertical

Enter emor bar info into subcalumng as:

(O Moemorbars (33 = [replicates () | Mean, Standard Deviation, N “

The dialog now displays eight choices for graph type. You can switch freely between
the buttons, reading the “Selected graph” descriptions if you don’t find the thumbnail
illustrations clear. The upper-left button—for interleaved vertical bars—matches the
organization and orientation of the bars in our intended graph.

The difference between the interleaved bars and grouped bars is
potentially confusing. In the thumbnail views, white bars and black
bars represent different data sets. In an “interleaved” bar graph,
Prism places bars for all data in a particular row together, mixing
data from different columns in the process. In a “grouped” bar graph,
Prism places bars for all data in a particular column together, mixing
data from different rows in the process. To help you keep this
straight, remember Prism’s rule—it colors/patterns bars or symbols
according to data set. All data in a particular data set (column) are
colored/patterned in the same way.

The interleaved arrangement is the most common. Grouping is used
rarely, so avoid it unless you are sure that’s what you want.

With the graph type selected, indicate that you will enter data into subcolumns as 3
replicates. That means that you will enter your replicate measurements, and Prism
will compute the means and standard deviations or standard errors automatically.
Click OK to exit the dialog. Prism creates and displays the new table.

The table contains an X column, which will hold the levels of one grouping variable.
Since we indicated in the previous dialog that we will enter data as 3 replicates, Prism
subdivides each data set (A, B, C, ...) to make room for side-by-side entry of replicates
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(A:Y1, A:Y2, A:Y3; B:Y1, B:Y2, B:Y3; etc.). Each data set represents a level of the other
grouping variable.

Click on the default table name (drop-down list on the toolbar) and type a new name

for the table. That name will be used as the title for your graph and in the names of

other linked sheets, although you are free to name those sheets independently.

GP-13062 w

Enter the values show below into your table, including column headings, maintaining
the appropriate organization of grouping variable.

Since there is an X column, each row corresponds to a different level of one of

the grouping variables. The X-column heading “Treatment” identifies that

grouping variable. The levels of that variable are identified by the text labels

“Placebo”, “10 mg”, and “100 mg” in the X column.

Similarly, each Y column (i.e., each data set A, B, C, ...) corresponds to a
different level of the other grouping variable. The name of that grouping
variable is not included on the table, but the levels are identified in the Y-

column headings “Pre-treatment” and “Post-treatment”.

X Labels A B

Treatment Pre-Treatment Post-Treatment

X A1 A2 AY3 B:Y1 B:Y2 B:Y3

Flaceba 114 135 146 180 190

185

10 my 13 127 135 126 140

140

100 my 120 152 160 125 135

142

Which levels should you put in rows, and which in columns? Your
choices will affect labeling, grouping, and appearance of the bars.
Prism will use the levels in the X column as labels under the graph
baseline (identifying the groups of bars) and the levels in the Y-
column headings as elements in the legend. Bars from different
columns of the data table will be graphed with different color/fill
patterns, while bars from different rows of the same column are
shown, repeated, with the same color/fill. If you don’t get the
arrangement you want, you can change that without redoing your
data table, as we'll see in subsequent sections (see “Rearranging
Bars” on page 24 and “Transposing Data” on page 25). If your data
table contains three or more data sets, it will probably be easier to
choose Change... Graph Type and select a different graph type.

Two-Variable Bar Graphs
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You can change the number format if you wish. Select all of the columns you want to
change, then choose Number Format... from the drop-down list under the
Change button.

As soon as you have entered your data, Prism creates a graph automatically. In the
Navigator, choose the sheet GP-13062 graph.

GP-13062

200 -
Pre-Treatment

E23 Post-Treatment

100 -

Placebo 10 mg 100 mg

Treatment

Prism automatically graphs all the data sets (columns A and B) on the data table. You
may easily add or remove data sets from the graph (click the Change button, then
choose the Data on Graph tab in the Format Graph dialog.

Note carefully how the information on your data table is used to create the bar graph:

22

Text entries in the X column are placed beneath the appropriate group of
bars.

Labels for the data sets are placed in the legend, where they identify the data
sets by color/pattern. As we noted earlier, Prism plots data from the same
data set using the same color and pattern. To change colors, patterns, and
borders of the bars, double-click on one of the bars to open the Format
Bars dialog.

The X column heading becomes the initial horizontal “axis” title, although
you can edit the title later.

The name of the data table becomes the title of the graph.

Error bars are produced automatically. Prism averages replicate values and
plots the mean and error bars.

Prism Examples



Formatting Bar Graphs

The following table shows tips for common format changes:

To:

Do this:

Change bar appearance

Move the legend

Adjust axis title position

Adjust tick label positions

Edit the Y axis title

Convert the error bars from SEM
to SD

Double-click on a bar. In the Format Bars dialog,
choose the Appearance tab. Verify the data set
(to change all data sets together, use the All
button):

Al
Change Fill, Pattern, and Border.

Click on one legend element, hold the Shift key,
and click the other element. Drag both legend
elements on the graph to move them. Do fine
positioning using the arrow keys.

Click on axis title (avoiding tick labels) to display
two-headed-arrow cursor. Drag title away from, or
closer to, the axis.

Double-click on an axis. Choose the appropriate
...axis tab in the Format Axes dialog, then
adjust the Numbering/labeling...Distance
from axis setting.

Click on the default “YTitle”. The text will flip to
horizontal. Type the replacement title. When done,
click elsewhere to flip the title back. Use the a
button on the tool bar to enter Greek letters.

Double-click on a bar, then choose the
Appearance tab. Press the All button to change
all data sets at once. Set Error values to Mean
& SD.

Two-Variable Bar Graphs
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Reorganizing Bar Graphs

Rearranging Bars

To change how the bars are arranged, double-click on one of the bars to open the
Format Bars dialog, then choose the Order and Direction tab.

Format Bars
Appearance  Order and Direction ]

Direction
() Vertical () Horizontal

Bazeline

(@) Automatic ) Bars begin at =

Space between bars

Order of data sets [left to right]

0st-Treatment
re-T

FRielationship with preceding data set:
(@) Interleaved (O Stacked () Grouped

Space between adjacent bars: |50 | % of column width

Additional space between groups of bars: 100 | % of bar width

(X

[

A dialog is displayed that allows you to change bar direction, spacing,
and order. You can change the graphical relationship between data
sets, choosing among Interleaved, Stacked, or Separate bar
arrangements, to produce the following arrangements.
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- Interleaved

Stacked

Placebo 10mg 100 mg Placebo 10mg 100 mg

- Separate

Pre-treatment
I Post-treatment

Pre-tre'atment Post-treatment

If your data table contains three of more data sets, it will probably be
easier to choose Change... Graph Type and select a different
arrangement from the graph thumbnails.

Transposing Data

Simply changing the relative arrangement of bars (interleaved, stacked, separate)

may still not yield the graph you want. In that case, try transposing the data table.

With the data table displayed, click Analyze, choose Data manipulations...
Transpose X and Y, and check the option to Create a new graph of the
results. Your original data table and graph are not modified, but the transposed
table is produced on a Results sheet and a new graph of the transposed data is
created. If, for example, you transform this data table...

Two-Variable Bar Graphs
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X Labels A B c
# Labels Contral 1 WWeek 1 Month
X Y Y Y
Ma treatment 144 138 143
Hypophysectomy 150 99 a1
to produce this Results sheet...
X Labels A B
# Labels | Motreatment | Hypophysectomy
X Y Y
Contral 144 150
2 |1 Wesk 138 99
3 |1 Manth 143 a1

...Prism assigns colors and patterns to the bars in the same way before and after
transposing, but since columns and rows are interchanged, so is the color/pattern
scheme.

1 Control 250- [ No treatment
2504 1 1 Week 1 Hypophysectomy
2004 - 1 Month 2004
1504 — 1501
100+ 100
" | 1 ln
’ 1l

No treatment Hypophysectomy Control 1 Week 1 Month

This may be useful even when your data has only one grouping variable, as in the
following example. In this instance, you can use transposition to switch between
having all bars shown in the same way and having bars shown differently.
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Single Column

Transposed to Single Row

X Labels |Data Set-A
One 1
Two 2
Three 3

3-
2-
1-
0

One

Two

Three

X Labels | One Two Three
A 1 2 3
3-
2-
1-
0 T
One Two Three

Adjusting Spacing between Bars: Uniform Changes

You can change the horizontal spacing of bars from the Format Bars dialog (under

the Order and Direction tab).

Space between barz

Space between adjacent bars:

Additional space between groups of bars: |50

15

% of column width

% af bar width

Here is the effect of a decrease in the gap between bars (note that the bars widen in

the process):

200+

100+

Placebo

10 mg

Two-Variable Bar Graphs

100 mg

Placebo

10 mg

100 mg
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Adjusting Spacing between Bars: Custom Changes

Many users wish to introduce additional spacing into a bar graph to isolate one group
of bars in particular—not to be confused with the “additional space” offered in the
dialog shown above, which is placed between all groups. You can create this extra
space by inserting an empty row in the data table in the appropriate place. For
example, inserting the empty row (2) in the following data table...

X Labels A
# Labels Low Dose
X Azl A:Y2 A3
1 |Control 15 135 146
2
3 [5mg 113 127 135
4 125 mg 120 162 160

...produces this change in the graph:

200
150
100

50

0
Control 5mg 25mg 0 Control 5mg 25mg

Note that this works only for a regular bar graph (text in the X column), not a column
bar graph (no X column).

Remembering that Prism shows values in any given data set in the same way
suggests another way to single out one, or a few, bars to be shown differently. You can
always change a bar or symbol appearance by moving data to another column (data
set). Thus this table...

X Labels A B
# Labels Data Set-A Data Set-B
X Mean SEM | Mean SEM

1 [Contral 119 8
2 |2hrs 185 ih
3 |4 hrs 141 12
4 18 hrs 13 20
5 |Follow-up 121 5
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.leads to this graph (when the interleaved bar arrangement is selected):

200
175

150 .
125}
100
75F
50
25
0 T T T T T

Control 2 hrs 4 hrs 8 hrs Follow-up

Dosing Period

The problem with this approach is evident if you look closely at the positioning of the
bars and the alignment of bars with text labels. Prism leaves space for the “missing”
bars, that is, it interprets the empty cells as if they contained zeros. A better solution
may be to set up your table to make an XY graph (format X column for Numbers),
as shown below.

X Values A B
® Title Data Set-A Data Set-B
X Mean SEM Mean SEM

1 1.0 149 &}

2 30 188 11
3 4.0 141 12
4 5.0 13 20
5 7.0 121 5

Here, the X coordinate determines the horizontal position of the symbols. The
resulting graph will show your values as point symbols, but you can change those
symbols to “spikes” (in the Format Symbols and Lines dialog, open the Shape
list box and make the fourth choice from the bottom).
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X]

Format Symbols and Lines

Appearance ] Order ]

Data et | *Data Table-2Data Set-B b
L

Plat; |Mean & SEM
Syumbols
Show symbols Shape: | | Border color; I -

Color; [N - Size:

Errar bars
Show error bar

Color: [l - | Dir: [Abov

Connecting linedcurye
[]5how line

Border thickness: |1 pt w

T+ Thickn: [1/2pt

Area Fill

[ Shaw fill

Wihich v amiz?

@ LeftY asis () Right ¥ awis

-+ XoCdRFO®e4r 1

Legend

] 5how

-

EEE

[ Help ] l Cancel l [ QK ]

Finally, change the numbers along the X axis to text labels using “custom ticks”
(double-click on the X axis, then choose Custom Ticks). In the Customize Ticks
and Gridlines dialog, choose to show Custom ticks only. Enter the definitions for
the five custom labels—for each, fill in the Position (X=), Label, and Tick Style
boxes and then click Add. As you proceed, the definitions are listed in the box below.
When you're finished, the dialog should look like this:
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Customize Ticks and Gridlines

Show
(#) Custom ticks only () Regular ticks only () Both
Define
Poszition [¥=]  Label Tick Style
| | | None v
1.0 Contral Mohe
30 2 hrs MNone
40 4 hrz Mohe
RO 8 hrs MNone
.o Fallow-up Mohe
[ Help ] [ Sart ] [ Cancel ] I Ok ]

A custom tick label can be blank space, that is, you can cover over a
regular tick label with a “label” containing no text content. For
details, see page 107.

Here’s the graph:

200
175
150
125
100

50 .
25F .

Control 2 hrs 4 hrs 8 hrs Follow-up

Dosing Period
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Histograms and Frequency Distributions

This chapter shows how to create histograms—bar graph depictions of frequency
distributions. We’ll cover two alternative approaches:

= Tabulate and graph frequency data that you have already computed from
your raw data, or

»  Give Prism the raw data itself and let it compute and graph the frequencies
automatically.

Histograms from Pre-Computed Frequency Data

In this section, we’ll discuss two methods for constructing histograms when you have
already computed the frequency values and you intend to enter them manually.
Histograms may be either bar graphs or XY graphs.

Bar-Graph Histogram

Suppose we've measured the heights, in inches, of 55 male adults and we record the
number of values in each of nine categories, or “bins”, each representing a different 2-
inch range.

In the Welcome dialog, choose Type of graph. Select the Two grouping
variables tab and then the first thumbnail view.

b ] One grouping wariable  Twa grouping variables ] Survival]

Fov and column categories for bwo-wap AMOWVE and contingency tables.

leh | [ 232 ¢
==

Selected graph: Interleaved bar, vertical

Enter ermor bar info into subzaolumns as:

($IMoemorbars (|3 % lreplicates () | Mean, Standard D eviation, N v

Enter the data and column headings as follows:
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X Labels A
Height Frequency

X Y
B2-64
64-66
B5-65
65-70
70-72
7274
74-76
7B-78
758-80

JE R
e A i o L S e

W] Q0| = S| WA | | R -

The histogram appears as soon as you click the yellow Graphs tab on the toolbar.

12.54

10.04

5.04

2.54

62-6464-666-6858-700-772-744-766-798-80
Height

You can rotate the bar labels to avoid overlapping—double-click the baseline to open
the Format Axes dialog, select the X axis tab, and adjust the Numbering or
labeling settings as follows:

Murnbering or labeling

Laocation: | Below, angled V| Angled: | 45 %

Below is the graph, with a few additional formatting changes. The baseline title
“Height” has been lowered to increase readability. To do this, place your cursor just
above or below the title so that it becomes a double-headed arrow, then click and drag
downward.

34 Prism Examples



12.5-

13 © e Q YV ™ © ) Q
P LD AV A* O D S
¥ P F A AV Y (Y

Height

This is a quick and easy way to make a histogram for which you have already
computed the frequency values. Because the bar labels are text (even if that “text”
takes the form of numbers), and since you can change the angle of the labels, you
have versatility in labeling. If you don’t want angled labels but need to create a little
extra clearance space between labels, select the baseline and then either drag one of
the ends to make it longer or choose Change... Selected Text... to change the font
size. You can also increase readability by omitting some of the labels at regular
intervals (which wouldn’t work well here, but might work where the labels are single
numbers designating bin “centers”). To omit a label, simply omit the X-column entry
for that row, entering the Y value only.

XY-Graph Histogram

Here is another way to make a histogram using pre-computed frequencies. It’s a bit
more work, but it gives more versatility in labeling, allows you to use irregularly
spaced bin centers if desired, and allows you to superimpose a line graph, if desired.

Click the yellow Data tab, then the New button. Choose New Data Table
(+Graph). In the Create New Table dialog, select Create new table (choose X
and Y format). Format the X column for Numbers (XY Graph) and the Y
columns for A single column of values. Enter this data:
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X Values A
Bin Center Frequency
X Y
1 0 1
2 15 2
3 25 2
4 30 1
5 35 3
6 45 4
' 50 3
8 55 5
9 B0 4
10 E5 1
11 70 2
12 75 1
13 o5 1
Click the yellow Graphs tab on the toolbar.
6
5+ [ |
4 [ [
34 [ | [ ]
2- E = ]
14 | E B =
c L L L L}
0 25 50 75 100

Bin Center

You could immediately change this XY plot to a bar graph, but instead we’ll just
change the point symbols to “spikes”, which produces a pseudo bar graph. Since the
graph is still an XY plot, we’ll have the X-axis formatting latitude that comes with that
graph type. Click Change.. Symbols & Lines. Under the Appearance tab, change
the symbol shape to one of the last four choices to produce "spikes" (bars).
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Format Symbols and Lines

Appearance ] Order ]

Data zet; |Data2 V| »

Plat;

Syumbols
Show symbals Shape:

Color, N - Size:

Errar bars

|
<

Show error bar

Connecting linedcurye

[]5how line Start line at arigin

Area Fill
[T S5k il Eelow &

] Emm

Legend
] 5how |dze column tite

-+ XoCdRFO®e4r 1

Wihich v awis?
@ LeftY asis () Right ¥ awis

=

EEE

X]

[ Help ] l Cancel l [ QK

Increase the symbol size, which will widen the "bars", if desired.

0 25 50 75 100
Bin Center
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This results in easier-to-read (not crowded) bin center labeling, which you can adjust
further by double-clicking the baseline, verifying that the X axis tab is selected, and
making changes to the Range and Tick options settings (don’t forget to deselect
the Auto checkbox). The following settings will add an “offset” between the Y axis
and the first bar, while keeping the bin labels centered. Note that we are also adding
minor ticks by selecting 5 intervals from the Minor ticks drop-down list:

Range Tick options

[ auts b ajar ticks: Interval: R0 Starting at (0.0

imirmurn: | -4.0 tdirar ticks: # intervals: |5 w Spacing: Equal Ev
W amimumm; [ 104.0 Al ticks: Direction: | Down w Length; Shiart w

Let’s also make the Y axis labeling more useful. Double-click on the Y axis. Make sure
that in the resulting Format Axes dialog, the Y axis tab is selected. Change the
Range and Tick options settings as follows:

Range Tick options

[ Auta M ajor ticks: Interval; 1.0 Starting at | 0.0

inimum; | 0.0 Mimor ticks: #intervals: |0 “ Spacing: Equal -
b amimum; | 5.0 Al ticks: Direction: | Left w Length; Shrt -

In the graph below, we've also edited the Y-axis title.

Frequency

0 25 50 75 100
Bin Center
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Adding an Ideal Gaussian Distribution Line

To superimpose a normal-distribution line fitted to your data, click Analyze...
Curves & regression... Nonlinear regression (curve fit) . In the
Parameters: Nonlinear Regression (Curve Fit) dialog, choose Gaussian
distribution from the list of Classic equations. The curve, by default, will only be
plotted over the X range of the input data, so let’s extend the rightward extent of the
line. Select the Range tab and make the following settings:

[araph the curve over a specified X range
birirnum 4 walue;
(%) Chooze the starting ¥ walue automatically
) Start the curve at ¥=

b @irnum 4 value:
() Choosze the ending ¥ value automatically
(%) End the curve at 3= [100.0

Click OK to fit the curve.

Frequency

0 25 50 75 100
Bin Center

Histograms from Raw Data, using Automatic Frequency
Computation

Prism can provide a frequency distribution from raw data and draw the histogram
automatically.

In the Welcome dialog, indicate that you will specify the Format of data table
directly.
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Chooze;

3 Calumi

() Type of graph

() Humbers [ Graph)
) Mumnbers +4- Error bar

() Text [bar graph)

(#) Mone [column araph)

() Series, Start at;
Interyal:

0.00
1.00

(%) Farmat of data table

Y Columis
Faor each data set [condition] enter:

() Template

() & single column of values

O3

()| Mean, Standard Deviation, N

() Teut

Dion't make an automatic graph of these data

# | replicates ta caloulate ermar bars

b

In the resulting data table, enter the raw data values into a single Y column.

A

Data Set-A

Y

30

17

22

19

23

17

22

B = | WA ] | PO -

=)

Here are all the values for this example—but be sure to put all 50 numbers into one
column, as shown above.

30
37
23
83
16

17
28
71
74
24

22
61
66

19
18

31
58

23
60
42
57
67

17
46
78
20
10

22

74
64
8o
54

69
60
23
35

19

70
15
52

49
61

63
57
76

Click Analyze, and choose Frequency distribution from the Statistical
analyses list. The Parameters: Frequency Distribution dialog box appears.
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Parameters: Frequency Distribution El

Define bing
Automatic bing

Binwidth |~ | Centeroffisthin [0 |

Exchude walues

All values too zmall ta fit in the first Bin will be excluded.
[] Aleo exclude all values larger than l:l

Options
Relative frequencies.
] Cumulative frequencies.

Mevs graph
Create a new graph of the resultz

[HeIpMeDecide] [ Cancel ] [ Ok

In the Define bins section, you can choose to define the way Prism will sort the data
into bins or you can allow Prism to do it automatically. Under Exclude values, note
that Prism excludes from the analysis all values below those fitting the first bin. You
can additionally choose to exclude all values larger than a value that you designate.
Under Options, you have the option to choose Relative frequencies to have Prism
plot the fraction of the total number of values contained in each bin, rather than the
absolute number of values themselves. You also have the option to display a
cumulative distribution, whereby each bar shows the number or fraction of value
falling in or below that bin. If you make the settings shown in the figure above (don’t
forget Create a new graph of the results), the following line graph is produced
(click the yellow Graphs tab):

0.125+
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As we pointed out earlier, you can drag the end of the baseline to create more room
for the labels,

IRIRIEN

75 80 83

and you can reduce the size of the labels (select baseline and choose Change...
Selected Text...).

O A AT A TR RTARTA N

0 5 1015 20 25 30 35 40 45 50 55 60 65 70 75 80 85
Bin Center

Finally, if we had chosen to display Cumulative relative frequencies (you can back
up and try these options by clicking Change... Analysis Parameters...),

Optionz
Relative frequencies.

Cumulative frequencies.

the graph would resemble the one below. In the illustration below, we made some
additional formatting changes.

Cumulative Frequency
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Combining a Bar Graph with a Line Graph

Occasionally, you may wish to use both bars and lines on the same plot.

T 12 - - 1.0 -
E L3
[o)] -~
2107 -08 5
§ s- B
‘é . - 06 O
g 4' = 0.4 )
g 41 -2
g 2_ ‘02 5
7] . s =
) o
o 0- - 0.0 =

v —TrT
e 0 60 120 180 240 300
njection

Control Seconds

In this example, we'll use point symbols and a fitted exponential decay curve to show
the time course for plasma concentration of an injected drug. On the same graph,
we'll graph periodic chemical measurements (activity of a tissue enzyme), shown
using vertical bars.

Creating an XY Graph with Fitted Curve

In the Prism Welcome dialog, select Create a new project and indicate that you
will create the data table and its linked graph by choosing the Type of graph.

To get “bars” on this graph, we will replace the point symbols with spikes—lines
projected from each X,Y coordinate to the X axis—widened to look like bars. So our
graph is entirely an XY plot. Choose the XY tab. Prism displays the four possible
graph types.
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#1 | One grouping variable ] Twao grouping wariables I Survival I

Single » and multiple v columns for lingar and nanlinear reqressian.

Selected graph: Paints with v erar bars

Enter ermor bar info into subcolumng as:

O3

7 .
% |replicates

(#) | Mean, Standard Deviation

Choose the second graph-type thumbnail, because we want to graph points combined
with Y, but not X, error bars. Then indicate that you will enter data into subcolumns
as Mean, Standard Deviation. Click OK to exit the Welcome dialog. Prism
displays an appropriately formatted data table.

Enter the data below, including column headings. The X values are the times after
drug injection, the first Y column contains plasma drug levels, and the second Y
column contains the enzyme activity measurement. Measurements in this example
don't always coincide—the first enzyme activity measurement is made 30 seconds
before drug treatment, for example—creating some blank cells. Prism has no problem

with that.
X Values A B
Seconds Plasma drug level | Enzyme activity
X Mean sD Mean SD
1 -30 0s0; 0110
2 0 10.3 1.10
3 g 0.17;  0.0s0
4 a0 7.0 084
5 B0 5.2 0.7 0.31 0.046
6 120 248 0.49 0.52:  0.082
7 180 1.8 0.60
8 300 0.5 0.31 0.B6: 0.080

To view the default graph, click the Graphs tab on the toolbar.
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{ ® Plasma drug level
10.04' A Enzyme activity

7.5+ E
504 *

A L A B
) L) L) L) |}
-100 0 100 200 300 400
Seconds

Move the Y axis so that it intersects the X axis at its leftmost point: Double click on
the X axis, select the General tab, and set Origin to Lower Left.

Click the Analyze button to open the Analyze Data dialog box. Under Data to
analyze, choose Selected data sets, then click the Select button to open the
Select Data Sets dialog box. Select Data Table-1:Plasma drug level and
deselect Data Table-2:Enzyme activity. Click OK to return to the Analyze Data
dialog. Finally, choose Nonlinear regression (curve fit) from the list of Curves
& regression analyses.

Click OK to move to the Parameters: Nonlinear Regression (Curve Fit)
dialog. With the Equation tab selected, choose One phase exponential decay
from the Classic equations list. When you click OK to exit this box, Prism adds the
fitted curve to your graph.

We won't use the legend in this example, so we can get rid of it. Select the two
elements of the legend (click on one element, hold the Shift key, and click on the
other). Press Delete.

Adding a Second Y Axis

The activity data are shown as triangular point symbols. They are barely visible
because the Y axis is scaled to accommodate the plasma concentration values, which
are larger numbers. This is a good time to use dual Y axes, giving the enzyme activity
data a separate, right-hand scale. Double-click on symbol for “Enzyme Activity”
(triangle). In the Format Symbols and Lines dialog, select the Right Y axis radio
button to assign this data to a right-hand axis, which Prism will add to the graph
automatically.
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Changing Point Symbols to "Bars"

Replacing the triangular point symbols with bars is merely a matter of choosing a
different "symbol". Return, if necessary, to the Format Symbols and Lines dialog
(Change... Symbols & Lines). Under the Appearance tab, make sure the data set
chosen is ...Enzyme activity, then choose the fourth shape from the bottom from
the Shape drop-down list. Adjust the Size to 8 and assign this "bar" a color. Assign a
Color and Border, if desired. Here are the selections:

Format Symbols and Lines El

Appearance 1 Order I

Data set: | Data 2:Enzyme activity A
v

Plat: | Mean & 5D
Symbals
Shaow spmbals Shape: | W+ Border calar: . -

Color: I ~ Size:

Errar bars
Show enor bar

Color: BB - | Di: |Both

Connecting line/curve
[ Show line

Border thickness: |1 pt w

T | Thickn: [1pt »

Area Fil
[ Shaw fill

~¥+XOCAR0®edrE

Which Y auis?
O Leftamis (& Right ¥ axis

Legend
[ Show

-

B2 B9 R

[ Help ] [ Cancel ] [ ak.
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When you click OK to return to the graph, you may notice that the square symbol at
X=120 is obscured by the newly created bar. Bring the symbol toward the “front” by
choosing Change... Symbols & Lines. Select the Order tab, choose the data set
...Plasma drug level, and click Down.

Final Graph Formatting

Refer to the finished graph on page 43 as you go through the changes in this section:

Edit each axis title by selecting the default title and then typing a meaningful name.
To insert Greek symbols, such as the mu in the left-hand Y axis title, click where you
want the character, then use the o button on the toolbar.

The label "Pre-Injection Control" is simply a text object. Click the text tool, then click
where you want to place the label and type. Click elsewhere to leave the text-editing
mode. Select the label and then use the text editing buttons or Format...Text to
change font size, center-justify, etc., and use your arrow keys to make fine
adjustments in the position of the label.

If you are using colored bars, you may wish to color the right-hand Y axis to match.
To do that, click once on that axis to select it, then choose Change... Selected
Object(s).... Assign a color under Lines, Arrows & Arcs. With the axis still
selected, choose Change... Selected Text... to color the axis title.

