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Abstract 

A system is described which combines practical and 
theoretical concepts into a workable system for the routine 
and simultaneous identification of large numbers of 
Aeromonas isolates and members of the Family Entere- 
bacteriaceae. The identification method is based on 
computerized determination of conditional probabilities of 
two-state characters, using estimations of likelihood 
rather than Bayesian probability. The multipoint inocula- 
tion procedures used, coupled with small quantities of 
media in non-disposable racks and vials, reduce the costs 
considerably below those of commercially available multi- 
test single inoculation systems. The reliability of the 
system, determined for a range of hospital isolates, 

approaches 90%, and with isolates from water the 
accuracy approaches 1 00%. . 

Chapter 1 describes theoretical and general ap- 
proaches. Chapter 2 deals with operation of the particular 
system. 

Résumé 

L'étude actuelle décrit un systeme, synthése de la 

théorie et de la pratique, qui permet |’identification 
courante et simultanée d"un- grand nombre d'isolats 
d'Ae-romonas et des représentants de la famille des 
entérobactériacés. La méthode d’identification se fonde 
sur la détermination par ordinateur des probabilités 
conditionnelles decaractéres dichotomiques, é l'aide de 
données estimatives de vraisemblance plutét qu’a |_a 

probabilité bayésienne. L'uti|isation des techniques 
d'ensemencement dispersé et de petites quantités de 
milieux de culture dans des tubes 2} essais et des portoirs 
réutilisables réduit les cofits bien en-dessousde ceux des 
dispositifs commerciaux d'ensemencement a usage 
u_n_ique applicables a plusieurs épreuves. Le systéme est 
sur, dans le cas d'une.série d'isolats provenant d'h6pitau_x, 
a pres de 90%, et l’exactitude atteint presque 100% 
lor‘squ"‘i| s’agit d’échanti||ons»d'eau. 

Le chapitre 1 traite de la théorie et des généralités, 
tandisque le chapitre 2 traite de |’application du systeme.
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CHAPTER 1 

A Computerized Scheme for the Identification of 
Aeromonads and Members of the Family 
Enterobacteriaceae 

INTRODUCTION 

The simultaneous development of computer techni- 
ques and the application of a variety of mathematical 
d_iscip|in_es has made fairly routine numerical taxonomic 
techniques possible (Sneath, 1957a, 1957b; Sokal and 
Sneath, 1963; Sneath and Sokal, 1973). More attention 
has been given, however, to problems of classification 
rather than to those of ident_ification. Identification, 
following logically after classification, presupposes that 
individuals similar to those to be identified have been 
characterized and thoroughly described. This supposition 
is more true in some aspects of bacteriology (for example, 
in medical bacteriology with a family such as the 
Enterobacteriaceae) than in others (for example, in 

environmental bacteriology). In the latter, taxonomy is still 
at the stage of classification, where organisms are bei_ng 
characterized and described. Where sufficient information 
is available concerning the characteristics of specific types 
of organisms, however, mathematical identifications of 
certain unknown organisms are a real possibility. While 
any calculations could be carried out manually, the greater 
processing speed and relia'bi|'rty of a computer are a 
definite asset. 

In certain aspects of aquatic bacteriology, the routine 
identification of relatively large numbers of some members 
of the family Enterobacteriaceae has becom_e increasingly 
necessary. The development of a reliable and time-saving 
system, which can accommodate a large number of 
individuals, is considered here. The system presented is 
neither unique nor does it take into account certain 
combinations of events which could render some identifi- 
cations dubious. Rather, it was designed to combine 
practical and theoretical concepts into a workable system 
which fulfilled a particular need and which could serve as 
the starting pointfor a more refined system if required. 

GENERAL CONSIDERATIONS 
The objectives of any identification scheme are ease 

and certainty of identification (Davis and Heywood, 
1963). l_n the present study, identification is regarded as 
an entity entirely separate from classification (that is, the 

delim_itation of classes, clusters or taxa) and not as 
synonymous with it as often occurs in statistical usage 
(Sneath and Sokal, 1973). 

For the numerical identification of bacteria, several 
possible lines of approach have been suggested (Beersand 
Lockhart, 1962). Numerical classifications (Sneath and 
Sokal, 1_ 973) for each new isolate can be carried out, and 
unidentified strains compared with previously constructed 
taxonomic groups using numerical clustering methods 
(Quadling and Colwell, 1964; Gyllenberg, 1965). Such 
an approach is, however, t_ime-consuming and expensive 
in terms of media, but will certainly be of use in 

determining the value of individual test criteria. Another 
approach is to construct mathematically monothetic or 
po|yth_etic sequential keys and to use these to replace 
conventional keys. Rypka et al. (1967) and Rypka and 
Babb (1970) have described the mathematical models 
used initially to determine the most desirable tests for use 
in these keys. Strains-are then identified by comparison of 
their test results, obtained by conventional methods, with 
those expected for each taxon. This results in a reduction in 
the number of tests required for identificatioan but does not 
decrease the chances, inherent in intuitive identification, 
of misidentification of strains aberrant in one or several 
characters. An alternative method is to weight certain 
characters for identification (discriminant analyses; 
Sneath and S_okal, 1973). Sokal (1965) listed examples 
of the use of some such analyses in taxonomy, and new 
discriminant methods have been suggested by Hall 
(1968) and Saila and Flowers (1969). The value of such 
analyses |_ies primarily where identification is required for 
organisms belonging to relatively few overlapping taxa. 

Consideration of the theoretical problems encountered 
in the identification of bacteria indicates that they are 
similar to the problems encountered in medical diagnoses 
(Ledley and Lusted, 1959). Here, records of previous 
cases are used to estimate the probability of a particular 
disease being present by means of a specific set of 
symptoms or test results. The disease with the highest 
probability is diagnosed and the value of the probability 
indicates the reliability of the diagnosis. A review of such 
methods" has been given by Boyle et al. (1966). For 
bacterial identification, the unknown is compared in turn



wit_h all the taxa being considered with the aim of obtaining 
an unambiguous identification with one of them in a single 
step. In such an approach there is a decreased likelihood of 
gross error if a single test is read incorrectly. In such 
simultaneous keys, any resemblance measure can be used 
to assess the best match. Cowan and Steel (1965) and 
Corlett et al. (1 965) chose the number of agreements for 
two-state characters. Gyllenberg (1965) and Gyllenberg 
and Rauramaa (1966) considered each taxon to occupy a 
definite volume in A-space, an unknown being identified 
with the taxon closest to it. Considerable success has been 
achieved in bacterial identification with a method based on 
conditional probabilities of two-state characters (Beers 
and Lockhart, 1962; Dybowski et al., 1963; Dybowski 
a_nd Franklin, 1968; Lapage et al., 1970; Lapage et al., 
1973). Willcox eta/. (1973), Bascomb eta/. (1973) and 
Friedman et al. (1973) have described identification 
methods based on Bayes’ theorem (Uspensky, 1937), or 
derivations from it, as applied to both aerobic Gram- 
negative rods and to mem bers of the family Enterobacteri - 

aceae. Such an approach, however, requires the use of 
prior probabilities in diagnosis and identification; the use 
and estimation of these appears controversial (Lipkin, 
1964; Boyle et al., 1966). The method used in the 
present study is based on estimations of likelihood rather 
than Bayesian probability, and is similar to the method 
used by Dybowsk_i and Franklin (1968) as applied to 
members of the family Enterobacteriaceae. 

