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Abstract

Sometimes it is desirable to fit sigmoid curves with shared parameters against several data sets. Such
simultaneous fitting procedure is available in most of the specialized statistical softwares (R, Prism etc.), but also
possible with Excel. Here, this protocol explains how to perform simultaneous fitting using Excel Solver plug-in
against a pair of data set. For more basic protocol to fit sigmoid curve, see Kenji Ohgane (2019) Sigmoid fitting in
Excel (Excel Solver Add-In). protocols.io dx.doi.org/10.17504/protocols.io.78ihrue. See Gerdi Kemmer & Sandro
Keller (2010) Nat. Protocols 5: 267-281 for more detail on the use of Excel Solver in nonlinear least square fitting.

Guidelines

Although this protocol explains how to set up simultaneous fitting of two curves, you can easily accommodate this
protocol to more complex data sets. However, for more sophisticated analysis, the use of Prism (commercial
software) or R (open source software) is recommended for more clear analytical workflow and reproducibility. To
perform simultaneous fitting of dose-response curves in R, the use of drc package would be a convenient option.

Before start

Excel Solver Add-In is currently bundled with Excel by default, but you need to load the add-in for the first time.
To load the add-in, select "Excel Add-Ins" from "Tools" menu, check the Solver Add-In, and click OK.
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1 Download the following excel file.
The file contains a sheet set up for simultaneous sigmoidal fitting with two set of
example data, for which you can test the fitting procedure.

ﬁ ExcelSolver_SimultaneousFitting.xIsx

2 Open the excel file, and enter your data set in the two set of "x" and "y" columns. Delete
unnecessary data.

Note

The data in the "x" column should be in decreasing or increasing order. Otherwise, the plot
will not be correctly displayed.

Expected result

A B C o} E F G 1 J K L M N o P

1 | Simultaneous Sigmoid Fitting x ¥ y: x y y
2 min n 0.001 997975709 min 20| <- named cell “min_" 0.001 103.846154
3 |max 0.001 103.846154 max 100/ <~ named cell “max_* 0.001 101.012146
4 n 0.001 973684211 n 1| <- named cell *n_" 0.001 88.1781377
5 |ec50 10 <- named cell "ec_50 0.001 978757085 &c50 500/ <- named cell "8c_50_" 0.001 89.7975708
L3 i 0.1 106.882591 i 0.1 98.190471
7 |ssR g Initial parameters 04 101.012145 SSR 8633.51624 \ nitial parameters 0.1 98562986
8 |total SSR 1 for the data set 1 0.1 981781377 far the data set 2 0.1 97.9757085
9 01 9658299 0.1 102098761
10 [FUN min+(max-min)/(1+10%(n"(log10(x)-log10(ec_50)})) 0316 83.2712551 FUN min+(max-min)/(1+10%(n"(log1 0(x)-log 10(ec_50)))) 0316 97.3584211
11 0316 88.0566802 0316 99.084635
12 12 0.318 102.228721 0316  98.312785
13 0.318 99.7975709 0316 108.882581
14 ‘ L] 1 78.34008" 1 99.60199
15 —X - e 1 857884737 1 99.873987
16 1 710526316 1 104108751
17 1 682186235 1 101.486964
18 316 51.8218623 3.16 87.7855466
18 3.16 483805668 316 995688259
20

5 a5, s2emTe Data set 1 Data set 2 oo
22 10 40.2634008 10 99.158919
23 10 362348178 10 101884615
24 ! § 10 384615385 10 96.9554656
25 Raw data poims & B — 10 40.48583 10 100.118749
26 31.6 31.9838057 316 99.7975709

27( sigmoids (before fitting) . 318 313785182
28| oo o o 1 10 100 100 10000 316 362348178
29 .y —yar v.2 —yeae 2 316 33.805668
30 100 37.854251
b 22 mwwreod

316 103.846154
316 87.3684211
316 87.8757085
100 106.882581

3 Guess initial parameters for the sigmoids (minimum, max, n, and ec_50), which can be
easily guessed from the plot, and enter the estimated initial values into the cells (B2, B3,
B4, and B5 for the first data set, and K2, K3, K4, and K5 for the second data set).
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Note

Note that these cells for parameters are "named cells". So you can reference these cells
from within equations by using "=min" (first data set) or "=min_" (second data set), where
an underbar denotes parameters for the second data set. If you want to modify the
equation for the curves, please modify equations within the cells in the "ycalc" columns.

4 Start the Excel Solver add-in from Tool > Solver on the menu bar.

Expected result

@ Excel File Edit View Insert Format  Tools Data Window Help
M Edwvw-Jd = Spelling... =

Insert Page Layout Formulas Da
Smart Lookup...
Language...
AutoCorrect...
Error Checking...