To adjust tick spacing and labeling, double-click on the appropriate axis to open the
Format Axes dialog. Verify the selection of the proper tab, then change the Range
and Tick options settings as show in the following chart:

X axis Left Yaxis  Right Y axis
Range settings:
Minimum -50 0 0
Maximum 320 12 1
Tick option settings:
Interval 60 2 0.2

Starting at
Minor intervals

While you're in the Format Axes dialog, if you would like to move the tick labels
further away from the axis, change the setting for Numbering or labeling... In.
from axis.

To reposition an axis title, click on the title (avoiding tick labels) to display a two-
headed-arrow cursor. Drag title away from, or closer to, the axis.
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Performing a t Test

A t test, typically done to compare observations made in two groups subjected to
different experimental treatments, is probably the most common statistical analysis.
As with other statistical tests, your experimental design and data should fulfill certain
criteria, and the results should be interpreted carefully. Prism provides help in both
cases.

Entering and Graphing the Data

In the Welcome dialog box, select Create a new project and indicate that you will
create the data table and its linked graph by choosing the Type of graph.

Data subject to analysis by the t test are divided into two groups using a single
grouping criterion. Therefore, in the Welcome dialog, select the tab for One
grouping variable.

sy One grouping vanable l Two grouping vaniables ] Survival ]

One column per group for b tests, one-wayp AMOWA, etc.

=244
EEIEIA

Selected graph: Scatter plot, vertical

Your choice of graph type will depend on how you wish to graph it and, possibly, the
relationship between the two data sets being analyzed. Suppose we want to show
individual points grouped by experimental treatment, but that measurements are
unpaired (so we don’t want to connect points as in the “before-and-after” graph).
Choose the upper-left thumbnail for a vertical column scatter plot. When you click
OK, Prism displays an empty data table.

Enter the data into the table. We want to compare experimental observations made
on two sample groups, "Control" and "Treated".

t Tests 49



A B
Caontral Treated
Y Y
1 4.5 56
2 37 6.4
3 5.3 6.4
4 0.4 6.0
5 39 57

Many statistics programs expect you to enter data in an indexed format:

Group Value
1 4.5
3.7
5.3
5.4
3.9
5.6
6.4
6.4
6.0
5.7

N NN NN R R R

The first column designates the group, and the second contains all the data. Prism
cannot analyze data entered in the index format, but it can import indexed or stacked
data. Read the chapter “Importing and pasting data” in the companion User's Guide.

Click the Graphs tab on the toolbar to view the default graph.

6.5 AA
6.0 —_—
A
A
5.5 ",
5.0
454 ———w
4.0+ -
]
3.5 T T
Control Treated
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The graph is a column scatter plot, wherein all points are shown, grouped into
columns according to level of the grouping variable. By default, the horizontal line
across each group of points locates the mean for that group. You can change, for
example, to an ordinary vertical error bar indicating SEM or SD by choosing
Change... Column Appearance..., choosing the Appearance tab, and adjusting
the setting in the Line at drop-down box.

If you change your mind about the column format on the graph—perhaps you would
rather see box-and-whiskers configurations or bar--click Change... Graph Type....

Note that for paired experimental data, a before-and-after graph is available. You can
choose that graph type in the Welcome dialog (see above) or change to it later
(Change... Graph Type...).

6.5
6.0
5.54
5.0+
4.5+

4.0

Cor:trol Treéted

Performing the Analysis

Click on the Analyze button. From the Type category, select Statistical analyses
and then t tests (and nonparametric tests). From the Data to analyze
category, the choice of All data sets is all right for our example, since the data table
has only two data sets. When your table has more than two data sets, you must
choose Selected data sets and then click Select to tell Prism which two data sets to
compare.

In the Parameters: t Tests (and Nonparametric Tests) dialog box, choose a
test. You can do this in either of two ways:

» If you know what test you want, select it from the drop-down list. Prism
automatically checks the option boxes corresponding to that test. You can get
help deciding which test to do by clicking Help Me Decide.

»  Check the appropriate option boxes. Prism then picks the test for you and
displays its name.
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If you want Prism to pick the test for you, you'll need to make some decisions about
your data and to check the option boxes accordingly:

Decide whether the data is "paired". Select a Paired test when you expect
each value in one group to be closer to a particular value, rather than a
randomly selected value, in the other group. When this is the case, it's
usually obvious. For example, you've made one observation under "control"
conditions (before treatment) and the "paired" observation during or after
treatment in the same individual. There are more examples available on the
help screen accessed by clicking Help me decide. In our example
experiment, the data are not paired.

Decide whether you are willing to assume that your data follows a Gaussian
(normal) distribution. If not, check Nonparametric test. Prism does not
make that choice for you; it’s usually impossible to tell whether the
population is Gaussian just by analyzing the distribution of a small sample.
You must make the decision based on knowledge of any previous data and
the sources of variability in your experiment. A t test is parametric. Click
Help Me Decide for more information.

Click Welch's correction only if you're sure you want it. This option is
rarely used.

Select a one-tailed or a two-tailed test. Usually, a two-tailed test is the correct
choice. For more information, click Help me decide.

You'll probably want to see descriptive statistics for each of the data groups,
so check that box (near the bottom of the dialog, Create a table of
descriptive statistics...).

For our example, make the following selections:

52

Parameters: t Tests (and Nonparametric Tests) E]

Choose Test

*foumay either choose a test by checking the three option baxes, or
you may choose a test by name below.

[ Paired test. Yalues in each row represent paired oheervations.
[] Nonparametric test. Don't azsume Gaussian distibutions.

[*welch's comection. Don't aszume equal variances.
Test Mame: | Unpaired t test b

Options
Pwaluss: () Onetailed (3 Two-tailed
Confidence Intervals: (O 90% (& 95% O99x O %

Cutput
Show |4 % | significant digits

Create a table of descriptive statistics for each column

HelpMeDecide] [Cancel] [ QK. ]
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When you click exit the dialog, Prism switches to the Results section of your project
and displays the analysis results.

Viewing and Understanding the Results

If you requested them, the descriptive statistics appear when you select Column
statistics from the drop-down box on the tool bar or in the Navigator.

=-[C] Resultz

: El t test of Data 1
e T abular results
' Comrnentary

Column statishics

To see the results of the statistical analysis, change the view to Tabular results. The
P value is 0.0055. That is, there is a 0.55% chance of measuring a difference as large
as, or larger than, you saw simply as a consequence of random sampling. Since P is
far lower than the traditional cutoff of 0.05, the difference is termed "statistically
significant".

The difference between sample means is 1.46. The 95% confidence interval for the
difference between population means is -2.35 to —0.57. This means we can be 95%
sure that the difference in population means (essentially the difference we would see
if we repeated the experiment many times) lies within that range.

All statistical analyses are based on assumptions. Press the “Analysis Check List”
button on Prism's toolbar

M

to read the Prism help screens that review these assumptions. Other Help screens
review the meaning of the P value, statistical significance, and confidence intervals.

Reconfiguring the Analysis

It’s quite easy to change the parameters for, and then re-run, the t test or
nonparametric analysis. In the Navigator, choose any of the sheets containing
analysis results.

Click the Change button and then choose Analysis Parameters.... The
Parameters: t Tests (and Nonparametric Tests) dialog reappears. Make your
changes, then click OK to recompute the analysis and display the amended results.
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One-Way ANOVA and Nonparametric
Analyses

Prism offers four ways to compare three or more sets of data grouped by a single
factor or category: regular ANOVA, repeated-measures ANOVA, Kruskal-Wallis test,
and Friedman test. Following ANOVA, Prism can perform the Bonferroni, Tukey,
[Student] Newman-Keuls, or Dunnett's post test. Following nonparametric analysis,
Prism can perform Dunn's post test.

In this step-by-step example, we’ll demonstrate a simple repeated-measures ANOVA
followed by the Tukey post test, but we’ll point out other options as we go. To learn
more about analysis of variance, consult the ANOVA sections of the companion
Statistics Guide. If you have only two data groups to compare, see the chapter on t
tests starting on page 49. If you have more than two groups, but the data are grouped
by two factors, refer to “Two-Way ANOVA with Post Tests” on page 63.

Entering and Graphing the Data

When you launch Prism, the Welcome dialog appears. Choose Create a new
project and indicate that you will create the initial data table and linked graph by
choosing Type of graph.

Suppose that you measure the mean blood pressures of six animals during a pre-
treatment control period, then while administering a neural stimulus alone, in the
presence of a placebo drug, and in the presence of a putative antagonist designed to
inhibit the effect of neural stimulation. The data are matched, since each treatment is
repeated in succession with each subject. Since the data are organized by one
grouping variable, Treatment, which has four levels—Control, Stimulus alone,
Stimulus plus placebo, and Stimulus plus antagonist, select the tab for One
grouping variable.

The Welcome dialog now displays 10 choices for the graph type. You can switch freely
between the buttons, reading the “Selected graph” descriptions if you don’t find the
thumbnail illustrations clear. Note that you are not limited to using bars on a column
(one-grouping-variable) graph; you may also choose dot plots, box-and-whiskers
configurations, etc. The top-middle button—for vertical bars—is the correct choice for
our intended graph. Click OK to exit the Welcome dialog. Prism creates and displays
the new table.

The table contains no X column, and for each data set (A, B, C, ...; corresponding to a
level of the grouping variable), there is a single Y column. With no X values, there is
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no categorical distinction from row to row, so replicate values can now be stacked
vertically within single columns.

Click the default table name in the drop-down list on the toolbar. Type a new name
for the table. This name will be used as the title for your graph and in the names of
other linked sheets (you may, however, name linked sheets independently).

Effect af Meural Stirmulation on Blood Pressure w

Enter the values show below into your table. Be sure to include column headings. The
name of the grouping variable is not included on the table, but the levels are

identified in the Y-column headings “Control”, “Stimulus”, “+Placebo”, and
“+Antagonist”.

A B C D
Caontral Stimulus | +Placebo |+Antagonist

Y Y Y Y
1 20 17 120 28
2 ag 116 118 90
3 95 116 109 105
1 94 13 127 97
5 91 123 127 93
6 a7 132 129 108

If you want to change the number format, select the columns you want to change,
then choose Change... Number Format....

When you choose a graph type under the One grouping variable
tab, Prism omits the X column from the table, but you may find it
useful to add an X column simply to keep track of subject identities,
as shown here:
X Labels A B C D
Animal Mo, | Contral | Stimulus | +FPlacebo |[+Antaganist
X Y Y Y Y
1 [w-1078 a0 "7 120 a3
2 |wW-1079 85 1B 118 90
3 |WwW-1080 95 1R15] 109 105
4 |N-8E2 94 131 127 97
5 |w-1129 91 123 127 99
6 |h-583 a7 132 129 108
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To include an X column without causing Prism to graph the data as if
it had two grouping variables, start with a graph type under the One
grouping variable tab, then from the data table, select Change...
Format Data Table ... and change the X-column format to Text
(bar graph).

As soon as you have entered your data, Prism creates a graph automatically. In the
Navigator, choose the sheet Effect of Neural Stimulation on Blood Pressure
graph (or the name you gave to the data table earlier).

You could also format your table for entry of mean, standard
deviation or standard error, and N. Choose a graph type from the
One grouping variable tab, then from the data table, select
Change.. Format Data Table ... and change the Y Columns
setting to Mean, Standard Deviation, N (or other desired

format).
A B
Control Stimulus
Mean SD N Mean SD N N
1 927 36 G| 1224 7h B

With this format, you can’t perform repeated-measures or
nonparametric analyses, which require raw data.

Click on the yellow Graphs on the toolbar to view the default graph.

Effect of Neural Stimulation on Blood Pressure
150-

100+

50+

Control Stimulus +Placebo +Antagonisi
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If the baseline labels overlap, you can either select the baseline and reduce the font
size

-

A

or select and drag to elongate the baseline.

=
+Antagonist

We won’t discuss the graph further; for more information about working with one-
grouping-variable graphs, see “Bar Graphs with One Grouping Variable” beginning
on page 11.

Performing the Analysis

Click on the yellow Data tab to return to the data table. Click Analyze. In the
Analyze Data dialog, select Statistical analyses and One-way ANOVA (and
nonparametric).

Prism compares three or more sets of data grouped by one factor in four ways. The
correct approach depends on whether observations are matched by subject at each
factor level and whether you assume that measurements are drawn from a population
that follows a normal (Gaussian) distribution. Your options are outlined below.

Assume Gaussian distribution?
Yes — Parametrictest O~ Nonparametric
test
No — data NOT .
Repeated matched by subject Regular ANOVA Kruskal-Wallis test
measures?  yes — data matched Repeated-measures Friedman test
by subject ANOVA

You don’t have to memorize this table; Prism can help you with your choice.

In the Parameters: One-way ANOVA (and Nonparametric) dialog box, you
have two options for selecting the appropriate test.

One option is to set the checkboxes according to (a) whether or not you have repeated
measures and (b) whether or not you’re assuming that measurements are drawn from
a population that follows a Gaussian distribution. Prism provides the test name
automatically:
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Chooze Test

You may either chooze a test by checking the bwo option boxes, or
wou may choogze a test by name below,

Fepeated meazures test, Yalues in each row reprezent
matched obzervations.

[] Honparametric test. Don't assume Gaussian distibutions.

Test Mame: | Repeated Measures AMOWA w

The other option is to select the desired test from the Test Name drop-down box. In
this case, Prism sets the checkboxes for you:

Chooze Test

“You may either chooze a test by checking the bwa option boxes, ar

you may choose a test by name below.

Repeated measures test. Values in each row represent
matched observations.

[] Honparametric test, Don't assume Gaussian distibutions.

Test Mame: | Repeated Measures AMOWA w
Krugkalw allis test
Pzt Test Friedrat test

One-way analpsiz of variance

Test Hame:

Next, choose the post test, if any. Set the checkbox to tell Prism whether or not to do a
post test when, on the basis of the F statistic computed in the course of the ANOVA or
nonparametric analysis, it does not find an overall difference in group means. Then
choose the post test from the Test Name drop-down list.

Post Test )
Only compute post test if overall P < 0.05

Test Mame: | Tukey: Compare all pairs of columns. ,V.
Mo Post Test
Tukey: Campare all pairs of calumnz.

- Hewman-F.eulz: Compare all pairz of columnz k
Optiong Banferroni: Compare all pairs of columng.
Confidence | Bonferroni: Compare selected pairs of columns.

Dunnett: Compare all columis ws. contral colurmn
Test for linear trend between mean & col. number

You can get help choosing both the basic analysis and the post test when you click
Help me decide at the bottom of the Parameters dialog box.

Before leaving the Parameters dialog, check the box for the optional table of
descriptive statistics.
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Viewing and Understanding the Results

When you leave the Parameters dialog, Prism runs the analysis. The Results page for
this example consists of three views (you can switch among the views (Tabular
results, Commentary, Column statistics) either in the drop-down box on the
toolbar or in the Navigator.

Prism displays the Tabular results view first, indicating whether there is an overall

difference in means

Effect of Meural Stirmulation on Blood Pressure

Repeated Measures ANOWA

P walue P=0.0001
P walue surmmary -

Are means signif. different? (P < 0.05) Yes
Mumber of groups 4

F 58.42

R squared 09212

and whether subject matching was effective (and hence increased the power to detect

differences among means).

WWas the pairing significantly effective?

R squared 0.09355

F 3927

F walue 003178

P walue summary *

Is there significant matching? (P < 0.05) Yes

The ANOVA table is presented
ANCOWA Table S df WS

Treatment (between columns) 41593 3 1399
Individual (between rows) 4703 & 94 .07
Residual {random) 3593 15 23596
Total 5028 23

as well as the post test results.
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Tukey's Multiple Comparison Test Mean Diff. q P value
Control vs Stimulus -29.83 14.93 P = 0.001
Control vs +Placebo -259.00 1451 P = 0.001
Contral vs +Antagonist -6.833 3.420 P =0.05
Stimulus vs HPlacebo 0.8333 0.4171 P =005
Stimulus vs +Antagonist 23.00 11.51 P <0001
+Placebo vs +Antagonist 217 11.09 P <0001

You can get help understanding the results by clicking the “Analysis Check List”
button on the toolbar:

[

If Prism cannot do the analysis (e.g., you request a repeated-measures analysis, but
data are missing from one or more cells), this is indicated on the Tabular results
view also, and you are referred to the Commentary view.

Table Analyzed

Effect of Meural Stimulation on Blood Pressure

Error:See Commentary

[C] results
= 1way ANOVA of Effect
Tabular resulks

|

1 Columnn statistics

ANOVA: Overview
Table analyzed:Effect of Meural Stimulation an Blood Pressure
This test cannot be performed with missing values,

Finally, choose the Column statistics view.
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Caontral Stimulus | +Placebo |+Antagonist
Y Y Y Y

Mumber of values  |B B B B

Minirmurm 83.00 116.0 109.0 90.00
25% Percentile 89.00 116.0 11345 93.50
Median 92.50 120.0 1235 93.50
75% Percentile 96.50 131.5 128.0 106.5
Maximurm g7.00 1320 129.0 108.0
Mean 9267 1224 1217 99.50
Std. Deviation 3.559 7.450 7.581 5.348
Std. Error 1.453 3.041 3.095 2592
Lower 95% Cl 85.93 114.7 13.7 92.84
Upper 95% CI 96.40 130.3 1296 106.2

Reconfiguring the Analysis

You can easily change the parameters for, and then re-run, your ANOVA. In the
Navigator, choose any of the sheets containing the analysis results. Click the Change
button and then choose Analysis Parameters.... The Parameters: One-way
ANOVA (and Nonparametric) dialog reappears. Make your changes, then click
OK to recompute the analysis and display the new results.
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Two-Way ANOVA with Post Tests

Two-way analysis of variance may be used to examine the effects of two variables
(factors), both individually and together, on an experimental response. Suppose
you’ve studied the effects on heart rate of three experimental treatments (factor 1)
before and during exercise (factor 2). Two-way ANOVA, in combination with post
testing, can answer the following questions:

= Js there an effect of treatment on heart rate?
= s there an effect of exercise on heart rate?

= Isthere interaction between the factors? That is, does the affect of treatment
differ between exercise states, or equivalently, does the effect of exercise
differ among treatments?

» At which treatments is there a significant difference between exercise levels?

To learn more about two-way analysis of variance, consult the companion Statistics
Guide. If your data are grouped by only one factor, see “One-Way ANOVA and
Nonparametric Analyses” beginning on page 55.

Entering and Graphing the Data

When you launch Prism, the Welcome dialog appears. Choose to Create a new
project and indicate that you will create the initial data table and linked graph by
choosing the Type of graph.

Our data are organized by two grouping variables, or factors:
= Exercise, which has two levels—Before exercise and During exercise
» Treatment, which has three levels—None, Lesion, and Lesion+Drug

Therefore, select the tab for Two grouping variables.
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e ] One grouping variable  Two grouping vanables l Survival ]

Fiow and column cateqonies for two-way ANOWA and contingency tables.

i | |l B3 |les?
= =

=

Selected graph: Grouped bar, vertical

Enter emor bar info into subcalumng as:
O MHoerorbars &3 o |replicates (O | Mean, Standard Deviation, M “

The Welcome dialog displays eight choices for the graph type. You can switch freely
between the buttons, reading the “Selected graph” descriptions if you don’t find the
thumbnail illustrations clear. Choose the top-center button—for grouped vertical
bars.

With the graph type selected, indicate that you will enter data into subcolumns as 3
replicates. That means that you will enter your replicate measurements, and Prism
will compute the means and standard deviations or standard errors automatically.
Click OK to exit the Welcome dialog. Prism creates and displays the new table.

Data entry for two-way ANOVA in Prism differs from that in most other statistics
programs. Other programs require you to enter data in a three-column indexed
format—all measurements in one column and the levels of the two factors in two
parallel columns. With Prism, you enter your data onto a table as you’d normally
illustrate the results, with the row-and-column position of each datum indicating the
factor level. The data table contains an X column, which holds the levels of one
grouping variable. Since we indicated in the previous dialog that we will enter data as
3 replicates, Prism subdivides each data set (A, B, C, ...) to make room for our
replicates (A:Y1, A:Y2, A:Y3; B:Y1, B:Y2, B:Y3; etc.). Each data set represents a level
of the other grouping variable.

Enter the values show below into your table, including column headings.

X Labels A B
Treatment Before exercise During exercise
X A1 AY2 A3 B:Y1 B:v2 B:Y3
Mone 75 70 73 13 125 140
2 |Lesion BY ao a1 175 174 169
3 |Lesion+Drug 78 75 76 134 126 137

Although we instructed Prism to format the table for “3 replicates”, in this example,
the values in subcolumns Y1, Y2, and Y3 are matched measurements, not simple
replicates (we’ll indicate that when we enter the two-way ANOVA analysis parameters
later). This affects Prism’s tolerance for missing values:
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= Ifyou request ordinary two-way ANOVA (no matching), Prism will work even

if some values are missing. You must have at least one value for each
condition in each row. For example, if your data table is formatted for
triplicate values (as in the example), you can't leave all three values empty.

» Ifyou specify repeated-measures two-way ANOVA (row or column

matching), Prism will allow you to have a different number of subjects in one

data set than you do in another, but within each data set you must have the

same number of subjects on each row.

In the Welcome dialog, we could have specified a data entry format
of mean; standard deviation or standard error; and N (unless you
want to do repeated-measures analysis, in which case you must
provide individual replicate measurements).

X Labels A B
Treatment Before exercise During exercise
X Mean | SD N Mean | SD N
Mone 727 25 3| 1320 748 3
2 |Lesion 767 B.7 I 1727 32 3
3 |Lesion+Drug 763 1A 3 1323 a7 3

Click on the default table name (drop-down list on the toolbar). Type a new name for
the table. That name will be used as the title for your graph, although you are free to

name the graph independently.

Exercize and Treatment Effects

Click on the yellow Graphs tab on the toolbar to view the bar chart that Prism has

produced automatically.

Exercise and Treatment Effects

2001

1004

Before exercise
Treatment

Two-way ANOVA

During exercise

EZ21 Before exercise
E==3 During exercise
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Note that the error bars on this graph will show standard error (SEM) rather than
standard deviation (SD) if that is the default setting in Prism (to check this, choose
Edit... Preferences..., select the Graph tab, and check the Error Bar settings). If
you don’t want to change the default setting to SD error bars but you do want the
error bars to show SD on this graph, double-click on one of the bars to open the
Format Bars dialog. Choose the Appearance tab, use the button to change all data
sets at once,

Al

and set Error values to Mean & SD.

Performing the Analysis

Click Analyze. In the Analyze Data dialog, select Statistical analyses and Two-
way ANOVA. Accept the default setting to analyze All data sets.

If you have three or more data sets, you can choose to limit the
analysis to only some of the data sets by choosing Selected data
sets and clicking Select to open the Select Data Sets dialog and
tell Prism which sets to analyze. If you later change your mind about
which data sets to analyze, click the Change button and choose
Data Analyzed....

In the Parameters: Two-Way ANOVA dialog box, enter names for the factors
(variable names) defining the columns and the rows. This step is optional. It doesn’t
affect the computations; it just makes the output easier to follow.

Wariable names
Mame of the variable that defines the columnz: | Exercise
[i.e. "Drug” ar "'Treatment'']

Mame of the variable that defines the rows: Treatment
fi.e. "Time", "Concentration” or "Gender"']

Now tell Prism whether or not you have repeated measures, and if so, whether the
measurements are repeated row-wise or column-wise. We’ll assume that subjects
were assigned to only one of the three treatment groups (None, Lesioned, Lesioned +
drug treated) but that measurements were made on each subject both before and
during exercise. This is matching by row—the value in row 1, subcolumn A:Y1 was
obtained from the same subject as the value in row 1, subcolumn B:Y1.

66 Prism Examples



X Labels A B
Treatrment Befare exercise Dwring exercise
X A1 A2 AY3 B:Y1 B:Y2 B:Y3
1 [MNane (75.0; 70.0 730 (1310 125.0 140.0
2 |Lesion F9.0 go.o 1.0 175.0 174.0 165.0
3 |Lesion+Drug 78.0 750 76.0 134.0 126.0 137.0
The dialog setting is...

FRepeated meazures [mixed model] AHOWA
() No matching. Use regular two-way ANOVA [not repeated measures).

® Each column represents a different time point, so related values are spread
= ACIoss: & row.

o) Each row reprezents a different time point, so related walues are stacked
= into & subcolunin.

Flacement of related values:

X Title Timel Time? Time3
4 EES RN EEE B RS

Note that the Repeated measures section will be greyed-out if you do not provide
individual replicate values.

Finally, select the Bonferroni post-test option.

Post tests

Bonferoni pozt-tests to compare replicate means by row.

You can get more help with these settings by clicking Help Me
Decide at the bottom of the Parameters dialog box.

Viewing and Understanding the Results

When you leave the Parameters dialog, Prism runs the analysis. The Results page for
this example consists of two views. You can switch between the views (Tabular
results and Narrative results) in the drop-down box on the toolbar or in the
Navigator. Prism displays the Tabular results view first, indicating significant
effects of both exercise and treatment, and interaction between the two factors (the
effect of one factor is influenced by the level of the other factor, e.g., the difference in
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heart rate before exercise and heart rate during exercise is not the same with all
treatments).

Source of Wariation % of total variation F walue
Interaction 5.70 0.0003
Exercise 7.06 0.0004
Treatment 86.07 P=0.0001
Subjects (matching) 0.5858 0.5041

Source of Variation P value summary Significant?
Interaction - Yes
Exercize - Yes
Treatment - Yes
Subjects (matching) ns Mo

The results show that, in this case, matching of subjects was not effective in
controlling for variability between subjects. If you click the “Analysis Check List”

button

M

and request information on subject matching—choose How to think about results
from two-way ANOVA...Subject (matching)—Prism advises you to reconsider
using repeated-measures ANOVA.

Further down the Tabular results view, the ANOVA table is presented

Source of Wariation Sum-of-squares hean square F
Exercise 1832 6.2 3617
Treatment 22330 22330 g73.9
Subjects (matching) 152.0 2533 0.9913
Residual 153.3 25.56

as well as the post test results.

Bonferroni posttests

Exercize During exercise Difference 95% CI of diff
Mone 1320 59.33 4576 to 72.90
Lesion 1727 96.00 8243 to 109.6
Lesion+Drug 132.3 56.00 4243 to B8.57

Exercise t P walue Surnrmary
Mone 14.37 P<0.001 -
Lesion 2326 P<0.001 -
Lesion+Drug 1357 P=0.0M -
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For an easy-to-understand synopsis of the results, switch to the Narrative results
view.

Here’s a partial illustration of the narrative:

Does Exercise have the same effect at all values of Treatment?
Interaction accounts for 5.70% of the tatal variance.
F=2891 DFr=2 DFd=E
The P value = 0.0008
[fthere is no interaction overall, there is a 0.083% chance of randomly observing so much
interaction in an experirment of this size. The interaction is considered extrernely significant,

Since the interaction is statistically significant, the P walues that
follow for the row and column effects are difficult to interpret.

The narrative points out the “extremely significant” interaction (very small
interaction P value), which makes the P values for factor (row and column) effects
hard to interpret. It is particularly worthwhile in that case to investigate the results of
the post tests. If the interaction P value had been high, suggesting a consistent
difference from before to during exercise among all treatments, the post tests would
not have been very helpful.

If Prism cannot do the analysis (e.g., you request a repeated-measures analysis, but
data are missing from one or more cells), the Tabular results view is empty, and
you can read an explanation in the Narrative results view.

Prism cannaot perform repeated measures two-way ANOYWA when data points are missing for some subjects.

