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Introduction


The program UBNMR supports NMR data analysis in general, and GFT NMR (Kim and Szyperski, 2003) data analysis in particular. Its functions include: (1) creation of the residue sequence list, the chemical shift list and the peak list files as input for the spectral analysis program XEASY (Bartels et al., 1994; Eccles et al., 1991) at each stage of the assignment process, (2) generation of the ‘starting peak lists’ which contain expected peaks with assignments to guide manual peak picking, (3) conversion of linear combination of chemical shifts and chemical shifts.
UBNMR is written in standard C++ and QT GUI Toolkit 3.2.1 [©2000-2003 Trolltech AS], and was implemented for both Windows and Linux systems.

Comments, suggestions, and reports on bugs are welcome. Please send them to: yangshen@buffalo.edu or szypersk@chem.buffalo.edu.



Installation

The program UBNMR is distributed either as a UNIX “tar”-archive or via a Windows “zip”-archive file. A directory of “UBNMR” will be created after ‘uncompression’, and sub-directories will be created for the library and a collection of UBNMR macros. The environment variable UBNMR_DIR needs to be setup before the program is executed. In LINUX the following command can be used:

setenv UBNMR_DIR /directory_of_UBNMR 
For Windows XP, go to “System Properties->Advanced->Environment Variables->System Variables”, and add a new system variable “UBNMR_DIR” with the path of the UBNMR installation directory.
Commands
In this section, all UBNMR commands (see Appendix) will be introduced. The program UBNMR can be used in two different ways:

• The user may enter statements interactively.

• The program can execute a sequence of statements contained in a macro file (see chapter Macros).
A single statement/macro can be also directly executed from the command line:

> UBNMR <statement|macro>
so that the program quits upon after the statement/macro is executed.
The syntax, parameters, and options of a command are given in this chapter according to the following scheme:

command_name [parameter] <option1> <option2|option3>
The command line is presented in italic and Arial font, in which the command_name stands for the command name and is displayed in bold, the system-defined literal options and parameters are shown in bold, the user-defined parameters are shown in normal type, the required parameters are shown in a “[]”, the options are displayed in a “<>”, and the mutually exclusive options are separated with a “|”. When executing a command, the parameters and options must all be given on one line.
NMR data pre-processing

gradientsort [fid_in] [fid_out]
Applies a “gradient sort” scheme to the FID file (file name: “fid_in”) of an NMR experiment acquired using sensitivity enhancement scheme on a VARIAN spectrometer. The output FID file is named “fid_out”. The ‘procpar’ file providing the acquisition parameters for this experiment need to be in the same directory as “fid_in”. Example:
gradientsort fid fid_pfg

gftTrans [fid_in]
Applies the G-matrix transformation to the FID file (with the name of “fid_in”) of an (N,N-K)D GFT NMR experiment acquired on a VARIAN spectrometer. The 2K output FIDs have the names of “fid_in_ApB”, where “A” is “s” (K=1), “d” (K=2), “q” (K=3) or “t” (K=4), “B” is a number from 1 to 2K. The parameter file ‘procpar’ needs to be in the same directory as the input file of “fid_in”. Example:
gftTrans fid_pfg

Sequence list

read sequence [file_name] <xeasy|letter>
write sequence [file_name] <xeasy|letter>
Reads/writes a residue sequence list (with the name of “file_name”). The residue sequence file can be either in xeasy format (default) or the simple one-letter code format. Example:
read sequence hsqc.seq
read sequence hsqc.seq letter
add SRD [start_num] [end_num]
remove SRD
Adds/removes the “SRD” residues to/from the current residue sequence list. The “SRD” residues are added from the residue number of “start_num” to “end_num”. Example:
add SRD 101 200

update mapping [file_name]

Retrieves the backbone sequential assignments information from the AutoAssign output (with the name of “file_name”), and converts the information to the mapping numbers in the current XEASY residue sequence list. Example:
update mapping ET99_aa.out