MATHEMATICAL THEORY (DYBOWSKI AND 
FRANKLIN, 1968) 

From a total of N strains of a certain bacterial type, the 
conditional probability of obtaining a particular result, r,, 

in a particulartest, t1, by N, of the bacteria tested is EL . 

Simila_r|y, using the same N organisms fo_r a second 
test, t2, in which another specified result, r2, is obtained, 

. N . 

the likelihood of this’ result isN—2. The likelihood that a 

further strain of the organism will give the joint pattern r,, 

N_n &N r2 as results for testst,, t2 will be x 

Such a relationship will hold true for further tests. If 

tests t1,-t2 tm were performed on N established strains of 
a given bacterium, and N1 gave result r, for test t,, N2 gave 
result r, for test t2, etc., the likelihood of obtaining the 
pattern r1, r2 rm, if the set of tests t1, t2 tm is 

performed on a further known strain of the organism, will 

i X E‘; L be N N N . 

Thus, given a known strain of the organism, the 
likelihood of obtaining a specific test pattern can be 
calculated. For identification purposes, individual likeli- 

N, N, 
_ N,,, . . . hoods —’ .— —— W1" bestored ma matrixforeach of N N N 

the t characters and for all ta_xa being considered. 

The problems in identification are, however, not to 
compute the likelihoods for known strains but to attempt to 
obtain some esti_mate of likelihoods for unknown strains 
and to compare them with the results previously obtained 
for known strains. Fisher's theory applied in the present 
case (Kendall and Stuart, 1963) indicates that it is 

necessary to compute the likelihoods for the observed 
pattern for each of the possibilities and then choose that 
bacterium which gives the greatest likelihood. The 
unknown is compared with each taxon i_n turn-, the 
individual probabilities being multiplied together for as 
many characters as are available to give the joint 
likelihood. Such considerations will hold true as long as all 
tests are statistically independent (that is, the outcome of 
any test is unaffected by the outcome of any other). 

If a small number of tests are used, problems can arise 
when assuming that joint probabilities or likelihoods are 
comparable even when they apply to different popula- 
tions. Dybowski and Franklin (1968) attempted to 
overcome this problem by using a modal likelihood fraction 
for each suspect. This method endeavoured to obtain an 
estimate of the likelihood of obtaining a given set of results 
as compared to the maximum likelihood possible for any 
one taxon. However, the use of a relatively large number of 
tests, selected for their differentiating value for all the 
known organisms considered, seems to make such 
estimates unnecessary. 

The use of a relatively large number of tests for the 
calculation of joint likelihoods does result in greatly 
decreasing values as the number of tests is increased. To 
avoid working with extremely small joint likelihoods, these 
are most conveniently scaled so that the maximum for any 
particular set of suspects has a value of 1, this being 
regarded as the relative likelihood. 

METHODOLOGY 

The organisms for which it was considered necessary 
to produce an identification scheme are listed in Table 1 . In 
certain cases, test results obtained at two temperatures 
(22°C or 37.5°C) can be used for identification purposes; 
they are also indicated in the table. These organisms, with 
the exception of Aeromonas, belong to the family



Enterobacteriaceae. The Aeromonas species (including 
the C27 organisms; Ewing et al., 1961) were included 
here because of their repeated occurrence in certain lake 
water samples and their appearance on some media used 
to select for coliforms. 

Two methods are available for the select_ion of testing 
criteria for use in_ identifying these organisms. A minimum 
number of tests can be used which will allow discrimina- 
tion between many types to be identified, but which will 
need additional confirmatory tests in certain cases. Lapage 
et al. (1970) and Friedman et al. (1973) describe 
procedures that give an identification score or scores and 
that also suggest additional discriminatory tests. Alterna- 
tively, a larger number of tests can be used, allowing good 
identification of all unknowns likely to be encountered 
without the need for additional tests. In the present study, 
where comparatively large numbers of isolates were to be 
identified at any one time, it was considered more practical 
to take the sec.ond‘approach. 

In order to generate the mat_rix of probabilities used in 
the identification system, knowledge is required of the 

Table 1. Taxa included in the identification scheme. 

1. Escherichia coli 18. Enterobacter aerogenes 

2. Alkalescehs-dispar 19. Enterobacter hafniae 37°C 

3. Shigella dysenteriae 20. Enterobacter hafniae 22°C 

4. Shigella fiexneri 21. Enterobacter liquefaciens 
37°C 

5. Shigella boydii 22. Enterobacter liquefaciens 
22°C 

6. Shigella somyei 
‘ 

23. Pectobacterium 37°C 

7. Edwardsiella tarda 24. Pectobacterium 22°C 

8. Salmonella cholerae-suis 25. Serratia spp. 

9. Salmonella ryphi 26. Providertcia alcali acifens 

10. Salmonella enterinfdis 27. Providencia xtuartii 

ll. Salmgonella spp. 28.. Proteus vulgaris 

12. Arizona hirishawi 29. Proteus mirabilir 

l3. Citrobacter freundii 30. Proteus mor'ga'n'ii 

l4. Klebsiella pneumoniae 3|. Proteus rettgeri 

15. Klebsiella ozaen_a_e 
I 

32. Aerorrlonar spp. 

16. Klebsiella rhinosclerairratis 33. Aeromonas salmonicida 

17. Enterobacter cloacae 34. C27 

reactions of many representatives of the known organisms 
in all the tests being considered. Where adequate 
information is available in individual laboratories, it can 
serve to generate such a matrix. An alternative is to draw 
upon the large amount of information contained in the 
literature. The use of such data is valid if the testing 
conditions remain comparable. For the members of the 
family Enterobacteriaceae considered here, the data 
compiled by Edwards and Ewing (1972) were used, and 
for the aeromonads, the data of Ewing eta/. (1 961). 

Examination of this data indicates that almost all 

Enterobacteriaceae and Aeromonas species considered 
here can be identified by the tests listed in ‘Table 2. 
Friedman et al. (1 973) found that a similar list accounted 

Ta_ble 2. Tests used in the identification scheme. 

1. Indol production 17. Acid production from 
sucrose 

2. Methyl red test 18. Acid production from 
mannitol 

3. Voges-Proskauer test 19. Acid production from 
dulcitol 

4. Citrate utilisation 20. Acid production from 
salicin 

5. Hydrogen sulphide 2]. Acid production from 
production adonitol 

6; Urease production 22. Acid production from 
inositol 

7. Potassium cyanide 23. Acid production from 
tolerance sorbitol 

8. Motility 24. Acid production from 
arabinose 

9. Gelatin hydrolysis 25. Acid production from 
raflinose 

l0. Lysine decarboxylase 26. Acid production from 
production rhamnose 

ll. Arginine decarboxylase 27. Oxidase production 
(production 

12. Ornithinc decarboxylase 28. Growth in MacConkey’s 
production medium at 37.5°C 

1-3. Phenylalanine deamination 29. Fermentative. in glucose 0/F 
14. Malonate utilisation 30. Catalase production 

15. Gas production from 31. Nitrate reduction 
glucose 

16. Acid production from 
lactose



for 99.4% of all procedures used in their laboratory for 
identification of a similar list of organisms. The list given in 
Table 2 also includes certain tests (28-31) that are used, 
not to discriminate between members of the family 
‘Enterobacteriaceae or the aeromonads but to confirm that 
organisms to be identified do not fall outside of these taxa 
and so render the identification scheme ineffectual. These 
latter tests are not used, however‘, in the final calculations 
ofjoint probability values. 