While Prism makes two-way ANOVA very simple, it does not offer all the options of a
high-end statistics program. Specifically, Prism cannot do the following:

» Two-way nonparametric ANOVA
» Post testing between row means

»  Post testing between column means

Reconfiguring the Analysis

You can easily change the parameters for, and then re-run, your ANOVA. In the
Navigator, choose any of the sheets containing the analysis results. Click the Change
button and then choose Analysis Parameters.... The Parameters: Two-Way
ANOVA dialog reappears. Make your changes, then click OK to recompute the
analysis and display the new results.
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Kaplan-Meier Survival Analysis

With some experiments, the outcome is a survival time, and you want to compare the
survival of two or more groups. Survival curves show, for each time plotted on the X
axis, the portion of all individuals surviving as of that time.

100-—|—I
© Control
2 75+
2
=
(7]
-E 504
(]
Treated
& 254 reate
c L) L) L) L) L)
0 30 60 90 120 150

Days Elapsed

The term "survival" is a bit misleading; you can use survival curves to study times
required to reach any well-defined endpoint (e.g., re-occlusion of a grafted blood
vessel, first metastasis, discharge from the hospital).

Prism creates survival curves using the method of Kaplan and Meier and calculates
the 95% confidence interval for fractional survival at any particular time. Prism can
also compare two or more survival curves using the log-rank test.

Entering Survival Data

In the Welcome dialog, select Create a new project and Type of graph.

Select the Survival tab. Prism displays the possible graph types for survival analysis.
As you click on the thumbnail views, you can read a Selected graph description for
each below. For this example, we'll create a descending staircase graph with tick
marks showing censored data and with no error bars. Therefore, select the top-left
thumbnail view. Near the bottom of the dialog, choose to express the Y values as the
Percents of subjects surviving at the designated times. Here are the selections:
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#r | One grouping variable ] Two grouping vaniables  Surival l

Kaplan-Meier survival curves and log rank test.

Selected araph: Staircase, ticks, no error bars [starting at 100%]

Plot () Percents () Fractions

How to enter data; Create a row for each subject. Enter elapsed time az . Enter a code
[1 for death, O for censared] inta a ™" calumn (column & if the first treatment aroup, B f the
zecond, ...].

Before leaving the Welcome dialog, note the instructions for data entry provided at
the bottom. When you click OK, Prism displays the formatted data table.

For each subject in the study, enter the survival data as follows:

1.

In the X column, enter the time elapsed (e.g., days, months) between entry of
a subject into the study and the time of the "outcome" for that subject. You
must enter a specific number of days (or other units of time), not a range of
dates.

In the Y column, enter the binary code value specifying the outcome for the
subject on that row. By default, the value "1" denotes occurrence of your
designated experimental outcome (death or other specified endpoint), and
the value "0" denotes that the subject was censored. Unless you change this
default (see “Changing the Analysis”, page 75), the only permissible values
are 0 and 1. A subject is censored when you have no useful information about
what happened to the subject after that time. Subjects alive at the end of the
study are censored, because you do not know about their later survival.
Subjects who leave the study are also censored, either because you do not
know whether or not they survived, or because you can't use that information
because they were no longer following the study protocol.

If you need to record two or more outcomes at the same time, use multiple rows with
the same X value. Here is our example data:
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X Values A B
Days Elapsed Caontral Treated
X Y Y
1 9 1
2 25 1
3 43 0
4 45 1
5 45 1
6 46 0
7 64 1
8 B4 0
9 75 1
10 78 1
11 100) 1
12 124 1
13 130) 0
14 130) 1]
15 150) 0
16 150) 1]
17 150 0

Survival Data

For this example transplant study, we'll describe just the Control data in column A. Subjects
in the Control group died (code = 1) at 46, 78, and 124 days after transplant. One subject in
the Control group was lost to follow-up (code = 0) 46 days after treatment, and another was
dropped for noncompliance (code = 0) 64 days after treatment. At the end of the study, three
subjects were still alive and enrolled in the study; one had survived for 130 days, and the
other for 150 days, after treatment.

You don't have to enter X values in order of occurrence. In fact, if it is more
convenient, you can enter all of your data for a particular treatment group together,
as shown in the following table. Just be sure to match each event code (Y-column
entry) to its proper time (X-column entry).
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X Values A B
Days Elapsed Caontral Treated
X Y Y
1 46 1
2 45 1]
3 B4 0
4 75 1
5 124 1
6 130) 0
7 150 1]
8 150 0
9 9 1
10 26 1
11 43 ]
12 46 1
13 B4 1
14 75 1
15 100) 1
16 130) 1]
17 150) 0

Data Vertically Ordered by Group

All the data for the Control group are entered first (rows 1-8), followed by the data for the
Treated group.

Before proceeding, make sure that each subject in your study is represented exactly
once (by either 1 or 0) in the Y data column. In other words, the total number of 1's
and 0's entered in each column should equal the number of subjects in that group.

Automatic Analysis and Graphing

Since it has been given all the information it needs in the Welcome dialog, Prism
performs the survival analysis and graphs the survival curve automatically. Click the
yellow Results tab on the toolbar. Prism displays the results on a Results page,
which shows the coordinates for plotting percent survival vs time. You can see further
results by clicking on any of four subsheets in the Navigator: Survival
proportions, showing fractional survival at each plotted time; # of subjects at
risk, number of subjects still alive up until each time point; Curve comparison
using the logrank test; or Data summary.

Click on the yellow Graphs tab to view the survival graph. The following illustration
includes some formatting changes not discussed here:
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Changing the Analysis

If the survival analysis is not configured as you wish, click Change... Analysis
Parameters....

Parameters: Sunvival cunve El
|t

The ¥ walues are ime. The v values are coded as follows:

Death/Event: 1 [ ather 'y values

Censored subject: |0 are ignared.)

Clutput

Tabulate: Percent survival
Show cenzored subjects on graph.

Express fraction survival erar bars az (OSE (O 95201 (5 Mone

’HelpMeDecide] [ Cancel ] I Ok, ]

The Input frame of the resulting parameters dialog shows the default binary coding
for experimental outcomes—“1” indicating death or other specified endpoint, "0"
indicating censored data. You may substitute other code numbers (but not letters)
here.

In the Output frame, you can change how the survival data are graphed—whether Y
coordinates indicate fractions or percentages, whether the graph shows survival
(descending from 1.0 or 100%) or deaths (increasing from 0), etc. The output
parameters were originally chosen when you selected the graph type, in fact, another
way of changing these parameters is to choose Change... Graph type....
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Analyzing Contingency Tables

A contingency table shows numerically the results of an experiment in which the
outcome is a categorical variable. Commonly, two groups of subjects are studied, and
there are two possible outcomes. Suppose you treat 126 subjects with either a placebo
or a new drug designed to decrease the incidence of coronary artery restenosis within
6 months after angioplasty. The numbers of subjects experiencing each outcome may
be arranged on a 2 x 2 contingency table as follows:

Restenosis within 6 months after
angioplasty?
Yes No
Placebo 23 41
Treatment
Drug-treated 16 46

In this step-by-step example, we’ll analyze the table using Fisher’s exact test to
answer the following question: If there were really no association between treatment
and occurrence of restenosis within the observation period, what is the chance that
random sampling would produce an apparent association as strong, or stronger, than
that observed in this experiment?

Prism will analyze contingency tables not only for experiments, but also for cross-
sectional, prospective, or retrospective case-control studies. To learn more about
these distinctions or about contingency analysis in general, consult the companion
Statistics Guide.

Entering and Graphing Contingency Data

When you launch Prism, the Welcome dialog appears. Select Create a new project
and indicate that you will create the initial data table and graph by choosing the Type
of graph.

Suppose we wish to create the following graph:
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EZ=1 Restenosis
=21 No Restenosis

50+

40+
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As the graph shows, our data are organized according to two grouping variables:
1. Treatment, with two levels—Placebo and Drug
2. Outcome, with two levels—Restenosis and No Restenosis

Therefore, in the Welcome dialog, select the tab for Two grouping variables.

= ] One grouping variable  Two grouping variables l Suwival]

Raow and calumn categories for bao-way AMOWA and contingency tables.
ik Py
Py

M oW F
Selected graph: Interleaved bar, vertical

Enter emor bar info into subcolumng as:

@ Moerorbars )[3 o |replicates () | Mean, Standard Desiation, N “

The dialog now displays eight choices for graph type. You can switch freely between
the buttons, reading the “Selected graph” descriptions if you don’t find the thumbnail
illustrations clear. The upper-left button—for interleaved vertical bars—matches the
organization and orientation of the bars in our intended graph.

Near the bottom of the dialog box, choose the radio button for No error bars—since
the data table shows precise counts, error bars don’t make sense on the graph. Click
OK to exit the dialog. Prism creates and displays the formatted data table.

Enter the data—numbers of subjects falling into each mutually exclusive category, not
fractions or percentages—as follows:
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X Labels A B

Treatrment Restenosis Mo Restenosis
X Y Y

1 |Placebo 23 41

2 |Drug 16 48

You must type in the four values for the contingency table. Prism
cannot cross-tabulate raw data to create a contingency table.

Click on the yellow Graphs tab on the toolbar to view the automatic bar chart.

Performing Fisher’s Exact Test

Click on the yellow Data tab to return to the data table. Click the Analyze button. In
the Analyze Data dialog, select Contingency tables from the list of Statistical
analyses. Accept the default setting to analyze All data sets.

In the Parameters: Contingency Tables dialog, accept the choice of Fisher’s
exact test, which is the default when you're analyzing a 2 x 2 table.

If your table has more than two rows or columns, Prism will only do
Chi-square analysis.

In the same dialog, set the checkboxes to do the optional Relative Risk calculation.
All the settings are shown below; you can get more help understanding these settings
by clicking Help me decide.

Parameters: Contingency Tables E]

F walue Calculations

(%) Fisher's exact test

() Yates' continuity corected chi-square test
() Chi-square test

Options
Puwalues: (O Onetaled (3 Two-tailed
Confidence Intervals: (O 90 & 95% O aax O %

Show |4 s | significant digits

Additional Calculations

[] Odds ratio

Fielative Risk

[] Difference betwesn proportions

[ Sensitivity, specificity and predictive values

[Helpmedecide] [ Cancel ] [ QK.
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Viewing and Understanding the Results

When you leave the Parameters dialog, Prism runs the analysis and displays the
results page (you can get help understanding the results by clicking the “Analysis
Check List” button).

M

For this example, the P value indicates a high (25%) likelihood that the apparent
association between treatment and occurrence of restenosis within 6 months was due
simply to random sampling.

Fisher's exact test

P walue 0.2008
P walue summary ns
One- or two-sided Twi-sided

Statistically significant? (alpha<0.03) Mo

Further down the Results sheet, Prism reports the relative risk. That number simply
indicates that in this experiment there was a 39 percent greater incidence of
restenosis among the drug-treated subjects. The wide 95% confidence interval for
relative risk, which includes the value 1.0 (no association), is consistent with the lack
of statistical significance (P > 0.05) noted above.

Strength of association
Relative Risk 1.393
95% confidence interval 08163 to 2.376

Reconfiguring the Analysis

You can easily reconfigure and re-run the analysis. In the Navigator, choose one of
the sheets containing the analysis results. Click the Change button and then choose
Analysis Parameters.... The Parameters: Contingency Tables dialog
reappears. Make your changes and then click OK to display the new results.
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Radioligand Binding Analysis

Saturation Binding Curves and Scatchard
Plots

In this chapter, we’ll make a commonly used combination graph—a saturation
binding curve with an inset Scatchard plot.

600-
5007 Bumax = 545.5
g’ ] Kq = 24.43
'g S 4007
m E 8 Scatchard
0 0 300 e
E E ] % 151
8 = ] g 10
200
Q ] o
(/2] h o 51
100- 0 250 500 750
] Bound, fmol/mg

0 25 50 75 100 125 150

Concentration ['2°1]-ICYP (pM)

Scatchard analysis is a method of linearizing data from a saturation binding
experiment in order to determine binding constants. One creates a “secondary” plot
of specific binding/free radioligand concentration (Y axis) vs. specific binding (X
axis). For each site where the ligand binds according to mass-action kinetics, the
Scatchard plot is a straight line with

Y intercept=B,, /K,
X intercept =B,
Slope=-1/K,
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Now that programs such as Prism easily do nonlinear regression, the best way to
determine Ky and By is to fit a hyperbola directly to the saturation isotherm. Yet
Scatchard analysis remains a good way to visualize saturation binding data. We’ll see
how to combine these techniques, creating a conventional Scatchard plot, but
superimposing a line that reflects the best possible estimates of K4 and Bax-

Creating a Saturation Isotherm

When you launch Prism, the Welcome dialog appears. It lets you create a new project
(file) or open an existing one. Choose Create a new project and Type of graph.
Choose the XY graph-type tab, then select the first thumbnail view, for “Points only”.

For each point on the saturation binding curve, enter the concentration of ligand into
the X column and the value for specific binding into the Y column. The units you use
are up to you—use whatever is meaningful. Just remember that Prism will graph the
data and compute the binding parameters in whatever units you've used on your
table. Place labels over the X and Y columns as a reminder. Here are the data for our
example:

X Values A
Conc {pM) Binding (frmol/mug)
X Y
1 G 100
2 17| 250
3 29 260
4 40 360
5 50 340
6 =1 400
7 72 403
8 82 425
9 92 430
10 103 442
11 115 455
12 125 450

Prism can determine specific binding values for you, starting from
total binding and nonspecific binding. For details, consult the
appendix to this chapter.

In the sheet selection box on the toolbar, rename the table as follows:

Saturation Binding Data w
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Click on the yellow Graphs tab to view the graph of your data.

Fitting a Saturation Binding Curve to Determine Ky and B,ax

Click on the Analyze button. From the Curves & regression category, select
Nonlinear regression (curve fit).

In the Parameters: Nonlinear Regression (Curve Fit) dialog box, choose
Classic equations and, from the list below, select One site binding
(hyperbola). Click OK to exit the parameters set-up and complete the curve fit.

Saturation Binding Data
500~

400+
300+

200+

100- ® Binding (fmol/mg)

c ) ) ) ) ) |
0 25 50 75 100 125 150

Conc (pM)

Choose the Table of results subsheet in the Results section of the Navigator. Prism
displays the best-fit values for the binding parameters.

Equation 1

Best-fit values
Bkl 545 5
KD 24.43

The units for Byqx are the units that you used when entering Y values on the original
data table. The units for Ky are the units you used when entering the X values.

Displaying Binding Constants on the Graph

If you wish, you can paste cells from this results table to your graph, so that your
binding constants will be displayed there and will also be linked to the Results sheet.
That way, if you change the saturation binding data later, Bnq. and Kq will be
automatically updated both on the Results sheet and on the graph. If you don’t like
the way the pasted data are displayed, you can change that. Select a cell on the

Binding Analysis 83



Results sheet containing the value you want to paste. Choose Edit... Copy. Switch to
the graph, and choose Edit... Paste Table. The value is placed on the graph, and
you can drag it wherever you want. Now use the text tool (bottom row of the
toolbar)...

T

...to add customized labels. Click first on the text tool button, then on the graph where
you want the label. Type your label. You can make the label boldface, or resize it, or
add subscripting as desired, using the text editing tools.

B 7 U % X, A o o~

Click elsewhere to exit the text insertion mode, then select the label so that you can
drag it into position (use the “arrow” keys on your keyboard to make the final
adjustments). Here is a finished example:

R00 By = 945.5
Kq= 24.43

400 /}frk

At this point, you may wish to change some of your original saturation binding data
(data table) and observe how the values of B and Kq change automatically both on
the Results sheet and on the graph.

Creating a Scatchard Plot

The original data table has the “free” ligand concentration in the X column and the
“bound” ligand concentration in the Y column. To get “bound” in the X column and
“bound/free” in the Y column, we need to do two transformations.

Transforming the Data

From the original table (Saturation Binding Data), click Analyze and select
Data manipulations, then Transforms. In the next dialog, Parameters:
Transforms, choose Pharmacology and biochemistry transforms from the
Function List drop-down box, then set the Scatchard radio button. Near the
bottom of the dialog, choose to Create a new graph of the results.
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Parameters: Transforms

X

Function List F'halrna-::-: gy and biochemistry transforms|

() Eadie-Hofstes

() Hames-waolf

) Hill

() Lineweaver-Burk [double-reciprocal)
() Log-Lag

(%) Scatchard

Additional parameters

1

Feplicates

Mew graph
Create a new graph of the results

[HelpMeDecide] ’ Cancel ] [ kK l

When you click OK to exit this dialog, Prism creates and displays the Results sheet

(named Scatchard of Saturation Binding Data in this example) containing the

transformed data.

X Values A
Bound  |Bound/Free

X Y
100.000 16.667
250,000 14.70R
260.000 8.966
3R0.000 5.000
350.000 7.000
400.000 B.GE7
403,000 5597
426,000 5183
430.000 4 574
442.000 4.2
455 000 3057
450,000 3.600
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Plotting the Points

The default Scatchard plot appears as the most recently generated graph. Click the
yellow Graphs tab on the toolbar.

Scatchard of Saturation Binding Data: Transformed data

20+
m Bound/Free
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] ]

L |
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Bound

Adding the Line

So far, there is no line superimposed over the points. We advise against using linear
regression to produce the line, because linear regression of the transformed data
would violate several of the assumptions of linear regression. Instead, we’ll add a line
connecting X and Y axis intercepts that accurately reflect the Ky and Bpq values that
we have just found by nonlinear regression.

Referring to the Results sheet for your nonlinear regression analysis, compute the Y
coordinate for the Y axis intercept manually as

B, /K, =545.5/24.43=2233

Switch to the Data Tables section of your project and click New. Create a New
Data Table (+Graph) by making the selections below (note that you will not be
making a new graph).
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X

Create New Table

() Create new table [choose graph type]
(%) Create new table [choose ¥ and ' format]
() Insert template | Sample templates b

[[] &lso create linked info sheet

# Column ' Colunnns

(%) Numbers [+ Graph] For each data set (condition) enter:

() Mumbers +/- Errar bar () & single colurn of values

() Text [bar graph] (@] # | replicates to calculate enor bars
© Nane [column graph) O Mean, Standard Deviation, N w
() Series, Start at 000 O Text

Interval: (1,00

Don't make an automatic graph of these data

Fill in the table using the values for Bax and Bmay/Ka as follows:

Into row 1 enter: X=0 Y = Bnax/Ka
Into row 2 enter: X=Bnax Y=0
Here’s the table:
X Values A
# Title Data Set-A
X Y
0.0 2233
2 545 5 Q.00

Rename this table:

Scatchard ' and ¥ intercepts w

We now have the elements for the final Scatchard plot on two sheets. The graph
labeled Scatchard of Saturation Binding Data graph contains the points from
the saturation binding experiment, and the table labeled Scatchard Y and X
intercepts contains two points marking the Y and X intercepts (Bmax/Kaq and Bmax,
respectively). We need to combine the two data sets on the same graph.

Select the Scatchard of Saturation Binding Data graph sheet to display it. In
the Navigator, click and drag the data table sheet labeled Scatchard Y and X

intercepts onto the displayed graph.
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In the dialog that appears, verify that you are adding the correct data set and then
click OK.

Add Data Sets to Graph

Select:

From the following data or rezults table:

Scatchard v and ¥ intercepts w |

[1ata zets to add [zelect one or more)

It should now be evident that the Y and X intercepts (the ends of the Scatchard line)
are plotted using symbols distinct from those for the saturation binding points (labels
and arrows pointing to the Y and X intercepts will not be on your graph, and your axis
formatting may be different).

30+
1l 4 Bmaled
20+
| ]
[ |
10+
[ | [ |
[ | 'H B max
c L] L] L] L] L] i

L]
0 100 200 300 400 500 600
Bound

Format the Scatchard Line data set to make the points invisible but to connect them
with a line: Click Change...Symbols & Lines. Under the Appearance tab, set
Data set to Scatchard Y and X intercepts. Choose to plot no symbols, but to
connect them with a line.
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Format Symbols and Lines

Appearance ] Order ]

Data st | Scatchard Y and ¥ intercepts

50

Plat:
Surnbolz
[ Shaw symbals

Errar bars

Connecting linedcurve

Show line Style:
Color: I - | Thickness

[] Start line at origin

Area Fill
[] Show il
Which ' awiz? Legend
() Left 't axis ) Right ¥ axis Show Uge column title
[ Help ] [ Cancel ] [ 0K

x)

Here is the Scatchard plot:
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Following is the final Scatchard graph for the inset plot, after a few a formatting

changes not covered here:
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Combining Saturation Isotherm and Scatchard Plot

Switch to the Layout section of your project, and if necessary, click the New button
and choose New Layout.... In the Create New Layout dialog, choose the
Landscape page orientation and the Inset graph arrangement.

Create New Layout @l

L U

a0oa
U000

Create an amay with |1 % columng of graphs and |1 | rows

Arrangement of graphs

Inset

Fage options
Orientation; () Portrait (%) Landscape

B ackground color: -

[ Inciude master title on top of page

[ Help ] [ Cancel ][sjgaeate]

When you click Create, you’ll see a layout with two placeholders. Click and drag the
appropriate Graph sheet in the Navigator onto its placeholder, assigning your
saturation binding plot to the larger, and your Scatchard plot to the smaller,
placeholder.
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Now move and resize the Scatchard plot:
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If, after viewing your layout, you want to resize individual objects/labels to enhance

readability, switch back to the appropriate Graph sheet and make the changes there.

Test the changes by switching back to the layout, which updates automatically. One
exception to this is when you want to change the size of the overall layout or change
the sizes of the two graphs on the layout relative to one another. Do that directly on
the layout, by selecting the inset graph, or the entire layout, and then dragging as
appropriate.

Appendix: Working with Total and Nonspecific Binding

Earlier in this chapter, we fitted a saturation isotherm after computing specific
binding manually:

Specific binding = Total binding — Nonspecific binding

Thus, we provided the specific binding (Y) and added ligand (X) values and then let
Prism fit the curve relating the two. If you don’t want to preprocess the data in this
way, you may enter total and nonspecific binding values at each added ligand
concentration and then proceed in at least two ways:

» Have Prism perform the subtractions to obtain nonspecific binding values,
then proceed as discussed before.

»  Perform a global curve fit to both total and nonspecific binding data,
estimating K4 and Bpq, from the total binding curve, while finding the best
value for nonspecific binding for the two curves taken together.
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Direct Subtraction at Each Added Ligand Concentration

By this method, you simply let Prism do the subtraction that you’d otherwise do
yourself, then fit the nonspecific binding data as already discussed. Tabulate total and

nonspecific binding values:

X Values A B
Cane (phd) Total (frnolfmg) NS (frmolfmg)
X Y Y
1 B 100 3.3
2 17 239 8.1
3 29 286 125
4 40 360 21.0
5 50 352 224
6 = 410 1.8
7 72 432 34.0
8 g2 476 Iy
9 92 479 45.5
10 103 500 52.1
11 115 529 559
12 125 519 64.0
Prism graphs the data as follows:
750+
500- amn "=
nn " :
- B Total (fmol/mg)
2504 ] A NS (fmol/mg)
]
A AAAAAY
04-d—a 'A A f .

0 25

50 75

L) L) L]
100 125 150

Conc (pM)

Click Analyze and then choose Remove baseline and column math from the

Data manipulations list.

In the Parameters dialog, choose to subtract the values in column B from column A.
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(X

Parameters: Remove Baseline and Column Math

“where are baseling valuss? Calculate
() Column () Difference: Yalue - Baseling
(%) Data zets [columns] B, DLF. . 3 Sum; Value + Baseline

[D'ata sets [col A CE .. ’
& Deaslion L] (O Product: Value* Baseling
() First row

() R atio: ¥ alue/B azeline
() Last rowe o
Percent: 100%¢aluesB aseline

() Mean of first ows.,
() Mean of last oW () Fractional difference:; [Value - B aseling)/B aseling

() Percentage difference: 1007 [Value - B aseline)/Bassline

Linear bazeline

() Azzume the bazeline iz inear with ¥, Uze the values predicted from the regression line,

(®) Don't azsume linear baseline, Use the bazeline values entered.

At the bottom of the dialog (not shown above), choose to Create a new graph of
the results.

Prism tabulates the differences (B-A) on the Results sheet.

X Values A
Conc (ph) A-B
X Y

5.000 86.700
17.000, 230.800
29.000 273.500
40.000 339.000
50.000 359.600
0.000 373.200

S| WA ]| | | -

Here is the new graph of specific binding:

500+
H pm L] " =
400+ L
]
sl
300+
]
]
2004
1004 =
c LJ L L L) L) L]
0 25 50 75 100 125 150
Conc (pM)
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Global Fitting of Total and Nonspecific Binding Curves

Start from the initial table of total and nonspecific binding values shown in the
previous section. We will fit a different equation to the data in each Y column on the
data table as follows:

» To the total binding data (column A), we’ll fit the sum of a hyperbolic curve
(one-site binding model, corresponding to specific binding) and a straight
line (nonspecific binding),

y=BuX | Ns.x
K,+X

» To the nonspecific binding data (column B), we’ll fit the linear equation

Y=NS-X

The parameter in common to be equations (NS) is to be fitted “globally”, i.e., to the
best-fit value for the two data sets taken together.

While this approach gives better estimates for the equation
parameters, note that you will not be able to draw a Scatchard plot,
since nonspecific binding is not expressly computed.

Click Analyze. Select Nonlinear regression (curve fit) from the Curves &
regression list.

In the Parameters: Nonlinear Regression (Curve fit) dialog, select the
Equation tab if necessary. Choose the radio button for More equations, then
select [Enter your own equation].

This technique requires curve fitting to user-defined equations, and
we'll cover the steps perfunctorily. For more information about user-
defined functions, see the chapter “Fitting Data to User-Defined
Equations” beginning on page 151.

In the Use-defined Equation dialog, give your equation system a name (e.g., “Total
and nonspecific binding curves”). In the Equation window, enter the sequence
shown in the next figure.
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User-defined Equation

Enter Equatian lF!uIes for Initial Values] Default Eonslraints]

MHame: |T0tal and nonzpecific binding curves

Equation

S pecific=B maw = Akd+<]
MHaonspecific=M S

<A =5 pecific+Monspecific
<B» ¥'=Monspecific

[ Copy Al ] l Copy ] l Cut ] [ Pazte

Calculate derivatives with faster (less accurate] method

X]

l Help l [ Cancel l [

1]

Note that the equations denoted by “<A>” and “<B>" are fitted to data in columns A
and B, respectively, so the order of the Y columns on the data table is important.

The two-equation system shown above is discussed in more detail in the chapter
entitled “Analyzing saturation radioligand binding data” of the companion manual

Fitting Models to Biological Data using Linear and Nonlinear Regression.

Click the Rules for Initial Values tab. Prism has identified the parameters of the
curve-fit equations. Fill in the rules for computing their initial values as shown:

User-defined Equation

Enter Equation  Rules for Initial Yalues lDefauIt Eonslraints]

Define a set of rules to compute initial values to use as a default every
tirme pou curve fit with thiz eguation,

BM&x |10 | AR v/
KD 03 | HMID v/
NS 0.0 || nital value, to be fil v/

1

3

Click the Default Constraints tab. Specify that the parameter NS is to be shared—

fitted to the same best value for both data sets A and B taken together.
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User-defined Equation

x]

EnterEquatinn] Fiules for Initial Yalues  Default Constraints l

Define a get of congtraintz to uze as the default every time pou curve fit with thiz eguation,
Fix. constrain or share a parameter

Parameter Constraint Walue
B Mo constraint v
kD Ma canstraint v
NS Shared walue for all data sets A4

Click OK twice to perform the curve fit. Here is a partial view of the Results sheet:

Total (frmal/mg) NS (fmolfmg)
Y Y
Total and nonspecific binding curves
Best-fit values
Bl A 5701 (not used)
KD 28.63 (not used)
= 0.5050 0.5050
Std. Error
Bitax 11.12 (not used)
KD 1.629 (not used)
M5 0.03002 0.03002

The graph is shown below. To extend the curves leftward to the origin, click
Change... Analysis Parameters.... Select the Range tab, then choose to Start the
curve at X=o0.

