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Text S1: Derivation of index score for pathways 

We use the example depicted in Figure 2 (main text). The index scores shown in Figure 2(c) are 

calculated as follows: 

Let I(p) denote index of peak p. In the example shown, p belongs to the set: {s1, s2, s3, s4, s5, s6, s7} 

The following parameters are used for indexing the grid: 

1. Lower limit on 
1
H chemical shift: hl,  

2. Upper limit on 
1
H chemical shift: hu,  

3. Bin size in 
1
H dimension: Δh,  

4. Lower limit on 
13

C chemical shift: cl,  

5. Upper limit on 
13

C chemical shift: cu, 

6. Bin size in 
13

C dimension: Δc 

In the example shown in Figure 2 (main text), we get, I(s1) = 2, I(s2) = 20, I(s3) = 9, I(s4) = I(s5) = 17, I(s6) 

= 27, I(s7) = NA (as it is outside the grid limits defined by above paramters hl, hu, cl, cu) 

Let PX(I(p)) denote the index score of peak 'p' for pathway X. In this case X is from set of pathways:{A, 

B, C}. This is computed as reciprocal of number of pathways to which I(p) belongs. Thus, 

PA(2) = 1/2,  PA(9) = 1,  PA(17) = 1/2,  PA(20) = 1/3,  PA(27) = 0 

PB(2) = 0,     PB(9) = 0,  PB(17) = 1/2,  PB(20) = 1/3,  PB(27) = 1/2 

PC(2) = 1/2,  PC(9) = 0,  PC(17) = 0,     PC(20) = 1/3,  PC(27) = 1/2 

The score for each pathway is normalized to using following equation 
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We get, 

P’A(2) = 3/14,  P’A(9) = 3/7,  P’A(17) = 3/14,  P’A(20) = 1/7,  P’A(27) = 0 as  

P’B(2) = 0,       P’B(9) = 0,     P’B(17) = 3/8,    P’B(20) = 1/4,   P’B(27) = 3/8 as 

P’C(2) = 3/8,   P’C(9) = 0,      P’C(17) = 0,       P’C(20) = 1/4,   P’C(27) = 3/8 as  
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Text S2: Computing p-value for statistical significance of pathways 

Suppose we want to calculate statistical significance of presence of pathway ‘P’ 

Let N be the total number of indices computed using entire chemical shifts database. Let xp 

denotes the number of indices (out of total N indices) pointing to pathway ‘P’. 

Let M be the total number of indices computed using experimental chemical shifts of sample. Let 

yp denotes the number of indices (out of total M indices) pointing to pathway ‘P’. 

Using hypergeometric distribution we calculated the propability to observe yp/M by random 

chance given the proportion xp/N of pathway ‘P’ in the database 
1
. We also do ‘Bonferroni 

correction’ 
2
to take into account observation of  significant p-value due to multiple hypothesis 

testing. 

We tested our method by giving peaklist of Tyrosine metabolism as input and computing the PC, 

PU and p-values. 

The top 5 pathways in the output are shown below 
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The bottom 5 pathways in the output are shown below 
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Table S1: List of 91 SMPDB pathways used in ChemSMP along with their SMPDB IDs. The number of 

metabolites involved in each pathway and those unique to that pathway are shown in fourth and fifth 

column. Sixth and seventh column are subset of fourth and fifth column satisfying the condition that their 

2D [
13

C, 
1
H] chemical shifts are available in HMDB database. 
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 Table S2: List of amino acids in the sample of amino acid mixtures along with their HMDB IDs 
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Table S3: Parameters for three samples for acqusition of 2D [
13

C, 
1
H] HSQC NMR experiment and 

metabolic pathway analysis using ChemSMP.  
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Table S4: Metabolic pathways (present in SMPDB) obtained as result on giving 20 amino acid names as 

input to MetPA. All the pathways except those marked in ‘red’ are common in the result obtained using 

ChemSMP and MetPA. Pathways ‘SMP00019’ and ‘SMP00032’ were absent in the pathways data used 

by ChemSMP. Pathways ‘SMP00065’ and ‘SMP00076’ do not have the 20 amino acids in them as per 

the SMPDB. 
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Figure S1: Results of simulation when chemical shifts of a single pathway was given as input and 

searched against the other 90 metabolic pathways. The diagonal shows all 91 metabolic pathways were 

scored with 100% coverage score. The off diagonal elements are the metabolic pathways which got 100% 

coverage score when chemical shifts from different metabolic pathway were queried. (a) An example 

pathway, SMP00468 is marked which has a single metabolite’s chemical shifts in database and that 

metabolite is shared by several metabolic pathways. (b) Result obtained for similar analysis as in (a) 

except that a common metabolite NADP is neglected. SMP00468 no longer appears as false positive. 

Though, few new false positive cases appear because earlier some pathways were distinguished based on 

the metabolite NADP.  
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Figure S2: ChemSMP can directly take the processed NMR spectrum as input and can do automated 

peak picking using scripts provided in ChemSMP and ‘nmrglue’ package. A Bruker 2D [
13

C, 
1
H] HSQC 

spectrum used as input is shown in (a) mixture of 20 amino acids at natural abundance, (b) hf +ST cell 
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lysate at natural abundance and (c) hf +ST cell lysate using uniformly labeled 
13

C glucose in growth 

media. The peaks picked automatically are marked in the spectral contours are shown in blue. 
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Figure S3: Evaluating the performance of ChemSMP on simulated dataset by varying the bin size in 
1
H 

and 
13

C dimensions under various conditions: (a) with peaks randomly deleted from 0% - 40% but 

without any chemical shift deviations added and (b) with peaks randomly deleted from 0% - 40% and 

with random chemical shift deviation (0.005-0.015 ppm in 
1
H and 0.05-0.15 ppm in 

13
C) added. Position 
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marked with an arrow and circled denotes the bin size used in this study i.e., 0.03 ppm in 
1
H and 0.3 ppm 

in 
13

C dimension. If the bin size is less than the deviations we see significant drop in Positive Prediction 

Rate (PPR) percentage. This can be seen in (b) at x = 1,7,13, 19, 25 and 31. At these positions the bin size 

in 
1
H dimension is 0.01 ppm which is on an average half the times less than the noise (random number 

between 0.005 and 0.015) added to chemical shifts. We also see drop in PPR% for lower positions 

(position 1 with red curve) on increasing the bin size. This owes to decrease in specificity. This drop is 

less dramatic compared to if we use bin size less than the deviations expected in chemical shifts.  
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Figure S4: Expanded regions of 2D [
13

C, 
1
H] HSQC spectrum of 20 amino acids. After calibrating 

HMDB chemical shifts for large deviations Trp matches with peaks but His does not match for (a) 

chemical shift of β carbon and (b) chemical shift of α carbon. (c) 2D [
13

C, 
1
H] HSQC spectra and 

assignment image of L-Histidine downloaded from the HMDB database. It shows three chemical shifts 

for β carbon of Histidine. 