For the above system to function adequately, only 
organisms thought likely to be similar to those for‘ which 
probabilities are already ava_ilab_|e can be considered. 
Some initial screening of organisms is, therefore,_ 
necessary to ensure that these conditions are met. The 
tests used for initial identification of Enterobacteriaceae 
andAeromonas-are given in Table 3. 

l_n the present system, thisscreening can be conducted 
in twoways. (1 ) Organisms to be identified are put through 

Table 3. Screening procedures used for initial identification. 

Aerobic growth on 
MacConkey’s medium 

at 37.5°C 

+ - 

Catalase produced 

+ . 

Fermentative in 
glucose O/F 

+ - 

Nitrates reduced 

. + _ 

Oxidase produced 

+ - 

Aeromonas Enterobacteriaceae 

the screening tests and only those fulfilling all the above 
requirements are then included in the identification 
scheme. This approach is chosen when there is no "a priori' 
evidence to indicate that a large percentage of the 
individuals are either Aeromonas or Enterobacteriaceae. 
(2) Where there is evidence to indicate that the organisms 
concerned are highly likely to be members of the 
Enterobacteriaceae or Aeromonas [if, for example, they 
have been previously screened and need a confirmatory 
diagnosis, or if they have been isolated on certain selective 
media, such as m—FC- agar (Difco) or m,—En,do agar LES 
(Difco), and require further identification], organisms are 
si_mult_aneous|y put through both the screening tests and 
the identification tests. Allowance is made for both 
approaches in the final analysis (see below). By us_i_ng the 
two series of tests in this way, routine identification of a 
large nu_m ber of organisms presumed to be Enteroba‘cteri- 
aceae or Aeromonas is possible without the need for 
prescreening. Such screening tests (27-31) are also 
included in Table 2. 

For the above species and the test reactions 1 -27, the 
literature was sea_rched to determ_in_e the relative number 
of times each test result was found to be positive. The 34 

1 species and 27 testswere established as the boundaries of 
the data base. In this way it was poss_ib|e to obtain 
probabilities for 904 of the 918 (27 teststx 34 taxa) entries 
in the data base. In the 14 cases where no data were 
available-, or the available data were inadequate or 
incomplete, the entry was assigned a value of 9.999 and 
ignored in all subsequent calculations. The limits of 
individual probability values, theoretically set at 1 

(posit_ive in all cases) and 0 (negative in all cases), were 
changed to 0.999 and 0.001 in the present study. The 
reasons for this were that the inclusion of a test result with a 
zero probability in a test pattern would automatically 
eliminate the species in question, even if a perfect match 
was obtained in all other test results. It is probably 
undesirable to eliminate a possible identification solely on 
the basis of a single test result because (i) if data were 
gathered from a larger sample of bacteria of a particular 
species, one result might have been positive (or vice 
versa), and (ii) the test on the isolate being identified might 
have been misread. 

All tests were assumed to have only two states (Pnij; 
j 
= positive finding or j 

= negative finding).. The 
probability of a negative finding for test ‘i’ for species ‘n’ 

was calculated from: 

j 
= pos_i_t_ive j 

= negative
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Table 4. Probability array. 

_____ERflBAB1LIYY,ARRA[ _.Hh” 
1 ? 3 k 5 £,___ 1 H8 . E1. 10 11 12 13 10 15 ,1E 17. 18 _ .13 20... _ _ 1, _ 1 0.986 0.997 0.300 0.415 03400 0.000 0.991 0.000 0.000 0.012 0.011 0.020 0.067 0.060 0.000 0.040 3.005 0.010 0.000 0.000 ,,”Z_m0.S99m1.000.1.000 1.000.1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.995 0.133 0.991 1.000 0.003 0.000 0.540 0.010 3 0.000 0x000 0.000 0.000 0u000 0.000 0.007 0.000 0.000 0.000 0n000 0.000 0.000 0.911 0.000 1.00% J.995 1.0£C 0.650 0.990 ___L__0‘fl06_0.022"0.000“0.000 0r000‘0.C00 0.003 0.900 0.000 0.908 0.871 1u000 0.907 0.977 0.629 0.u00 0.995 0.937 0.580 0.820 _ 5 0.000 0.000 0.000 0.000 0.000 0.000 1.000 0.700 0.903 0.937 0.920 0.987 0.840 E.u00 &.0Eu ?.':3 0.000 0.030 0u000'0.000 

' 
‘ ‘ 

‘ V‘ 
' _0.0flflmD.L00"0.000 0.163.0.9R5L0.19fl~J.d 0_fl46$Z10.fl2Z_04030;0105k1__mH_.___.___ 7 0r02§ 0.000 0.000 0.000 0.000 0.000 0.fl03 0.000 0.000 0.006 0.006 0.087 0.971 0.979 0.880 1.000 0.980 0.987 0.970 1.090 

’ 

‘ _fl4000M0.000.0.000 0.982 1u000 1.000 0.900 0r9h6 1.000 0.957 0.000 0.000 0.000 0.945 0.973 0.930 0.986 1 9 0m000 0.000 0.000 0.000 0.000 0.000 0.003 0.000 0.000 0.011 0.011 0.960 0.009 0.033 0.0LC 3.000 0.970 0.773 9.999 0.030 _0.000_0.000u0.000 0.£00 1.000 0.900 1.000_0.9h9 0.306 1.000 0.000 0.972 0.080 0.000 0.005 0.987 1.000 1.000 __ 11 0.508 0.590 0.173 0.173 0.173 0.173 0.003 0.900 0.813 0.928 0.925 0.973:0.880 L.0&9 3.060 0.000 0.965 0.051 0.090 0.050 0' 
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1 
2
3 
M
5
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21 22 
0.000 0.000 

23 20 
0.200 0.210 

0.750 0.333 0.b57>0.757 
0.309 0.790 
0.985 0.963 
0.000 0.000 
0.235 9.999 

0.229 0.971 
0.629 0.915_ 
0.000 0.000 
0.265 0.500 

25 
0.002 
0.177 
1.000 
0.991 
0.000 
0.559 

0.996 

27 
0.987 
1.000 
0.000 
0.987 
0.000 

26 
0.995 

0.000 
0.992 
0.000 
0.000 

7 0.905 9.999 0.561 0.81% 0.991 0.988 0.986 
0.557 0.872 0.966_0,965 0.880 
9.999 1.000 1.000 0.01% 0.068

