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Disclaimer
DISCLAIMER - FOR INFORMATIONAL PURPOSES ONLY; USE AT YOUR OWN RISK

The protocol content here is for informational purposes only and does not constitute legal, medical, clinical,
or safety advice, or otherwise; content added to protocols.io is not peer reviewed and may not have
undergone a formal approval of any kind. Information presented in this protocol should not substitute for
independent professional judgment, advice, diagnosis, or treatment. Any action you take or refrain from
taking using or relying upon the information presented here is strictly at your own risk. You agree that
neither the Company nor any of the authors, contributors, administrators, or anyone else associated with
protocols.io, can be held responsible for your use of the information contained in or linked to this protocol
or any of our Sites/Apps and Services.

Abstract

This protocol describes how to batch process and SAND one-dimensional (1D) proton ("H) NMR data.

Before start

This protocol assumes:

= You have a NMRbox account

= Directions for creating an account can be found at: https://nmrbox.nmrhub.org/pages/getting-started

= This protocol uses NMRPipe. Further Demo Data and processing tips can be found at:
https://www.ibbr.umd.edu/nmrpipe/demo.html
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Acquire Necessary Scripts

1 Sign in to your NMRbox account.

2 Open the terminal, type csh, and press Enter.

- Terminal - cesselman@zinc: ~

File Edit View Terminal Tabs Help

3b:00.0 3D controller: NVIDIA Corporation TU104GL [Tesla T4] (rev al)
cesselman@zinc:~$ csh

zinc:~% ]

3 Paste the command provided below into the terminal window and press Enter.
Command
Retrieve sand_demol files from NMRPipe Website
wget https://www.ibbr.umd.edu/nmrpipe/sand demol.tar
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4 Open the File Manager and extract sand_demo.tar to the home directory by right-
clicking on sand_demo.tar and selecting "Extract Here."
=T
ri_l Open With "Engrampa Archive Manager”
sand_de Open With Other Application...
Send To »
o6 Cut
& Copy
¥ Move to Trash
Rename...
& Extract Here
& Extract To...
¢ Properties...
4.1 The contents can also be extracted using the terminal by executing the command below:
tar -xvf sand_demol.tar
5 Navigate to the extracted sand_demo1 directory, then copy and paste each ".com" file
into the directory that contains your unprocessed data.
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sand_demol - File Manager -
File Edit View Go Help

€ 9 A & | momenmrbox/0029/cesselman/sand_demol/ c

DEVICES
(= FilesS...

Ub...
__lom.. L 2 3 4 5 6 7 fid

__1GB..
PLACES

£} cesse... ft interp pca001 all.com] developer.com| interp1D.com|

Deskt...

& i H B
Docu...

ﬁ Music meta.tab quick.com) README_SAND ~ README_SPECTRA sand_batch.com

i Pictures
B Videos . .
) Down...

—n |

% Brow...

12 items selected: 14.0 KiB (14,323 bytes)

5.1 The ".com" files can also be copied using the terminal:

cp ./*.com ~/destination_folder

Creating Metadata table

6 Create a copy of meta.tab and place it into the directory containing your unprocessed
data.

6.1 Update meta.tab to match the data within your unprocessed directory. Specifically,
change the "DIR_NAME" column (the second column of numbers) to match the
directories of the spectra you wish to batch process. You should also change the "TITLE"
column (the third column) to describe the spectra you are processing, ensuring that
there are no spaces in the title name.
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6.2

6.3

meta.tab

~/sand_demol

Open | » +

1]

2#

3 # Metadata for spike-in urine series.
4 # Required: INDEX DIR NAME TITLE

5 # Optional: PO P1

6

7 VARS  INDEX DIR NAME TITLE PO P1

8 FORMAT %3d  %16s %S %S %S

9
18 1 1 spikef-urine54B8ul-bufElul-spikeBul Auto 0.0
11 2 2 spikel-urine54Qul-bufEBul-spike20ul Auto 0.0
12 3 3 spike2-urine540@ul-buf6Oul-spikedOul Auto 0.0
13 4 4 spike3-urine54Qul-bufe@ul-spike6ful Auto 0.0
14 5 5 spiked4-urine540ul-bufeOul-spike8Oul Auto 0.0
15 6 6 ref-d2o0ul-bufebul-spike26ul Auto 0.0
16 7 7 buf-d20540ul-buf60ul-spikeful Auto 0.0

Modifying meta.tab by hand is cumbersome, but you can use the script below to
automate the process.

E metaTabCreate.sh

1. Place the metaTabCreate.sh script in the same directory as the meta.tab file you just
moved.
2. Ensure the file is executable by right-clicking on metaTabCreate.sh, choosing
"Properties", selecting

"Permissions," and checking "Allow this file to run as a program".
3. Using a terminal, navigate (cd) to the directory containing the files and enter the
command

./metaTabCreate.sh

4. Provide a title for the dataset, ensuring you do not use spaces in the name.

Ensure that the rows in the meta.tab file contain metadata only for the files you intend to
process. You should delete any rows corresponding to folders that do not contain data or

should not be processed.