Atom list

read proton [file_name] <xeasy|BMRB> <append>
Reads a chemical shift list (with the name of “file_name”). The chemical shift list can be in either xeasy or BMRM format, the default format is the xeasy format. Optionally, only the chemical shifts of the currently unassigned atoms are updated if the option append is active. For the chemical shifts that are presented in both lists and differ by more  (in ppm, 0.2ppm for the 15N and 13C shifts, 0.02ppm for the 1H shifts by default), a warning is printed. 
For example, the execution of the following two statements will combine two chemical shift lists, which contain the chemical shifts assignments of backbone atoms and side-chain atoms, respectively:
read proton ET99_backbone.prot
read proton ET99_sidechain.prot append
add GFTatom [atom_name1] [atom_name2] <level>
Adds the “GFT atoms” with the names of “atom_name1 ± atom_name2” to the end of the current chemical shift list. The corresponding linear combinations of shifts will be calculated if the chemical shifts of both atoms are assigned. Optionally, the residues of the atoms with the names of “atom_name1” and “atom_name2” can be apart by a value of “level”. By default the value of “level” is set to 0, that is, only the atoms belonging to the same residues are selected to create the “GFT atoms”. For convenience, the “atom_name1” could be set to “COSY_C” standing for all the aliphatic 13C (except 13C’) atoms, or “GFT” for all the “GFT” atoms; the “atom_name2” could be set to “COSY_C” representing all the aliphatic 13C (except 13C’) atoms, or “ATTACHED_H for all the 1H atoms attached to the atoms with the name of “atom_name2”. The carrier values for 1H, 13C and 15N are taken from the system variables defined by the statements of “set Carrier” (see page 10).
For example, in order to analyze the (4,3)D HNNCC/CC(CO)NHN spectra, four types of “GFT atoms” (with the names of “CA+CA”, “CACA”, “CA+CB” and “CACB”) are required to be appended to the chemical shift list by using the following commands:

add GFTatom CA CA

add GFTatom CA CB

remove GFTatom
Removes all “GFT atoms” from current chemical shift list. 
write proton [file_name] <xeasy|BMRB|CSI>
Writes a chemical shift list in xeasy, BMRB, or CSI format (used as the input for the CSI secondary structure element calculation), the default format is the xeasy format. Example: 
write proton hsqc.prot
update proton GFTatom [atom_name|COSY_C|COSY_H]
Updates the individual chemical shifts (for the atoms with the name of “atom_name”) from the linear combination of chemical shifts using a least square fitting. All chemical shifts for the aliphatic side chain 13C/1H atoms will be updated accordingly, provided that the options “COSY_C”/“COSY_H” are used. The deviation for the least square fitting is checked, and a warning is reported for the chemical shifts with the deviation larger than the tolerance. Example:
update proton GFTatom CA
update proton shift [atom_name] [value] [scale]
Updates the chemical shifts of the assigned atoms (with the name of “atom_name”) by adding a “value” and then multiplying a value of “scale”. For example, after the execution of the following statement,
update proton shift N -118.116 0.8705
all the chemical shifts values for assigned 15N atoms are updated by subtracting 118.116ppm and then multiplying 0.8705. 
update proton average <atom_name>
Updates the chemical shifts of the unassigned atoms (with the name of “atom_name”) by the corresponding average chemical shifts from BioMagResBank database. By default, the chemical shifts for all unassigned atoms will be updated. Example:

update proton average HA

write proton [filename] completeness
Prints the completeness of the chemical shift assignments. The unassigned assignable atoms (excluding the N-terminal NH3+, the Pro 15N and the 13C’ shifts of residues preceding the Pro residues, the Lys NH3+, the Arg NH2, the OH, the side chain 13C') will be listed. The completeness statistics will be provided for the different groups of atoms (1H, 15N, 13C atoms, and backbone and side chain atoms). 
UBNMR > write proton dummy completeness