8
9 

10 0.820 1.00[ 
11 

1h 

16 
17 

19 
20 

22 

0.971 1.00! 
9.999 1.000 

0.000 0.00Q"0.996_0.000;0.000 
0.060-0q000 0m057»0.129 0.013 0.005 0.000 

12 0.985 1.000 0.000 0.000 0.995 0.010 0.000 

~~~ 

1.000 9.999 0.710 1.000_0.986-0.009 0.019 

0.985 0.979 
‘ 21 ‘0TII7‘9T999"0T000 02000 

0.157 0.057 
0.719 
0.867 

0.907'0.038“ 
0.006 1.000 

23 
2h 
25 
26 
27 

0.970 
0.926 
0.897 
0.000 
0.000 

9.999 
0.906 
0.981 
9.999 
0.000 

0.028 0.019 
0.719 1.000 
0.685 0.971 
0.700 0.857 

1.000 
0.000 
0.029 
0.003 

0.000 0.000 07000" 

U.0i2'0.h6§' 
0.010 0.083 
0.020 0.078 
0.013 0.000 
0T000”0J05O 

0.000 

3§. 
0.982 
0.930 
0.000 
0.2h6 
0.907 
_Q13h11_ __ 
1.000 0.966 0.990 
0.907 0.959 0.677 
1.000 9.975 0.000 

“0.000 0.000 0.010 
0.000 0.000 0.000 

.0432. 92911.. 9..-1!-..W 9 -0.3.0 
13 0.015 0.000 0.000 0.000 0.027 0.972 0.937 1.000 0.996 0.953 

0.070 9.999 0.210 0.229 0.017 0,H07_0 
15 0.956 9.999 0.171 0.003 0.526 0.060 0 

0.309 0.932 0.710 0.943 0.069_0.0o3 0.036 0.000 0.015 0.000 
1.000 9.999 0.703 1.000 0.997 0.672 0.916 0.907 0.622 0.039 

16 1.000 1.000 0.871 1.060 1.000 0.022 0.146 0.000 0.000 0.000 
0.000 9.999 0.000~0.o00 0.000 0.000 0.000 

_}£.E1Q.5 0-056.0-0“8 
00 0.660 0.936 0.858 

0.000 0.000 0.000 0.000 0.000 1.000 0.600 
0.691 0.306 0.000 
o.0o0'0.000 0.000 
0.000H0.000 0.000 
0.000 0.000 0.000 

...'“°° °.-...‘lJ‘.°..._. . 

.010 0.000 0.[95 0.020 
0.090 0.015 0.000 
0.000 0.000 0.000 

0 -010.9, 
0.000

~ 

-123 
0.019 
0.966 
0.156 
0.956 
0.969

~ ~~ 

Table 4_ (cont’d-') 

._w.391.._§1, --3Z. 
1.000 1.060 0.917 
0.971 0.933 0.965 
0.000 0.000 0.205 
0.000 0.989 0.709 
0.000 0.003 0.000 
9-§$1,$:-Q0 09000 

0.967 0.690 
0.99» 1.000 
3.023 0.980 
0.000 0.050 
0.030 0.868 

M331 
0.000 
1.000 
0.000 
0.030 
0.000 
.0..-05.9. 
0.000 
0.005 
1.005 
0.193 
UMGUG 
93099 
0.381 
0.000 
1.000 
0.000 0.920 
0.000 UaUEO 
;,009_6.000 

.139 
1.005 
1.£CC 
0.500 
0.000 
0.005 
.Gx9U9.,_11__1.. . _ _m.m.. . .. .-H"_1_.._11. 
0-000 , 

0.560 
8.600 
1.000 
0.980 
9-590 
0.h%0 
0.000 
0.300

~ 

0.976 0.209 
0.012 0.000 
0.122 0.693 
0.100 0.313 
0.700 0.910 

_ __ 0.665_o.99u 
0.366 0.627 
0.665 0.000 
0.973 3.000 
0.106 0.106 
0.000 0.906 

0.952 
0.000 
0.naa_0.uo0 
0.000 0.000 
1rQ!PH§aF9° _ ,. M. _ __ 
0.266 0.300 ‘ 6 ‘““" ”““ ““ ““‘”“ 
0.000 0.000 
1.000 1.000 

0.300 
0.000 

0.679 0.015 
0.600 1.000



The matrix showing the probabilities of obtaining 
positive values (j 

= positive) for all test organisms in the 
complete series of tests is given in Table 4. 

Because of the importance of the screening tests (Table 
5) in the identification scheme (Edwards and Ewing, 
1972; Ewing et al. 1961) they were treated differently 
from the remaining tests. 

Table 5. Special case characters for inclusion in the identification 
scheme. 

Theoretical Maximum Positive 
Probability Values 

Enterobacteriaceae Aeromorias 

27. Oxidase production 0 l 

28. Growth in MacConkey’s medium I l 

29. Fermentative in glucose 0/F l l 

30. Catalase production 1 l 

31. Nitrate reduction 1 1 

Examination of the theoretical maximum probability 
values for tests 28-31 shows that, although of prime 
importance inrseparating the organisms under considera- 
tion from other organisms, they have no differentiating 
value among the organisms under study. Inclusion of 
these probabilities i_n the calculation ofjoi_nt likelihoods will 
result only in an overall decrease in the magnitude of any 
joint likelihood as the number of individual probabilities is 
increased. For satisfactory operation of the identification 
scheme, however, individual test results for each of these 
characters should be positive. Even so, the chances of a 
misread test still apply and complete exclusion of an 
organism from thescheme purely because of the result of a 
single test, albeit a ‘key’ test, should probably be avoided. 

Either positive or negative values occurring for these 
characters (28-31) result in computation of the joint 
likelihoods of characters .1 -27, although the latter are not 
used in this calculation. However, if a negative value 
occurs for one of the characters 28-31, provision is made 
for additional computer output which indicates that 
disparity has occurred in a KEY feature (or features) and 
should be checked. Similarly, if no data are available, the 
output will indicate that the information available is 

inadequate for an acceptable identification. 

Oxidase production, which is used as both a screening 
test and a differentiating test, is included in the calculation 
of joint like|i_hoods, but where a positive value is assigned, 

additional output indicates that this test is positive and that 
the organism is not a mem ber of the Enterobacteriaceae. 

For each unknown, the computer program is able to 
produce a list of joint probabilities and relative joint 
probabilities for each taxon considered, a list of characters 
in which the unknown differs from the taxon to which it 

appears most similar, plus the qualifying statements listed 
above. Complete program description is given in 

Appendix 1. 

TESTING OF ISOLATES 

If identification procedures are to be employed on a 
routine and time-saving basis using a large number of 
organisms, it is desirable that all inoculations be performed 
simultaneously. In addition test results should, if possible, 
be recorded at one time. Because of the necessity for 
varying incubation periods the |_atter is rarely feasible. For 
inoculation, however, any technique can be used, but 
where there are large numbers of organisms involved, a 
multiple inoculation procedure appears desirable. 

in the routine procedures used in the author's 
laboratory, organisms are obtained in pure culture and 
either screened according to the above scheme or, where 
their probabilities of being Enterobacteriaceae or Aeromo- 
nas are high, tested for purity only. Organisms are then 
transferred into nutrient broth or tryptic soy broth in 
