
Objectives

� To build a user-driven database of retention times (RTs) 

of compounds.

� To map the RT of compounds between different 

chromatographic systems.

� To use these mappings to predict the RT of compounds 

not experimentally determined in the system of 

interest.

Background

Databases of experimental LC-MS data have been developed 

with great success with regards to compound fragmentation 

and these databases have recently been used by automated 

tools to assist compound identification.

But utilizing only the fragmentation means disregarding one, 

equally important, half of the information in LC-MS.

We therefore build a database of compounds’ RTs and use 

this database to predict the RT of compounds in systems 

where they have not been experimentally determined.

Conclusions

� The tool is available at www.predret.com. After 

uploading RTs of compounds in your own systems 

predicted RTs for other compounds become available.

� Identification efforts can be reserved for compounds 

that cannot be excluded by the RT predictions.

� Community support is required to expand the 

database.

Results

Building models between all chromatographic systems in the 

database allows us to predict the RT of compounds in 

systems where they have not been experimentally 

determined. The accuracy is dependent on the number of 

compounds measured in both systems used in the mapping 

step and on the slope of the curve at the point of prediction.

With the current small database (< 1000 compounds) it was 

possible to predict up to 350 RTs with a median error 

between 0.04 and 0.19 min depending on the system. 
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Methods

The prediction tool is made available as a web application at www.predret.com. The user will upload a spreadsheet with RTs 

of compounds measured in their system along with molecular identifiers such as PubChem CIDs or InChIs.

The system will then map the RT of compounds between systems by building monotonically increasing smooth generalized 

additive models between RTs experimentally determined in two different systems. This model can then be used to predict the 

RT of a compound if the RT is known in one system, but not in the other. This mapping and prediction can be done between 

all systems added to the database.

Compound RT Pubchem InChI

(DL)-p-hydroxyphenyllactic acid 2.66 9378 InChI=1S/C9H10O4/c10-7-3-1-6(2-4-7)5-8(11)9(12)13/h1-4,8,10-11H,5H2,(H,12

2-hydroxy-2-methylbutyric acid 2.23 95433 InChI=1S/C5H10O3/c1-3-5(2,8)4(6)7/h8H,3H2,1-2H3,(H,6,7)

2-hydroxyisovaleric acid 2.54 99823 InChI=1S/C5H10O3/c1-3(2)4(6)5(7)8/h3-4,6H,1-2H3,(H,7,8)

androstan 3.02 96384 InChI=1S/C9H10O4/c10-7-3-1-6(8(11)5-7)2-4-9(12)13/h1,3,5,10-11H,2,4H2,(H,1

3-hydroxy-3-methyl butanoic acid 1.63 69362 InChI=1S/C5H10O3/c1-5(2,8)3-4(6)7/h8H,3H2,1-2H3,(H,6,7)

3,4-dihydroxyphenylglycol 0.86 91528 InChI=1S/C8H10O4/c9-4-8(12)5-1-2-6(10)7(11)3-5/h1-3,8-12H,4H2

5-hydroxyindole-acetic acid 2.92 1826 InChI=1S/C10H9NO3/c12-7-1-2-9-8(4-7)6(5-11-9)3-10(13)14/h1-2,4-5,11-12H,3

5α-Androstan-17β-ol-3-one 4.47 10635 InChI=1S/C19H30O2/c1-18-9-7-13(20)11-12(18)3-4-14-15-5-6-17(21)19(15,2)10

aamu 0.67 88299 InChI=1S/C7H10N4O3/c1-3(12)9-4-5(8)10-7(14)11(2)6(4)13/h8H2,1-2H3,(H,9,12

alpha-ketoisovaleric acid 1.92 49 InChI=1S/C5H8O3/c1-3(2)4(6)5(7)8/h3H,1-2H3,(H,7,8)