Missing atom #3
CA
@ MET 1
Missing atom #4
HA
@ MET 1
Missing atom #5
CB
@ MET 1
Missing atom #6
HB2
@ MET 1
Missing atom #7
HB3
@ MET 1
Missing atom #9
CG
@ MET 1
Missing atom #10
HG2
@ MET 1
Missing atom #11
HG3
@ MET 1
Missing atom #18
C
@ MET 1
Missing atom #19
N
@ ALA 2
Missing atom #20
HN
@ ALA 2
Missing atom #405
NE2
@ GLN 24
Missing atom #406
HE21 @ GLN 24
Missing atom #407
HE22 @ GLN 24
Missing atom #471
C
@ THR 28
Missing atom #505
C
@ GLN 30
Missing atom #880
C
@ GLU 52
Missing atom #983
C
@ CYS 61
Missing atom #984
N
@ LYS 62
Missing atom #985
HN
@ LYS 62
Missing atom #1018 C
@ SER 63
Missing atom #1019 N
@ CYS 64
Missing atom #1020 HN
@ CYS 64
Missing atom #1021 CA
@ CYS 64
Missing atom #1022 HA
@ CYS 64
Missing atom #1023 CB
@ CYS 64
Missing atom #1024 HB2
@ CYS 64
Missing atom #1025 HB3
@ CYS 64
Missing atom #1028 C
@ CYS 64
Missing atom #1280 C
@ ARG 78
Total completeness: 828/858
Total C13 completeness: 311/324
Total N15 completeness: 78/82
Total H1 completeness: 439/452
Total BB completeness: 564/588
Total SC completeness: 264/270
Commands for handling peak list

read peaks [file_name] <xeasy>
write peaks [file_name] <xeasy|autoassign>
Reads and writes a peak list file in xeasy or autoassign format, the default format is the xeasy format. Example: 
read peaks nNOESY.peaks

simulate [2Dpeaks|3Dpeaks] [atom_name1] [atom_name2] [level] [color]
Generates a set of 2D or 3D peaks using the information from the current chemical shift list. The “atom_name1” (along the indirect dimension 1) and “atom_name2” (along the direct dimension 2), are required to be specified for generating a 2D peak list. To generate a 3D peak list, the “atom_name1” (along the indirect dimension1) and “atom_name2” (along the indirect dimension2) are required; the 1H atoms along the direct dimension 3, which are directly attached with the corresponding hetronuclear atoms (13C/15N) along 1, are selected by the program from the chemical shift list. Only the assigned chemical shifts will be considered to generate peaks. The difference in residue numbers for atoms along 1 and 2 needs to be defined with the parameter “level”. 
For example, only the intra-residue peaks are generated if the value of “level” is set to 0. The parameter of “color” mode, which is used by XEASY for classifying peaks, can be set to any number.

For example, all expected peaks for a (4,3)D HNNCC spectra will be generated by using the following four command lines:

simulate 3Dpeaks N CA+CA HN 0 1 
simulate 3Dpeaks N CA+CB HN 0 2 
simulate 3Dpeaks N CA+CA HN -1 3 
simulate 3Dpeaks N CA+CB HN -1 4 
simulate [alphaNOESY] [C|N] [color] [start_num] [end_number]
Generates medium-range NOE peaks (between the residues that are between 2 to 4 residues apart) commonly observed in -helix. The starting and ending residue numbers of a -helical segment need to be specified.

For example, all expected medium-range NOE peaks related to a -helix comprising residues 20 to 32 will be generated by using the following two statements:

simulate alphaNOESY C 1 20 32

simulate alphaNOESY N 1 20 32

remove peaks
Removes the current peaks from memory.

Others commands

read library [file_name]

Reads a residue library (with the name of “file_name”). The residue library input file defines atom types, nomenclature, dihedral angles, covalent connectivities, standard geometry for amino acids, and average chemical shifts taken from the BioMagResBank database. For the program UBNMR, the library file is provided with the name of “lib.xml” in XML format, which is required to be read by program before executing any other commands or statements (except for commands and statements for data pre-processing, see pages 4 and 5).
set [Variable|Carrier|Tolerance] [name] [value]
Sets a system Variable, Carrier position or Tolerance value. The “name” for the Carrier and Tolerance should be “H”, “C” or “N”, standing for 1H, 13C, 15N, respectively. 
The default values of 1H, 13C and 15N carrier are 0ppm, 43ppm and 118.7ppm, respectively. The values of 1H, 13C and 15N carrier need to be changed accordingly before the statements of “add GFTatom” and “update proton GFTatom”. For example, the following statements can be used to set the values of 1H, 13C and 15N carrier to 4.78ppm, 56.0ppm, and 118.0ppm, respectively:
set Carrier H 4.78
set Carrier C 56.0