600+
5004

4004

300+
B Total (fmol/mg)

A NS (fmol/mg)

L L L}
0 25 50 75 100 125 150
Conc (pM)
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Enzyme Activity Analysis

Substrate-Velocity Curves and Lineweaver-
Burk Plots

In this example, we’ll make a combination graph commonly used to characterize
enzyme activity—a curve of initial velocity vs. substrate concentration, sometimes
referred to as a Michaelis-Menten plot, with an inset Lineweaver-Burk plot.

50-
40-

304

v, U/mg

204

0.0 0.1 0.2
0- 1/[s]

L L}
0 25 50 75 100 125
[s], uM

Lineweaver-Burk analysis is one method of linearizing substrate-velocity data so as to

determine the kinetic constants K;;, and Ve One creates a secondary, reciprocal
plot: 1/velocity vs. 1/[substrate]. When catalytic activity follows Michaelis-Menten

kinetics over the range of substrate concentrations tested, the Lineweaver-Burk plot

is a straight line with
Y intercept =1/V,

X intercept =-1/K
Slope=K, IV

max

Enzyme Activity Analysis
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Now that programs such as Prism easily do nonlinear regression, the best way to
determine K, and Vi, is to fit a hyperbola directly to the substrate-velocity data. Yet
the Lineweaver-Burk plot continues to be a useful visual tool, particularly because of
its characteristic shifts in the presence of various types of inhibitors. So we’ll create a
Lineweaver-Burk plot with data points derived from double-reciprocal
transformation, but we’ll superimpose a line based upon nonlinear regression
analysis, so that it reflects the best possible estimates of K., and Vinax.

A different secondary plot, such as Hanes-Woolf or Eadie-Scatchard,
is just as easy to create with Prism. Simply modify the data
transformation discussed below. In fact, for Eadie-Scatchard, you
may prefer to follow the example in the chapter on radioligand
binding analysis, page 81, making appropriate changes to axis titles
and labels.

Creating a Substrate-Velocity Curve

When you launch Prism, the Welcome dialog appears. It lets you create a new project
(file) or open an existing one. Choose Create a new project and Type of graph.
Choose the XY graph-type tab, then select the first thumbnail view, for “Points only”.

For each point on the substrate-velocity curve, enter the concentration of substrate
into the X column and the value for initial velocity into the Y column. The units are
up to you—use whatever is meaningful. Just remember that Prism will graph the data
and compute the binding parameters in whatever units you've used on your table.
Place labels over the X and Y columns as a reminder. Here are the data for our
example:

X Values A
[8]. mM v Limg
X Y
1 0.0 3.4
2 0.0 13.4
3 7.0 16.1
4 10.0 206
5 16.0 253
6 30.0 32.4
7 a0.0 0.4
8 80.0 44.3
9 120.0 48.4

In the sheet selection box on the toolbar, rename the data table:

98 Prism Examples



Substrate-velocity data w

Automatic Baseline Correction

Suppose that this data is uncorrected for a constant background value of 3.4, which

you determined from your assay measurement in the absence of substrate (row 1).
You can use Prism to make the background correction (subtract 3.4 from each Y

value). Click Analyze, then choose Remove baseline & column math from the
Data manipulations list. In the Parameters: Remove Baseline and Column
Math dialog, tell Prism where the baseline is (in this example, First row; note that
you also have the option to put “baseline” values in the bottom row(s) and that, when

appropriate, you may exclude those rows from the analysis). Choose to calculate

Difference: Value - Baseline and, at the bottom of the dialog, to Create a new

graph of the results.

Parameters: Remove Baseline and Column Math

Where are bazeline values?

) Columin

(#) First row
() Last row
(I Mean of first |3 | rows.
() Mean of last |3 ToE,

[ Erase thoze rows from the analysis

Calculate
() Difference: Yalue - Baseline

() Sum: Value + Easeline
() Product: Yalue® Baseline
) Ratio: Yalue/Baseline

() Percent: 1007/ slue/Baseline

() Fractional difference; [Walue - Baseling) /B aseline

() Percentage difference: 1007 Value - B aseling)/E aseline

3

The corrected data are produced on a Results sheet labeled Baseline-corrected of

Substrate-velocity data.

Enzyme Activity Analysis

X Values A
[5], mh v, Uimg
X Y
0.000 0.000

5.000 10.000

7.000 12.700

10.000, 17.200

16.000 21.800

30.000 29.000

&0.000 35.000

50.000 40.500

O | =] S| WA | W] R -

120.000 45.000
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Since we requested it as part of the baseline subtraction analysis, Prism makes a new
graph of the corrected data. To view it, choose the last (most recently created) graph
listed in the Graphs section of the Navigator.

Fitting a Curve to Find K, and Vp,ax

You can quickly fit a curve to the data using the One-site binding (hyperbola) model
from the Classic equation list, but then the kinetic constants will be reported as
“VMAX” and “KM”. Instead, we’ll import an equation from a template included with
Prism.

With the baseline-corrected Michaelis-Menten plot (the last graph listed in the
“Graphs” section of the Navigator) in view, click the Analyze button. Choose the
Curves & regression category, and select Nonlinear regression (curve fit).
Click OK.

In the Parameters: Nonlinear Regression (Curve Fit) dialog box, choose
More equations. From the window below, select [Import an equation from a
Prism file or template]. The Equation Import dialog appears. Select
Michaelis-Menten from the file Enzyme kinetics template (if you don’t see
these choices, click the Browse... button, then select Enzyme kinetics
template.PZT from the ..\Templates\Sample templates folder within your
Prism program folder).

Y= man k)

:Thiz describes an enzume-catalyzed reaction obeving classical, or
Michaelis-tMenten, kinetics.

Mma iz the maximal velocity at zaturation.

K, or the Michaelis congtant, is the substrate concentration required
o reach half-mazimal velocity [Wmasd 2],

If you do not have the “Enzyme kinetics template” file, you can enter
the equation shown above as a user-defined equation. See the
chapter entitled “Fitting Data to User-Defined Equations” starting on
page 151 for details. The rules for initial values are

VMAX: 1*YMAX
KM: 0.3*XMID

Click OK twice to exit the parameters set-up and complete the curve fit. The curve
appears on the graph. You can produce the offset between X and Y axes shown below
by choosing Change... Size & Frame..., then selecting Offset X & Y axes under
Frame & axes.
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Baseline-corrected of Substrate-velocity data:Subtract baseline data

50+
m v, Umg

25+

L) L) ]
0 25 50 75 100 125 150
[s], mM

A fitted curve is treated by Prism as a separate data set (different
from the underlying points). In this instance, we started the curve-fit
analysis from the graph, so Prism knows where we want the curve to
go. At other times, that may not be the case. When you do a curve fit
and get a corresponding Results sheet, but can find no curve on your
graph, click Change.. Add Data Sets... Select the data set (curve)
and add it to the graph.

Click the yellow Results tab, or choose the Nonlin fit... Results sheet in the
Navigator. Prism displays the best-fit values for the kinetic constants.

Michaelis-Menten

Best-fit values
A 5221
KM 227

If your results don’t agree with those shown here, check to be sure that you did the
curve fit starting from the baseline-corrected Michaelis-Menten graph.

The units for V;,q, are the units that you used when entering Y values on the original
data table. The units for K, are the units you used when entering the X values.

Displaying Kinetic Constants on the Graph

If you wish, you can paste cells from this results table to your graph, so that the
kinetic constants will be displayed there and will also be linked to the Results sheet.
That way, if you change the saturation binding data later, Ve and K., will be
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automatically updated both on the Results sheet and on the graph. If you don’t like
the way the pasted data are displayed, you can change that. Suppose that you wish to
paste the data, but make your own labels and customize the display. Select a cell on
the Results sheet containing the value you want to paste. Choose Edit...Copy. Switch
to the graph, and choose Edit...Paste Table. The value is placed on the graph, and
you can drag it wherever you want. Now use the text tool (bottom row of the
toolbar)...

T

...to add customized labels. Click on the text tool button, then click on the graph
approximately where you want the label, and type your label. You can make the label
boldface, resize it, or add subscripting as desired, using the text editing tools.

B 7 U % X, A o o~

Click elsewhere to exit the text insertion mode, then select the label so that you can
drag it into position (use the arrow keys on your keyboard to make the final
adjustments). Here is a finished example:

50 Voo = 52.21

K, =22.27

Pl

At this point, you may wish to change some of your original activity data (data table)
and observe how the values of Ve and K, change automatically on the Results sheet
and on the graph.

40

Creating a Lineweaver-Burk Plot

Transforming the Data

From the Results sheet Baseline-corrected of Substrate-velocity data, click
Analyze. Select Transforms from the Data manipulations analysis list. In the
next dialog, Parameters: Transforms, choose Pharmacology and
biochemistry transforms from the Function List drop-down box, then set the
Lineweaver-Burk (double-reciprocal) radio button. Near the bottom of the
dialog, choose to Create a new graph of the results.
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Parameters: Transforms

Function List | Pharmacalogy and biochemistry transforms | |

() Haneswoolf
I Hill

() Log-Log
() Scatchard

Replicates

Mews graph
Create a new

() Eadie-Hofstee

(%) Lineweaver-Burk [double-recipracal]

Additional parameters

1

graph of the resultz

)

[HeIpMeDecide] [ Cancel ] I

K

l

The transformed data are shown on a new Results sheet (the original data are
unchanged in the Data Tables section of your project). Prism will carry over the

original column titles, which will now be incorrect, so you can edit them if you wish:

X Values A

145] 1

X Y

1

2 0.200 0.100
3 0.143 0.075
4 0.100 0.058
5 0.053 0.046
6 0.053 0.034
7 0.020 0.025
i 0.013 0.024
9 0.005 0.022

Enzyme Activity Analysis
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Notice that the top row of the results table is blank. Prism leaves
individual cells blank when it has been asked to perform an illegal
math operation, in this case to evaluate the quantity 1/0, in that cell.

Plotting the Points

The default Lineweaver-Burk plot appears as the most recently generated graph (now
the last graph listed in the Navigator).

0.125+
m 1/]V]

0.100- [ ]

0.075+ u

Adding the Line

Thus far, there is no line superimposed over the points. We recommend that you add
a line to your graph that accurately reflects the K;,, and Vinax values that we found
using nonlinear regression. This will be a straight line running from the X intercept to
the point predicted by the nonlinear regression analysis for the lowest non-zero
substrate concentration (i.e., the highest value of 1/[s]). Referring to the Results sheet
for your nonlinear regression analysis and the original substrate-velocity data table,
note that the coordinates for the X-axis intercept are

X =-1/K, =-1/22.27=-0.0449
Y=0

and the coordinates for the upper-right end of the line are

X=1/S

min

Y=01/V

max

1=0.2
)1+K

WIS, D) =(1/5221)(1+22.27/5) =0.1045

min
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where Sy, is the minimum substrate concentration tested.

Switch to the Data Tables section of your project and click New. Create a New Data
Table (+Graph)... by making the selections below (note that you will not be making
a new graph).

Create New Tahle El

() Create new table [choose graph type)
() Create new table [choose & and Y format)

() Insert template | Sample termplates: W

[J&lso create linked info shest

# Colurrin " Coluriirs

(%) Numbers [V Graph) Faor each data set (condition)] enter:

() Mumbers +/- Eror bar () A zingle colurn of values

() Tewt [bar graph] 0|3 4 | replicates to calculate enor bars
O None [zolumn graph) O | Mean, Standard Deviation, M W
() Series. Start at .00 O Test

Interval: (1,00

Dlon't make an automatic graph of these data

Fill in the table using the coordinates above:

X Values A
# Title Data Set-A
X Y
-0.0449 0.0000
2 0.2000 0.1045
Rename this table.
Lineweaver-Burk line data w

We now have the elements for the final Lineweaver-Burk plot on two sheets. The
graph labeled Lineweave-Burk... contains the transform activity data, while the
table labeled Lineweaver-Burk line data contains two points marking the Y and X
intercepts (Vinax/Km and Vinax, respectively). We need to combine the two data sets on
the same graph.

Select the Lineweave-Burk... graph to display it. In the Navigator, click and drag
the data table sheet labeled Lineweaver-Burk line data onto the displayed graph.

In the dialog that appears, verify that you are adding the correct data set and then
click OK.
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Add Data Sets to Graph

Select;

From the following data or results table:

Lineweaver-Burlk line data

Data gets to add [zelect one or more]

This results in the X and Y intercepts being plotted as distinctive points. Format this
data set to make the points invisible but to connect them with a line: Click
Change...Symbols & Lines. Under the Appearance tab, set Data set to
Lineweaver-Burk line data. Choose to plot no symbols, but to connect them with

a line.

Format Symbols and Lines

Appearance ] Order ]

Drata zet: | Lineweaver-Burk line data

Symbals
] Show symbols

Emor bars

Connecting linedcurve

Color, I - | Thickness:

Style:

[ 5tart line at origin

Area Fil
] Shaw fill
Which ' awiz? Legend
() Lefty avis () Right ¥ asis Shaow Lze colunn Lite
[ Help ] [ Cancel ] [ QK.
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0.125+

-0.1 0.0 011 0.2 0.3
1/[s]

Since the value of —0.1 shown on the X axis doesn’t make sense, we can effectively
erase that value by replacing it with a custom tick label. Double-click on the X axis to
open the Format Axes dialog. Make sure the X axis tab is selected, then click the
Custom ticks... button.

In the Customize Ticks and Gridlines dialog, make the entries shown below.
Important: Don’t leave the Label box blank. With your cursor in the Label box,
press the spacebar to produce a “blank” label.

Customize Ticks and Gridlines

Show
() Custom ticks only () Reqgular ticks anly (3 Bath

Define

Pogition [<=]  Label Tick Style

0.1 MHone i
Add

[Eancell I (]S ]

When the label definitions have been entered, click Add, then OK twice to return to
the graph. In the graph below, additional formatting changes were made—the axis
ranges were changed, the legend was removed, the default Y-axis title was changed,
and titles and axis labels were enlarged using one of the text editing buttons.
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A

The Y-axis title can be rotated to the horizontal position by double-clicking on the Y
axis and changing the Direction setting for the Axis title.

Az title:

[#] Show Ausis Title Diigtance from Axis: 0.32| in. Direction: | Horizomtal w

1/v

0.0 0.1 0.2
11[s]

Combining Substrate-Velocity and Lineweaver-Burk
Plots

Switch to the Layout section of your project, and if necessary, click the New button
and choose New Layout.... In the Create New Layout dialog, choose the
Landscape orientation and the Inset arrangement:

Create New Layout El

Arrahgement of graphs

(| (= | m

L] Illlll‘[IDDD g
LICICT | (D000

Create an amay with |1 % |columng of graphs and |1 [rows

FPage optionz
Orientation; () Portrait (%) Landscape
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When you click Create, you’'ll see a layout with two placeholders. Double-click on
each in turn, assigning your substrate-velocity plot to the larger placeholder, and your
Lineweaver-Burk plot to the smaller placeholder. Alternatively, you may click and
drag the appropriate Graph sheets from the Navigator onto the correct placeholders.

Now you can individually select, then move and resize, each graph so that the two fit
together nicely. Hint: choose the larger graph (v vs. [s]) first and make it as large as
you can.

As you resize the Lineweaver-Burk plot, Prism does a certain amount of
reproportioning of the graph—adjusting font sizes and line thicknesses—as
appropriate. But you will probably want to make some modifications of your own to
further improve its readability. In most cases—changing line thicknesses, symbol
sizes, label sizes and positions—you must make the changes on the original graphs.
Those changes will then appear on the layout. Example: return to the Michaelis-
Menten plot graph (the larger graph) and lengthen the Y axis to make more room for
the inset Lineweaver-Burk plot. Click once to select the Y axis, then drag the top
“handle” upward. When you return to the composite layout, you should see the
alteration there.

v, U/mg

v L}
0 25 50 75 100 125
[s], uM
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Computing K; for a Competitive Enzyme
Inhibitor

A competitive enzyme inhibitor interferes with binding of substrate to enzyme so as
to raise the K, value without affecting V;,qax. Competitive inhibition is overcome by
increasing substrate concentration. A competitive inhibitor I increases the “apparent”
value of K;; according to the relationship

K =K, [1 +ﬂj
My, K

1

where K; is the dissociation constant for the enzyme-inhibitor complex. K; is
particularly useful for expressing the potency of an inhibitor because, unlike ICs, it is
independent of substrate concentration.

There are several graphical methods for estimating K;, but the underlying experiment
is the same—the investigator generates substrate-velocity curves in the presence of
various concentrations of inhibitor.

Increasing

m

[s]

Formerly, K; estimation required linearizing transforms and replots, but Prism offers
two improvements. First, the kinetic constants are more quickly and reliably
estimated directly from nonlinear regression. Second, part of the function of
replotting is replaced by global (shared-parameter) curve fitting. The rate equation is
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—_ Vmax[S]
K, (1 +[Ié]j+[5]

1

In the family of substrate velocity curves, [S] and [I] are independent variables, [I]
changing with each curve in the family. But Vi, Km, and K; are intrinsic to the
system and therefore common to all the curves. Prism can perform a global curve fit,
finding the single best-fit estimates of Vinax, K, and K;for all curves taken together.

Entering and Graphing the Data

In the Welcome dialog, make the settings shown below.

kg l One grouping wariable ] Twia grouping variables ] Survival ]

Single = and multiple v columng for linear and nonlinear regression,

. +
. | ey ‘

Selected graph: Points anly

+
e

Complete the data table as shown below. The X column holds substrate
concentrations, while each Y column holds the velocity value measured at the
inhibitor concentration shown in the heading for that column.

X Values A B C 1]
[Z], nhi 0 nkd 3 nk 10 nkd 30 nkd
X Y Y Y Y
1 0 0.0 0.0 0o 0o
2 a0 17.0 7.2 36 0.0
3 100 22 133 8.1 01
4 160 306 17.8 136 4.8
5 200 336 251 108 52
6 400 a0.4 380 2189 14.6
7 B00 584 450 255 13.5
8 800 627 a0.5 N8 159
9 1000 B35 526 381 209
10 10000 81.0 743 709 B1.7
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For this example, we're assuming that the units of [S] and [I] are nM,
and the units of velocity are umol/min/mg protein. The units
notations in the column headings above are useful but optional.
Prism will show those units in the graph legend, but simply extract
the numeric portion of the column heading for its curve-fitting
analysis. Prism is indifferent to these units—it is for you to remember
that data on Results sheets are in units that match your input data
(thus, nM for K, and K;, pmol/min/mg protein for Viay).

Click the yellow Graphs tab to display the graph. Most of the points are crowded at
the left-hand side of the graph. We'll fix that later.

Click Analyze. In the Analyze Data dialog, choose Nonlinear regression

(curve fit) from the Curves & regression list.

In the Parameters: Nonlinear Regression (Curve Fit) dialog, verify that the

Equation tab is selected and then choose More equations. In the list below, select
[Enter your own equation]. The User-defined Equation dialog opens.

Give your user-defined equation a name, then enter the two-line system shown:

User-defined Equation &l

Enter Equation lF!uIes for Initial Values] Default Eonstraintsl

Mame: |Competitive inhibition

E quation

Krnapp=rorm*[1+ /K1)
W man A K mapp+s])

[ Copy Al ] [ Copy ] [ Cut ] [ Pazte

Calculate derivatives with fazster [less accurate)] method

l Help ] l Cancel l [ 0k l

The first line defines an intermediate variable equal to the apparent K, as discussed

earlier.
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Mapp .
1

1
K =K, |1+ Ul
K
The right-hand side of that equation will be substituted for “Kmapp” in the second
line, and Prism will fit the resulting equation to each data set. The second line is the
same as the velocity equation given earlier,

— Vmax[S]
K, (1+ [Ié]jﬂS]

1

after substituting “X” for the independent variable [S].

The multiplication operator * in the first line isn’t strictly necessary,
but it’s good practice to always include it. Prism allows implied
multiplication, but it must not lead to ambiguity. For example, Prism
will read “AB” as a parameter with that name, not as the product of A
and B. Refer to the Prism User’s Guide for more information about
the rules for writing user-defined equations.

We must now tell Prism (a) what parameters to treat as “shared” among data sets and
(b) what values to use for [I] in the case of each data set.

Designating Global (Shared) Parameters

Select the Default Constraints tab. Prism identifies and displays the equation
parameters to be fitted by nonlinear regression.

Ko, Ki, and Vi, are common to all data sets, so select Shared value for all data
sets for those parameters.

Remember that, in the presence of inhibitor, the apparent K,
changes, not K, itself. K, is a global parameter.

The settings are shown below. Leave this dialog open as you proceed to the next
section.
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]

User-defined Equation

EnterEquatinn] Fules for Initial Values  Default Constraints l

Define a zet of conztraints bo uze az the default eveny time pou curve fit with thiz eguation,
Fix, conztrain or share a parameter

Parameter Constraint Walue
kM Shared walue for all data sets ¥
| Data set constant (=columin title) w
Kl Shared walue for all data sets w
W2k Shared value for all data sets v

Congtrain one parameter relative to another

Fi » | must be greater than |1.0 | times Ev
i w | must be greater than (1.0 | times -
[ Help ] [ Cancel ] [ QK. ]

Note that we have just specified shared parameters and constants in
the User-defined Equation dialog. That means that these settings
will apply whenever we use this user-defined model. You can also
make these settings under the Constraints tab in the Parameters:
Nonlinear Regression (Curve Fit) dialog. In that case, the
settings will apply only to the analysis you’re running when you make
the settings and will not be part of the equation definition.

Assigning Parameter Values from Y-Column Headings

Next to “I” (see dialog above), select Data set constant (=column title). This
causes Prism to fit a different equation to each data set, in that it will set [I] equal to
the numerical portion of the Y column heading for that data set.

A B C 1]
0 nhd 3 nh 10 nhd 30 ni
Y Y Y Y

Column heading constants are a powerful feature that effectively allows you to have a
second independent variable.
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Completing the Curve Fit

Select the Rules for Initial Values tab. Enter initial-values rules as shown below
(for more on setting for initial values, see “Entering Initial Values for Curve-Fit
Parameters”, page 154).

User-defined Equation

]

Enter Equation  Fules for Initial Yalues l Drefault Congtraintz I

Drefine & zet of miles to compute initial values to uze az a default every

time you curve fit with this equation.
kM 0.3 1D v
| 1.0 [Initial walue, o be fit] w
] 1.0 [Initial walue, o be fit] A4
b A 1.0 b i, v

[ Help ] [ Cancel ] [ ak. ]

Click OK twice to exit the Parameters dialogs and perform the curve fit. Here is a
partial view of the Results sheet:

0 nhd 3 nhd 10 nbd 30 n | Global {shared)
Y Y Y Y Y

Competitive inhibition
Best-fit values

kM 2367 2367 2367 2387 2367

| 0.0 3.000 10.00 30.00

Kl 2744 2744 2744 2744 2744

AKX 79.92 79.92 79.92 79.92 79.92

The values for fitted (remember that I is constrained) parameters in all columns are
the same because they are all shared parameters. The object here is to get the best
estimate for K;, and that has been done by fitting the parameters globally.
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If you want to change any of the parameter settings and re-run the curve fit, choose
Change... Analysis Parameters.

Graph of the Fitted Data
Click on the yellow Graphs tab to display the graph.

The curves measured at higher inhibitor concentrations are not covered as uniformly
by the data points. We wanted to keep the data table in this example simple; in an
actual experiment, consider using a different distribution of substrate concentrations
at different concentrations of inhibitor. You don’t have to use the same X values for
each data set on your table. For an example of using different X values, see “Entering
Dose-Response Data” beginning on page 121.

100+
0nM

3nM
10 nM
30 nM

¢ <« » 1

) ) ) ) |
0 2500 5000 7500 10000 12500

We can address the crowding of points into the left-hand side of the graph by dividing
the X axis into two segments.

Placing a Gap in the X Axis

In this section, we’ll segment the X axis to eliminate the space between X = 1050 and
X = 9000 and to use different scales for each segment:

Competitive Inhibition 117



804

3N

[Inhibitor], nM

60+
®E 0nM
A 3nM
40° v 10 nM
¢ 30 nM

20-

Velocity (umol/min/mg)

- T T T ™
0 250 500 750 1000 10000

Concentration substrate (nM)

Family of Substrate-Velocity Curves with Gapped (Segmented) X Axis

See text for instructions on producing the gap. The graph includes other formatting changes
covered elsewhere in this book.

Double-click on the X axis to open the Format Axes dialog. Make sure the X axis
tab is selected. Under Gaps and Direction, choose to divide the axis into Two
segments. Now you must set range and tick options for each segment. Select Left
from the list box labeled Segment. Set the range and tick options for the left
segment as follows:

General 4 axis l Left v awiz | Right v ar:is]

Appearance
Gaps and Direction: | Two segments [/ /) w Scale: | Linear w
Segment: | Left w
Range Tick options [ Plat only one tick on this segment
imirmum: | 0.0 td ajor ticks: Interyal: 2800 Starting at; |0.0
b awiraurn: | 1050.0 timar ticks: #intervals: |0 w Spacing: Equal Ev

Al ticks: Direction;  |D R Length: Short v
Length: |85 | % of adis hidl - il

Now select Right from the Segment list box, then set the range and tick options for
the right segment as follows:
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General # awis ] Left ™ amiz | Right v a:-tis]

Appearance

Gaps and Direction: | Two segments [~ /] v Scale: | Linear v

Segment: | Right w
Range

Minimurm: | 9000.0
b asirmurn:  {11000.0

Length: |15 | % of axiz

Tick options Flat anly ane tick an this segment

b ajor ticks: Label [# or test): {10000 atx=|10000.0
tinor ticks: # intervals: Spacing:
Al ticks Direction: | Diown w Length: Shart w

For other graphs, these settings may require some experimentation. A particularly
tricky part may be to decide on the relative lengths of the segments (Length % of
axis). An easy way to adjust this is to switch to the graph, click to select either of the
segments, then drag the end of that segment to adjust its length. Prism then adjusts
the Length % of axis setting automatically.
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Analyzing Dose-Response Data

A dose-response curve describes the relationship between response to drug treatment
and drug dose or concentration. Sensitivity to a drug acting at a specific, saturable
receptor typically spans a large concentration range, so dose-response curves are
usually semi-logarithmic, i.e., the amount of drug is plotted as the log of drug
concentration, giving them their familiar sigmoidal shape.

1004 ®  No inhibitor
A Inhibitor 1:10

~
a
[l

Percent Maximal Response
N (3]
a (=]
[l [

(=}
1

W

L] L] L] L] L]
0 10° 10 107 10 105 10* 10-
[Agonist], M

This example will show you (a) how to use Prism to fit sigmoidal (also known as
“logistic”) curves to your dose-response data and (b) one way to compare two dose-
response curves statistically.

Suppose we want to plot two dose-response curves, showing the average in vitro
response to an agonist, in the presence and in the absence of an antagonist, measured
in triplicate. Further, we wish to include on the graph a zero-concentration control
value.

Entering Dose-Response Data

In the Welcome dialog, make the following settings:
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Tostalt (3 Create anew project () Open an existing file

Choose:  (#) Type of graph ) Format of datatable ) Template

Hr ] Orne grouping variable ] Two grouping variables ] Survival ]

Single » and multiple ¥ columns for lingar and nonlinear reqression.

. + +
Oc ‘+*+ ‘++

Selected graph: Paints with v eror bars

Enter ermor bar info inta subcolumng as:

|3 % |eplicates ()| Mean, Standard Deviation, M v

Enter the data as shown below. The X values (agonist dose) are given as molar
concentration, expressed in exponential notation. The Y values (response, in arbitrary
units) go in subcolumns Y1 to Y3.