Cyclic(pro-thr) 1.54 73146465 InChI=1S/C9H14N2O3/c1-5(12)7-9(14)11-4-2-3-6(11)8(13)10-7/h5-7,12H,2-4H2

cyclo-(pro-val) 3.10 98951 InChI=1S/C10H16N2O2/c1-6(2)8-10(14)12-5-3-4-7(12)9(13)11-8/h6-8H,3-5H2,1

dihydroxymandelic acid 0.83 85782 InChI=1S/C8H8O5/c9-5-2-1-4(3-6(5)10)7(11)8(12)13/h1-3,7,9-11H,(H,12,13)

hydroquinone-glucuronide 0.91 115166 InChI=1S/C12H14O8/c13-5-1-3-6(4-2-5)19-12-9(16)7(14)8(15)10(20-12)11(17)1

iberin 3.24 10455 InChI=1S/C5H9NOS2/c1-9(7)4-2-3-6-5-8/h2-4H2,1H3

indole-3-acetic acid-glucuronide 3.46 InChI=1S/C16H17NO8/c18-10(5-7-6-17-9-4-2-1-3-8(7)9)24-16-13(21)11(19)12(2

kahweol 3.81 4480653 InChI=1S/C20H26O3/c1-18-7-5-16-14(6-9-23-16)15(18)4-8-19-10-13(2-3-17(18)

levulinic acid 1.46 11579 InChI=1S/C5H8O3/c1-4(6)2-3-5(7)8/h2-3H2,1H3,(H,7,8)

pc(18:0/22:6) 5.51 24778876 InChI=1S/C48H84NO8P/c1-6-8-10-12-14-16-18-20-22-23-24-25-27-29-31-33-35

proline betaine 0.54 115244 InChI=1S/C7H13NO2/c1-8(2)5-3-4-6(8)7(9)10/h6H,3-5H2,1-2H3

testosterone 4.32 6013 InChI=1S/C19H28O2/c1-18-9-7-13(20)11-12(18)3-4-14-15-5-6-17(21)19(15,2)10

theobromine 2.14 5429 InChI=1S/C7H8N4O2/c1-10-3-8-5-4(10)6(12)9-7(13)11(5)2/h3H,1-2H3,(H,9,12,1

TMAO 0.47 1145 InChI=1S/C3H9NO/c1-4(2,3)5/h1-3H3

octanoic acid glucuronide 3.92 127448 InChI=1S/C14H24O8/c1-2-3-4-5-6-7-8(15)21-14-11(18)9(16)10(17)12(22-14)13(

1-methyluric acid 1.27 69726 InChI=1S/C6H6N4O3/c1-10-4(11)2-3(9-6(10)13)8-5(12)7-2/h1H3,(H,9,13)(H2,7,8

7-methyluric acid 1.08 69160 InChI=1S/C6H6N4O3/c1-10-2-3(8-6(10)13)7-5(12)9-4(2)11/h1H3,(H3,7,8,9,11,12

indole-3-carboxylic acid glucuronide 3.42 53481645 InChI=1S/C15H15NO8/c17-9-10(18)12(13(20)21)23-15(11(9)19)24-14(22)7-5-16

7-methylxanthine 1.25 68374 InChI=1S/C6H6N4O2/c1-10-2-7-4-3(10)5(11)9-6(12)8-4/h2H,1H3,(H2,8,9,11,12)

cmpf 4.08 123979 InChI=1S/C12H16O5/c1-3-4-8-7(2)11(12(15)16)9(17-8)5-6-10(13)14/h3-6H2,1-2

3-methylxanthine 1.45 70639 InChI=1S/C6H6N4O2/c1-10-4-3(7-2-8-4)5(11)9-6(10)12/h2H,1H3,(H,7,8)(H,9,11

n-methyl-4-hydroxyproline 0.50 237040 InChI=1S/C6H11NO3/c1-7-3-4(8)2-5(7)6(9)10/h4-5,8H,2-3H2,1H3,(H,9,10)