set Carrier N 118.0
The default match tolerance values for 1H, 13C and 15N chemical shifts are 0.02ppm, 0.4ppm, and 0.4ppm, respectively.
Some system variables need to be specified before using some statements. The system variable “FH0”, which stands for the value of “zero 1H frequency”, need to be specified using the following statement:
set Variable FH0 599.5042988
show [Variable|Carrier|Tolerance|FIDParameter]
Displays the values of the system Variables, Carrier positions, Tolerances and FID parameters from the ‘procpar’ file.
To display the FID parameters for each dimension (see the output below), the ‘procpar” file should be in the current directory for reading the FID acquisition parameters. For the calibration, the system variable FH0 needs to be modified according to the correct value of “zero 1H frequency”. The calibration parameters for PROSA macro are also generated.

UBNMR > show FIDParameter
        Dimension 1: 1H (599.527)

                np  : 1024

                sw  : 8000

                d1  : 0.000125

                pMax: 11.4568

        Dimension 2: 13C (150.758)

                ni  : 54

                sw1 : 8000

                d2  : 0.000125

                pMax: 82.706

        Dimension 3: 15N (60.7564)

                ni2 : 1

                sw2 : 1640

                d3  : 0.000609756

                pMax: 131.285

        Carrier:

                Hcarr: 4.78488  Ccarr: 56.1735  Ncarr: 117.788


************


PROSA Header


************


set w0(1)     = 599.527


set delta(1)  = 0.000125


set ppmmax(1) = 11.4568


set w0(2)     = 150.758


set delta(2)  = 0.000125


set ppmmax(2) = 82.706


set w0(3)     = 60.7564


set delta(3)  = 0.000609756


set ppmmax(3) = 131.285
New Commands
· COMMAND: write seq [filename] <autoBMRB>

DESCRIPTION: This command is used for writing autostructure compatible sequence files

<autoBMRB>:it is an optional flag. Use it in case you want to write autostructure compatible file.

[filename]:
The name of the output filename
E.g　 write 　seq 　er226seq.bmrb 　autoBMRB
· COMMAND: write prot [filename] <autoBMRB>
DESCRIPTION: This command is used for writing autostructure compatible protlist files

<autoBMRB>:it is an optional flag. Use it in case you want to write autostructure compatible file.

[filename]

The name of the output filename
E.g　 write 　prot 　er226_new.bmrb 　autoBMRB
· COMMAND: update peak shift [atom_name] [value] [scale] 
DESCRIPTION: This command is used for updating chemical shift values of atom ‘atom_name’ in the peaklist as follows.

Eg: Lets say initial chemical shift of N in the peaklist is x. After command update peak shift N value scale the new value of x will be (x +value)* scale.

[atom_name]: 

[value]:      number to be added.

[scale]:
    number to be multiplied
E.g　 update 　peak 　shift 　N 　-35.691 　1.148765

· COMMAND: update peak revshift [atom_name] [value] [scale] 
DESCRIPTION: This command is used for updating chemical shift values of atom ‘atom_name’ in the peaklist as follows.

Eg: Lets say initial chemical shift of N in the peaklist is x. After the command ‘update peak revshift N value scale’ the New value will be (x /scale) -value

[atom_name]:
[value]:    number to be added.

[scale]:

number to be multiplied
· COMMAND: update prot revshift [atom_name] [value] [scale] 

DESCRIPTION: This command is used for updating chemical shift values of atom ‘atom_name’ in the protlist as follows.

Eg: Lets say initial chemical shift of N in the protlist is x. After the command ‘update prot revshift N value scale’ the new value will be (x /scale) -value

[value]:     number to be added.

[scale]:

number to be multiplied
· COMMAND: split [filename1] [filename2] [filename3] <extract> 
DESCRIPTION: This command is used for splitting simultaneous files into N only and C only files.

[filename1]:    The simultnaeous filename

<extract> :

optional flag. If you use this flag then all the peaks that have volume 

integration equal to zero will be deleted during splitting.

[filename2]:    Nitogen only filename
[filename3]:
  Carbon only filename


E.g　 split 　er226nc_test.peaks 　Nnoetest.peaks 　Cnoestest.peaks

· COMMAND: join [filename1] [filename2] [filename3]  

DESCRIPTION: This command is used for joining N only and C only files obtained as in above into a single combined file.