X Values A B
Agonist Mo inhibitor Inhibitor 1:10
X A1 A2 AY3 B:Y1 B:Y2 B:Y3

1 1.00e-010) 0.0 0o 0a nn 0.0 0o
2 1.00e-005 1.0 0o 4.0
3 3.00e-0085 12.0 10.0 15.0 1.0 0.0 20
4 1.00e-007] 19.0 18.0 220 a0 3.0 6.0
5 3.00e-007] 230 30.0 280 g.0 10.0 12.0
6 1.00e-005 320 350 350 17.0 200 230
7 3.00e-006 3a.0 41.0 38.0 230 23.0 290
8 1.00e-005 39.0 43.0 44.0 20 3.0 34.0
9 3.00e-005 300 34.0 320
10 | 1.00e-004 39.0 43.0 44.0 320 370 35.0
11 | 3.00e-004 320 370

Several points about this data are worth noting:

122

The dosage increment (10 nM, 30 nM, 100 nM, etc) shown in the X column is
typical. These values will be log-transformed, giving roughly equal horizontal
spacing of data points on the dose-response curve.

These data are a good illustration of Prism’s use of only one X column.
Although the X values for data sets A and B are not the same, we can combine
all the X values into a single column and leave Y-value cells empty where
appropriate.
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» The values in row 1 represent the zero-concentration (no agonist) data. Since
our X coordinates will be plotted as logarithms, and since the log of 0 is
undefined, we approximate this point with an X coordinate of 1.0e-010,
about 2 log units below the lowest "real" X value. Later on, we’ll show how to
place a zero on the X axis for this data point.

» For this example, we’re assuming that the Y values do not require correction
by subtraction of a baseline—the minimum Y values are already zeroes. If you
wish to subtract a baseline value from each Y value in a data set, read about
automatic baseline corrections on page 99. Later in this example, we’ll
demonstrate normalization of the Y values, which can also serve as a means
of “baseline correction”.

* You can enter the Y values in any convenient units, then transform to other
units if you wish. We'll use Prism to normalize (i.e., transform to percent of
maximal response) our Y values later.

» Particularly when dosing with an impure preparation, you may wish to enter
X values in terms of “dilution factor” or in mass/volume (e.g., mg/mL) units.
Using mass/volume units is not a problem.

Data Manipulations

This section covers the data modification necessary to produce a conventional dose-
response graph, with response values normalized to span the range from 0% to 100%
plotted against the logarithm of agonist concentration

Log Transforming the X Values

To convert the values in the X column to their respective logarithms, click Analyze.
Choose Built-in analysis. From the Data manipulations category, select
Transforms.

In the Parameters: Transforms dialog, choose to Transform X values using
X=Log(X).

At the bottom of this dialog, there is an option to Create a new
graph of the results. But we’re not ready to do that; we have one
more manipulation, namely normalization, to do before making the
final graph.

Prism displays a new Results sheet (partly illustrated as follows) with the log-
transformed X values.
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X Values A B
Agonist Ma inhibitar Inhibitor 1:10
X A1 A2 AY3 B:¥1 B:Y2 B:¥3

1 -10.000 0.000 0.000 0.000 0.000 0.000 0.000
2 -5.000 1.000 0.000 4.000
3 -7 523 12.000 10.000 15.000 1.000 0.000 2.000
4 -7.000 15.000 18.000 22.000 5.000 3.000 5.000
5 6.523 28.000 30.000 28.000 §.000 10.000 12.000

In a system following mass-action kinetics, the dose-response curve
becomes sigmoidal only when response is plotted against the
logarithm of dose, and Prism’s built-in sigmoidal dose-response
curve-fit models presuppose that your X values are in that form. But
users occasionally find that their dose-response relationships are
sigmoidal before log transformation. In that case, consider using the
user-defined model

Y=BOTTOM+(TOP-BOTTOM)*X~H/(EC50"H+X"H)

where EC50 is the midpoint of the curve, and H is the Hill slope. For
an example of implementing user-defined equations, see page 151.

Normalizing the Y Values

In this section, we'll convert the Y values in data sets A and B to a common scale. This
is useful when you want to compare the shape or position (EC;,) of two or more
curves and don't want to be distracted by different maximum and minimum values.

With the log-transformed Results sheet in view, click Analyze.

In the Analyze Data dialog, select the Data manipulations category, then choose
Normalize.

In the Parameters: Normalize dialog, specify how Prism will normalize the Y
values. For this exercise, we’ll accept the default settings, which will define 0% and
100% as the smallest and the highest values, respectively, for each of the data sets.
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Normalizing the data in this way converts it to “Percent of maximum
response”. Note two points: (a) Normalization will cause the dose-
response curve to extend vertically from o0 to 100 by definition, and
we'll constrain the curve fit later to ensure this. Therefore, you
should be fairly confident of the accuracy of your minimum and
maximum values. (b) In this example, the minimum Y values were
already zeroes, so no alteration of the minimum values will be made.
Note, however, that had these values been greater than o, the
normalization would effectively have produced a “baseline
correction”.

Choose to present the results as Percentages. And since the results of this “analysis”
are the values that we will finally graph, check the box to Create a new graph of
the results. Overlooking this checkbox is a very common mistake. The settings are
shown here:

Parameters: Normalize gl

How iz 0% defined?

(#) Smallest value in each data set

() First value in each data set [or last, whichever is smaller]

= becomes 0% for all data sets

How iz 100% defined?

(%) Largest value in each data set

() Last value in each data set [or first, whichewver is larger)

Ov= becomes 100% for all data sets

() The sum of all values in the data set [column]

Prezent results az

() Fractions (%) Percentages

MHew graph
Create a nevs graph of the results

’HeIpMeDecide] [Eancel] [ QK. ]

The Results sheet is displayed. Because we have replicate Y values, 0% and 100% are
defined by the mean of the replicates. It is neither possible nor desirable to normalize
each subcolumn separately. This is why none of the upper Y values in the table is
exactly 100.
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X Values A B
Agonist Mo inhibitar Inhikitor 1:10
X A1 A2 A3 B:¥1 B2 BY3
-10.000 0.000 n.0oa 0.000 0.o0a 0.000 0.000
-3.000 23 n.aao 9.A24
-7.523 28871 23mo 35714 2.804 0.oaa 5.607
-7.000 45,238 42887 52.381 14.018 2411 16.822
-A.523 AG.BRY T1.428 BE.BAET 22430 8037 33644
-G.000 TE.190 93333 83.333 47 664 86.075 G4.436
-5.523 83.333 97618 90.476 64.486 78.405 81.308
-5.000 928347 102,381 104.752 Tarm 26915 95327
-4.5323 24112 95327 106.542
-4.000) 42847 102381 104.762 89.720 103.738 106.542
-3.523 29720 103.738

Now click the yellow Graphs tab on the toolbar to switch to the graph of the log-

transformed and normalized data.

150+
1004 IEI'I
"I
]
50~ - z
i Iz
A
0+—% T i T T T 1
11 10 9 -8 -7 6 -5 -4 3
Agonist

® No inhibitor
A |nhibitor 1:10

Note that, unless you specify otherwise, Prism plots the averages of replicate data and

adds error bars automatically.

Fitting a Sigmoidal (Four-Parameter Logistic) Curve

With the graph displayed, click on the Analyze button. From the Curves &
regression category, select Nonlinear regression (curve fit).

In the Parameters: Nonlinear Regression (Curve Fit) dialog box, choose
Classic equations. Select Sigmoidal dose-response (variable slope).
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Which sigmoidal dose-response curve-fit model should you use?
When you choose Sigmoidal dose-response, Prism assumes that
the curve has “standard” steepness (a Hill slope of +/- 1) and fits
only the Top, Bottom, and log EC;,. Other programs may refer to this
model as “three-parameter logistic”. If you suspect that your curve
has more or less than normal steepness, choose Sigmoidal dose-
response (variable slope), and Prism will also fit the Hill slope.
Other programs refer to the variable-slope model as “four-parameter
logistic”.

This is normally all you need do to prepare Prism to fit the curves, and if you were to
click OK at this point, Prism would perform a four-parameter (bottom, top, log ECso,
and Hill slope) sigmoidal curve fit and add the curves to the graph. But we’ll choose
two options.

Constraining Curve-Fit Parameters

Since we normalized the original data such that the vertical range extends by
definition from o0 to 100, it doesn’t make sense to fit the “bottom” and the “top” of the
curves. So we'll fix those parameters, leaving only the midpoint (log EC5,) and slope
(Hill slope) of each curve to be fitted by Prism. Select the Constaints tab. Constrain
the parameters BOTTOM and TOP to 0 and 100, respectively:

Equatinn] Comparison  Constraints ] Iritial values] Weighting] Dutput] Hange]

Fix, constrain or share a parameter
Farameter Conztraint Walue

BOTTORM Corstant equal to .o
TOP Constant equal to 100.0
LOGECED Mo constaint

HILLSLOPE Mo congtraint

L3 S A IR

Comparing Curves Statistically

Instruct Prism to compare the fitted midpoints (log ECs,) of the two curves
statistically. Click the Comparison tab and make the settings shown in the following
figure:
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Parameters: Nonlinear Regression (Curve Fit) El

Equation Comparison ] Cnnstraints] Initial values] Weighting] Elutput] Hange]

what question are you azking? Comparizon method
(") Mo comparizon. () Akaike's Information Criteria [&1Cc)
For each data set, which of two equations [models] fits Select the model that iz most fikely
O hest? to have generated the data,
® Does the best-fit value of a selected parameter differ &) F test
between data sets? Select the simpler model unless the
O For each data zet, does the best-it walue of a selected extra sum-of-squares F test has
pararmeter differ fram a hypothetical value? a P value less than |0.05

Chooge one or more parameters Explanation

LOGECED Compare the best-fit value of the selected parameter between

AILLSLOPE data zets, You can select one, _several, or all parameters. If vou
zelect all the parameters, you will be testing whether one curve
suffices for all data sets - whether the individual curves are
statistically distinguizhable.

Frigm will fit the data two waps, and compare the results with an
F test. [t will first fit each data zet independently. [t will then do a
global fit, finding one shared [among data sets] best-fit value for
each parameter you gelect,

Only two of the four parameters from the variable-slope sigmoidal
model show up in the list box, since the other two parameters were
constrained—therefore no longer to be fitted—in the previous
section.

While you're looking at the Comparison page of the Parameters: Nonlinear
Regression (Curve Fit) dialog, note the variety of comparisons available.

* For each data set, which of two equations (models) fits best?

Select different curve-fit equations and allow Prism to decide which better
fits your data.

* Does the best-fit value of a selected parameter differ between data
sets?

Compare data sets. Select (a) one or more curve-fit parameters and allow
Prism to decide whether their values differ statistically among data sets, i.e.,
whether the curves statistically different with respect to the specified
parameter(s). That’s what we’re doing in this example, using log EC5, as our
criterion for comparison. Or select (b) all parameters and have Prism decide
on the basis of the overall curve whether the data sets differ.

» For each data set, does the best-fit value of a selected parameter
differ from a hypothetical value?

Experiment with these settings, observing how Prism changes the dialog and reading
the Explanation frame for each option.
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When you click OK to exit the Parameters: Nonlinear Regression (Curve Fit)
dialog, Prism fits the curves and places them on the graph.

150+
® No inhibitor

A Inhibitor 1:10
100

50+

L]
11 10 9 -8 -7 6 -5 -4 -3
Agonist

The Results sheet is extensive; we’ll show the highlights. Select the Table of results
subsheet in the Navigator.

Prism summarizes the result of the F test giving the hypotheses tested, in the first
rows of the table (in the illustration, we juxtaposed the first and fourth columns by
horizontal scrolling).

Glabal (shared)
Y
Comparison of Fits

Mull hypothesis LOGECS0 same for all data sets
Alternative hypothesis LOGECED different for each data set
P value P=0.0001
Conclusion (alpha = 0.05) Reject null hypothesis
Preferred model LOGECED different for each data set
F (DFn, DFd) 163.1 (1 52

Further down, Prism reports the values fitted under the assumptions of each
hypothesis. When Prism is free to fit log ECs, for each data set separately (the
alternate hypothesis)...
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Ma inhibitor Inhibitar 1:10
Y Y
LOGECS0 different for each data set
Best-fit values
BOTTOM 0.0 0o
TOP 100.0 100.0
LOGECS0 -6.912 -6.0B9
HILLSLOPE 0.7978 0.8BE52
ECs0 12244007  [8.5320e-007
Std. Error
LOGECS0 0.04262 0.04777
HILLSLOPE 0.05848 0.07374

When Prism fits a common value for log EC, to both data sets...

Mo inhibitor Inhibitor 1:10 Global (shared)
Y Y Y

LOGECS0 same for all data sets
Best-fit values

BOTTOM 0.0 0.0

TOP 100.0 100.0

LOGECS0 -6. 466 -6.466 -6.466

HILLSLOPE 06947 0.7618

ECs0 3.4198e-007  |3.4198e-007 3. M98e-007
Std. Error

LOGECAD 0.0B972 0.06972 006972

HILLSLOPE 0.07409 0.08668

In both cases, the fixed values of 0 and 100 for BOTTOM and TOP are included in the
table; since they weren't fitted, no standard errors are shown for them. The EC;,
shown in the table is simply the antilog of the parameter that is fitted—LOGEC50.

As we noted earlier, the null hypothesis was rejected on the basis of the F test. It
appears that the experimental intervention, addition of a putative inhibitor, shifts the
dose-response curve to the right.

Users frequently object to the fact that the standard error for ECs, is not reported.
These standard error values express the uncertainty inherent in estimating the
parameters by curve fitting. For the equation fitted here, the midpoint of the curve is
log EC;,, not ECs,. Don’t try to express the standard error for ECs, obtained in this
way using a single number—in particular, it is not the antilog of the standard error of
log EC50. We suggest that you use the 95-percent confidence interval for EC,,, which
Prism does report.
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95% Confidence Intereals
LOGECS0 -7.000 to 6.5824 -6.167 to-5.971
HILLSLOPE 06773 10 0.9182 07139 to 1.017
ECa0 1.0002e-007 to 1.4987e-007 |6.8030e-007 to 1.0692e-006

Additional help for understanding your results is available when you click the
Analysis Check List button.

[

Adjustments to the Y Axis

Click on the yellow Graphs tab to return to the graph. If you’d like a frame around
your graph, double-click one of the axes to open the Format Axes dialog. Click the
General tab, then choose Plain Frame in the Frame & axes drop-down box. We
can also increase readability by adjusting the range and tick intervals for the Y axis.
Select the Left Y axis tab. Deselect the Auto option under Range. Set the Range
and Tick options as follows:

Range Tick options

[ Auts kdajar ticks: Irterval: 250 Starting &t |{0.0

Minimum; — |-15.0 timor ticks: #intervals: [0 - Spacing: Equal -
Mawirurm: | 115.0 Al ticks: Direction: | Left - Length: Short L'

Select the General tab again, then set Origin to Lower Left. This lowers the X axis
to coincide with the frame around the graph.

Adjustments to the X Axis

Now we'll format the X axis, introducing a break, or gap, in the axis; labeling our
zero-agonist control point; and expressing the X-axis values in different units.

Segmenting the X Axis

Double-click on the X axis to reopen the Format Axes dialog box. Choose the X
Axis tab. Carefully set the Appearance and Segment options as follows:
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Appearance

Gaps and Direction: | Two seaments (-7 /] w Scale: | Linear w
Segment: | Left -
Fiange Tick optionz [ Plat only one tick on this seqment
Minimum:  |-10.5 Major ticks:  Interval |1 Starting at: |-10.0
Mawimum:  |-9.5 imor ticks: Hintervals: |0 w Spacing: Equal w
Al ticks: Direction: | Down v Length: Shart ~
Length: (16 | % of axis e

Now reset Segment to Right and enter or verify the following settings:

Segment: | Right -

Fange Tick options [ Plot only one tick on this segment
Minimum:  |-9.5 M ajor ticks: Interval: 1.0 Starting at: |-9.0
Magimurn:  |-25 tinar ticks: #intervals: |0 w Spacing: Equal w
Length: |84 | % of asis Al ticks: Direction: | Dawn w Length; Shirt w
Your graph should now look like this:
®  No inhibitor
100+ _
A |nhibitor 1:10
75+
50+
25+
o m—

) ) ) )
9 8 7 6 -5 -4 -3
Agonist

You may have to resort to some trial and error to get the look you
want. One hint: Try selecting, then “dragging”, the ends of the X axis
segments directly on the graph, which will adjust the value for
Length... % of total axis automatically.
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Labeling the Zero-Concentration Control Point

Now we'll substitute the value “0” for “-10” on the left axis segment. Double-click on
the left-hand segment of the X axis to reopen the Format Axes dialog. Verify that

the X axis tab is selected and that Segment is set to Left. Set the checkbox to Plot
only one tick on this segment and direct Prism to insert the label “0” at X = -10.

Tick optionz Flaot only one tick on this segment

k ajar ticks: Label [ ar text): |0 atx=|-10.0
1004 ®  No inhibitor
A [nhibitor 1:10

75+
50+
25+
04 BE=—

L : : L L L L L L L

0 9 8 7 6 5 -4 -3

Agonist

Note that you don’t have to use a numeric tick label where we
substituted for “-10”. You could just as well label the tick “Control” or
“Vehicle”.

Contrel & £ 7 £ &5 4 -3

Displaying Doses or Concentrations in Different Ways

To change how Prism expresses the values on the right-hand segment of the X axis,
return to the Format Axes dialog (X axis tab). Set the axis Segment to Right.

Now change the setting in the Format drop-down list under Numbering or
labeling. Only two of the four choices produce usable results in this example:
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Decimal:

0 9 8 7 6 5 4 3
log [Agonist], log M

or Power of 10:

1 1 1 1 1 1 1
0 102 10-¢ 107 10 105 104 10=
[Agonist], M

If you choose the Power of 10 tick labeling option, you may also wish to add
logarithmic minor ticks. In the Format Axes dialog (X axis tab), adjust Minor
ticks and Spacing as shown here:

kinor ticks: # intervalz |9 w Spacing: Log L7

|_I-|'I_I-I'I'I'I1I'| TITIny T Ty T I T 1y r g 1
10<  10= 107 10 105 104 103

Prism doesn’t alter the axis titles to reflect the tick-labeling format—
we did that manually for this illustration.

When you want to use one of the other (longer) formats, such as Antilog, you may
find that the labels are long and overlapping each other. Try one of the following:

= If the crowding isn’t too severe, create more room for the labels by clicking on
the X axis to select it and then “dragging” the right-hand “handle” to the
right.

= Enter your original data onto the data table in different units. You may be
able to eliminate several place-holding zeros for tick labels in the Antilog
format by entering data in micromolar or nanomolar units. Remember to
modify the X-axis title if necessary, and remember that log EC;, and EC;,
values reported on the curve-fit results will be in the same units that you used
on the data table.
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=  Show the tick labels at an angle. In the Format Axes dialog (X axis tab), try
these settings:

Mumbering or labeling

Location: | Below, angled w Angled: | 45 %

Displaying Error Bars in Only One Direction

If you’d like to prevent overlapping of closely spaced error bars, double-click on one
of the symbols for the “No inhibitor” data to open the Format Symbols and Lines
dialog. Adjust the Error bars...Dir. to show only the top half (Above) of the bar.
And for this example, switch to standard deviation error bars: Plot... Mean & SD.

Repeat for the “Inhibitor 1:10” data, choosing this time the lower half of the bar. Your
graph should now look something like this (we edited the axis titles and relocated the
legends):

1004 ® No inhibitor
A Inhibitor 1:10

~
a
[l

Percent Maximal Response
N (3]
a o
[l [

e

o
1

L] L] L] L] L]
0 10° 10 107 10 10 10 103
[Agonist], M

You wish to display some error bars associated with a data set in one
direction only, and the rest in both directions. On the data table,
choose the Mean, +Error, -Error format for the Y columns. Prism
then leaves room for you to add differing positive and negative error
limits. Enter zeroes on the table wherever you don’t want that half of
the error bar to be displayed.
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Displaying Curve-Fit Parameters on the Graph

We'll now transfer some information about the best-fit parameters from the Results
page directly to the graph. The simplest technique is to return to the nonlinear
regression Results sheet—remember to switch back to the Table of results
subpage—and drag your cursor to select the results of interest:

I ECS0 1.2240e-007 5.5320e-007

Choose Edit...Copy, switch to the graph, and choose Edit...Paste Table. You can
now select the embedded table and drag it to a convenient open spot (in the
illustration below, we removed the frame around the plot area).

With some ingenuity, you can improve the cosmetics and narrow the information
down to what’s important. In the illustration below, the EC;, values were pasted
individually and situated next to the legend elements. The heading “EC5,” was
generated using the text tool,

T

and the line below “ECs,” was made with the line-drawing tool.

™

1004

~
a
L

N
[3,]
A

Percent Maximal Response
(3]
(=]
[

B No inhibitor 1.2243e-007

0 =— A Inhibitor 1:10  8.5320e-007
1 T T T T T T
0 10 104 107 104 10* 10+ 1073

[Agonist], M
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The beauty of pasting results from the Results sheet to your graph is that, since all
related steps in your project are linked, changing your data will result in all
corrections being made on the graph automatically—including the pasted values for
EC;.Try it! This saves effort not only when you need to correct data errors, but also
when you need to construct a new dose-response curve. In fact, once you've settled on
the design of your dose-response curve, consider saving your entire project, for use
with new data, as a template.
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Linear Standard Curves

A standard curve is a graph relating a measured quantity (radioactivity, fluorescence,
or optical density, for example) to concentration of the substance of interest in
"known" samples. You prepare and assay "known" samples containing the substance
in amounts chosen to span the range of concentrations that you expect to find in the
"unknown" samples. You then draw the standard curve by plotting assayed quantity
(on the Y axis) vs. concentration (on the X axis). Such a curve can be used to
determine concentrations of the substance in "unknown" samples. Prism automates
this process.

Prism can fit standard curves using nonlinear regression (curve fitting), linear
regression, or a cubic spline (or LOWESS) curve. This chapter shows how to find
"unknown" concentrations using a standard curve obtained using linear regression.
For an example of a nonlinear standard curve, see page 145.

Entering Linear Standard Curve and “Unknown” Data

In the Welcome dialog, make the settings shown below.

Tostat:  (3) Create a new project () Dpen an existing file

Choose:  (®) Typeof graph () Format of datatable (O Template

Hr ] One grouping variable ] Twia grouping variables ] Survival ]

Single ¥ and rmultiple ¥ columns for linear and nonlinear regression.

.. +
. | ey

Selected graph: Pointz only

+
et

Enter data for the standard curve. In our example, shown below, we entered
concentrations for the "known" samples into the X column, rows 1-5, and the
corresponding assay results into the Y column. Just below the standard curve values,
starting in row 6, enter the assay results for the "unknown" samples into the Y
column, leaving the corresponding X cells blank.
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Protein {mg/mL) | Optical Density
X Y
1 0.05 0.o97
2 0.10 0.183
3 0.20 0.250
1 0.30 0.371
3 0.40 0.4582
6 0141
7 0.190
3 0.258
9 0.423

Click on the default table name (drop-down list on the toolbar). Type a new name for
the table. That name will be used as the title for your graph.

Pratein ztandard curve W

Linear Regression with “Unknown” Interpolation

Click Analyze. From the Curves & regression category, select Linear
regression.

In the Parameters: Linear Regression dialog, check the box labeled Unknowns
from standard curve, because we want our unknown concentrations to be
provided. Prism’s default is to draw a linear regression line from the first to the last X
coordinate on the data table. In our case, the line would therefore start at X = 0.05.
To extend the line leftward to the Y axis, choose to Start regression line at X=
0.0 in the Output options frame. Set the number of Significant Digits (to appear
on the Results sheet) to 3.
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Parameters: Linear Regression

hethod options
[ Force the line to go through = =

Alzo calculate
Unknowns from standard curve,

[ Test departure from linearity with rns test.

[ Calculate the of the regression line
[ Make table and graph of residuals.

[195% confidence interval of ¥ when % =

[195% confidence interval of ¥ when ' =

Output options Significant Digits
Start regression line at () Aute ()%= (0.0 Show: |3 1w
End ion line at =
UG ESIIEET (01 (46 zignificant digits
[ Show table of 37 Coordinates
[ Help Me Decide ] [ Cancel ] I Ok l

When you click OK to leave the linear regression parameters dialog, Prism performs
the fit and displays the best-fit values.

Best-fit values
Slope 1.01 £ 0.06586
Y-intercept 0.0690 £ 0.0163
A-intercept -0.0685
1/5lope 0.992
95% Confidence Intervals
Slope 0.789 to 1.23
Goodness of Fit
1z 0.956
T 0.0196
Is slope significantly non-zero?
F 216
DFn, DFd 1.00,3.00
F value 0.0007
Deviation from zero? Significant
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Switch to the Interpolated X values subpage of the Results sheet to view the
“unknown” values computed on the basis of the linear regression.

[C] Results

= Lin Req of Protein standard curve
Tabular results
Inkerpolated ¥ values

Prism reports the corresponding X value for each unpaired Y value on your Data
sheet.

Protein (mgf/mL) | Optical Density
X Y

0.071 0141

0120 0.120

0135 0.258

0.351 0.423

Adding “Unknown” Data Points to the Graph

Prism's automatic graph includes the data from the Data sheet and the curve. To add

the "unknowns" to the graph, click the yellow Graphs tab on the toolbar. Click the
Change button and then select Add Data Sets....

Add Data Sets to Graph

Select:
Fram the following data or results table:

Lin Reg of Pratein standard curve:Interpolated ¥ values w

[1ata sets to add [zelect one ar more)

Using this dialog, you can add any appropriate data to any graph. Verify the settings
shown above and click OK to return to the graph. The graph now includes the
“unknown” values plotted in distinctive symbols (here, triangles).
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Protein standard curve

0.5

0.4+

0.3+

0.2

0.1+

0.0 T

0.0 0.1

012
Protein (mg/mL)

)
0.3 0.4

0.5

If you want the "unknowns" represented as spikes projected to the X axis (rather than
data points), click on the Change button and select Symbols & Lines.... Verify that
the Appearance tab is selected, and from the Data set drop-down list, select Lin
Reg of Protein standard curve:Interpolated X values. Change the symbol
Shape to one of the last four options (spikes) and set the Size to 0.

Format Symbols and Lines E|

Appearance l Order ]

Symbolz
Show symbals Shape:

Fill color: NN - Size:

Linear Standard Curves

ol

b

b

Data zet: | Lin Reg of Protein standard curve:Interpolated ¥ values

Flot:

Barder color:

Barder thickness:

I\

1pt

w
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Protein standard curve

Protein (mg/mL) I Optical Density
0.071 0.141
0.120 0.190
0.188 0.258
0.351 0.423
0.5+
0.4-
0.34
0.2+
0.1+
0.0 T T 1

) )
0.0 0.1 0.2 0.3 0.4 0.5
Protein (mg/mL)

Standard Curve

“Unknowns” are represented as spikes on the graph; their numerical values are shown on an
embedded table pasted from the Interpolated X values subpage of the Results sheet.
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Nonlinear Standard Curves: RIA and ELISA

Analyzing radioimmunoassay (RIA) or an enzyme-linked immunosorbent assay
(ELISA) data is a two-step process:

= Prepare and assay a set of "known" samples, i.e., samples that contain the
substance of interest in amounts that you choose and which span the range of
concentrations that you expect to be present in your "unknown" samples.
The quantity that you measure (radioactivity, optical density, or
luminescence, for example) is related graphically to sample concentration to
produce a standard curve.

»  Assay the "unknown" samples. Then, for each measurement obtained, use the
standard curve to find the corresponding substance concentration.
Graphically, this amounts to finding the X-axis value (concentration) for a
given Y-axis value (measured quantity).