(-)-Cotinine 0.79 408 InChI=1S/C10H12N2O/c1-12-9(4-5-10(12)13)8-3-2-6-11-7-8/h2-3,6-7,9H,4-5H2,

1-methyladenosine 1.63 27476 InChI=1S/C11H15N5O4/c1-15-3-14-10-6(9(15)12)13-4-16(10)11-8(19)7(18)5(2-

1,7-dimethylxanthine 2.56 4687 InChI=1S/C7H8N4O2/c1-10-3-8-5-4(10)6(12)11(2)7(13)9-5/h3H,1-2H3,(H,9,13)

2-aminoisobutyric acid 0.52 6119 InChI=1S/C4H9NO2/c1-4(2,5)3(6)7/h5H2,1-2H3,(H,6,7)

2-hydroxy-5-methoxylbenzoic acid 3.69 75787 InChI=1S/C8H8O4/c1-12-5-2-3-7(9)6(4-5)8(10)11/h2-4,9H,1H3,(H,10,11)
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1,7-dimethylxanthine 2.56 4687 InChI=1S/C7H8N4O2/c1-10-3-8-5-4(10)6(12)11(2)7(13)9-5/h3H,1-2H3,(H,9,13)

2-aminoisobutyric acid 0.52 6119 InChI=1S/C4H9NO2/c1-4(2,5)3(6)7/h5H2,1-2H3,(H,6,7)

2-hydroxy-5-methoxylbenzoic acid 3.69 75787 InChI=1S/C8H8O4/c1-12-5-2-3-7(9)6(4-5)8(10)11/h2-4,9H,1H3,(H,10,11)
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Models

Name Recorded RT Predicted RT CI lower CI upper Pubchem InChI
linolenic acid 4.64 3.98 4.75 InChI=1S/C18H30O2/c1-2-3-4-5-6-7-8-9-10-11

Isoleucine 0.98 0.84 0.70 0.97 6306 InChI=1S/C6H13NO2/c1-3-4(2)5(7)6(8)9/h4-5H

l-kynurenine 1.38 1.19 1.56 846 InChI=1S/C10H12N2O3/c11-7-4-2-1-3-6(7)9(13

Leucine 0.98 0.84 0.70 0.97 6106 InChI=1S/C6H13NO2/c1-4(2)3-5(7)6(8)9/h4-5H

L-lysine 0.40 0.44 0.42 0.48 InChI=1S/C6H14N2O2/c7-4-2-1-3-5(8)6(9)10/h

L-malic acid 0.53 0.49 0.61 InChI=1S/C4H6O5/c5-2(4(8)9)1-3(6)7/h2,5H,1

methione 0.70 0.66 0.59 0.73 6137 InChI=1S/C5H11NO2S/c1-9-3-2-4(6)5(7)8/h4H

L-norvaline 0.58 0.52 0.65 InChI=1S/C5H11NO2/c1-2-3-4(6)5(7)8/h4H,2-

l-ornithine monohydrochloride 0.41 0.42 0.40 0.46 6262 InChI=1S/C5H12N2O2/c6-3-1-2-4(7)5(8)9/h4H

phenylalanine 0.50 0.74 0.61 0.86 6140 InChI=1S/C9H11NO2/c10-8(9(11)12)6-7-4-2-1-