[filename1]:    Nitrogen only filename
[filename2]:   Carbon only filename
[filename3]:   combined filename
E.g　 join  simul_N_er226nc_test.peaks 　simul_C_er226nc_test.peaks 　er226nc_testJoin.peaks
· COMMAND: consRun [filename1] [filename2] [filename3]  [filename4] <replace-all| reserve1000>
DESCRIPTION: This command is used for carrying out the consensus run between Cyana and Autostructure outputs. There is flag at the end of the command which is described below. 

[filename1]:    Original peaklist filename
[filename2]:    CyanaPeakList filename
[filename3]:
AutoStrcuture PeakList filename
[filename4]:   Protlist filename
<replace-all | reserve1000> this flag has either a value ‘replace-all’ or ‘reserveN’ where N is number say 1000’. For Eg: If you want to reserve some of the beginning peaks in the original peaklist file then use reserve followed by the number of peaks you want to retain irrespective of consensus run putputs. Otherwise usethe value’ replace-all’ 

consRun_filename1:   this contains the results of consensus run between Cyana 

and Autostrcuture outputs

consRun_Merged_filename1: contains the merged output of the above file with the 

filename1

consRun_Unmatched_filename1: contains unmatched results of Cyana and 
Autostructure programs.
E.g　 consRun cnoes.peaks cnoes-cycle7.peaks cnoe.peaks_assSparky noe.prot replace-all
· COMMAND:bmrb2xeasy [filename1] [filename2] [filename3] [filename4]
DESCRIPTION：This command implements bmrb file reading and writing i.e　             reads bmrb file and outputs xeasy protlist and xeasy sequencelist which can be further used．
  [filename1] - bmrb filename　 

  [filename2] - empty xeasy protlist

[filename3] - bmrb protlist filename

  [filename4] - bmrb seqlist filename
E.g　bmrb2xeasy　gr83.bmrb 　gr83-empty.prot 　bmrb123.prot 　bmrb123.seq
Macros
Macros are files containing commands listed above. A macro is called by its name which is identical to its filename. Macro files are searched in the explicitly given directory, or in the directories given in the system variable UBNMR_DIR. Help information may be included in a macro using lines that start with a comment sign “#”.
The first example shows the generation of the peak list required for the data analysis of (4,3)D HNNCABCA/CABCA(CO)NHN spectra:
init
# read the library file

read sequence nhsqc.seq

read proton hnco01.prot

# read the residue sequence and chemical shift list files
add GFTatom CA CB
# add “GFT atoms” with the names of “CA+CB” and “CA-CB” to the end of current chemical shift list
add GFTatom CA CA

# add “GFT atoms” with the names of “CA+CA” and “CA-CA” to the end of current chemical shift list
write proton bbgftI1.prot

# write the chemical shift list file with new “GFT atoms”
simulate 3D N CA+CA   0 1
# generate the intra-residual peaks (1st dimension: 15N, 2nd dimension: CA+CA, 3rd dimension: 1HN) with peak color of ‘1’
simulate 3D N CA+CA 200 3

# generate the sequential peaks (1st dimension: 15N, 2nd dimension: CA+CA, 3rd dimension: 1HN) with peak color of ‘3’, the number ‘200' represents the 'gap' between two sets of SRD residues, which need to be updated
simulate 3D N CA+CB   0 1
simulate 3D N CA+CB 200 3

simulate 3D N CA-CA   0 2

simulate 3D N CA-CA 200 4

simulate 3D N CA-CB   0 2

simulate 3D N CA-CB 200 4

write peaks bbgftI1.peaks

# write an output peak list file “bbgftI1.peaks”
Assuming that the above sequence of UBNMR commands is stored in a macro file called ‘makeCABCA’, the generation of peak list is executed as follows:
[yangshen@spins1 ~/mar11]$ UBNMR makeCABCA

_______________________________________________

UBNMR, version 1.0.1 

Copyright (c) 2005 

All rights reserved.

_______________________________________________

 *_* type 'help' for help *_* 

UBNMR > makeCABCA

        - makeCABCA: init 

        - init: read lib lib.xml 

        29 residues read from library lib.xml

        - makeCABCA: read sequence nhsqc.seq 

        347 residues read from from file nhsqc.seq

        - makeCABCA: read proton hnco01.prot 

        9526 atoms read from from file hnco01.prot
        - makeCABCA: add GFTatom CA CB

        684 atoms added to current atom list!

