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SUMMARY Several symmetric distance measures are tested on complete mass spectra by four different test methods, based on linear and hierarchical library search. The euclidean distance measure is tested with several normalization procedures by the same methods. The results show that no single distance measure is optimal in all situations. In particular, different types of noise in the spectrum may require different distance measures for optimal identification. Normalization of the spectrum to unit vector length or standard measure can improve the results.



Many methods for evaluating and identifying mass spectra make use of symmetric distance measures, where the distance between objects is independent of the direction of the distance computation. But different distance measures may give different results. Several papers [l-4] have appeared in which distance measures and normalizations have been examined, but the research has concentrated mainly on compressed mass spectra, especially binary-coded spectra. This has been the consequence of low-capacity external storage media, slow arithmetics, and search methods based on a linear search of the complete library file, which has favoured short data vectors and simple distance measures. New and improved media for external storage, as for example optical discs, have made it simple to store complete spectra. Besides, fast mini- and micro-computers with large central memories and dedicated arithmetic processors, together with efficient presearch algorithms limiting the main search to a small subset of the total library, have made the use of complete mass spectra more interesting. Data compression will, in most cases, lead to a loss of information and one should thus expect a more reliable identification when complete spectra are used. In this investigation, one accepted and three new test methods, CYCLE, TREE, NOISE and MIX, are applied to a well-defined set of data for testing several different distance measures and normalization procedures.
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226 TABLE



1



The test data sets A-C Group number



Group name



Number of spectra



Alkanes Cycloalkanes Alkenes Ketones Amines Alcohols Amides Esters Ethers



106 90 146 56 67 115 36 76 55



53 45 73 28 33 58 18 38 27



22 19 31 12 16 24 8 16 12



Total



747



373



159



A



B



C



EXPERIMENTAL



The data set From a collection of 40 000 mass spectra from the National Bureau of Standards (U.S.A.), a subset of 747 spectra of monofunctional compounds with M < 150 were chosen, separated into nine different groups on the basis of functionality, and sorted into ascending order of molecular weight within each group (Table 1). This data set (data set A) was used with the test programs CYCLE, NOISE and MIX. A subset of 373 spectra from A (dataset B) was used by the TREE program. Another subset of 159 spectra from A (dataset C) was used for some preliminary tests. All spectra were initially normalized against the base peak. The small data set makes it possible to use all spectra in the set as test spectra. This will eliminate the objection that the subset for testing may not be representative of the total data set, although the objection will still be valid when comparing the data set to the complete library of spectra (or all possible mass spectra, for that matter). This may be circumvented to some degree by selecting a random data set from the library, but that would make it difficult to separate the data set into clearly defined groups. The main advantage of a simple data set with welldefined groups is that statistically useful information will be returned even when the search method fails to return the correct spectrum. Using the same spectra as reference and test spectra makes it possible to treat the concept of noise in the spectra as a separate problem, and the test method in CYCLE in fact assumes that test spectra are drawn from the reference library. Distance measures A structure Si with molecular weight Mi is considered. This structure will give a mass spectrum which may be represented by the vector Xi with
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elements xfk where k = 1, 2, structure Si and Sj can then be (Table 2). Distance measures 9 and 10 constraint 2 (for 9) or constraint
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. . ., n. The distance d, between spectra of defined by using different distance measures are made by minimizing 3 (for 10):
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They may be regarded as symmetric versions of the scaled distance measures used by Dromey [ 91 and Atwater et al. [lo]. Distance measure 6 is made by COI’IIpUting the Variance of (Xik - x/k) over all 12. Normalizations Normalization is used to convert each set of original scores to some standard scale [ll] . Because of the experimental methods in mass spectrometry, no common scale exists for comparing different mass spectra. This makes the choice of normalization method difficult, but even more necessary. Some distance measures perform an implicit normalization, but in most cases an explicit normalization is necessary prior to the distance computation. Of the tested normalization methods (Table 3) method 5 is not really a normalization, but is included because it is a part of method 6. Test methods Four different test methods are used, based on identification of spectra by library search. All spectra in the library are used as test spectra. The result of TABLE 3 Normalizations Number
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each search will be a spectrum, and the group to which the spectrum belongs. A notation related to Pascal [12] is used for an algorithmic description of each test method. Each of the m spectra in the library are stored as a vector of length n together with a unique spectrum identification and a group identification, as indicated in the first part of Table 4. The TREE procedure. This hierarchical method (Table 4) tests the ability to identify spectra by using prototypes representing groups of spectra. Hierarchical cluster analysis [ 131 is used to organize the spectra into a tree [ 141 (Fig. l), and this tree is used as a search tree for identifying spectra by comparing test spectra with nodes in the tree. By using leaf nodes from the tree as test spectra, all spectra should be correctly identified in an optimal search tree. Different methods of hierarchical cluster analysis [15] may be tested for global fit to the data set by comparing object distance d and amalgamation distance d’ by the cophenetic correlation coefficient r, [ 161: TABLE 4 Storage of spectra and the algorithmic description of the TREE procedure var Lib : array [ 1.. m ] of record Spec: array[l..n] of real; Id, Group: integer end; procedure TREE( Lib); var Tree: array of record Spec: array[l..n] of real; case Leaf: boolean of false: Left, Right: pointer; true: Id, Group: integer end end; begin normal (Lib.Spec) {Normalize ail spectra in library.} ; make tree( Lib,Tree) {Make search tree.}; mS:=mG:=O; for i := 1 to m do begin Test:=Lib[i].Spec; p:=Root; repeat {Compute distance to spectrum in each child.} if dist(Test,Tree[Tree[p ].Left] .Spec) < dist(Test,Tree[Tree[p].Right].Spec) then p:=Tree[p].Left else p:=Tree[p].Right until Tree[p ].Leaf; if Tree[pJ.Id=Lib[i].Id then mS:=mS+ 1; if Tree[p].Group=Lib[i].Group then mG:=mG+ 1 end; pS:=lOO*mS/m; pG:=lOO*mG/m end;
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Fig. 1. A binary hierarchical search tree with nine nodes. Node 1 is the root node, (2-4) are non-terminal nodes, and (5-9) are leaf nodes. All leaf nodes are spectra. Each nonterminal or parent node may be viewed as a prototype representing all leaf nodes connected to this node (via its left or right child). This tree has skewness ( I1 - 1 I + 12 - 1 I + I1 - II + 13 - 21) = 2, or 100% X 2 X 2((5 - 2)(5 - 1)) = 53.3%. The identification of S, is shown, and assuming that d,, < d,, and d,, < d,,, S, is used as a candidate for S,.
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