
Initial 
concentrations 

are saved in x0.

GRNmap first reads 
the optimization 

parameters sheet. It 
figures out how 

many strains there 
are

timespan is created. 
If no zero time is 

present, it is added 
to the vector

GRNmap first reads 
the optimization 

parameters sheet. It 
figures out how 

many strains there 
are

ode45 is called for 
each of the deletion 

strains.

GRNmap first reads 
the optimization 

parameters sheet. It 
figures out how 

many strains there 
are

Error matrix is 
calculated. Graphs 
are outputted every 

100 iterations.

GRNmap first reads 
the optimization 

parameters sheet. It 
figures out how 

many strains there 
are

L, lse_out are 
calculated. 

GRNmap first reads 
the optimization 

parameters sheet. It 
figures out how 

many strains there 
are

penalty terms for 
production rates and 
thresholds are made.

GRNmap first reads 
the optimization 

parameters sheet. It 
figures out how 

many strains there 
are

L is modified by the 
penalty terms and 

then outputted.

general_least_squares_error

GRNmap first reads 
the optimization 

parameters sheet. It 
figures out how 

many strains there 
are

Initializes vector 
containing 
weights. 

GRNmap first reads 
the optimization 

parameters sheet. It 
figures out how 

many strains there 
are

Create vector b with 
some of the values 

of the weights in 
theta

No 
(fix_b = 0)

Fixed thresholds?

Yes 
(fix_b = 1)

GRNmap first reads 
the optimization 

parameters sheet. It 
figures out how 

many strains there 
are

Create vector P with 
some of the values 

of the weights in 
theta

No 
(fix_P = 0)

Fixed pro rates?

Yes 
(fix_P = 1)

Store initial and 
optimized weights 

to GRNstruct

Run 
forward 

simulation

Define initial 
thresholds 
vector as a 

global variable

Add control 
parameters to 

GRNstruct 

Add simulation 
parameters to 

GRNStruct

Collect 
microarray 

data for 
each strain

Invalid file?

[sigmoid][MM]

[No]

Fixed 
thresholds?

[Yes]

[No]

Fixed pro 
rates?

[Yes]

Dialog box 
prompts user 

to choose 
Excel input 

sheet

Program gives 
error message 
and terminates

Read optimization 
parameters sheet 

and count the 
number of strains

Define zero 
vector for 

thresholds as 
a global 
variable

Calculate 
average and 

standard dev for 
all microarray 

data

Unpackage 
control 

parameters 
from GRNstruct 

Initialize 
vector for 
containing 

weights

Set weights in 
vector to given 

production rates 
for active genes

Calculate the 
least squares 

error of the initial 
weight vector

Calculate new 
optimized 

weights using 
fmincon

readInputSheet

Unpack data 
that will go into 

the .mat file

[No]

[Yes]

Output 
simulation 

information to 
Excel sheets

lse

[Yes]

[No]

output

Model?

Generate plots for 
each transcription 

factor

Estimate weights?

Unpack data 
that will be 

written in output 
sheet

Save .mat file

Program 
terminates

Include 
graphs?

Empty 
GRNstruct 
structure

GRNstruct 
populated 
with data 

from Excel 
sheet

[No]

lse

general_least_squares_error

Create 
upper and 

lower 
bounds

Set weights in 
vector to 0 for 

all forced 
indices

initial guesses 
(theta) vector 

containing 
weights, 

thresholds, 
and prorates

Fixed 
pro 

rates?

Assign b with 
some of the 

values in theta

[Yes] [No]

Fixed 
thresholds?

GRNstruc
t with data 
calculated 
by the lse 

routine

Store weights 
from initial 

guesses vector

Assign P with 
some of the 

values in 
theta

[No]

Store initial 
concentration
s to x0 vector

Store time 
to tspan1. If 
there is no 0 
time, add it 
to tspan1

Initialize error 
matrix and SSE 

[Yes]

penalized 
least 

squares fit 
criterion L

Sigmoid 
model?

Call ode45 to 
solve the 
sigmoidal 

model for each 
strain

Call ode45 to 
solve the 

michaelis-mente
n model for each 

strain

[Yes]
[No]

Calculate error 
matrix and SSE

Output graphs 
every 100 
iterations

Calculate sum 
of errors vector 
and assign to  

lse output

Initialize 
variable for 
containing 
thresholds

Fixed 
thresholds? [No]

Use 
thresholds 
from input 

sheet

Zero out 
prorate 
vector

Calculate 
penalty using 

weights, 
thresholds, and 

prorate

[Yes]

[No]Fixed 
prorates?

Calculate L 
using alpha, 
penalty and 

previous sum 
of errors vector

[No]

[Yes]

Extract data from 
global variables to 

populate GRNstruct

Pre-allocate 
GRNstruct 
matrices

Remove missing 
data cells by 

converting into 
nested structure

Create global 
variables by 

extracting data 
from GRNstruct