        - makeCABCA: add GFTatom CA CA 

        694 atoms added to current atom list!

        - makeCABCA: write proton bbgftI1.prot 

        10904 atoms written to file bbgftI1.prot

        - makeCABCA: simulate 3D N CA+CA   0 1 

        104 peaks simulated!

        - makeCABCA: simulate 3D N CA+CA 200 3 

        104 peaks simulated!

        - makeCABCA: simulate 3D N CA+CB   0 1 

        104 peaks simulated!

        - makeCABCA: simulate 3D N CA+CB 200 3 

        104 peaks simulated!

        - makeCABCA: simulate 3D N CA-CA   0 2 

        104 peaks simulated!

        - makeCABCA: simulate 3D N CA-CA 200 4 

        104 peaks simulated!

        - makeCABCA: simulate 3D N CA-CB   0 2 

        104 peaks simulated!

        - makeCABCA: simulate 3D N CA-CB 200 4 

        104 peaks simulated!

        - makeCABCA: write peaks bbgftI1.peaks 

        832 peaks written to file bbgftI1.peaks

The resulting peak list ‘bbgftI1.peaks’ can be loaded by XEASY for the spectral analysis of (4,3)D HNNCABCA/CABCA(CO)NHN.
The following example shows the generation of peak lists for (4,3)D HCCH spectra, the chemical shifts values used here are either from the average chemical shift values from the BMRB database or the chemical shift values calculated from the previous assignment stage using the least square fitting.
init

read sequence protein.seq

read proton hcchcosyO1.prot

# read the residue library, residue sequence and chemical shift list files
update atom average

# update the chemical shift values of the unassigned atoms using the average values from BMRB database
add GFTatom COSY_C ATTACHED_H

# add the “(4,3)D GFT atoms” for all non-carbonyl C and the directly attached H, the chemical shift value of a “(4,3)D GFT atoms” is also calculated or updated (if it already exists)
update atom GFT COSY_C

update atom GFT COSY_H

# update the “single-quantum” chemical shift values for all non-carbonyl 13C and 1H
write proton hcchcosyO2_test.prot 

simulate 3D CA  COSY_C   0 1

simulate 3D CB  COSY_C   0 2

simulate 3D CG  COSY_C   0 3

simulate 3D CG1 COSY_C   0 3

simulate 3D CG2 COSY_C   0 3

simulate 3D CD  COSY_C   0 4

simulate 3D CD1 COSY_C   0 4

simulate 3D CD2 COSY_C   0 4

simulate 3D CE COSY_C   0 4

# generate the (4,3)D HCCH peaks for the central-peak spectra
write peaks hcchcosyI2_cen.peaks
# write an output peak list file “hcchcosyI2_cen.peaks”
remove peaks

# remove peaks from memory; this command is required if the user want to create more than one peak list in a given command sequence
simulate 3D CA  COSY_CH  0 1

simulate 3D CB  COSY_CH  0 2 

simulate 3D CG  COSY_CH  0 3 

simulate 3D CG1 COSY_CH  0 3 

simulate 3D CG2 COSY_CH  0 3 

simulate 3D CD  COSY_CH  0 4 

simulate 3D CD1 COSY_CH  0 4 

simulate 3D CD2 COSY_CH  0 4 

simulate 3D CE COSY_CH  0 4 

# generate the (4,3)D HCCH peaks for the peak-pair spectra

write peaks hcchcosyI2_pair.peaks
# write an output peak list file “hcchcosyI2_pair.peaks”

The resulting peak lists ‘hcchcosyI2_cen.peaks’ and ‘hcchcosyI2_pair.peaks’ can be loaded by XEASY for the spectral analysis of (4,3)D HCCH. The updated chemical shift list could be processed by this macro, and updated peak lists could be generated using the updated “single quantum” chemical shifts and thus could be used for the next stage of side-chain assignments.