capped vials contained i_n rack_s of 105 (Lowe, 1974) and 
incubated for 24 hours at 375°C. These are then used as 
initial inocula for the inoculation of the test media, all 

media being inoculated at one time. A list of media and 
incubation periods u_sed, based on the data of Edwards and 
Ewing (1972) and Ewing et a/_. (1961), is given in 
Table 6“. ‘All tests are read at the times indicated. Acid 
production from the range of carbohydrates should be 
checked daily from 48 hours to 4 days. The methods 
u_sed are given in greater detail in Chapter 2. 

DATA RECORDING 
The test results are recorded as either -_l- (1) or - (O) in 

tabular form such that transfer to computer cards may be 
carried out in the most simple fashion. Calculation of joint 
likelihoods is then carried out by the computer. Details of 
this are given in Chapter 2.

' 

APPRAISAL OF METHODS 
To assess the usefulness of the system described here it 

is necessary to obtain some estimation of the speed and



Table 6. Methods used for the identification of Enterobacteriaceae and aeromonads . 

p p 

Incubation 
Test Media Time Test Reagent/Notes 

Indol Tryptone water 48 hr Kovacs 

MR Difco MRVP medium 4 days Methyl red solution 

VP Difco MRVP medium 48 hr 5%_ oz-napthol in absolute alcohol 
40% KOH 

Citrate Difco Simmons citrate 48 hr - 4 days After inoculation, replace lid with 
sterile cotton wool 

H28 Difco TSI medium 48 hr After inoculation, replace lid with 
sterile cotton wool 

Urease Difco broth base 48 hr - 4 days After i_nocu1atioi_1, replace lid with 
sterile cotton wool 

KCN Edwardsetal, 1956 48 hr 

Motility Difco motility S 24 hr - 4 days 
at room temp. 

Gelatin NA broth charcoal gelatin capsules 4 days 

Lysine Difco decarboxylase base 4 days Oil after i_noculation 

Arginine Difco decarboxylase base 4 days Oil after inoculation 

Ornithine Difco decarboxylase base 4 days Oil after inoculation 

PA Difco PA agar 24 hr 13% w/v ferric chloride 

Malonate Difco malonate broth 48 hr After inoculation, replace lid with 
sterile cotton wool 

Glucose (Gas) 1% Andrades 48 hr -. 4 days 

Lactose 1% Andrades 48 hr - 4 days 

Sucrose 1% Andrades 48 hr - 4 days 

Mannitol 1% Andrades 48 h_r - 4 days 

Dulcitol 1% Andrades 48 hr - 4 days 

Salicin 1% Andrades 48 hr - 4 days’ 

Adonitol 1% Andrades 48 hr - 4 days 

Inositol 1% Andrades 48 hr - 4 days 

Sorbitol 1% Andrades 48 hr - 4 days 

Arabinose 1% Andrades 48 hr - 4 days 

Raffinose 1% Andrades 48 hr - 4 days 

Rhamnose 1% Andrades 48 hr ~- 4 days 

Oxidase NA plate 24 hr 1% para-aminodimethylaniline HC1 
1% oz-naphthol in 95% ethyl alcohol 

Catalase NA plate 24 hr Hydrogen peroxide 

Glucose 0/F Difco 0/F basal medium 48 hr - 4 days Set up x 2. Oil one set after inocu_lation 

Nitrate Potassium nitrate broth 48 hr 0.8% sulphanilic acid in 5 N acetic acid 
0.5% a-naphthylaymine i_n 5 N acetic acid 

MacCoi_:key’s MacConkey plates 24 hr 
0.15% sodium taurocholate
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accuracy of both the inoculation procedures and the tests 
selected, and also of the identification program. 

One hundred and sixty—three Enterobacteriaceae and 
Aeromonas isolates were obtained from two hospital 
laboratories (St. Joseph's in Hamilton, and Joseph Brant 
in Burlvington). These st_rains were checked for purity in the 
laboratory by streaking onto nutrient agar and then 
inoculated, using the multipoint inoculation technique, 
into each of the identification media. After incubation, the 
results were read and recorded, then transferred onto 
computer cards. Identifications were then carried out in 
the laboratory by examination of the test data and 
according to the schemes of Edwards and Ewing (1972) 
and Ewing et a/. (1961). These results, compared to the 
identities given by the hospitals, were used as an 
assessment of the adequacy of the multipoint inoculation 
technique in conjunction with the array of tests selected. 

To test the validity of the computer program. the 
results were punched onto cards and the mathematical 
identities obtained. These were then compared to the 

identities given in both the hospital laboratories and the 
author's laboratory. The results are given in Table 7. 

DISCUSSION 

The system described here employs both multiple 
inoculation techniques and computerized mathematical 
calculations to produce a rapid and accurate identification 
scheme. The multiple inoculation system allows rapid 
transfer of large numbers of organisms within a short 
space of time and also reduces considerably the quantities 
of media normally used in conventional single incubation 
transfer systems. Because of the re-usability of the racks 
and vials, the cost per test is considerably less than 
commercially available multi-test single inoculation 
systems, such as the API (Analytab Products, |nc., N.Y.) 
and the Improved Enterotube (Roche Diagnostics, N.J.) 
systems. 

The reliability of the system, as tested with a wide 
range of hospital isolates, approaches 90%. However, 

Table 7. Comparison of ide_nt_ificat_ion of isolates by a hospital laboratory, the aut_hor’s laboratory and by computer 

No. of No. of Laboratory I.D. Computer I.D. Computer I.D. 
Organisms Organisms Compared to Compared to Compared to 
Identified Identified Hospital I.D. Hospital I.D. Laboratory I.D. 

Taxon by Hospital in Laboratory 
No. % No. % No. % 

Escherichia 69 73 62 90% 6 I 88% 68 93% 

Shjgella 4 3 3 75% 3 75% 3 100% 

Arizoiia 1 l 1 100% l l0O% 1 100% 

Providencia 4 3 3 75% 3 75% 3 100% 

Protergs 22 22- 21 96% 20 91% 21 96% 

Enterobacter/ l 3 I 8 I0 77% I0 77% 16 89% 
Pecrobacterium 

Citrobacter 5 7 5 100% 5 100% 5 7 I% 
Edwardsiellal 8 7 7 88% 8 100% 7 100% 
Salmonella ’ 

Klebsiella l 1 10 10 9 1 % 9 82% 8 80% 
Auom'o'na‘.. 4 3 3 75% 3 75% 3 100% 

S97T0l_il.1 2 2 1 50% 2 100% 2 100% 

Total 143 149 126 88% 125 87% 137 92% 
Identified 

Total 20 14 37 12% 38 13% 26 8% 
Unidentified



with over 500 water isolates with a more restricted range 