Prism automates creation of a standard curve and interpolating unknown
concentrations from it. For an example of a linear standard curve, see page 139.

Entering Standard-Curve and “Unknown” Data

In the Welcome dialog, choose Create a new project and Type of graph. Under
the XY tab, choose the leftmost thumbnail, for “Points only”.

RIA/ELISA data often span such large concentration ranges that concentrations are
plotted as their logarithms. We'll follow that convention here and let Prism compute
the logarithms for us.

Enter data for the standard curve. For our example, enter "known" sample
concentrations into the X column, rows 1-6, and the corresponding assay results into
the Y column. Sometimes you'll want to include data from a zero-concentration
sample. Since our data will be graphed on a semi-log plot and it's impossible to plot
the log of 0, we approximate the zero-concentration point in row 1 with an X
coordinate of 1.0e-014, two log units below the lowest non-zero X value. Including
this data point will help to define the top of the fitted curve more accurately.

Just below the standard curve values, enter the assay results (Y values, rows 7-10) for
the "unknown" samples, leaving the corresponding X cells blank. Later, Prism will fit
the standard curve and then report the unknown concentrations using that curve.
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# Title Data Set-A
X Y

1 Te-014 100.0
2 1e-012 97 2
3 Te-011 93.1
4 Se-011 7.9
5 1e-010 07
b Se-010 48
7 3.0
8 53.0
9 780
10 90.0

Log Transforming the X Values

Click Analyze. From the Data manipulations category, select Transforms.

In the Parameters: Transforms dialog, choose to Transform X values using
X=Log(X). At the bottom of this same dialog box, choose to Create a new graph
of the results. When you click OK to exit this dialog, Prism displays a new Results
sheet with the log-transformed X values.

X Y
1 -14.000 100.000
2 -12.080 87.200
3 -11.000 93.100
4 -10.301 B7.900
3 -10.000 30.700
6 -9.301 4.800
7 35.000
8 53.000
9 78.000
10 80.000

Click on the yellow Graphs tab to view the plot of the log-transformed data.

Analysis and Curve Fitting

Click the Analyze button. From the Curves & regression category, select
Nonlinear regression (curve fit).

In the Parameters: Nonlinear Regression (Curve Fit) dialog box (Equation
tab), choose Classic equations. Select Sigmoidal dose-response (variable
slope).
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The sigmoidal model should work well for a one-site competitive
binding system following mass-action kinetics. You have other
options: choose another equation, or enter a user-defined equation
(see page 151). Or consider a cubic spline or LOWESS, which
provides a smoothed curve without fitting the data to a specific
equation.

Since we want our unknown concentrations to be provided, check the box to Also
calculate...Unknowns from standard curve. Select the Range tab, and under
Minimum X value, choose to Start the curve at X = -12 (we are truncating the
curve at the lowest non-zero X coordinate).

We will format the graph so as not to show the 100-percent-binding
control point at X = -14. Many users would prefer to include that
point and to substitute a value of “0” at X = -14, with or without
breaking (segmenting) the X axis. For an example of this technique,
see “Labeling the Zero-Concentration Control Point” on page 133.

When you click OK to leave the parameters dialog, Prism performs the fit and creates
a Results sheet.

125+
1004 [ |
754

504

J J J
15 14 13 12 11 10 -9 -8

Finding “Unknown” Values

Prism displays the results of the curve fit on the Table of results subpage of the
Results-x:Nonlinear regression (curve fit) sheet. But for a routine RIA, you
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may not care too much about the information contained there. Switch to the
Interpolated X values subpage.

= Monlin fit of Transform of Data 1
Cverview
Table of resulks

Interpolated ¥ values

Prism reports the corresponding X value for each unpaired Y value on your Data
sheet. These values are expressed as logarithms of concentration.

X Y

-10.036 35.000
-10.182 53.000
-10.410 78.000
-10.617 90.000

If your data table contains replicate Y values, Prism will report
interpolated X values both on the basis of the mean of replicates and
of each individual replicate.

Interpolated X mean values
Interpolated ¥ replicates

Although it's generally easiest to plot and analyze semi-logarithmic RIA/ELISA data,
we'd like to read our unknown concentrations directly, not as logarithms. Click
Analyze. From the Data Manipulations category, select Transforms.

In the Parameters: Transforms dialog, check the box for Transform X values
using.... Select the equation X=10"X from the drop-down list.

Click on OK. Prism creates another Results sheet, on which the X values are now
expressed as concentration. In this figure, column headings were added and the
number format was changed (Change... Number Format...).

Concentration Binding
X Y
8. 209e-011 35
5.580e-011 53
3.852e-011 78
2.414e-0M a0

148 Prism Examples



Showing “Unknowns” on the Graph

Prism's automatic graph includes the data from the Data sheet and the curve. To add
the "unknowns" to the graph:

Switch to the graph Transform of Data 1 graph. Choose Change... Add Data
Sets.... From the top drop-down box in the Add Data Sets to Graph dialog, select
the data set containing the ...Interpolated X values. Click OK to return to the
graph, which now includes the unknown values plotted using a different symbol.

If you want the "unknowns" represented as spikes projected to the X axis (rather than
data points), click Change and select Symbols & Lines.... From the Data set
drop-down list, select ...Interpolated X values. Change the symbol Shape to one
of the last four options (spikes), and set the Size to 0 or 1.

Final Graph Formatting

Double-click on the X axis, make sure the X axis tab is selected, and make the
following settings. The axis scale remains linear, so that the horizontal positions of
the data points are still determined by their logarithms. But as an aid to the viewer,
the ticks labels are changed to the corresponding Power of 10 values, and the tick
marks themselves are spaced logarithmically.

General * ais l Left 'y a:-tisl Right ‘v’ a:-tisl

Appearance

Gaps and Direction: | Standard Ev Scale: | Linear Ev
Range Tick optionz
[ Auta td ajor ticks: Interval: 1.0 Starting at  |-12.0
Mimimum:;  |-12.5 tinor ticks: # intervals: | 9 w Spacing: Log w
b awirurn: | -3.0 Al ticks: Direction: | Down Ev Length: Short w

Mumbering or labeling

Lacation: | Below, harizantal Angled: Ik, Fram amis: 0.0

Prefis: Format: | Power of 10w # decimal places: Suffi:

The final graph, with some formatting changes not discussed here, is shown in the
next figure. The table has been paste-embedded from the last Results sheet. To that,
switch to the Results sheet and choose Edit... Copy. Then switch to the graph,
choose Edit... Paste Table, and position the copy of the table where you want it.
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Fitting Data to User-Defined Equations

Within the Classic equations and the Prism equation library are most of the curve-fit
models that a biologist needs. Yet occasionally you may want to customize. For
example, you may (a) need an equation of a form not built into Prism, (b) need to
modify an existing equation, e.g., changing the two-site binding model to
accommodate three sites, or (¢) simply wish to rename the parameters in a built-in
equation so that the curve-fit results will be labeled more appropriately.

In this example, we’ll enter and fit data to a “user-defined” equation of a form not
preprogrammed into Prism. The time course for total systemic absorption of a drug,
expressed as the fraction (F) of the amount administered at a subcutaneous depot at
time o, is given by’

B 1 ik, k)
F=—— e’ el ta’ _ e
(ke/ka)-l[e "

where t = time (min), and k. and k, are the first-order elimination and absorption
rate constants (min), respectively. We’ll plot an example time course and fit the
curve to the data to obtain an estimate of the rate constants.

In the Welcome dialog, make the settings shown below.

Tostat: (&) Create anew project () Open an existing file

Choose: (&) Type of graph ) Format of datatable () Template

tae ] One grouping vanable ] Two grouping variables ] Survival ]

Single ¥ and multiple Y columng for linear and nonlinear regression,

. 4 +

Selected graph: Points anly

Neubig, R. R., The Time Course of Drug Action, in Principles of Drug Action (W.B. Pratt
and P. Taylor, eds.), 31 Edition, Churchill Livingtone Inc., 1990.
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Enter the data as shown below.

X Values A
Time {min) | Frac Abs
X Y
1 0.0 0.oo
2 25 0.0&
3 5.0 .11
4 10.00 0zo
5 200 025
6 a0.0 0zZ7
7 45.0 0zZ7
8 B0.0 0.z2o
9 a0.0 a.1o
10 120.0 0.06

For this example, we're assuming that the Y values do not require correction by
subtraction of a baseline—the minimum Y value is already o. If you wish to subtract a
baseline value from each Y value in a data set, read about automatic baseline
correction beginning on page 99.

Click the yellow Graphs tab on the toolbar to view the graph:

0.3+

024 = n

0.14 n

O-C T T ) ) Ll 1
0 25 50 75 100 125 150

Time (min)

Entering the User-Defined Equation

With the graph displayed, click on the Analyze button. From the Curves &
regression category, select Nonlinear regression (curve fit).

In the Parameters: Nonlinear Regression (Curve Fit) dialog box (Equation
tab), choose More equations and, from the list below, click [Enter your own
equation].
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The User-defined Equation dialog is displayed. With the Equation tab selected,
enter a Name for this curve-fit analysis (which will be added to the More
equations list the next time you view it). Now enter your equation, in single-line
form, into the Equation box. You are limited to certain types of equations and must
adhere to a few simple syntax rules. Your equation must be of the form

Y=7(x)

Thus, you must designate the dependent and independent variables as Y and X,
respectively, and you must write the equation so that Y is isolated on the left-hand
side. The Prism User’s Guide lists all the rules for entering user-defined equations in
Prism, including the functions, or operators, that you may use. Our equation can be
written on a single line as follows (the equation is not reduced to simplest terms, but
that will help illustrate the use of an “intermediate” variable below):

Y=(exp(-Ke*X/(Ke/Ka))-exp(-Ke*X))/(Ke/Ka-1)

You can enter comments to prompt your memory or to help other users understand
your equation by writing lines beginning with a semicolon.

User-defined Equation gl

Enter Equation lF!uIes for Initial Walues | Default Constraints |

Mame: |Kinetics of first-order abgorption and first-order elimination
E quation

Y=[ewp[-K e/ Ke/lall-explF e/ (Fe/a1]

1 is fraction absorbed

g time

K. iz first-order elimination constant
Kais first-order abzorption constant

[ Copy Al l l Copy l l Cut ] l Faszte

[ Calculate derivatives with faster [less accurate] method

If you prefer, you can break an equation into two or more expressions to make the
resulting system simpler or more readable. Below, we define an intermediate variable

ratio=k,/ k,
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Prism will read that definition in the first line and then substitute k./k, for “ratio” in
the final equation:

E quation

ratio=F.esf.a
'=[ewpl-keAatio]-explFe=]) ratio-1]

X iz fraction abzorbed

iz time

K2 iz firzt-arder elimination constant
K. iz first-order abzorption constant

Your user-defined equation may be a variation of one of Prism’s pre-programmed, or
“classic”, equations. In that case, you can keep manual entry of your equation to a
minimum by copying the classic equation into the equation box. In the Parameters:
Nonlinear Regression (Curve Fit) dialog box, choose an equation from the
Classic equations list, then click the View Equation... button. In the Classic
Equation dialog box, click Copy All to place the contents of the Equation window
on the clipboard. Now you can move to the User-defined Equation dialog (from
Parameters: Nonlinear Regression (Curve Fit), choose More
equations...[Enter your own equation]). Make sure the Equation tab is
selected, then click Paste to enter the classic equation into the Equation window.
Now type your modifications.

Entering Initial Values for Curve-Fit Parameters

When you're done entering your equation, click the Rules for Initial Values tab.
Prism reads your equation and, after eliminating X, Y, and operators, arrives at the
“parameters” to be fit—in this case, k. and k,. Curve fitting is an iterative, trial-and-
error process of substituting values for the parameters in your equation in order to
maximize the goodness of fit between your experimental data and the resulting
substituted equation. Prism therefore must have an initial “guess” for the value of
each parameter, that is, it must have a starting point for the process. When you use
one of the Classic equations, Prism derives its own initial values, choosing numbers
that are related to your experimental data by programmed “rules”. For User-defined
equations, Prism has no such rules, so you must provide either those rules or explicit
initial values.

For each parameter, enter a constant value into the first column and a relational
expression chosen from the drop-down list into the second column. Your choices fall
into two categories:

Initial value, to be fit

This choice indicates that the value in the first column is to be used explicitly.
Select this option when there is no rule in the second column that reasonably
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allows derivation of the initial value from your experimental data. The
drawback of this choice is that you may have to provide a new initial value
each time you run this analysis. For this step-by-step example, we will select
this option, since no reasonable rule is available.

The initial value estimate generally does not have to be very close to the
actual fitted value, particularly when the equation has few parameters to be
fit and your data doesn’t have too much scatter.

The initial values that you enter might come from (a) your past experience or
the experience of other investigators, including published values, (b)
alternative methods of computation, or (c) a trial process, whereby you allow
Prism to generate a curve using the values you supply and check to see if the
result is reasonable. We'll illustrate the latter process below.

Don’t forget to avoid entering “illegal” initial values. In our example, the
equation is undefined for k. = 0, ks = 0, and k. = k:

A rule

If you can find a rule on this list that allows Prism consistently to derive an
initial value from your data (i.e., if the rule holds as your data varies within
reason from experiment to experiment), this is the best choice. You won’t
have to enter a new initial value each time you run the curve-fit analysis.

Example

When collecting data for a sigmoidal dose-response curve, the input
data are the logarithms of drug concentrations tested, and
investigators typically choose those concentrations such that their
logarithms will be distributed evenly over the curve. And the lower
and upper plateaus of the idealized curve can be approximated by the
lowest and highest responses measured, respectively. So good initial
value rules for the for a three-parameter sigmoidal fit would be

LOGECH50: 1*Value of X at YMID
BOTTOM: 1*YMIN
TOP: 1*YMAX

Here are the entries for our example:
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)

User-defined Equation

Enter Equation  Rules for Initial W alues ] Default Cnnstraints]

Define a set of rules to compute initial values to uze az a default every
time pou curve fit with this equation.

KE 0.0s [Iritial walue, to be fit]

) .0z [Initial walue, ta be fit)

[Initial walue, to be fit]

Click OK to return to the Parameters dialog.

Trying out Initial Values

Before doing the curve fit at all, we might like to know how close a curve generated
using specific parameter values will come to our data.

Generating a trial curve is not mandatory. If the initial values
produce a trial curve very far away from the data, Prism may not be
able to figure out how to adjust the parameters for the next iteration,
and it may abort the process. But ordinarily, the initial values need
only be rough approximations of the fitted values, and it will not help
to “fine-tune” them. If you are confident of your initial value settings,
just go on to the next section.

In the Parameters: Nonlinear Regression (Curve Fit) dialog box, choose to
...Plot the curve defined by the initial values.

Fit ¢

() Fit & curve with
nonlinear regression.

%) Daon't fit
[Plat the curve defined
by the initial valliesz. ]

Click OK to generate the curve with k. and k, fixed to the specified initial values.
Here is a partial view of the Results sheet.

Best-fit values
KE 0.0500
A 0.0200
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Below is the graph (notations shown below were added using the text and drawing
tools).

0.3+
a a
® o
K]
o
b1 0.2+
e}
<
c . . .
o 0.14 Trial simulation
5 ke =0.05
© k, =0.02
[T
0.0-
r T T T T T T T T T T T 1
0 30 60 90 120
Time (min)

Since the curve is reasonably close to the points, you're ready to do the actual curve
fit. Click the “Analysis parameters” button.

"H

Reset the radio button to fit the curve.

Fit ¢

(%) Fit & curve with
hohlinear regression.

) Don't it

[Flat the curve defined
by the initial walues. ]

Completing the Curve Fit

From the Parameters: Nonlinear Regression (Curve Fit) dialog, click OK to fit
the curve.

Click the yellow Results tab to display the fitted values for k. and k.
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Kinetics of first-order absorption
Best-fit values
KE 0.043581
[ 002628
Std. Error
KE 0.001352
pA, 0.0009953
95% Confidence Intervals
KE 004065 to 0.04693
A, 0.02399 to 0.02855

Switch to the graph (notations in the figure below were added manually using the text
and drawing tools).

0.3
g Fitted curve
2 ke = 0.04381
8 0.2- k, =0.02628
o]
<
5
: 01'
3]
©
S
TR
0.0-
—_————————r
0 30 60 90 120
Time (min)

Constraining Parameters

You may place limits on the value that a parameter can take on in the course of curve
fitting. From the User-defined Equation dialog, select the Default Constraints
tab. Prism displays the parameters for your equation. In the Constraint and Value
boxed next to the parameter to be constrained, set a “rule” for the constraint. You
may:
*  Fix (hold constant) a curve-fit parameter. Prism will substitute the specified
value as if you had written it directly into your equation, and it will fit only
the remaining parameters. You may fix the value in the Value box...

Parameter Caonsgtraint YWalue

K.E Conztant equal ko w | 005
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...or direct Prism to use, for each data set it fits, a value taken from the Y
column heading on the table holding that data set (for an illustration, see
“Assigning Parameter Values from Y-Column Headings”, page 115).

Parameter Congtraint Walue

k.E Data set conztant [=column bitle] W
Constrain a parameter to fall within a range.

kuzt be lesz than

bust be greater than

Abzolute value must be less than
buszt be between zero and

For example, make these settings to preclude the possibility of fitting either
k. or k, to a negative value (physically unfeasible):

Parameter Constraint Y alue
K.E kuzt be greater than w | |00
ks Must be greater than w | (0.0

Stipulate that a parameter or parameters be shared, i.e., fitted to all data sets
taken together.

Parameter Consztraint

KE Shared walue for all data setz w

For an example of shared parameters, see “Designating Global (Shared)
Parameters” beginning on page 114.

Require that a parameter value both be shared over multiple data sets and
fall within a range.

Shared, and must be lezs than

Shared, and muzt be greater than
Shared, and abz. value lesz than
Shared, and must be bebween zero and

Limit the value of one parameter relative to another fitted parameter.
Specify, for example, that the value of k. must be at least twice that of kq:
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Constrain one parameter relative to another
K.E + | must be greater than |20 | times | KA “

Pl w | muzt be greater than (1.0 | times w

Setting constraints in the User-definded Equation dialog is only one of two ways
to constrain parameters. It is appropriate when you want the constraint to apply each
time you use that particular model. You can also set and change constraints for a
particular nanalysis using the Constraints tab in the Parameters: Nonlinear
Regression (Curve Fit).
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Creating a Family of Theoretical Curves

It is common to show relationships between three or more variables as a set, or
“family” of curves on a single graph. For each curve, one independent variable is
plotted continuously, while the other is held constant. The curve set is produced by
incrementing the second variable arbitrarily. An example is the acid-base diagram:, a
family of curves relating [HCO4], PCO,, and pH in blood.

4c M A |

PCOz(mmHg)=/80 /60 /40/3( /20

2% B4V
T ap sf.
£ L A/
S aod S AS ok
E 15E /r/ // /“s_‘ Buffer Ii'r'\'é"E'
68 70 72 74 76 18 80
pH

Acid-Base Diagram
Physicians plot blood gas and chemistry measurements on the diagram and analyze acid-
base disturbance/compensation based on displacement from the normal point (black circle).
Respiratory and metabolic mechanisms are deduced by resolving displacements into
components parallel to the “buffer line” and parallel to the PCO: isobars, respectively.

Prism’s curve generation analysis allows you to produce a family of theoretical curves
quickly and easily. In this chapter, we’ll create the graph shown above.

Generating and Graphing the Curves

It isn’t necessary to have a data table containing numbers in order to generate
theoretical curves in Prism; you need only an open project file. If you're beginning a

= Davenport, HW., The ABC of Acid-Base Chemistry, Chicago, University of Chicago
Press, 1975.
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new file, accept the default settings in the Welcome dialog, click OK, then click the
Analyze button.

In the Analyze Data dialog, choose the Simulate and generate radio button,
then select Create a family of theoretical curves from the list to the right.

Prism can generate curves based upon either its built-in equations (curve-fit models)
or user-defined equations. We'll do the latter. In the Parameters: Create a Family
of Theoretical Curves dialog, select the More equations radio button and then
choose Enter your own equation from the list below.

Prism opens the User-defined Equation dialog. Give your user-defined equation a
name.

Mame: |Acid-base diagram

Each curve we'll generate is based upon a modified Henderson-Hasselbalch equation.

[HCO; ]

H = pK +log 2<%
PE=PRET85 03 Peo,

Before entering an equation into Prism, we must isolate the intended ordinate (Y
value) on the left,

pH-pK)

(
[HCO; 1=0.03-Pco, -10
then indicate the dependent and independent variables by substitution with Y and X.

PK)

$=0.03- Pco, 10"

PCO, will assume a different value for each curve in the family. We could substitute
the constant value 6.1 for pK, but for the sake of illustration later, we’ll treat it as a
variable parameter.

In the User-defined Equation dialog (Enter Equation tab), type the equation
and then click OK to return to the Parameters dialog.

E quation

=0.03[PCO21 0" [+-pk]

Prism identifies PCO, and pK as the parameters whose values you must fix for each
curve. Choose to Simulate a family of 5 curves.
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Simulate a family of w | curves.

Enter the parameter values for the first curve (Curve A).

Parameters for curve Curve & hd
Yalue
PCOZ 200
PE. B.1

Switch to Curve B, then click Copy Previous Parameters, which restores the
last-entered parameter values in order to save typing. Change the value of PCO..

Parameters for curve Curve B hd

Copy Previous Parameters

Walue
FCOZ an.a

FK E.1

Continue in this manner until PCO, values have been entered for all five curves, A-E.
The values for this example are 20, 30, 40, 60, and 80.

We left pK as a variable parameter in the user-defined equation just
to illustrate the Copy Previous Parameters feature. We could
have fixed that value in the User-defined Equation dialog.

E quation

v=0.03PCO2107(+-6.1]

At the top of the dialog, choose to plot each curve from X = 6.8 to X = 8.0. Here are
all the dialog settings after entry of all curve parameters:

Theoretical Curves 163



Parameters: Create a Family of Theoretical Curves

¥ values

Create curve with line segmentz. Starting at ><= Ending at ¥=
Equation lizt
(") Classic equations (%) More equations Edit Equation...

[Erter your own equation. ] ~
[Select an equation from the Prism equation library. ]
[Import an eguation from a Prism file or template. ]

Kinetics of first-order abzorption and first-order elimination =
Arcid-baze diagram
Michaelis-tenten M

Simulate a family of CUMvEs.
Parameters for curee

Copy Previous Parameters l

Delete

Mowve Up

Walue
FCoz 0.0
P

Click OK to generate the curves and display the graph.

Theoretical curve:Curve
300-

2004

1004

6.0 6.5 7.0 7.5 8.0 8.

3}

If the curves don’t look right, and you think you made a mistake, click the “Analysis
parameters” button to return to the Parameters dialog.

"8
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Completing the Graph

Here is another look at our intended graph:

4c M A |

Peo,mmria = /80 /60 [a0 /30 /[,

o AN iy
g 304 4
R A/
Sl S L SAS
= 15?//7/ /////b\\bu &F Ii'r'\'é"E'
3 Y F
106.8'/'7.0' ;2 '/7.4' 76 78 80

pH

Click Change... Size & Frame to open the Format Axes dialog. Verify that the
General tab is selected, then choose Frame with grid from the drop-down list
under Frame & axes.

In the same dialog, choose the X axis tab. Remove the check from the Auto box
under Range and change the values for Minimum and Maximum. Under Tick
options, set the values for major and minor ticks as shown below:

Range Tick optionz

[T auta td ajor ticks: Interval: 0z Starting at  |E.8

Minimum;  |B.8 bimor ticks: #intervals: | 5 “ Spacing: Equal w
b amimum; | 8.0 Al ticks: Direction: | Down w Length; Shiart -

Choose the Left Y axis tab, then adjust the range and tick settings as follows:

Range Tick options

[ suta ajor ticks: Interval: 5.0 Starting at | 10.0
Minimurm; | 10.0 Minor ticks: Rintervalz | 5 w Spacing, Equal w
b @i | 40.0 Al ticks: Direction: | Left “ Length: Shiart w

Delete or modify the graph title as desired, and click once on the X and Y titles to edit
them, using the superscript and subscript text buttons when necessary.
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The text labels in the plot area are made using the text tool.

T

Click on the text tool button, then click once on the graph where you wish to insert
the label. Then type the text. When done typing, click somewhere else to leave the
text-insertion mode. Remember that you can then click the text label once to select it
and make fine position changes using the arrow keys on your keyboard.

You may wish to place a white background behind the text labels in the plot area to
avoid clashing with the gridlines. Click to select the text item and then choose
Change... Selected text.... In the Format Text dialog, click the Borders and
Fill... button. In the Format Object dialog, Set Interior...Fill to match the plot
area color.

The “buffer line” may be added using the arrow drawing tool.

kY

After you draw, position, and adjust the length of the arrow, double-click it to open
the Format Object dialog and adjust Thickness, Style, and Direction.

You can add a “normal” point to the graph by switching to the data table and entering
coordinates for the point (e.g., X = 7.4, Y = 24). Return to the graph and choose
Change... Add Data Sets.... In the Add Data Sets to Graph dialog, verify that
the correct data table (Data 1) is listed under Data sets to add, and click OK.
Finally, double-click on the point symbol to open the Format Symbols and Lines
dialog and change the size and shape of the symbol, if desired.
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Creating a PowerPoint® Slide from a Prism
Graph

Prism and Microsoft PowerPoint® are a popular combination for producing 35-mm
slides, overheads, or on-screen slide presentations. Although Prism can send images
to slide makers directly, PowerPoint offers additional graphical formatting options,
including more elaborate backgrounds. PowerPoint also allows users to project a
series of slides, including those assembled from different program sources. This
chapter should help you use Prism and PowerPoint together effectively. In the
discussion to follow, when we refer to moving and editing graphs, the information
applies equally well to layouts. The steps in PowerPoint discussed here match the
commands found in PowerPoint 97 (and newer versions) for Windows; they may
differ slightly from commands for other versions of PowerPoint.

Moving your Graph or Layout to PowerPoint

Paste-Embedding in Windows

In Prism, display the graph or layout you wish to move to PowerPoint. Choose File...
Send to PowerPoint or click the “Create a new PowerPoint slide” button.

=]

If PowerPoint is not currently running, Prism will launch it and start a new project
with a new slide. If PowerPoint is running, Prism will simply direct it to create a new
slide. Prism will then automatically paste the graph to the PowerPoint slide, and it
will direct PowerPoint to make the background color of the slide match the
background color of the original Prism graph or layout. The copy is embedded, i.e., a
copy of all data, analyses, and graphical settings needed to create the graph are
inserted into PowerPoint. You can double-click on the pasted graph in PowerPoint to
edit it in a Prism environment. Changes that you make in this way affect only the
PowerPoint file, not the source Prism file.

Paste-Linking or Pasting a Picture in Windows

Two other copying techniques are available for Prism Windows, but are
comparatively seldom used.
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» Linking The image is copied to PowerPoint, but a link to the source Prism
file is also maintained. As with embedding, you can double-click on the
pasted graph to edit it in a Prism environment, but now, changes also alter
the source file.

= Pasting a picture Only the graph is pasted — no links and no editing
information. It's simple and space-efficient, but you can only edit the pasted
image in PowerPoint. If you want to edit it in a Prism environment, you'll
have to start again.

The transfer must be made manually. In Prism, display the graph you want to copy.
Choose Edit... Copy. There is no need to "select" the graph before copying —
everything on the page will be copied to the clipboard (in the case of layouts, the
entire layout will be transferred).

Switch to PowerPoint. Open, or navigate to, the slide where you wish to place the
image. If that's a blank slide, there is no need to select an insertion point. If the
destination slide contains placeholders, select the appropriate one by clicking on it
once—if you click twice, PowerPoint inserts a "chart" from Microsoft Graph.