The next example shows the generation of a single peak list including all the 15N and 13C-resolved NOE peaks, which could be used to analyze the 15N-resolved NOE peaks when analyze the 13C-resolved part of simultaneous NOESY spectra, the chemical shifts values for the 15N atoms need to be converted to their corresponding values in the 13C part of simultaneous NOESY spectra.
init

read sequence pa2021_noe.seq

read proton pa2021_noea205.prot 

# read the residue library, residue sequence and chemical shift list files

update atom shift N -118.116 0.8705
# convert 15N chemical shifts to the corresponding chemical shift in 13C-resolved part of NOESY spectra using:
(Nppm - N_carrier)/N_spectral_width = (Cppm - C_carrier)/C_spectral_width

# the number ‘-118.116’ stands for the negative of carrier position of 15N, and ‘0.8705’ for the ratio between the spectral widths of 13C and 15N
update atom shift N 35.691 1

# the number ’35.691’ stands for the carrier position of 13C
simulate 3D N NOESY  -1 1

simulate 3D N NOESY   0 2

simulate 3D N HN   1 3

# generate the 15N-resolved NOE peaks
simulate 3D C NOESY  0 5

simulate 3D C HN  1 6

# generate the 13C-resolved NOE peaks
write peaks pa2021_simNoesy.peaks
# write an output peak list file “pa2021_simNOESY.peaks”

Theory and Algorithms
“Gradient sort” and G-matrix transformation

The time domain dataset acquired for an (N,N-K)D GFT NMR experiment contains 2K jointly sampled complex sub-datasets, each of which represents a dataset equivalent to a (N-K)D conventional NMR experiment. Therefore, appropriate pre-processing is required to make it suitable for conventional NMR data processing.

For NMR data in the time domain (recorded as an array of FIDs) acquired using sensitivity enhancement scheme, a 90 degree zero-order phase correction (also referred to “gradient sort”) is required for every second FID, i.e., addition and subtraction of the consecutive FID. Accordingly, “gradient sort” for (N,N-K)D GFT NMR data acquired using sensitivity enhancement scheme needs to be properly performed by addition and subtraction of the consecutive sets of 2K FIDs.
The G-matrix transformation is applied to the time domain data S(K) acquired using GFT NMR scheme, which comprises of 2K+1 jointly sampled sub-datasets (considering the real and imaginary parts), by multiplying with the G-matrix G(K) according to


[image: image1.wmf])

(

)

(

)

(

K

S

K

G

K

T

×

=


where the G-matrix G(K) represents a 2K x 2K+1 complex matrix:

[image: image2.wmf][

]

i

i

i

i

i

K

G

K

1

1

1

...

1

1

)

(

1

Ä

ú

û

ù

ê

ë

é

-

Ä

Ä

ú

û

ù

ê

ë

é

-

=


In addition, G-matrix transformation of time domain data allows the components of the 2K multiplets to be edited into 2K different sub-datasets, each of which could be processed to an (N-K)D sub-spectrum containing only one type of linear combination of chemical shift.
UBNMR can carry out the “gradient sort” (if required) and G-matrix transformation to the FID dataset of an (N,N-K)D GFT experiment with K up to 4. The resultant 2K FID sub-datasets can be processed in the conventional way used for processing (N-K)D NMR experiment.
Handling linear combinations of chemical shifts
An (N,N-K)D GFT NMR experiment includes 2K basic sub-spectra, where K+1 chemical shifts (0, 1, …, K) (henceforth named ‘single quantum’ shifts) are measured as 2K linear combinations of shifts (0±1±…±K) in the ‘‘GFT dimension’’. Therefore, additional effort is required to derive the ‘single quantum’ shifts from these linear combinations of shifts. At the same time, since peaks in the spectrum are located at linear combinations of several chemical shifts, a spectral display program such as XEASY should be capable of labeling/identifying such peaks. However, the chemical shift lists used by XEASY contain only ‘single quantum’ shifts information. UBNMR was designed to expand the chemical shift list accordingly by adding the linear combinations of shifts from ‘single quantum’ shifts. ‘Single quantum’ shifts from all related linear combinations of shifts can be retrieved by using a simple least square fitting, as described below.