Check Accessibility

1 Simultaneous Sigmoid Fitting Track Changes

2 min 20|<- named cell "min” ]
3 max 100 <- named cell "max” Protection B
4 |n 1 <= named cel "n” B
5 |ec50 10| =~ named cel "ec_50" i)
£ Goal Seek... .
7 |s5R 0739.31852 Scenarios... B
B |total SSR 18572.6346 Auditing B
] B
0 [FUN min+{max-min}/(1+104n*(log10(x )-log10(ec_50)))) Solver... 8
1 B
2 p— Macro B
3 Excel Add-ins... B
4q il -] -] 4 N N -] e eieia T
Solver add-in

4.1 Set "Objective / Target cells" to "$B$8", which contains the sum of SSR (Sum of Squared
Residuals) calculated for the two data sets.
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Expected result

f [ Solver Parameters
M B C J K L M

- - S . Set Objective: iBSB I —
1 Simultanecus Sigmoid Fitting —
2 |min min_ 31.8344791|<- named cell "min_
3 max To: Max Min  © Vvalue Of: 0 =— 100.988484] < na
4 n . . ) n_ 1]=- nai iy
5 |ec_s0 By Enphy U D ec_50_ 500 < named cell “ec_50_
& $BE2:3BE5 SKI2:SKES — -
7 |SSR S8R 4174.86818
8 |total SSR Subject to the Constraints:
9 ec_50 >= 1E-06 Add
10 |FUN min+H{ miase-min )/ 1+10%(n*(loy max = max FUN min+{ max-min )/ 1+10%n*(log10(x )-log 11
1 in = min__
e min = min_ Change
13 [ ]
14 ° | Delete »
15|
18 e\
7 . Reset All
18 1
18 H Load/Save

Make Unconstrained Variables Non-Negative

1 12 o N
BRE8
ae
-1

5

Select a Solving Method: GRG Monlinear |w

g Options
24
25 Solving Method
2a Select the GRG Nonlinear engine for Solver Problems that are smoath
27 nonlingar. Select the LP Simplex engine for linear Solver Problems,
28 || o001 oo o 1 10 and select the Evolutionary engine for Solver problems that are non-

smoath.

Be8y

Close Solve

RRB

TR A CHHRRE S ER T

Setting up Solver parameters

4.2  Set "equall to" section to "Value of 0".

Note

This results in a warning saying "unable to find solution", but you can ignore it.

4.3  Set "Changing variable cells" to the cells that contains initial values for the two sigmoid
curves ("$B$2:$B$5, $K$2:$K$5").

4.4  Add constraints.
(1) We recommend to add "ec_50 >= 0.000001" etc., to avoid EC50 becoming negative
values or zero.
(2) In this example, we fit two sigmoid curves that share minimum and maximum values
against the pair of data set. So add two constraints as shown in the figure ("min = min_"
and "max=max_").
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Expected result

Addlng constraints By Changing Variable Cells: 3
. | $BS2:5BS5,5K$2:5KS5 ]
Non-negative EC50 .
”~~1§A Subject to the Constraints: F
Common parameters (min & max) _ _ ec_50 >= 1E-06 i Add .
between the two data sets. TS T max = max_ ,f """"" !
min = min_ .
pre Change
’
i y 4
o Add Constraint Delete
Cell Reference: Constraint: Reset All
min 1= v | min_ -
Load/Save
Add Cancel 0K

4.5 Confirm that "Assume non-negative" is unchecked, and click "Solve" to run the Solver.
Close the Solver window when the calculation finished. Then you can get fitted
parameters and a curve overlaid over the raw data points. Check if the sigmoid curve is
reasonably fitted over the data.

Expected result

- e ————————

B

| @ Solver Results

' Solver could not find a feasible solution. Ignore this message 1
)

K

: Reports

' O iKeep Solver Solution | Feasibility

b ibility=

i Restore Original Values Feasibility-Bound
}

k

| ~| Return to Solver Parameters Dialog —| Outline Reports
B

: Save Scenario... Cancel OK

¥
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5 Then you can get fitted parameters and curves overlaid over the raw data points. Check
if the sigmoid curve is reasonably fitted over the data.

Expected result

Fitted results Common values (min & max)
> ~
A B c ,-~ D Yo 4 K L M
~
Simultaneous Sigmoid Eitting,/ \\A _______
min : 31.8344791 :-:k(an‘ed cell "*min min ! 31.8344791:-: named cell *min_"
max 1_100.988484 y<- named cell "max” max 1_ 100.888484)<- named cell "max_"
n 1.29524551 <- named cell "n” n 1.29458783 <- named cell "n_"
ec50 1.38509303 A 3 named cell "ec_50" ec50 A 1386.91223 <- named cell "ec_50_"
N
SSR 633.50413 \‘\ SSR ,' 602.644218
total SSR 1236.14835 S I
M ]
A Y
N 1

Determined for each data set (n & EC50)
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Expected result
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The result of simultaneous sigmoid curve fitting.
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