Choose Edit... Paste Special, which produces the Paste Special dialog. Choose to
Paste Link or Paste... Picture.

*  When the Paste radio button is selected, you have a choice of pasting
formats. Pasting a Prism Project Object results in the embedding already
described. The other formats—pictures or bitmaps—can be useful for
minimizing the size of your file or when you are pasting to a program that is
not an OLE (Object Linking and Embedding) container. Since PowerPoint is
OLE-capable, the bitmap choices will seldom, if ever, be best. Choosing
Picture (Enhanced Metafile) gives best results when you wish to paste
without embedding.

»  When the Paste Link radio button is selected, the pasted image will be
linked to the original Prism file.

For more information on embedding and linking, consult the Appendix to this
chapter on page 176.

When you complete the Paste Special command, handles—small squares forming
an outer boundary for the pasted graph—appear first on the PowerPoint slide,
followed by the graph. As long as the handles are visible, indicating that the image is
selected, you can click and drag within the area bounded by the handles to move the
entire graph, or click and drag on a particular handle to resize the graph. Click
elsewhere to deselect the graph.
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A handy way to make fine adjustments to the position of your graph
on the slide is to select it, then press and hold one of the "arrow"
keys. This will "nudge" the image up, down, or to the left or right.

As discussed earlier, simple pasting embeds the graph. If you used that method, you
can verify the embedding by double-clicking on the pasted graph. You are returned to
Prism, and a copy of the graph appears, ready for editing. You are not limited to
editing the graph directly; you may also edit the data in an embedded file, and any
consequent changes to the graph, or to analyses linked to the graph, will be made
automatically. Remember that editing changes you make here affect only the
embedded file, not the source Prism file. As long as the graph is open for editing in
Prism, it is unavailable in PowerPoint. This is evident from a hatched pattern over the

PowerPoint image:
7 ]

o

Close Prism (or close the current window in Prism, or choose File... Close and
Return to <PowerPoint file name> in Prism). You are returned to the normal
image in PowerPoint. The editing changes you made in Prism now appear in the
PowerPoint copy.

S

N

If you pasted with linking rather than embedding, you can still edit the pasted graph
in Prism by double-clicking on the PowerPoint copy. In this case, you'll be modifying
the source Prism file.

Pasting a Picture on the Mac

The Mac has no Object Linking and Embedding (OLE) capability. You can only paste
a picture. And there is no Send to PowerPoint command in Prism for the Mac, so
follow the same procedure presented earlier for manual pasting in Windows systems.
The PowerPoint file will not contain data, Prism graphical settings, or results. If you
want to edit the image, either do it in PowerPoint or return to Prism to edit, then
paste a new copy.

The background color of the PowerPoint slide is not automatically matched to the
original Prism image.
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Export/Import in Windows or Mac

This option moves a graph as a file, rather than via the clipboard. For transfers to
PowerPoint, the option is probably useful only when moving the image to a different
computer.

With the Prism Graph sheet in view, choose File... Export. In the Export dialog,
assign a file name, choose a format type (preferably WMF for Windows and PICT for
Mac), and choose the resolution if necessary.

In PowerPoint, with the destination slide in view, choose Insert... Picture..., then
choose the appropriate file.

Special Techniques and Considerations

Background Effects

You can create colored backgrounds and/or colored plot areas within Prism, but if
your graph is destined for PowerPoint, there may or may not be a point to doing so.
When you paste a Prism graph to PowerPoint, backgrounds and plot areas are
handled differently.

» The background is not pasted, so that users can easily exploit the more
extensive background options available within PowerPoint without
interference from a pasted background.

» Plotting areas are pasted, but when you choose to make the plotting area the
same color as the background, Prism version 3 gives you the option of
making the plotting areas transparent in Prism 3. This doesn't affect how the
graph looks in Prism, but it prevents the plotting area color from showing up
when the graph is pasted to PowerPoint.

Special effects such as "gradient” backgrounds must be done in PowerPoint.

Reverse-Contrast Slides: an lllustration

If you're making 35-mm slides or an on-screen presentation, you'll likely be using
light-colored (white or yellow) axes and text on a dark background. Here we show an
easy method for making a white-on-blue slide with a simple "gradient" background,
starting with the following Prism graph:
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Concentration [125I]-ICYP (pM)

We recommend doing as much editing as you can in Prism before you move the
image to PowerPoint. The final slide background will be created entirely in
PowerPoint. However, both to facilitate editing and to help you see what you're doing
when you actually paste the image, we'll begin by giving the graph a white-on-blue
color scheme in Prism. Choose Change... Define Color Scheme.... In the Color
scheme frame, select Diazo from the drop-down list. When you click OK to exit the
dialog, most or all of your graph is changed to the "reverse-contrast" scheme.

For this example, we are changing the color scheme as the quickest
way to make a white-on-blue slide. But you should be aware that you
can change the color of any element of your graph independently by
clicking the Change button and then selecting Background Color,
Plotting Area Color, Selected Object(s)..., or Selected Text....

If any object remains black, change it individually as discussed in the previous note
box.

(fmol/mg)

=
=
=
m
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=
[T]
©
o
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25 50 75 100 125 150
Concentration ['2[]ICYP (pM)
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This slide actually contains two areas—a blue outer background and a blue plot area.
Remember that when you paste this slide to PowerPoint, the background will not be
transferred. But you must decide whether you want the plot area color to be opaque
(to show up in the PowerPoint copy) or transparent (so that the background of the
PowerPoint slide "shows through" the plot area). We'll leave the plotting area opaque.
If you want a transparent plotting area, choose Change... Plotting Area Color,
then select blue. Since the plotting area and the background area color selections are
the same, Prism asks if you want to make the background transparent. Answer Yes.

Prism won’t offer to make the plotting area transparent unless you
select a color for the plotting area that matches the background.
Here we are not making the plotting area transparent, so that you
can see the effect of pasting the plotting area.

At this point, it may be evident that the thickness or "weight" of some objects need to
be adjusted to increase readability. For text, an easy way to do this is to select the
text—for tick labels, select the axis, then choose the appropriate text-editing button...

BOI‘A'ﬁ

For axes or frames, choose Change... Size & Frame and set Thickness of axes
under the General tab. For symbols and lines, double-click on the desired object.

Now open a blank, white slide in PowerPoint. Choose Format... Background.... In
the resulting dialog, click the “down” arrow of the drop-down box and select Fill
Effects.... Make settings in the next dialog as follows:

Fill Effects EIX
Gradient l Texkure l Pattern l Pickure l
s
Color 1:
o - Cancel
* Color 2:
" Preset =
I -
Shading styles Variants

(% Horizontal F
" wertical

" Diagonal up

™ Diagonal down : Sample:
" From corner

" From title
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You can get an extensive color palette by selecting More Colors... from either the
Color 1 or Color 2 drop-down. When you have the colors you want, return to the

Background dialog and Apply them.

If you prefer a simple, uniformly colored blue background, that's
easier to set up. From a blank, white slide, simply choose Format...
Slide Color Scheme.... and apply the blue color scheme.

Now you're ready to transfer the Prism graph to this slide. Return to your Prism
graph and choose Edit... Copy. Switch again to PowerPoint and choose Edit...
Paste. Move (remember to make fine adjustments with the arrow keys) and resize

the pasted graph as necessary.

(fmol/mg)

Kp =244 pM

Specific Binding

25 50 75 100 125 150
Concentration ['2°I[HCYP (pM)

Note that unless you make it transparent in Prism, the plotting area from the Prism
graph shows up, blocking out the gradient effect in that area of the graph.
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Editing in the Pasted Image in PowerPoint

Again, we suggest editing your image to the extent that you can in Prism. If you
transferred the image to PowerPoint with a simple Paste command, it is embedded
in PowerPoint, so that you can return to Prism for editing the image merely by
double-clicking on the pasted image on the PowerPoint slide.

Once you're done editing in Prism, you may need to modify individual objects on your
graph using features available only in PowerPoint. For that, you must "ungroup" the
image. This converts it to a Microsoft Office drawing before splitting it into
individual, editable objects. The image will no longer be linked either to embedded
data or to an external file, so make sure you're done editing in Prism before you
"ungroup". To ungroup, select the graph and then choose Ungroup from the Draw
menu or click on the Disassemble Picture button on the Drawing+ toolbar.

el

Ungrouping splits the image an individually selectable, editable objects:
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Displaying Graph Objects Progressively

Here is a simple technique for making individual objects appear, one at a time, on a
Prism graph being presented in a PowerPoint slide show. This technique utilizes OLE,
so it only works on Windows systems.

Suppose you have pasted (i.e., embedded) the following graph, complete with all of
the objects that you want to appear, into PowerPoint:
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You'd like the three curves to appear one at a time, from left to right. Simply prepare
a series of three slides — showing first only the left — hand curve, then the first two
curves, and finally all three curves — then project them in sequence.

In PowerPoint, choose View... Slide Sorter, which allows you to see all of the slides
in your "presentation”. Now make two copies of the slide: select the slide, then choose
Edit... Duplicate.

Once you've duplicated the slides, to avoid a shifting effect when
projecting the sequence, try not to reposition any of the images.

Remember that since you transferred this graph to PowerPoint using the Paste
command, it is embedded in the PowerPoint file. And when you duplicate the
resulting PowerPoint slide, multiple sets of embedded data are created and can be
edited separately. Therefore, simply remove the appropriate curves from each copy by
editing that copy in the embedded Prism file. Double-click a slide in the sorter to
switch to the single-slide view, then double-click again to open the appropriate
embedded Prism file. Remove the undesired symbols and curves using Change...
Remove/Replace Data Sets....

In the example, the name of each data set was included in the Y
column heading of the Prism data table. Unless you change the
default setting for the legend (in the Format Symbols and Lines
dialog), that name is placed on the legend automatically, and the
legend is corrected automatically when you remove data sets from
your graph.

When you're done, close the Prism window. You are returned to PowerPoint, and the
slide reflects the editing changes that you made in Prism. Return to the Slide Sorter
screen to begin editing to next slide. Here is the final series:
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Appendix: More about Embedding and Linking
(Windows Only)

Advantages and Disadvantages of Embedding

The advantage of embedding is that the PowerPoint file is self-contained, as it
contains the Prism data and settings. You can later edit the graph with Prism, without
having to find any other file. You can e-mail the file to a colleague with Prism, and
(s)he will be able to open and edit the Prism graphs.

One problem with embedding is that you end up with two or more copies of your
data. For example, assume you start with a completed Prism project. Now you embed
a Prism graph into Word, creating an embedded copy of the data and results shown
on that graph. Later, you also embed another graph that includes the same data,
creating a third copy of the data. Then you embed that same graph into PowerPoint
for a presentation, creating a fourth copy. If you then notice a mistake in data entry,
you'll need to edit all four copies.

There are two other less important disadvantages to embedding. First, your files can
get large because the embedded object includes Prism data and results. The second
problem is that OLE does not always work perfectly. On rare occasions, the object will
be saved incorrectly, and you'll lose the ability to edit the data. If the embedded object
is the only place you saved data, you'll lose data if OLE fails.

Advantages and Disadvantages of Linking

When you paste-link a Prism graph into PowerPoint, you paste the picture along with
a link back to the Prism file. The original data exists only in the original file. You don't
have to cope with the confusion of having multiple copies of the data (as you would
with embedding).

The problem with linking is that you must keep track of the linked files. If you move
or rename the Prism file, the link is broken. If you move the PowerPoint file to
another computer, you need to remember to also move the Prism file(s).
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Analyzing Experiments Repeatedly

If you must perform the same analytical and graphing tasks many times, varying only
the input data, Prism helps with a number of tools. Scripting, a means of automating
data input and output via a simple programming language, is discussed in another
chapter (see page 193). Three manual techniques are covered in this chapter:

= Templates allow you to duplicate an entire project in one step. You create the
template the first time you set up the project, but store it without the data. To
replicate your work, open the template, add the new data, and store the file
under a new name. Or insert the template into another file.

» Duplicating a family of sheets replicates your work within the same project
file. Simply duplicate a sheet and all sheets linked to it—formatted graphs,
analyses, info, and layouts—using a single Prism command. Then replace the
input data for the duplicate family.

»  Applying a method effectively duplicates a family of sheets, but in this case,
the replicated work can come from the same project or a different project.
Add a new input data table, then either (a) apply a saved method or (b) point
to another table in the project to apply by example all sheets linked to the
latter.

We’'ll demonstrate these three techniques as applied to a family of linked sheets that
produce a simple biochemical activity computation. To make it easier to see the
linkage between sheets in the Navigator, open the Edit menu and choose
Preferences.... In the Preferences dialog, select the View tab, and then activate the
Data+Results view.

D ata+Results view

(%) Alwayz show, as well as individual Data and Results folders
() Blwayz show, instead of individual Data and Results folders
i) Mever show

) Show only for large projects

Quantifying Uptake into Cells

Suppose you want to measure the effects of various inhibitors on uptake of a
radiolabeled substrate into suspended cells. You have developed a method for
removing aliquots at two times within the “linear” phase of uptake, quenching uptake
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in the aliquots, and measuring radioactivity in the cell fraction. You are testing a
number of inhibitors on the same day using the same cell preparation.

Creating the Data Table
The variables recorded for each uptake measurement are
» Radioactivity at the beginning of the uptake interval (CPMrtime 1)
= Radioactivity at the end of the uptake interval (CPMrime )
Their values will be recorded on the data table.

In the Prism Welcome dialog (if Prism is already running, choose File... New
project.... Make the settings shown below.

Tastatt  (3) Create a new project () Open an existing file

Choose: () Typeof araph (%) Format of datatable () Template

# Column v Columns
) Mumbers [ Graph) For each data zet [condition] enter:
() Mumbers +/- Errar bar () & single column of values
() Text [bar graph] ® |2 + | replicates to caloulate errar bars
0 None [column graph) ()| Mean, Standard Deviation, M w
) Series, Start at [0.00 O Tent

Interval: 1.0

Dan't make an autormatic araph of these data

Enter the data on the resulting table. The X column holds test article names. One test
article is evaluated on each line, with column A and column B holding duplicate
radioactivity measurements made 3 minutes apart, at 10 sec and 190 sec after
initiation of uptake, respectively.

X Labels A B
Test article CPM Tirme 1 CPM Tirne 2
X Az A2 B:'1 B:v2

1 |%ehicle contral 42052 4354 109152 108930
2 |GP-10833 4228 4285 107590 109244
3 [GP-10839 412 407 B5542 BE425
4 [GP-10842 3588 35N 24518 26533
5 |GP-10843 4085 1463 B85/ 2 Bo244

Type a name for this table in the box on the toolbar.

[nput data W
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Creating an Info sheet

Variables whose values change from experiment to experiment, but are constant
within each experiment, are

»  Specific radioactivity of the uptake substrate (cpm/nmol)
* Time interval over which uptake is measured (min)
»  Dry weight of cells in each aliquot (mg)

These variables will be recorded in Prism as Info Constants.

From the data table, click the New button and choose New Info.... In the Create
New Info dialog, choose to link the Info page to the data table (Input data) we just
created.

In the Constant column of the Info page, make new entries for specific activity,
uptake measurement interval, and dry weight of the cells in one aliquot. Wording
isn’t critical—just use terms you’ll recognize later.

Constant Value
Experiment Date  Jan-27-2003
Experiment 1D

Motebook 1D

Project

Experimenter

Frotacal
SA (cpménmol) 511
Tirne (min) 3

Dry weight (mg)  B.3

In the Value column, enter the numbers shown. These are values are common to all
measurements represented on the data table (Raw CPM). They will be used to
perform the conversion and normalization of raw CPM values to uptake in nmol
substrate/min/mg dry weight.

Computing Uptake

We will compute uptake as

CPMTime 2 CPMTimel
Specific Activity -Uptake Interval - Dry Weight

We’'ll compute this quantity for each pair of CPM measurements (CPM at 10 sec and
CPM at 190 sec) on the original data table using two linked analyses. We'll compute
CPMtime 2 — CPMrime ; using a Column Math analysis, then divide the results by the
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values for specific activity (SA in cpm/nmol), uptake interval (Time in min), and dry
weight (in mg) found on the Info page using a User-defined Y transform.

Column Math Analysis

From the data table, click the Analyze button. In the Analyze Data dialog, choose
Remove baseline and column math from the Data manipulations list.

Prism performs a Column Math analysis by computing the differences between
values in pairs of adjacent columns (A and B, C and D, etc.) all the way across a data
table or Results sheet, ignoring empty cells, and placing the differences on a new
Results sheet. In the Parameters dialog, indicate that the subtrahends (numbers to be
subtracted, also termed “baseline values”) are in column A. This means that Prism is
to subtract values in columns A, C, E... from values in B, C, F... respectively.

Complete the selections in the Parameters dialog as follows:

Parameters: Remove Baseline and Column Math

Wwhere are baseline values? Calculate
() Column () Difference; Value - Easeline
() Data zets [columns) B D.F. .. () Sum: Value + Baseline

Data zet I A CE . '
2 Dl ot e ] () Product: Yalue® Baseline
() First row

() Riatio: Yalue/B aseline
() Last row
. () Percent: 100 alue/B azeline

() Mean of first |3 TonE,
() Mean of last |3 ToWE, (") Fractional difference: [Value - Baseling]/Bassline

() Percentage difference: 100¢ [Walue - B aseline)/Baseline
Linear bazeline
() Azsume the bazeling iz linear with 3. Use the values predicted from the regression line.

(#) Don't azsume linear baseline. Use the baseline values entered,

Replicates
() Replicates are matched, i.e. use the second replicate of the baseline anly with the second replicate
of the walues.

() Replicates are not matched. Awverage the baseline replicates, and use the average with each
of the replicates.

() Calculate the mean of the replicates for all groups before the calculations

MHew graph

[HelpMeDecide] [ Cancel l [ 0k l

When you leave the dialog, Prism creates a Results table to hold the differences. Note
that the distinction between duplicate determinations has been maintained, and
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Prism has treated the replicates as “matched” per our setting in the Parameters
dialog.

Test article B-4
X AY1 A2
Yehicle control 1048650.000( 104596000
GP-10838 103362.000( 104259 000
GP-10839 F1420.000| B2398.000
GP-10842 20930.000| 23022.000
GP-105843 B4787.000| B7781.000
Name this Results sheet:
CP 2-CPR1 LY

User-Defined Transform

From this Results sheet, click Analyze. In the Analyze Data dialog, choose
Transforms from the Data manipulations list.

In the Parameters: Transforms dialog, indicate that you will be using a user-
defined Y transform.

Funchion List ser-defined ' functionzs b

Click the Add... button to open the Equation dialog. Give your transform a name,
and enter the transform equation in the Equation box, as shown below.

Mame: |Adjustment far zpec act, time, weight

Equation

=1 S pechctdTime e eight

The parameters “SpecAct”, “Time”, and “Weight”, on the right-hand side of the
equation are arbitrary—use terms that make sense to you. We'll specify their values in
the next dialog. Click OK to return to the Parameters: Transforms dialog.

Prism analyzes the user-defined transform and displays the three parameters that it
finds. Click in the value box next to SPECACT, and choose SA (cpm/nmol) from the
Link and Info Constant dialog. Fill in the values for TIME and WEIGHT similarly.
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Farameters

Walue Walue
SPECACT 5110 Link an Info Constant
TIME 3.0 [Mo linked constant]
--------- Project info 1------
WEIGHT [6.3) niput data infg---—--—---
: 5S4 [epmdnmol] = 511.0
Replicates Tirne [rrin] = 3.0

() Transform individual ¥ values Diy weight [mg] = 6.3

Choose to Transform the average of replicates and check the box to Create a
new graph of the results. A new Results sheet appears with the final transformed
values. You can change the heading for column A to increase readability.

Test article nrnalfminfmg
X Y
“Yehicle control 10.844
=P-10838 10.785
GP-10839 B.410
ZP-10842 2275
GP-10843 F.853
Rename the Results sheet:
rirmal/ i mig w

Instead of applying one user-defined transform, you could do three
successive divisions using the Y=Y/K transform from the Standard
functions list, filling in the value for K from the Link an Info
Constant dialog each time. That would avoid having to enter the
user-defined transform and would allow you to see all intermediate
values, but would also clutter the project with additional Results
sheets.

Click the Graphs tab to view the graph of the transformed data. In the figure below,
some additional editing has been done. You may be particularly interested in showing
the baseline labels at an angle—double-click on the baseline to open the Format
Axes dialog, make sure the X axis tab is selected, and choose angled labeling.

Murnbering or labeling

Location: | Below, angled w Angled: | 45 %
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Using a Template Alone

The project file we just created will the basis for our template. Before saving a
template, it’s usually a good idea—although not strictly necessary—to erase any data
on the table that will change during subsequent use of the template.

Delete the values for specific activity, time, and dry weight on the Info page if you
wish. This is not mandatory.

Switch to the data table (“Input data”), select all data below the column headings.

X Labels A B
Test article CPM Tirne 1 CPM Tirme 2
X A1 A:Y2 B:¥1 B:v2
“ehicle control N

@ W | | N =
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Press the Delete key—don’t use the Delete command on the Edit menu; you want
to maintain the data cells, but without the data. If you see a message that tells you
about the data being linked to the graph, disregard it and click OK.

Don’t switch to the graph at this point. That could break the link to
the graph and cause the template not to work correctly.

Place the cursor in the top cell (row 1) of the X column, then select File... Save
Special... Save Template.

Fill out the dialog box as shown below. Note that you may indicate here whether you
wish the template to be stored on your computer or on another computer networked
to it. You may also generate different categories under which templates are stored.
The description at the bottom of the dialog is optional; this message will be displayed
as an aid to any user opening the template.

Save Template g|

Save the template on;

Choogze a categony:

Sample templates

Add Mew Category. .

Chooze a name:
(%) Create new template Cell uptake

() Overwite an existing template Enzyme kinetics template A

Create the ternplate from:

Description and/ar instructions [optional):

Enter test article names [Col %] and CPMz in duplicate at Time 1 [Col A) and
Time 2 [Col B). Enter identifying info, specific activity [cpm/nmaol], time [min], cell
weight [rg] on info gheet, View uptake nomalized to cell weight on sheet
"mrmal/minsmg".

l Help ] [ Cancel ] [ 0k l

Now close the file, and we'll see how to use the template.
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Choose File...New Project to open the Welcome dialog. Set the radio button for a
Template and select the template that you just created.

Welcome to GraphPad Prism g|

Gra phpmﬁ Wersion 4.00.228 January, 14, 2003
«

Tostat (3 Create a new project () Open an existing file

Choose: (O Typeofgraph () Format of datatable (30 Template

Template categony: | Sample templates M

Enzyme kinetics template
Exam score hiztogram
Lirear time course
Frotein Aszay std. curve

Click OK, and you'll get a new project formatted as your template. If you created a
description, you will see it now. When you close the description box, the cursor
should be at the top of the X column (note that the column headings are still there, if
you didn't delete them before you saved the template).

Template description andfor instructions @

Template:C:\PROGRAM FILESSGRAPHPADSPRISM 45TEMPLATESANSAMPLE

Enter test article names [Col ] and CPMs in duplicate at Time 1 [Col A) and Time 2
[Cal B). Enter identifying info, specific activity [cpmdnmal], time [min). cell weight [ma)
on info gheet, Yiew uptake nomalized to cell weight on gheet "nmol/mindmg".

You can also insert a template into a project that you have open. With any data table
in view, click the New button and then choose New Data Table (+ Graph)....
Choose Insert template and proceed as described above.

Now enter some new data:
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X Labels A B
Test article CPM Time 1 CPM Tirne 2
X A1 A2 B:'1 B:Y2

1 [“ehicle contral B378 B539 162140 163934
2 |GP-10844 5936 aB77 134951 133710
3 |GP-10845 5216 a455 130946 131687
4 |GP-10846 a319 5710 91859 93122
3 [GP-10848 4935 4897 36534 39586

Switch to the Info page and fill in or replace the values in the last three rows.

SA (cpminmol) B4
Tirne (min) 3
Dry weight (mg) 7.4

Now switch to the Results page named nmol/min/mg to view the automatically
updated uptake values,

X Labels A
Test article nrnalfminfmeg

X Y
1 |%ehicle contral 10.986
2 |GP-10844 2.01m
3 [GP-10845 8839
4 |GP-10846 6.035
5 [GP-10848 2346

then click on the Graphs tab to view the graph:
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When you save your work, remember to use the File... Save As... command and give
the file a new name.

Inserting a Template into Another Project

We have just covered one way to use a template—alone, opening the template with its
empty table, filling the table with data to produce updated results, and storing the file
under a new name.

You may also insert a template into an existing file. Click the New button, then
choose New Data Table (+Graph).... In the Create New Table dialog, choose
Insert template, change the template category if necessary, and select the template.
The contents of the template are merged into the open file.

Applying a Method

If you use the same treatment (analyses or graphs, or both) with various data tables,
try applying a method.

Saved Method

When you save a method, you can apply it later within the same project file or to
another project file. From a data table that is linked to analyses and/or graphs that
you wish to reproduce (you may use the template that we’ve created in this example),
click File... Save Special... Save Method. Make entries in the Save Method
dialog as shown below, and then click OK to save the method.
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Save Method

Choose a categany:

x]

Sample methods

Add New Category. .

Chooze a name:
(%) Create new methad Cell uptake

() Overwite an existing method Enzyme kinetics A

Degcription and/or instructions [optional);

Method for corverting CPR at Time 1 [Col 4] and Time 2 [Col B] to uptake in
nmal substrate/mindmg and graphing results. After applying method, edit specific
activity, time, and cell weight on info page az necessarny.

[ Help ] [ Cancel ] [ Ok l

To use the method, start with the project file created earlier in this article (see
“Quantifying Uptake into Cells” earlier in this chapter) or a similar file. Add a new
table, with new input data, and rename each data table so that they can be
distinguished easily. The organization of the project file might look like this:

E:f Project
=[] Data with Results
B Input data
. CPMZ-CPM1
Fi rrniolfrminymg
E] Sept 9 input data
[C] Data Tables
=[] Info
€ Project info 1
€ Irput datainfo
[C] Results
=-[C] Graphs
nmalfmin/mg graph
Sept 9 input data graph

[C] Layouts

With the new table selected, click Analyze. In the Analyze Data dialog, choose to
use a saved method, then select the category and specific method. If desired, enter a

description of the method and a text string to be prefixed to the names of each newly
generated sheet.
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Analyze Data

Analyziz

() Built-in analysis.

() Uze zaved method.

Select a method:
Choose a category Chooze a method

S ample methods
Enzyme kinetics
Eam zoore hiztogram
b test

() Method by example. Analyze and graph the same as another table in this project.

Degcription

and cell weight on info page as necessany.

Method for conwerting CPM at Time 1 [Col &) and Time 2 [Col B] to uptake in nmol
substrate/min/mg and qraphing results. After applying method, edit specific activity, time,

Prefix sheet names with |“5'3I3t d

| [ Help ][Eancel][ QK. l

X]

Click OK to apply the method to the data table you selected earlier. Prism applies the

analyses and generates a new graph based on the new data.

[ Project

=-[C] Data with Results
H Input data
. CPMZ-CPM1
T nmalmingmg
Sept 9 input data
.¥Sept 9 CPMZ-CPM1
F] --*Sept 9 nmol/min,/mg
[C] Data Tables
=[] Info
€ Project info
€ Trput data irfo
€} *3ept 9 Project info 1
€3 *Sept 9 Input data info
[C] Results
=-[5] araphs
nimniolfmingmg graph
Sept 9 input data graph
*Gept 9 nmol/min/mg graph

|:| Layouts

If any of the information is to be amended on the info page (including the date), do
that now, then display the appropriate Results sheets and graph to verify that the

results have been updated.
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Method by Example

If you wish to apply to a data table work that is associated with another data table in
the same project, you can apply that work by example. Let’s return to the project file
in the previous section as it appeared before applying the saved method (at that point
we had just created the new data table “Sept 9 input data” and entered new data on
that table.