Least square fitting for arbitrary linear combinations of shifts
To analyze the RD & GFT NMR data, the linear combinations of shifts are required to be converted into their corresponding ‘single quantum’ chemical shifts. In an (N,N-K)D GFT experiment which includes in total 2K+11 sub-spectra, K+1 jointly sampled shifts and 2K+1-1 linear combinations of shifts could be considered as a linear over-determined system:
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where C represents the (2K+11)x(K+1) coefficients matrix of this linear system, M is a (2K+11)x1 matrix representing values of 2K+11 linear combinations of shifts, K+1 ‘single quantum shifts’ in the matrix x1 = [0; 1; …; K] can be obtained by using a simple least square fitting:
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UBNMR can search the entire chemical shift list for all linear combinations of shifts involving a given ‘single quantum’ shift i, determine the corresponding linear over-determined system, and calculate the value of ‘signal quantum’ shift i in LS. The deviations between the experimental shifts dataset M and the calculated shifts dataset Mcal =C·LS are also checked and reported if they are larger than the given tolerances.

“Starting peak list”
The spectral analyses using XEASY requires careful visual inspection of the spectra. The peak information is encoded in a “peak list”, which contains peak positions and the corresponding assignments. However, a lot of expert time and effort during spectral analysis is required to manually pick peaks and “type-in” the assignments. Therefore, a special feature was devised in UBNMR to generate the so called “starting peak list” for 2D and 3D NMR spectra, which contains all the expected peaks with assignments. Chemical shifts for creating the “starting peak lists” are taken from the previous assignments stages (encoded in the chemical shift list file) or the average chemical shifts from the BioMagResBank database. Therefore, the peaks in “starting peak lists” are close to their real positions in spectrum, and thus only need small manual adjustment, thereby facilitating rapid assignments.
Appendix
	Functions
	Commands

	Data pre-processing
	

	Gradient sort
	Gradientsort [fid_in] [fid_out]

	G-matrix transformation
	gftTrans [fid_in]

	Sequence list
	

	Read a sequence list
	read sequence [file_name] <xeasy|letter>

	Write a sequence list
	write sequence [file_name] <xeasy|letter>

	Add “SRD” residues
	add SRD [start_num] [end_num]

	Remove “SRD” residues
	remove SRD

	Update AutoAssign results
	update mapping [file_name]

	Atom list
	

	Read a chemical shift list
	read proton [file_name] <xeasy|BMRB> <append>

	Write a chemical shift list
	write proton [file_name] <xeasy|BMRB|CSI>

	Add “GFT” atoms
	add GFTatom [atom_name1] [atom_name2] <level>

	Remove “GFT” atoms
	remove GFTatom

	Calculate “single-quantum” chemical shifts
	update proton GFTatom [atom_name|COSY_C| COSY_H]

	Update BMRB average chemical shifts
	update proton average <atom_name>

	Update chemical shift
	update proton shift [atom_name] [value] [scale]

	Calculate completeness of chemical shift assignment
	write proton [filename] completeness

	Peak list
	

	Read a peak list
	read peaks [file_name] <xeasy>

	Write a peak list
	write peaks [file_name] <xeasy|autoassign>

	Generate a 2D/3D peak list
	simulate [2Dpeaks|3Dpeaks] [atom_name1] [atom_name2] [level] [color]

	Generate medium-range NOESY peaks for -helix
	simulate [alphaNOESY] [C|N] [color] [start_num] [end_number]

	Remove peaks
	remove peaks

	Others
	

	Read a library file
	read library [file_name]

	Set a system variable
	set [Variable|Carrier|Tolerance] [name] [value]

	Show system variables
	show [Variable|Carrier|Tolerance]

	New Commands
	

	Write a BMRB　sequence　
	write seq [filename] <autoBMRB>

	Write a BMRB　atomlist
	write prot [filename] <autoBMRB>

	update peak list
	update peak shift [atom_name] [value] [scale]

	update peak list (reverse)
	update peak revshift [atom_name] [value] [scale]

	update protlist (reverse)
	update prot revshift [atom_name] [value] [scale]

	split noesy files
	split [filename1] [filename2] [filename3] <extract>

	join noesy files
	join [filename1] [filename2] [filename3]

	Consensus run
	consRun [filename1] [filename2] [filename3]  [filename4] <replace-all| reserve1000>

	bmrb to xeasy files
	bmrb2xeasy [filename1] [filename2] [filename3] [filename4]
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