Perform Processing

7

8

Using a new terminal window, navigate (cd) into the directory containing the
unprocessed data, ".com" files, and meta.tab.

Enter the command
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./all.com

The data processing is complete once a graphical image of the spectra appears on the
screen. The final processed data will be located in the newly created folder named
interp.

9 To view the spectra at any time after processing, open a terminal, navigate to the
directory containing the unprocessed and processed data, and enter the command

specView.tcl -in interp/*.ft1l

Optimizing Processing

10 Sometimes, the automatic zero-order phasing does not phase the spectra perfectly. If
this is the case, please follow the steps below.

11 Visualize the spectra to identify which spectra are not phased correctly. Then, reprocess
the chosen spectra with 0.0 zero-order phasing and 0.0 first-order phasing by changing
the "PO" values for those spectra in meta.tab from Auto to 0.0 and then reexecuting

./all.com

12 After processing is complete, open a new terminal, navigate to the interp folder, and
enter the command

nmrDraw

Note that nmrDraw functions best when used with a three-button mouse. Further
directions on spectral processing and use of NMRPipe can be found at:
https://www.ibbr.umd.edu/nmrpipe/index.html

12.1 Select the spectrum you want to phase by first right-clicking on "File" and then left-
clicking on "Select File".
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12.2

Horizontal 1D. Inside: [Select] [Pan] [Zoom] Outside: [Phase Pivot] [Scale] [Offset] Use ‘e’ to exit. o

T) A0 ¥) Mouse ¥) peak ¥)

select File

R) Read only
B) Previous Data

Parameters

calibrate Axis

Macro Edit

Hard copy Plot

Info Window

Raise Panel

Shell command

Quit the Program

Use the top sliding bar to scroll through the spectra, and double left-click on the specific

Proc ¥

10 File:

spectrum you wish to phase.

./#097-Lipidsl. ft1 (32768x1) 097-Lipidsl

P1: 0.0 Pivot:

| alv) 22 1 fv| A= 1 || Plus: 10 || Minus: 10 /5| Pirst: 5.92424
—f— Plhem—=|—— = [— P0: 0.0

a

Factor: 1.30 ) _

17| pnasing: m g | Fit o

L] Horizontal 1D. Inside: [Select] [Pan] [Zoom] Outside: [Phase Pivot] [Scale] [Offset] Use ‘e’ to exit. —
File T) Draw ¥) 10 T) Mouse T ) ©Peak T ) Proc v ) 1D File: ./097-Lipidsl ftl (32768x1) 097-Lipidsl

x: 1

PO e—— = [ Pl oe——

B 17 R T (7 G O A I

— — ®0: 0.0

File: 037-Lipidsi.ftl,

144 Files. Double-Click to Read 1D/2D:

001-Lipidsl. ft1
002-Lipids1. £t1
003-Lipids1. £t1
004-Lipidsl. £t1
005-Lipids1. £t1
006-Lipids1. £t1
007-Lipids1. £t1

1 Template. Double-Click to Read 3D/4D:

%03d-Lipids1. £t 1 144

Expressions: *.fid *. ft* *. dat *.DAT

0 Directories. Double-Click for New Lists:

[ original pirectory
one Directory up

> L

| —j

zPield: 3 || APield: 2 |7

Update ) Read) Read/Draw) ¢D) Done)

P1: 0.0
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12.3 Use the sliders to phase the spectra by left-clicking and dragging them.

Horizontal 1D. Inside: [Select] [Pan] [Zoom] Outside: [Phase Pivot] [Scale] [Offset] Use ‘e’ to exit.

A _DOx
rile ] 55 (D TN broo ©) 1D File: /097-Lipidsl ft1 (32768x1) 097-Lipidsl

x 1 o w1 o1 o a1 | Plus: 10 | Mims: 10 | Pirst: 532424 Pactor: 130 L _

| — p— Pl e—— — — | 0.0 »1: 0.0 Pivot: 1 | shasing: [on oge | Whxis:

1H ppm ¥

12.4  After the phasing looks correct, the values shown in the red box below will be the values

used to replace the zero-order and first-order phase values for that spectrum in the
meta.tab file.