E:f Project
=[] Data with Results
B Input data
. CPMZ-CPM1
Fi rrniolfrminymg
E] Sept 9 input data
[C] Data Tables
=[] Info
€ Project info 1
€ Irput datainfo
[C] Results
=[] Graphs
nimolfminfmg graph
Sept 9 input data graph

E| Layouts

Click Analyze, then choose Method by example. Select the data table to which the
method (analyses and graph) is linked, i.e., indicate the desired method by pointing
to an example of its application. At the bottom of the dialog, provide a distinguishing
prefix for the new sheet names if desired.

Analyze Data g|

Analyziz

() Built-in analysis.

() Use zaved method.

(%) Method by example. Analyze and graph the same az another table in this project.

Select the table to uze

P 2-CP1:Subtract baseline data

Ihput data

Prefis sheet names with | *Sept 3 | [ Help l [ Cancel l [ (] 4 l
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When you exit this dialog, Prism applies the analyses and creates a new graph, just as

it did when the saved method was applied.

[ Project
=[] Data with Resulks
Input data
. CPMZ-CPML
F] nmalfringmg
Sept 9 input data
.. *Sept 9 CPM2-CPM1
i *Sept 9 nmol/min/mg
[C] Data Tables
=[] Info
€ Project info 1
€ Irput datainfo
&) *sept 9 Input data info
+-[C] Results
[C] Graphs
nmalfmin/mag araph
Sept 9 input data graph
*Gept 9 nmol/min/mg graph

[C] Layouts

F
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Creating and Running a Prism Script

A Prism script is a set of instructions, written in a language unique to Prism and held
in an ordinary text file, for moving raw data into, and output from, a Prism project
file.

Prism scripts do not contain instructions for analyzing and graphing data—those
procedures inhere in the project file itself. When new data are imported into the
project file according to instructions in the script, the project file’s internal links bring
about reanalysis and regraphing automatically.

In this article, we’ll create a Prism project file for graphing dose-response data and
fitting a sigmoidal curve-of-best-fit to that data. We’ll then create and use a Prism
script to

1. Transfer dose-response data from a series of input text files to the Prism
project file,

2. Save a list of IC;, values to a single output text file, and
3. Save the dose-response graph in a series of files, one for each test article.

So that you will be able to use the script in this chapter, first prepare a Prism project
file for evaluating binding inhibition data. The procedure in the following section is
condensed from the chapter “Analyzing Dose-Response Data” beginning on page 121.

A Simple Project File for Computing ICs,

Suppose that you are designing a secondary screen for a new-drug-discovery
program. You are evaluating entities found active in a primary screen for their effect
on binding of a standard agonist to an isolated receptor preparation. The endpoint of
your screen is the ICs, of a curve fitted to the plot of agonist binding vs. log of agonist
concentration. To keep the example simple, we’ll assume that binding measurements
are made in singlet and that data have already been normalized to percent of maximal
binding (although you may use Prism to normalize the data automatically—see page
124 for details).

In the Welcome dialog, indicate that you will choose the Format of data table and
format the table for Numbers in the X column and A single column of values for
each data set.

On the data table, enter some example data describing a binding inhibition curve.
Enter final test article concentrations in the X column and corresponding percent
maximal binding values in the Y column.
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X Values A
® Title Data Set-A

X Y
1 1.0e-011 100.0
2 1.0e-010 100.0
3 3.0e-010 900
4 1.0e-009 5.0
5 3.0e-009 50.0
6 1.0e-008 350
7 3.0e-003 200
8 1.0e-007 5.0
9 1.0e-005 0.0

It doesn’t matter what data you initially put on the table, as long as it is of sufficient
quality for Prism to successfully log-transform the X values and then fit a sigmoidal
curve to the points—the example data will be removed from the table later, when we
run the script.

Now log-transform the values in the X column. Click Analyze. Choose Built-in
analysis. From the Data manipulations category, select Transforms.

In the Parameters: Transforms dialog, choose to Transform X values using
X=Log(X). At the bottom of the dialog, choose to Create a new graph of the
results. Prism displays a new Results sheet (partly illustrated below) with the log-
transformed X values.

Click Analyze. From the Curves & regression category, select Nonlinear
regression (curve fit).

In the Parameters: Nonlinear Regression (Curve Fit) dialog box, choose
Classic equations. Select Sigmoidal dose-response (variable slope). Click
OK to perform the curve fit. The Results sheet is displayed (illustrated in part below).

Sigmoidal dose-response (variable slope)

Best-fit values
BOTTOM 1737
TOP 104.4
LOGECS0 -8.444
HILLSLOPE 07178
ECa0 3.5977e-009

Std. Error
BOTTOM 3791
TOP 3.581
LOGECS0 0.08040
HILLSLOPE 0.09042
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Select the yellow Graphs tab to display the graph of the log-transformed data and
fitted curve. Customize the graph as desired; in the example below, we removed the
graph title and edited the X- and Y-axis titles.

-

L=}

[=1
J

m Legend

100+

Percent Maximum Activity
L=
[=1
'l

[=]

log [Agonist]

Click the yellow Data tab to return to the data table. Select all the data on the table,
then press the Delete key to remove it.

Using Windows Explorer, create or designate a folder for holding this Prism project
file, the Prism script file that we will write later, and the input and output text files
associated with running the script. The folder can be anywhere, even on another
drive, and you can store the different kinds of files in different folders, but it will be
easier to follow this example literally. To do so, create a folder named Assays and
place it in e:\Documents and Settings.

Now return to Prism and store the project file just created. Choose File...Save As...,
name the project file Dose-response, verifying that Prism will save the file with the
extension PZF, and store it in ¢:\Documents and Settings\Assays (or other path
designated in the previous paragraph). Close the Prism project file, but leave Prism
open.

Writing the Script
From the Prism menu bar, choose File...Run Script... to display the Open Script
dialog. Press the New button.

At the top of the New Script dialog, navigate to the folder ¢:\Documents and
Settings\Assays. We'll store the script file there.

We're placing all the files for this example in a single location—
c:\Documents and Settings\Assays. You may wish to organize your
files differently. For example, you could keep all scripts (for different
purposes) in one folder designated for scripts only, perhaps in
...\Program Files\Prism 4\Scripts.
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Name the file that will contain your script, and make sure that it is of the type PZC.

File name: |F'rocess doze-response data. pzc | [ Save ]

Save as lype: |Prismscript[".F’ZE] v| [ Cancel l

Click Save to save the empty script file and open the default text editor for this file
type. Type the script shown below, then save it, using the File...Save command on
the menu bar of the text editor.

I Process dose-response data.pzc - Notepad
File Edit Format Wiew Help

setPath "c:“Documents and Settings~Assavs"
Openlutput Hesults.txt

Whate

Wlext

Wlexzt Compound ;

Wlexzt "laog ICS50";

Wlext "SE log ICS0":;

Wlexzt IC30

Open Dose-response.pz=f
ForEach GP=#_tzt
GoTo D
ClearTable
Import
Gola R, 2, V2
Wlezt XF
Wlext " "
WCell 5.1;
MEXt n ||;
WCell 9,1;
Wlext " ";
WClell 7.1
GoTo G, 2
ExportWkEF XF . wmf

Closelutput
Beep
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We won'’t discuss every line of this script—you can learn more about the syntax of
Prism scripts in the GraphPad Prism User’s Guide—but below are comments for
selected lines of the script.

Script command: Comment:

SetPath “c:\Documents and | Default path—location of any file for which path
Settings\Assays” is not specified. In this example, the location for
all files. If you decide to store any files in other
folders, be sure to specify the full path where
appropriate in subsequent commands.

OpenOutput Results.txt Create and open an output text file named
“Results.txt”.
WText Compound The first of four commands to write column

headings into the output file.

Open Dose-response.pzf Open the Prism project file for computing ICs,
and creating the dose-response graph.

ForEach GP*.txt Beginning of a loop to be executed once for each
input text file with name starting with “GP”.
Each file contains raw data for one dose-
response curve.

GoTo D In the Prism project file, switch to data table.
ClearTable Erase the data table.
Import Transfer contents of the currently open GP*.txt

file to the Prism data table. Since the test article
name is in the second tab field of the first line, it
becomes the heading for the second column—
i.e., the first Y column—of the Prism data table
and is therefore carried over to the graph
legend.

GoToR, 2,V2 Switch to the second results page, second
“view”. Prism has automatically refitted the
dose-response curve, and the new curve
parameters are displayed.

WTtext %F ; Write the current input file name (without the
extension) into the first column of the output
text file. This identifies the test article. Move to
the next tab stop.

WText “ % Move to the next tab stop—necessary to
maintain alignment of the output columns.
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WCell 5,1;

Write the contents of the fifth row, first Y
column, of the displayed Results view. Move to
the next tab stop.

WCell 7,1

Write the contents of the seventh row, first Y
column, of the displayed Results view. Insert

carriage return/line feed (there is no “;
operator).

GoTo G, 2

Switch to the second graph. Prism has
automatically redrawn the graph with the new
data points and curve, and the test article name
appears in the legend.

ExportWMF %F.wmf

Save the graph as a Windows Meta File with the
same name as the input text file (= test article
name).

Next

As long as input text files remain to be
processed (i.e., in the folder c¢:\Documents and
Settings\Assays), return to the top of the loop.

Close

Close the Prism project file without saving
changes.

CloseOutput

Close the output text file, saving changes.

When fitting a sigmoidal dose-response curve, Prism reports the
horizontal midpoint of the curve as LOGEC50—it doesn’t consider
whether you're studying an agonist or an antagonist. The script
copies the value for this parameter from the Results sheet and writes
it into the output file under the heading IC50.

Preparing the Input Files

Using Microsoft Notepad (or a similar text editor), prepare two or more input text
files, named GPooo1.txt, GPo002.txt, etc. and stored in ¢:\Documents and
Settings\Assays. Below are the contents for the three files in our example. Note that
in each file, the test article name is in the second tab field of the first line, so that it
will be written into the first Y column heading of the Prism data table. That will
“push” the name to the legend of the dose-response graph.
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B GPO0O1.ixt - Notepad

File Edit Format Yiew Help
GPOOO1
1.0e-012 100.0
1. 0e-011 100.0
1.0e-010 100.0
3.0e-010 97 .4
1.0e-009 04.7
3.0e-009 6b.4
1.0e-008 4.4
3.0e-008 17.3
1.0e-007 5.0
3.0e-007 0.0
1.0e-006 0.0
1.0e-005 0.0

I GPODDZ.txt - Notepad

File Edit Faormat Wiew Help
GPOoooz
1.0e-012 100.0
1.0e-011 100.0
1.0e-010 100.0
3.0e-010 100.0
1.0e-009 100.0
3.0e-009 S9h.7
1.0e-008 83.0
3.0e-008 Fh.4
1.0e-007 32.7
3.0e-007 1h.8
1.0e-00a/ 5.0
1.0e-005% 1.7

I GPODD3.1xt - Notepad

File Edit Format Wiew Help
GPOO03

1.0e-012 100.0
1.0e-011 99.4
1.0e-010 g4.7
3.0e-010 bh.4
1.0e-009 34.5
3.0e-009 17.8
1.0e-008 5.0
3.0e-008 2.0
1.0e-007 o.o
3.0e-007 o.o
1.0e-006 0.0
1.0e-005 0.0
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Running the Script

At this point, the contents of c:\Documents and Settings\Assays should be as
shown in the following display from Windows Explorer:

Marme Size | Type
Dose-response, pzf 32 KB GraphPad Prism ¢ Project
[Z] GPo00T.bxt 1 KB Text Docurment

'§,| GPOO0Z, Ext 1 kB Text Document

=| GPODOS. Exk 1 kB Text Document

=| Process dose-response data,pzc 1 KE Texk Document

There are no output files yet. They’ll be created automatically as the script runs.

Launch Prism and then close the Welcome dialog. Choose File...Run Script.... In
the Open Script dialog, navigate to the c:\Documents and Settings\Assays
folder, select Process dose-response data.pzc, and click Open.

In the GraphPad Prism Script dialog, click the Run button to execute the script
without interruption...

L Graphpad Prism Script g|

2| COMPLETE!
File: C:hDiocuments and SettingshAezaps\Process dose-responze data.pzc

IHun][Step]

= o \Documentz and Settingsibezapzh GPO003, wnf LS

Mext

Cloze
Cloze0utput
Beep

COMPLETE! Mo Ermors.

b

l Help ] l Cloze ]

...or click Step repeatedly to run the script one step at a time and to see the results as
you go. If you have made no errors writing the script or creating the Prism project file
or input files, Prism reports “COMPLETE! No Errors.” If you obtain an error message

and the difficulty is in the script, click Edit... to open the script file in your text editor
and make the necessary changes.
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The Results Files

The contents of c:\Documents and Settings\Assays should now be as follows:

Mame Size
\BiDose-resporse. pef | 32 KB
[Z] GPOD01.Ext 1 KE
[Z] GPonoz. bt 1 KB
[Z] cPoD0.Eat 1 KB

Ej Process dose-response data,log 2 kB
E] Process dose-response data,pzc 1 KB

[Z] Results. bxt 1 KB
]GRO0, wmf 3 KB
) GPOO02.wrnf IKE
™| GPO003. wnf IKE

Tvpe

GraphPad Prism 4 Project

Texk Document
Texk Document
Texk Document
Text Document
Text Document
Text Document
WMF Irnage
WMF Irnage
WHMF Image

The log file, Process dose-response data.log, shows each script command as
Prism encounters it, plus interspersed notations on how it responded.

Results.txt is the output file containing tabulated curve-fit results for all test

articles.

I Results.txt - Notepad

File Edit Format Wiew Help
Monday, December 09, 2002

Compound log ICE0 SE lo
BPO0O01 -8.250 0.786
FPO002 -7.287 1.302
sPO0O03 -9.252 0.479

g ICS0
4

S

IC50

3.6207=-009
3.1630=-008
3.601%=-010

Finally, GPooo1.wmf through GPoo03.wmf contain the dose-response graphs.

Here is the graph for GPoooz1:
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IndeXx

Analysis Check List, 53, 61, 68, 80, 131

Analysis of variance. See ANOVA

Analysis Parameters button, 157

Angled axis labels, 34, 182

ANOVA, one-way, 11, 55—62; Automatic
test or parameter selection, 58;
Nonparametric test, 58; Post tests, 59,
60; Repeated measures, 55; Test for
pairing effectiveness, 60

ANOVA, two-way, 63—69; Bonferroni post
test, 67, 68; Changing parameters, 69;
Factor interaction, 63; Factors, 63, 66;
Missing values, 64; Post tests, 63;
Repeated measures, 65, 66; Test for
subject matching effectiveness, 68

Apple Macintosh, 9

Arrow drawing tool, 166

Arrows: Formatting, 166

Axis: Angled labels, 34, 182; Broken,
segmented, discontinuous. See Gap in
axis; Displaying doses or concentrations
in different ways, 133; Offset, 38, 100;
Range, 16; Range and tick options, 38,
118, 131, 165; Rotating title, 108; Title,
16, 22, 23

Background. See Baseline correction

Background effects in slides, 170-73

Bar graph: Formatting, 23; One grouping
variable, 11—-18; Two grouping variables,
19-31

Bars: Alignment with labels, 29;
Appearance, 13, 16, 23, 24, 28, 66;
Border, 22; Color, 13, 20, 21, 22, 26;
Created from point symbols, 46;
Dimensions, 17; Direction, 12, 20, 24;
Grouped, 20; Interleaved, 20, 24; On
XY graph, 29, 36, 43—47; Overlay order,
47; Pattern, 13, 20, 21, 22, 26; Plotting
order, 17, 18, 24; Rearranging, 17, 24;
Separate, 24; Spacing, 17, 27, 28;
Stacked, 24

Baseline: Correction, 99, 125; Remove, 92,
99; Subtract or divide, 92, 99, 180

Index

Baseline labels: Crowded, overlapping, 58;
Not aligned with bars, 29

Before-and-after graph, 51

Binding analysis. See Saturation binding
analysis

Bins, histogram, 41

Blank cells on Results sheet, 104

Bmax, 81—96; Displaying on graph, 83

Bonferroni post test, 67

Bound ligand, 84

Box-and-whiskers plot, 12, 51, 55

Break in axis. See Gap in axis

Case-control study, 77

Censored survival analysis data, 72, 75

Chi-square analysis, 79

Coefficient of variation, 14

Color scheme, 171

Column bar graph, 11—-18; Formatting, 15,
17

Column heading constants, 115

Column headings, 12, 21, 22, 33, 44, 64

Column math analysis, 180

Column scatterplot, 12, 49, 51, 55; Line
indicating mean or median, 51

Column statistics, 11, 14, 52, 53, 60, 61;
Test for Gaussian distribution, 14;
Wilcoxin signed-rank test, 14

Combining bars and lines on one graph,
43-47

Comparing curves statistically, 127-28

Concentration, display format on graph,
133

Confidence interval: 95%, 53; For column
of numbers, 14; For curve-fit
parameters, 130; For ECso, 130; For
linear regression slope, 141; For relative
risk, 80; Of column of numbers, 15

Connecting line, 88, 106

Constants. See Constraining a curve fit

Constraining a curve fit, 127, 158

Contingency analysis, 77—80; Changing
parameters, 80; Fisher's exact test, 77,
79; Odds ratio, 79; Predictive value, 79;
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Relative risk, 79, 80; Sensitivity, 79;
Specificity, 79

Cross-sectional study, 77

Curve: Comparing with another curve. See
Comparing curves statistically;
Extending horizontally, 39; Fitting. See
Nonlinear regression; Overlay order, 47

Custom tick labels, 30, 107

Data sets, adding or removing, 22, 88, 101,
105

Decay curve. See Exponential decay curve

Descriptive statistics. See Column
statistics

Dilution factor, 123

Discontinuous axis. See Gap in axis

Displaying graph objects progressively in
slides, 174—75

Dose, display format on graph, 133

Dose-response analysis, 121-37;
Comparing best-fit value to hypothetical
value, 128; Comparing curves. See
Comparing curves statistically; Showing
"zero" concentration point on graph,
121, 123, 133

Dot plot. See Column scatterplot

Double-reciprocal transformation, 98, 102

Drug absorption model, 151

Dunnett post test, 59

Eadie-Hofstee transform, 103

Eadie-Scatchard plot, 98

EC503 124,127, 1283 130, 134, 136’ 137, 155;
Confidence interval, 130; Standard
error, 130

ELISA, 145-50

Embedded graph, 176

Enzyme activity analysis, 97—109

Enzyme-linked immunosorbent assay. See
ELISA

Error bars, 16, 22, 23, 44, 51, 126;
Displaying in only one direction, 135;
For survival analysis, 71, 75; SD, 16, 23,
44, 51, 66, 135; SEM, 16, 23, 51, 66

Excluding data from histograms, 41

Exponential decay curve, 43, 45

Exporting a graph, 170

F statistic: For comparing fitted curves,
129; For linear regression slope, 141;
For one-way ANOVA, 59, 60; For two-
way ANOVA, 68

Family of curves. See Simulating
theoretical curves
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Fisher’s exact test. See Contingency
analysis

Free ligand, 84

Frequency distributions, 31—42; Absolute,
41; Computed by Prism, 39;
Cumulative, 41, 42; Relative, 41, 42

Friedman test, 59

Gap in axis, 117-19, 131

Gaussian distribution, 39, 52, 58;
Superimposing curve on histogram, 39

Generating a curve. See Simulating a
theoretical curve

Generating theoretical curves. See
Simulating theoretical curves

Geometric mean, 14

Global curve fit parameters, 114

Global curve fitting. See Nonlinear
regression, Global curve fitting

Global fitting. See Nonlinear regression,
global. See Nonlinear regression, global

Graph type, 57; For before-and-after
graph, 51; For contingency analysis, 78;
For dose-response analysis, 121; For
histogram, 33; For linear regression,
139; For one-variable bar graph, 12; For
RIA or ELISA analysis, 145; For
saturation binding curve, 82; For
substrate-velocity curve, 98; For
survival curve, 71; For two-variable bar
graph, 20

Greek letters, 16, 23, 47

Grouping variable, 11, 12, 19, 20, 21, 26,
33, 49, 51, 55, 56, 57, 64, 78

Hanes-Woolf plot, 98

Hanes-Woolf transform, 103

Henderson-Hasselbalch equation, 162

Hill slope, 124, 127

Hill transform, 103

Histogram bins, 41

Histograms, 31—42

Importing: Equation, 100; Graph, 170

Indexed data entry, 50

Info constants: linking to analysis, 186

Info constants, linking to analysis, 181

Info sheet, 179

Initial values: Entering rules for, 95, 116,
154—56; Trial of, 156—57

Inset graph, 81, 90, 97, 108

Interpolation. See Unknowns

ka, absorption rate constant, 151-60

Kaplan-Meier. See Survival analysis

K, 81—96; Displaying on graph, 83
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ke, elimination rate constant, 151-60

Kidetermination, 111—16

Km, 97—109; Displaying on graph, 101

Kruskal-Wallis test, 59

Kurtosis, 14

Layouts, 90, 108

Legend, 21, 22, 23, 45, 107, 136, 175, 197,
198

Ligand binding. See Saturation binding
analysis

Linear regression, 140—41; Confidence
interval, 141; Extending line, 140; F
statistic, 141; Forcing line through
designated point, 141; Goodness of fit,
141

Linear trend, test for, 59

Line-drawing tool, 136

Lineweaver-Burk analysis: Data
transformation, 102; Plot, 97—-109, 104,
108

Linked graph, 168, 176

Log ECso, 127, 129, 130, 134

Log transformation, 123, 126, 146

Logarithmic minor ticks, 134

Log-dose-response curve. See Dose-
response analysis

Logistic model. See Sigmoidal dose-
response curve

Log-rank test, 71

Mac. See Apple Macintosh

Matching: ANOVA data, 60, 67; Paired t
test data, 52

Maximum value in column of numbers, 14,
15

Mean of column of numbers, 14, 15, 62

Median of column of numbers, 15, 62

Method, 111—91; Applying by example,
111—91; Applying saved method, 187—-89

Michaelis-Menten. See Substrate velocity
curve

Minimum value in column of numbers, 14,
15

Missing values on Results sheet, 104

Newman-Keuls post test, 59

Nonlinear regression, 39, 45; Column-
heading constants, 115; Confidence
interval for best-fit values, 130;
Constraints, 95, 127; Displaying curve-
fit parameters on graph, 83, 101, 136;
Dose-response analysis, 126; Enzyme
activity analysis, 100; Global, 91, 94;
Global curve fitting, 111—19; Initial

Index

values for user-defined equations, 95,
116, 154—56; Ligand binding analysis,
83; RIA, ELISA, 146; Shared
parameters, 91, 94, 111—-19; Simulation,
156—58; Standard error for best-fit
values, 130; User-defined model, 113—
15, 153, 162

Nonparametric analysis, 55

Nonparametric test, 51, 52, 53

Normal distribution. See Gaussian
distribution

Normalizing data, 124—26, 1277

Number format, 13, 22, 56

Odds ratio. See Contingency analysis

Offset axes. See Axis, Offset

One-site binding model, 83, 100

P value: For comparing fitted curves, 129;
For contingency analysis, 80; For linear
regression slope, 141; For one-way
ANOVA, 60; For t test, 53; For two-way
ANOVA, 68, 69

Paired t test. See t Test, paired

Percentiles for column of numbers, 14, 15,
62

Pharmacology and biochemistry
transforms, 84, 102

Plot area, 170; Transparent, 172

Post test. See ANOVA

PowerPoint® slides, 167—76; Background
effects, 170—73; Editing Prism graph in,
174; Reverse-contrast, 170

Predictive value. See Contingency analysis

Projection lines, 143, 149, 150

Proportions, analyzing, 77

Prospective study, 77

Quartiles for column of numbers, 14, 62

R2: For linear regression, 141; For one-way
ANOVA, 60

Radioimmunoassay. See RIA

Radioligand. See Saturation binding
analysis

Regression. See Nonlinear regression or
Linear Regression

Relative risk. See Contingency analysis

Repeated experiments: Analyzing, 177

Replicates, 20, 64, 122, 125

Retrospective study, 77

Reverse-contrast slides, 170

RIA, 145—-50

Saturation binding analysis, 81-96

Saturation isotherm. See Saturation
binding analysis
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Scatchard analysis: Data transformation,
84; Plot, 81—96

Scripting, 193—202

Secondary plot, 81, 97, 98

Segmented axis. See Gap in axis

Semi-logarithmic plot, 121

Sensitivity. See Contingency analysis

Shared curve fit parameters, 114. See
Nonlinear regression, Global curve
fitting

Shared parameters. See Nonlinear
regression, shared parameters. See
Nonlinear regression, shared
parameters

Sigmoidal curve, 121; Variable-slope
model, 126, 146

Simulating a theoretical curve, 156

Simulating theoretical curves, 161-66

Slides. See PowerPoint® slides

Specific binding. See Saturation binding
analysis

Specificity. See Contingency analysis

Spikes. See Bars on XY graph, Projection
lines

Stacked data entry, 50

Staircase graph, 71

Standard curves: Linear, 139—44;
Nonlinear, 145—50

Standard deviation, 64, 65; Manual entry,
44, 57; Of column of numbers, 14, 15, 62

Standard error, 64, 65; For column of
numbers, 14; For curve-fit parameters,
130; For log ECs0, 130; Manual entry,
57; Of column of numbers, 15, 62

Subscript. See Text

Substrate-velocity curve, 97-109

Sum of column of numbers, 15

Survival analysis, 71—75; Ascending vs.
descending curves, 71; Automatic
analysis and graphing, 74; Censored
data, 72, 75; Curve comparison (log-
rank test), 74; Data entry, 71-74;
Number of subjects at risk, 74; Survival
proportions, 74

Survival curves. See Survival analysis

Sy.x, 141

Symbols: Appearance, 30; Border, 46; Fill
color, 37, 46; Overlay order, 47; Shape,
29, 36, 46, 143; Size, 37, 46, 143
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t Test, 11, 49—53; Automatic test or
parameter selection, 51; One- or two-
tailed, 52; Paired, 52

Table: Contingency, 77; Formatting
manually, 35, 39, 57, 86, 105; Naming,
12, 21, 56, 65, 82, 98, 140

Template, 137, 183—87; Enzyme kinetics,
100; Inserting into a project, 187

Template description, 184, 185

Text: Bolding, 84, 102; Font size, 47;
Justification, 47; Manual entry, 47;
Positioning, 47; Subscripting, 84, 102,
165

Text tool, 47, 102, 136, 166

Theoretical curve. See Simulating a
theoretical curve

Theoretical curves. See Simulating
theoretical curves

Tick: Antilog labeling format, 133;
Crowded, overlapping labels, 134;
Custom labels. See Custom tick labels;
Decimal labeling format, 133;
Formatting, 38, 47, 165; Interval, 16, 47,
131, 165; Label color, 47; Label format,
133; Label position, 16, 23, 47;
Logarithmic spacing, 134, 149; Minor,
38, 47, 165; Power of 10 labeling
format, 133, 149; Scientific labeling
format, 133

Title: Graph, 12, 21, 22, 56, 65, 140;
Rotating, 108

Transform, user-defined, 181—82

Transposing data, 21, 25

Tukey post test, 59, 60

Unknowns: Adding to standard curve
graph, 142, 144; Computed from
standard curve, 139—44, 145—50;
Showing on standard curve graph, 149

Uptake into cells, analyzing, 177-82

User-defined equations, 94, 113—15, 151—
60, 162

User-defined transform, 181—-82

Vinax, 97—109; Displaying on graph, 101

Welch's correction, 52

X-axis labels: Angled, 34; Crowded,
overlapping, 58, 134

Y axis: Additional (second), 45; Color, 47
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