of taxa, theaccuracy of the system is close to 100%. 

One great advantage of the system described here, 

10 

compared to intuitive identification schemes, is that single 
aberrant results will not necessarily lead to a misidentifi- 
cation. in addition, the system eliminates personal bias 
and provides completely reproducible identifications.

I



CHAPTER 2 

Practical Considerations for the Identification of Members 
of the Family Enterobacteriaceae and Aeromonads 

ISOLATION AND PURIFICATION 
Isolates to be identified can be grown and purified on 

any suitable medium. If isolates are to be screened prior to 
the calculation of joint likelihoods, they can be streaked 
onto MacCon_key's aga_r and incubated for a minimum of 
24 hours at 37.5°C; this can be used as both a screening 
test and to obtain pure cultures. Individual colonies should 
be picked from MacConkey’s agar and inoculated into 
glucose 0/F medium and nitrate broth, and streaked onto 
nutrient agar or other suitable growth medium for 
determination of catalase and oxidase production. All tests 
should be carried out at 3 7. 5°C; for times of incubation see 
Table 6. Organisms which grow on MacConkey’s agar, are 
fermentative in glucose 0/ F, reduce nitrate, produce 
catalase and do or do not produce oxidase can then be 
subjected tothe identification tests. 

Where organisms have been isolated from media 
selective for coliforms, for example, m -FC agar (Difco), or 
are considered highly lik_ely to be Enterobacteriaceae or 
aeromonads, they should be streaked onto suitable growth 
medium (nutrient agar or tryptic soy agar) to test for purity 
and then inoculated simultaneously into both the 
screening and identification media. 

PREPARATION OF INOCU LA 
Multipoint inoculation rac1’<'s (Lowe, 1974), with foam- 

plugged sterile vials, each containing 2.5 ml nutrient 
broth, are used to prepare initial inocula. Organisms to be 

identified are picked from single colonies growing on 
purification plates and inoculated into the vials. It is not 
necessary to label each vial. Each rack of 105 vials can be 
oriented and identified by a label at one end of the rack; 
vials then follow sequentially (in rows of 7) from left to 
right. After the required number of vials have been 
inoculated, the plugged vials are incubated at 37.5°C for 
24.hours. 

INOCULATION 
Racks containing the identification media and, if 

necessary, the screening media, are prepared (Table 6). In 

addition, a rack of nutrient broth is included at the end of 
each run to act as a control indicating that inoculation of 
viable organisms has occurred. The compositions of the 
media are given i_n Table 6;.

I 

The plugs are removed from the incubated vials, and 
organisms are transferred to each of the test media, using a 
multipoint inoculator. In this way, 105 organisms can be 
transferred at any one time. The multipoint ‘inoculator is 
alcohol dipped and flamed between each transfer. After 
inoculation, racks containing test media lysine, ornithine, 
arginine and one set of glucose 0/F are covered with 
sterile mineral oil. The covers are removed from TSI, 
urease, citrate and malonate and replaced with sterile 
non-absorbent cotton wool. All test media are incubated 
at 3 7.5°C for the periods given in Table 6. Glucose.O/F and 
glucose’ media should be examined at 24-hour intervals 
for 4 days. All test reactions and media are given in detail 
in Edwards and Ewing (1972). Oxidase and catalase 
reactions can be performed after 24 hours, on the initial 
purity plates (if nutrient agar or somesimilar non -selective 
medium is used), o_n large plates of this medium inoculated 
with the multipoint inoculator or in vials of this medium. 

RESULT READING 

The test results are read (Edwards and Ewing, 1 972) 
and recorded as two—state characters (+ / — or 1 /0) (see 
Figure 1). This order must be followed, as it is the order 
followed in the stored probability matrix. If data are not 
a_vaila ble, an NC character (9) is recorded. 

COMPUTATION 

Prior to computation, the results are transferred to 80 — 

column computer cards (Figure 2). 

Columns 1 -3 inclusive are used as identifiers for each 
isolate. All numbers are right justified; organism numbe_rs 
001 -999 can be accommodated here. Columns 4-6 
inclusive are used as card identifiers; in this program these 
will always contain 001 (i.e. only one card is being used as 
input for each organism). The test results (1 -31) are then

11



accommodated in this order by columns 7 -3 7 inclusive. If 
no data are available, or an NC character has been 
recorded on the data record sheet, character 9 is used. All 
columns from 7 to 37 inclusive must contain either 0, 1 or 
9 ; any other characters cannot be accommodated .» 

ISOLATE NO. 

The program as designed contains several options. 
Theseare: 

(1) All taxa, or onlyra specified set, can be considered. til ty 

(2) All characte_ri,stics, or only a specified set, can be" a‘ " 

considerejd. ‘’s:"‘: 

(3) A probability matrix whose limits are set at 1 .000 ii:,,::e 

an_d 0.000, or whose limi_ts a_re set at 0.999 and .A. 

0.001,can beused. ‘lonate 
lucose (gas 

(4) Discrepancy values (i.e., characteristics in which 
an ident_if'iec,l individual differs from a theoretical 
perfect match with any taxa) will, or will not, be 
printed.. 

(5) For certain taxa, characteristics determined at 3 7°C 
or 22°C can be considered. 

(6) Where NC values appear for certain characteristics 
in the probability matrix, these can be ignored for 
all taxa in the calculation of joint likelihoods 
(reduced character set) or ignored only by those 
taxa in which they occur (full character set). 

The options required should be examined before 
running the program. Selection of options and running the 
program should be carried‘ out in conjunction with the 
author or Miss J. Dowell at CCIW. The program (LKLI) is Figure 1- Data Sheet 1'0"“!- 

included in the com,puterlibra_ry at CClW._ 

Na 
‘“ ‘.° '3‘ 

‘f K. 

ram »— 