Horizontal 1D. Inside: [Select] [Pan] [Zoom] Outside: [Phase Pivot] [Scale] [Offset] Use ‘e’ to exit.
T G S (e o) (o FT50) 10 File: ./097-Lipidsl ft1 (32768x1) 097-Lipidsl
x: 1 w1 vz 1 v A 1 |+| Plus: 10 ©| Minus: 10 | Pirst: 5.92424 Factor: 1.30

—_— Plem—— = | |P0: 10§ P1 -13.0  [Rivet: 1 | ohasing: [on] oge | WAxis: M

1H ppm ¥
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13 After you have changed the phasing values in the meta.tab file, reexecute
./all.com
SAND
14  Download the run_sand and copy_csv_sand.sh files from the FLAnalyzer GitHub
repository.
https://github.com/edisonomics/FLAnalyzer/tree/main/sand
15 Place the run_sand file into your scratch directory on NMRbox. Your scratch directory is
located at the path
/scratch/xxxx/username
, Where xxxx is the number where your NMRbox username is stored (e.g., 0030). You
can find this number by opening the terminal on NMRbox and typing
pwd
; the number appears immediately before your username.
An example output of executing the pwd command is: /home/nmrbox/0030/cesselman
The corresponding scratch folder for this user is: /scratch/0030/cesselman
Some users do not have a number before their name.
An example output of executing the pwd command would be: /home/nmrbox/cesselman
The corresponding scratch folder for this user would be: /scratch/cesselman
15.1 Ensure that the file is executable by using the same method described in Step 6.2.
16 Copy the interp folder created during batch processing into the scratch directory.
17 Edit the run_sand script as follows:
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18

19

1#!/bin/bash

2

3# Set the source directory on your scratch disk
4scratch directory=

5interp directory=

6

7# Set the destination directory on your local machine
8 local directory=

9

10# Define the keyword to search for

11 keyword="Do

12

13# Iterate through the files in the source directory
14 for file in "$interp directory"/*; do

15 if [ -f "$file" ]; then

16 # Extract the file name without extension

17 filename=$(basename -- "$file")

18 filename noext="${filename%.*}

19

20 sandlD.com -in "$file" -x1 10ppm -xn -0.5ppm -simAll
21

22

23 # Copy the resulting folder to the local directory

24 mkdir "$local directory/$filename noext

25 cp -r "$scratch directory/sand0001/"* "$local directory/$filename noext
26 rm -r "$scratch _directory/sand0001

27 fi

28 done

Line 4: Add the path to the scratch directory (e.qg.,
scratch_directory="/scratch/0030/cesselman").

Line 5: Add the path to the interp folder in the scratch directory (e.g.,
interp_directory="/scratch/0030/cesselman/interp").

Line 8: Add the path to the local folder where SAND results will be saved. Ensure that this
local folder already exists.
(e.g., local_directory="/home/nmrbox/0030/cesselman/Documents/").

Line 20: Change the ppm values to cover the full chemical shift range in which peaks
appear
(e.g., change 10ppm and -0.5ppm to values that suit your analysis)

Completion: After editing the file, save and close it.

On NMRDbox, a single user can access up to three Virtual Machines (VMs)
simultaneously. To reduce the time needed for SANDing, you should use three VMs.
Repeat steps 14 through 17 on the different VMs. In the interp folder for each VM, delete
any files that should not be SANDed by that specific VM. For example, if you want to
SAND 140 spectra, keep the spectra in the scratch folder as follows: 1-48 on the first VM,
49-96 on the second VM, and 97-140 on the third VM.

On each VM, open the terminal, navigate to the scratch directory, and execute
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./run_sand

View SAND Results

20 In the local directory where the SAND results are saved, navigate to the folder of an
individual SANDed spectrum. You can use the command below to assess the SAND
results.

specView.tcl -in ft/*.ftl1 sim/0001.ftl simAll/1/*.ft1l

Gather SAND CSV Files

21 It is helpful to gather all the SAND tables into a single directory, and this is required for
use with FLAnalyzer. Download the copy_csv_sand.sh file from the FLAnalyzer GitHub

(Step 14) and ensure the permissions are set to allow the script to run as an executable.

22  Edit the copy_csv_sand.sh script as follows:

1#!/bin/bash

2

3# Define the output directory where files will be copied
4output dir=

5

6# Loop through each initial directory

7 for initial dir in /Change to path destination directory/*; do
8 if [ -d "$initial dir" ]; then

9 # Get the name of the initial directory

10 dir name=$(basename "$initial dir")

11

12 # Find the 0001.ftl file inside each initial directory

13 file to copy="$initial dir/csv/0001.csv

14

15 # Check if the file exists

16 if [ -f "$file to copy" 1; then

117/ # Copy the file to the output directory with the desired name
18 cp "$file to copy" "$output dir/$dir name.csv

19 echo "Copied $file to copy to $output dir/$dir name.csv
20 else

21 echo "File $file_to_copy not found.

22 .

28 fi

24 done

Line 4: Add the absolute path to the directory where the CSV files will be copied.
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Line 7: Change this to the absolute path of the destination directory for the SAND output
folders, as specified in Line 8 of the run_sand script (Step 17).

23  Execute the script by entering

./copy_csv_sand.sh
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