Proline 0.51 0.51 0.48 0.52 145742 InChI=1S/C5H9NO2/c7-5(8)4-2-1-3-6-4/h4,6H

L-saccharopine 0.49 0.45 0.52 InChI=1S/C11H20N2O6/c12-7(10(16)17)3-1-2-

L-serine 0.44 0.42 0.48 InChI=1S/C3H7NO3/c4-2(1-5)3(6)7/h2,5H,1,4H

Threonine 0.48 0.46 0.44 0.48 6288 InChI=1S/C4H9NO3/c1-2(6)3(5)4(7)8/h2-3,6H

tryptophan 2.40 2.18 1.95 2.38 6305 InChI=1S/C11H12N2O2/c12-9(11(14)15)5-7-6-

tyrosine 0.78 0.70 0.60 0.80 6057 InChI=1S/C9H11NO3/c10-8(9(12)13)5-6-1-3-7(

lupeol 4.64 3.98 4.75 InChI=1S/C30H50O/c1-19(2)20-11-14-27(5)17-

luteolin 3.75 3.80 3.74 4.07 InChI=1S/C15H10O6/c16-8-4-11(19)15-12(20)6

Valine 0.55 0.62 0.57 0.69 6287 InChI=1S/C5H11NO2/c1-3(2)4(6)5(7)8/h3-4H,

malonic acid 0.54 0.50 0.62 InChI=1S/C3H4O4/c4-2(5)1-3(6)7/h1H2,(H,4,5

malvidin 3-p-coumarylglucoside 3.73 3.65 3.96 InChI=1S/C32H30O14/c1-41-22-9-16(10-23(42

malvidin-3,5-diglucoside 3.24 3.06 3.39 InChI=1S/C29H34O17/c1-40-15-3-10(4-16(41-2

malvidin-3-galactoside 3.47 3.34 3.61 InChI=1S/C23H24O12/c1-31-14-3-9(4-15(32-2)

malvidin-3-glucoside methyl acetate 3.64 3.50 3.83 InChI=1S/C25H26O13/c1-10(26)35-9-19-21(30

mannitol 0.48 0.49 0.45 0.52 InChI=1S/C6H14O6/c7-1-3(9)5(11)6(12)4(10)2

3-coumaric acid 3.53 3.44 3.35 3.59 637541 InChI=1S/C9H8O3/c10-8-3-1-2-7(6-8)4-5-9(11)

melibiose 0.49 0.45 0.52 InChI=1S/C12H22O11/c13-1-3-5(14)8(17)10(19

methyl arachidate 4.64 3.98 4.75 InChI=1S/C21H42O2/c1-3-4-5-6-7-8-9-10-11-1

methyl behete 4.64 3.98 4.75 InChI=1S/C23H46O2/c1-3-4-5-6-7-8-9-10-11-1

methyl caprylate 4.29 3.90 4.44 InChI=1S/C9H18O2/c1-3-4-5-6-7-8-9(10)11-2/

methyl cis-11-eicosenoate 4.64 3.98 4.75 InChI=1S/C21H40O2/c1-3-4-5-6-7-8-9-10-11-1

Methyl henicosanoate 4.64 3.98 4.75 InChI=1S/C22H44O2/c1-3-4-5-6-7-8-9-10-11-1

methyl heptadecanoate 4.64 3.98 4.75 InChI=1S/C18H36O2/c1-3-4-5-6-7-8-9-10-11-1

methyl jasmote 3.96 3.81 4.23 InChI=1S/C13H20O3/c1-3-4-5-6-11-10(7-8-12(

Predictions
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Compound RT Pubchem InChI

(DL)-p-hydroxyphenyllactic acid 2.66 9378 InChI=1S/C9H10O4/c10-7-3-1-6(2-4-7)5-8(11)9(12)13/h1-4,8,10-11H,5H2,(H,12

2-hydroxy-2-methylbutyric acid 2.23 95433 InChI=1S/C5H10O3/c1-3-5(2,8)4(6)7/h8H,3H2,1-2H3,(H,6,7)

2-hydroxyisovaleric acid 2.54 99823 InChI=1S/C5H10O3/c1-3(2)4(6)5(7)8/h3-4,6H,1-2H3,(H,7,8)

androstan 3.02 96384 InChI=1S/C9H10O4/c10-7-3-1-6(8(11)5-7)2-4-9(12)13/h1,3,5,10-11H,2,4H2,(H,1

3-hydroxy-3-methyl butanoic acid 1.63 69362 InChI=1S/C5H10O3/c1-5(2,8)3-4(6)7/h8H,3H2,1-2H3,(H,6,7)