~~~~ 
~~ 

~~~ 

lJUflllll000000000llflllflllflllllllflllflllllflllllllllflllflfl 
5. 59mu121314151611131920212223242526712a29:l0::l!il2333435JS37J8394041 . 

llllllll111llllllllllllllllllllll 
22222222222222222222222222222222222222 
3333333333333333333333333333'3333'3333333- _ 
4444444444444444444444444444444444444-H444 
555555555.5555555555555555555555555555555 
EBEEBBBEBEEEBBBEBSEEEESEESSBSGSEGSBEEEE 
777777777777777777777777777777777777777 
888888888888888888l!8888B888ll88B8888888888 2 

9999993999999999599993 12345S7fl9wHfl um man 13 ll I5 ‘:5 19 
1| noun. . . . 

Figure 2. Computer card format.
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COMPUTER OUTPUT 

A sample output is given i_n Appendix 1. Under the 
conditions of this program, the output will be returned 
headed by the job identification (107LKL1) and, if the job 
is successfully completed, ended by STOP O7 7 7. If the job 
is not successfully completed, JOB ABO RTED will appear 
on page 1, together with a_n indication of the nature of the 
error. In such cases, the "Master Control Manual" should 
be consulted. 

The. special title given to the particular job being run 
appears on page 2 of the output. 

Page 3 indicates the numbers of characters and 
families (taxa) being used, together with the probability 
matrixunderconsideration. ‘ 

Page 4 lists the names and identifying numbers of taxa 
included in the. probability matrix. The characters for 
which no data are recorded in the matrix are also given. 
The identifying numbers are also used in the likelihood 
listings given below. 

Page 5 lists the characters used. Taxa for which no data 
for specific characters are recorded in the matrix are also 
indicated. 

Pages 6 and 7 contain the probability array. 

Pages 8 and 9 list the taxa being considered (either at 
37°C or at 22°C) and the characters used in calculation of 
the joi_nt |ike_lihoods. Special case characters (i.e., those

~ 

not used in calculation of the joint likelihoods) are also 
given if requested. 

Page 9 onwards gives the identifications. In the 
examples given here (appendix page 9 — onwards),*ther'e 
is a relative likelihood of 1 of organism O01 occurring i_n 

Family 14, K. pneumoniae (see appendix page 4). 
Organism 002 has a relative likelihood of 1 of occurring in 
Family 32, Aeromonas sp.; here, a positive oxidase is 

ind_icated. Organism 003 is identified as Pectobacteriuvm, 
etc. ' 

For each organism, the isolate number is given, 
followed by the list of characters used as input for that 
organism. The sequence of characters is as on the input 
card. Next is a listing of a maximum of five characters; if 

any, or all, of these occur, it indicates that organisms differ 
in these characters from the expected reactions of 
organisms considered to be aeromonads or 
Enterobacteriaceae. 

Following this is an indication of whether a full or 
reduced character set was used. 

The identifications are then listed. Each family (taxa) 
has an identifying number (as given on page 4 of the 
program output) below which is listed a likelihood and a 
relative likelihood value. The taxon to which an unknown is 
most likely to belong will have a relative likelihood of 1. 

If reduced character sets or discrepancy values are 
requested, they will appear before consideration of the 
next unknown to be identified. 
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APPENDIX 1a 
Sample Program Without Discrepancy 

Values Printed



LL

~ ~

~
~

~ ~ 

5-‘Q5!-¥-I4I-1-ElJIIJII-VI-I~-IJIIU--I4‘-U§¥¥¥¥-U»-§¥Il¥lI¥§l¥I¥I-Cl-II-IO-II-II-l¥II C C I H l~¥I¥¥¥O5§II¥I4I¥U¥¥¥l~l-I-I-CU!‘II-U-IUUJIOUQIUQIIUU-J-II-III?!‘-‘U-IIU"U 

11 3eaoc1:u1c 777777777j77 LLL KKK xxx LLL %111111111111 ‘ 111 Gacueaooauco 777777777777 LLL KKK " kkxx“ "LLL "-"'—111I11111I11“‘”“““'“"“"“‘—" 
11:1 use one 777 777 LLL KKK KKKK LLL 1111 " “ 11111 530 one 

“”" ‘ 777 " '[LL‘”“ ‘KKK xxnu 11 ”’LEL‘“"“”‘“ 1111 
111111 113 urn 777 LLL xxxxxxxux LLL 1111 

1114 ’."."U uEl3 777 LLL KK_KKKKKK LLL II-II 
1111 123 are 777 L11 xxxxxxxxx LLL 1111 “‘“"‘“'1111’ :11 919 777 LLL “ Rik "RRRK “”‘"E[[’“” ”’“' 1111 

_1111 _: g 3.. 777 LLL xxx KKKK LLL 1111 
12111111111: 5.::u1uaoaea 777 ‘LLLLLLLLLLLL “““KKk'”’""¥RRR""‘tLtItE1LLLL[“”‘1111I1111III’““‘ ‘““ 
111111111111 1e¢tso:cJ1 777M"”__"__“__51511111LLL1 xxx ___ xxx LLLLLLLLLLLL 111111111111 

JOE ncnou1111¢ IAFORNATION 
nnra=1e7LxL1 nccr=2u1 

. =11/13/7a EUITION=22 117:-cu=1s/14/an YIVE-0FF=1S/15/2? . 

rxrs use: .: -4, ,_ ._. 
' _ ‘ ‘ ‘Q M“ 

gHn~=1c/u./:1.aet 

Page 1. sample program.



8|. 

J0Eg2J1v1\'.7L-KLIv2o3l-Q0:1vS‘I’.LflHRENCE.E’lTER0EACT.BILL LCHE. 
3hl'EL7LUF_-7C'..,l_,~1--J 9 I ll’:-C """"'" "' """' "" ”"' ' ‘ “""‘ 
‘DE!-"(OnfiEDL90:15/12-3.NUM-TAX--ANAL-POMS:yo!) 

'"tKLIifl"!OL 

._...._._.,__...__.._ .._; .._- .._.. __ _ .,-.‘_..._.. ....._.._ 

‘Page 2. sampleprogram.



PROGRIP [IKEI] W" ~ 31 CHARIICTEFIISTIICY “"""' ”""“" '”""‘ ' 

3'4 FAVILIES 
__RE7l‘D_F'P_D'ETB'IL_ITI"E75“FR'CV"DST"EU 

CWINGE 305'/. FRTJ§1§TL_TT'Y-"'Vfl[UF.‘S‘"T0 99.92 COMNGE 0'/. FRCEMBILITV VALUES T0 .17! 
_>___________"__ N A____._M " W” ____ ___

~ 

6|. 

--.- _ . ...‘. —.— — » ~-
9 

Page 3, sample program.



OZ 
'"‘——‘R#MES—tF‘Ffi?TtTES”“‘”""“'"""'T‘UHIT“CH3RACTEfi]STICS 

x. :;..v..n:r<u.n.1v Ll.L;l 
“""““"""‘ "" ""‘ " " 

2 ALKALESCENS-OISP 14 
"'"" ‘N ‘ 

H S.FLEXh?RI 
b -.nu1L11 " ‘ 

6 S.SDNNEI 
1 CLIIllKl....]...LL"| 

‘ '" " " “ ‘ ‘ 

B S.CHCLERAE-SUIS 
"? -ovv-r-1 "’— ’ 

I0 S.ENTEFITIDIS 
11 ..PLl‘UNtLLP D9‘? -7’? 
12 ARIZCKD HINSHAHI 
LJ Lzlvxupflulcn rncu " " ' ' ‘ " 
1h K.PNEUPCNIAE 