3,4-dihydroxyphenylglycol 0.86 91528 InChI=1S/C8H10O4/c9-4-8(12)5-1-2-6(10)7(11)3-5/h1-3,8-12H,4H2

5-hydroxyindole-acetic acid 2.92 1826 InChI=1S/C10H9NO3/c12-7-1-2-9-8(4-7)6(5-11-9)3-10(13)14/h1-2,4-5,11-12H,3

5α-Androstan-17β-ol-3-one 4.47 10635 InChI=1S/C19H30O2/c1-18-9-7-13(20)11-12(18)3-4-14-15-5-6-17(21)19(15,2)10

aamu 0.67 88299 InChI=1S/C7H10N4O3/c1-3(12)9-4-5(8)10-7(14)11(2)6(4)13/h8H2,1-2H3,(H,9,12

alpha-ketoisovaleric acid 1.92 49 InChI=1S/C5H8O3/c1-3(2)4(6)5(7)8/h3H,1-2H3,(H,7,8)

Cyclic(pro-thr) 1.54 73146465 InChI=1S/C9H14N2O3/c1-5(12)7-9(14)11-4-2-3-6(11)8(13)10-7/h5-7,12H,2-4H2

cyclo-(pro-val) 3.10 98951 InChI=1S/C10H16N2O2/c1-6(2)8-10(14)12-5-3-4-7(12)9(13)11-8/h6-8H,3-5H2,1

dihydroxymandelic acid 0.83 85782 InChI=1S/C8H8O5/c9-5-2-1-4(3-6(5)10)7(11)8(12)13/h1-3,7,9-11H,(H,12,13)

hydroquinone-glucuronide 0.91 115166 InChI=1S/C12H14O8/c13-5-1-3-6(4-2-5)19-12-9(16)7(14)8(15)10(20-12)11(17)1

iberin 3.24 10455 InChI=1S/C5H9NOS2/c1-9(7)4-2-3-6-5-8/h2-4H2,1H3

indole-3-acetic acid-glucuronide 3.46 InChI=1S/C16H17NO8/c18-10(5-7-6-17-9-4-2-1-3-8(7)9)24-16-13(21)11(19)12(2

kahweol 3.81 4480653 InChI=1S/C20H26O3/c1-18-7-5-16-14(6-9-23-16)15(18)4-8-19-10-13(2-3-17(18)

levulinic acid 1.46 11579 InChI=1S/C5H8O3/c1-4(6)2-3-5(7)8/h2-3H2,1H3,(H,7,8)

pc(18:0/22:6) 5.51 24778876 InChI=1S/C48H84NO8P/c1-6-8-10-12-14-16-18-20-22-23-24-25-27-29-31-33-35

proline betaine 0.54 115244 InChI=1S/C7H13NO2/c1-8(2)5-3-4-6(8)7(9)10/h6H,3-5H2,1-2H3

testosterone 4.32 6013 InChI=1S/C19H28O2/c1-18-9-7-13(20)11-12(18)3-4-14-15-5-6-17(21)19(15,2)10

theobromine 2.14 5429 InChI=1S/C7H8N4O2/c1-10-3-8-5-4(10)6(12)9-7(13)11(5)2/h3H,1-2H3,(H,9,12,1

TMAO 0.47 1145 InChI=1S/C3H9NO/c1-4(2,3)5/h1-3H3

octanoic acid glucuronide 3.92 127448 InChI=1S/C14H24O8/c1-2-3-4-5-6-7-8(15)21-14-11(18)9(16)10(17)12(22-14)13(

1-methyluric acid 1.27 69726 InChI=1S/C6H6N4O3/c1-10-4(11)2-3(9-6(10)13)8-5(12)7-2/h1H3,(H,9,13)(H2,7,8

7-methyluric acid 1.08 69160 InChI=1S/C6H6N4O3/c1-10-2-3(8-6(10)13)7-5(12)9-4(2)11/h1H3,(H3,7,8,9,11,12

indole-3-carboxylic acid glucuronide 3.42 53481645 InChI=1S/C15H15NO8/c17-9-10(18)12(13(20)21)23-15(11(9)19)24-14(22)7-5-16

7-methylxanthine 1.25 68374 InChI=1S/C6H6N4O2/c1-10-2-7-4-3(10)5(11)9-6(12)8-4/h2H,1H3,(H2,8,9,11,12)

cmpf 4.08 123979 InChI=1S/C12H16O5/c1-3-4-8-7(2)11(12(15)16)9(17-8)5-6-10(13)14/h3-6H2,1-2

3-methylxanthine 1.45 70639 InChI=1S/C6H6N4O2/c1-10-4-3(7-2-8-4)5(11)9-6(10)12/h2H,1H3,(H,7,8)(H,9,11

n-methyl-4-hydroxyproline 0.50 237040 InChI=1S/C6H11NO3/c1-7-3-4(8)2-5(7)6(9)10/h4-5,8H,2-3H2,1H3,(H,9,10)

(-)-Cotinine 0.79 408 InChI=1S/C10H12N2O/c1-12-9(4-5-10(12)13)8-3-2-6-11-7-8/h2-3,6-7,9H,4-5H2,

1-methyladenosine 1.63 27476 InChI=1S/C11H15N5O4/c1-15-3-14-10-6(9(15)12)13-4-16(10)11-8(19)7(18)5(2-

1,7-dimethylxanthine 2.56 4687 InChI=1S/C7H8N4O2/c1-10-3-8-5-4(10)6(12)11(2)7(13)9-5/h3H,1-2H3,(H,9,13)

2-aminoisobutyric acid 0.52 6119 InChI=1S/C4H9NO2/c1-4(2,5)3(6)7/h5H2,1-2H3,(H,6,7)

2-hydroxy-5-methoxylbenzoic acid 3.69 75787 InChI=1S/C8H8O4/c1-12-5-2-3-7(9)6(4-5)8(10)11/h2-4,9H,1H3,(H,10,11)
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Data repositories have been developed with great success to the benefit of the scientific community with regards to the 

fragmentation of compounds1,2. In addition, recently efforts have been made to use automated tools, often assisted by these 

databases of experimental data, to assist compound identification3–5. However, these tools and databases only focus on one aspect 

of the experimental data: the fragmentation of the compounds formed in mass spectrometers. But utilizing the fragmentation is 

only using half the available information. 

In GC analysis retention indexes are routinely used to make different systems comparable but for LC systems there are currently no 

coordinated focused efforts to share and exploit information regarding the retention time (RT) of compounds. The reason RT 

information has been neglected in LC systems is that the RT is specific to a specific chromatographic setup and there exists no 

agreed upon RT references. 

We have therefore sought to rectify this by building a database of compounds’ RTs. With this database we are able to map the RT 

of compounds between systems. RTs, experimentally determined in two different systems, of a number of compounds is used to 

build monotonically increasing smooth generalized additive models between the RTs in the two systems using the mgcv package6 

for R. This model can then be used to predict the RT of a compound if the RT is known in one system, but not in the other. Building 

these models between all chromatographic systems in the database thus allows us to predict the RT of a high number of 

compounds in systems where they have not been experimentally determined. 

The tool is completely web-based and available at www.predret.org. On the website it is possible to upload a spreadsheet 

containing RT information and subsequently download predicted RTs for other compounds based on the data available in the 

database. 

We believe that this tool will greatly help the identification process since compounds that are not compatible with the observed RT 

can be disregarded. Confirmatory experiments can then be reserved for compounds that could have the observed RT. This will 

allow researchers to complete the feature annotation and compound identification process in a faster and more rational manner 

and thus safe time and resources, both monetary and environmental. 
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