16 K.RHINCSCLERONDT 
18 E.AEROGENES 
L. LII’.Hl IVJPL J! ».o

‘ 

20 E.HAFMAE 22 o¢e—34——-A————————- - 9- - 

22 E.LIOUEFDC 22 6 7 10 15 17 19 20 21 23 26 
_.,_._V__.._. , .. 9 . 

2“ FECTCEDCT 22 

2E‘P.flLCA[IFACIENS 
-_ ,__,,_.__._..__,,_,._, .. 

28 FRCTEUSrVULGAFIS 
, _ 1\*i-R-Q-B‘-I-t-~---——»——~---A-—->----. 

30 FROTEUS'WOPGANII 

32 DEROPOIAS SP ——— —— ~-——~ - 

3% C27 

Page 4. sample program.



L3 

"‘“T1VEE‘EF"fF1RItTEFTSTICS’”“ ‘ ’ nv11rEo av FAPJLIES ‘"' ""” “ ””"“”’ “”“”” “_ 
1 IKUOL 
2 r: - ?,vF . . . . , ._H. 
u CItPnF€(S) _ ____W ".g P2”s.11S1, . ,,m“”” _“-”.W,m_“”nHmm , .H“... _ 

5 unease - 22 
7 «Ln 22 
R MOTILIWV ’ 

i _ _ "“““"§—C?t1TTF"“””'""'“”"”"”'" ""'1e 21 23 “ ’ ' ‘ "‘ ""'””'“"”“‘””““““””‘”‘ ‘”’ ‘ 

1! Lvsrna 
11 E?€TiriE" 
12 CRN1TrJNE 
15 FFENYLHLAMIN 
1n PDLCBAWF 2 22 _.___1_‘,__L_L.UUtS.E_’G,ES,.__._......._ ,,..._22. . .._._. , .. . . .. _.__ 

16 LIICITCSF 
_:,....T_7_s_L__ER°.SE_ _ 

22 _ . ...._..._. ,_4.~_,._. . A. w.._.~..— j . 

15 rDhNITCL 
19 UCLLIICL Z2 
21‘ S‘;fiLI<CII« 22 _.,....__.. .. .. ..., .. 22 . ,_ , _...~ ..........__..__4..._-_.__...... . . 

' 22 I-‘ECSITCL 
. ._ . 22 .. .. .. ,, ..,, 7- - . 

244 ISFAB-INCSE 
£5 RDFFTRCY? 
26 F}‘M4KGSF 22 

. . 

: .. 
. . , _....___,__. ,. _._.._.__.#_...»- 

25 VACCCNKEV

~ 
~———-r—2':---—(:—tUC-r.‘-"~.r—- ,3/F 

‘ 

. 
— v-— ---—~—--~ - -* 

33 CD‘TllLd$F 
5‘ RIIHHIE ..__..._...._......- ._.‘..._...... __ __ . ._. ._.. -. ..._‘... 

___, - ,_ , _ __ ,-._.-___ 

Page 5, sample program.



ZZ 
——————Pefie1e1ti+v~n9o¢v- -—

~ 
~ ~~

~ 

1. C J -4 ‘.1 1: r u “"“_‘;‘—""’1’-"‘ 11' 
1 0.986 0.997 13.300 L;.lo‘15 0.1030 0.001 0.991 -1.001 0.001 0.012 0.[l1 A 2 "5‘.‘9€'9 f.'°.‘5.‘9"0.999 ‘£23999 3.999 0.999 3.999 0.999 0.999 0.999 0.999 
3 0.001 0.001 0.001 0.3.01-0.001 0.001 0.0011 0.001 0.031 0.0501 U.L'&.1 

?*F—‘0‘.‘0‘0f—0T0r?2‘0.?31I,‘I"'f1.3C‘1 ’J'.0‘J1 0.011 " ‘J.-900 0.001 0.908 0.871 
5 0.001 0.051 0.001 0.0L.1. 0.001 31.031 0.700 0.91.3 0.937 0.9210 
C ..J..; u.-.1'_ v...3u1 0.3.; 4.00; ‘J.Cu1w.uu1. ‘3".‘.0'0‘I"'9‘.1.l'01—0"‘fi‘31"'0T0-I11 
7 (.'».=JE‘4 0. 31 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.006 0.11.36 

0,'."3‘{3,1"0'i0‘.‘-1 L‘-‘.‘B'.‘1 €'.(;".‘—1 0.982 U.99»9 0.999 0.950 0.9146 
9 3.301 0. 5.001 0.301 0.031 0.001 0.033 0.031 0.001 0.011 5.011 

15.999 0.900 0.959 0.91.? 0.906 
1.1 0.503 0.590 0.173 0.173 0.173 0.173 0.001 J.'90‘d 0.813 0.928 0.925 

‘J“..‘.9§"f7".‘3‘31'”fl*.‘9f'7‘uv.‘927 ‘ 

13 0.051 0.001 0.501 C-031 0.001 0.031 0.001 0.031 [r001 0.001 0.001 
'%fi“—fI‘r0“01“i".“"§9"0.'3€'1 *3‘;'0f:1"‘}.€‘I‘1" 03091 3.05.1 0.001 0.001 0.999 0.059 

15 -3.911 0...-'31 [.021 0.021 0.021 0.l21 0.99‘: 0.900 C.0G10.9E1 0.919; 
'C.117 0.117 0.117 0.1177 0.0111 0.0131 0.001 0.009 0.058 

17 0.5145 0.229 0. 320 0.320 0.320 0.320 0.003 0.001 0.001 0.006 0.025 
"Q1999 "fr‘.‘39«_7 ' 

19 (‘-61.5 0.503 0.100 0.366 0.235 0.010 0.001 0.200 0.313 0.960 0.892 
0.091‘i.u|‘:P1- 0.001 ‘).:001 0.001 0.009 0.008 

21 0.0253 0.001 0.001 0.051 0.0.31 J.001 u.0~11 0.031 0.001 0.001 0..0L1 
910,01 0.0131 !'3..0C‘1 0.001 ‘B .001 6.391 0.353 

23 0.91.? 0.8714 0.510 5.510 0.510 0.510 0.003 0.999 0.999 0.979 0.951 
. .. '

. 

25 0.519 ~'.‘.'2'l49 0.001 0.1011; 0.031 0.800 0.001 0.001 0.0121 0.036 0.033 
0.2794. 0.053 0.950" 0.001 0.999 0.0-31 0.952 0.9144 

27 0.001 0.1301 0.001 0.001 0.001 0.001 0.001 0=.00'1 0.001 0.001 0.001- 
0r0L91*'€‘.‘001 0-.€H:1 b.001'0.€‘i‘1 0.001 0.001 0.001 0.091 0..0u1 

29 0.001 0.001 0.351 0.001 0.001 0.001 0.. 0-1 01001 0.001 0.001 0.001 
‘.'r--6€,~t‘~€-u-89 1- -61.991-~91-.G.i.v 1 

31 u.a51 6.051 c.ao1 c.oc1 0.001 ='Y.l.‘;‘-1 0.011 «.001 (.".'051 0‘.01'1 0.001 
17.9-J-1—--9-r0'&i-(—-. ' 

If 13' I‘! 17 JC 17 ll: 1. (U 
o.n2c 9.067 c.oeu 3.0.1 3.001 0.005 a.aa1 ..aa1 o.au1 
0.999 0.995 0.133 a.991 0.999 u.ooa s.au1 3.5.0 c.c1o'"~*~~ 
3.001 c.ac1 c.911 u.oc1 o.a;1 0.995 3.999 a.esa u.99c 
0.999 0.9.7 2.917-n.s29~a:uut:o.999'1;937~v:snu-o.s2n~-------- 
9.sa7 n.e«c c.ou1 0.301 a.ao1 0.001 a.cu1 a.no1 0.001 
0.087 0.971 0.979 0.1880 0.95.9 0.380 0.967 0.970 0.999 
0.999 (3.957 
0.960 0.009 C.u33 0.001 3.051 0.970 0.773 9.999 0.001 
0 .999 0. 001 (3.972 0 .1980‘ 0“01'1I 117005‘ 
0.973 0.880 0.009 0.060 0.4101 0.965‘ 3.0.1 0.090 0.050 
0.001 0.031 0.061 0.001 0.0.1 11.001 0.001 .i.6i01 0.001 
0 ‘.933 0.225" E.fi25""0.v'3|o&"‘3T?€Fr'0T8&6‘fi‘.,7‘¢r7'—fiT7*rI}"fi'. 
0.993 0.90‘? 0.965 0.660 0.001 0.999 J.°.‘E9 0.999 0.99.9 
‘3'. 760' '0 . 

0.01.7 0.2107 0.969 0.336 3.999 0.970 0.99.9 0.120 0.210 
fi'.’999"9'. ".‘;'9“‘ 
0.001 0.601 0.315 0.Jl11 0.051 0.129 0.01.0 0.010 0.061 
0.0 80 0.271 0.~9‘59 ‘-0.999 0. 999' 6'.94.{:--4J'r9‘:'v-9-‘E7210--9.1-¢r€*--4-- 
!‘.G01 0.051 0.877 0.999 3.959 0.286 0.987 -0.001 0.001 
0 .001 0.952 fi.987"6.‘&|12 “}r§€9"$.34t€“flfi99"fi'.—&fi"1—0i'6'0'1—— 
0.990 0.990 0.997 0.886 9.999 0.950 0.999 0.001 0.001 
“;'*i99'B “0‘.‘9‘;‘." "0’*.'9€9“ 
0.060 0.151 0.997 0.900 0.999 0.976 0.960 0.001 U.-J-01 
0 .980 0.99‘. 0.997"-0 .-68ft 0.-999' 0.92Ir‘fi14§'6*7—6'.95b—“fl.91:fi" 
0.001 0.001 0.-Di.-1 0.001 3.001 0.001 0.0201 U.'0‘01 0.001 
3.001 0.901 0.001 -0.1-ibi; -5-.1‘r;fi1—6'.1'iit1~~.!Ti)":1"11TB'6*1-"0.i.“0'1'j:' 
0.4701 0:..001 0.001 0..0ll1 3.001 0.0.01 0.0.11 J.0‘01 0.001 
-3.001 0.001 {.001 0.001 0.001 6.001 0.511 0.001 0.001

~ 

Page 6. samplevprogram.



SZ 

_____'PRUHFEItTTY—TFFKV_—_____'**"7”""""‘" 

2,1 22 23 213 2'5 26 27 20 29 T50 :51 32 as 3!. 
1 5.001 0.001 0.200 0.214 0.002 0.995 0.987 0.982 0.019 0.999 0.999 0.917 0.001 0.999 2 ‘0}7E0-1.333 0.h57‘0;757‘0.177 0.996-0.999 0.930 0.983 0i911‘0.933 0.905'0.999”0?999“*”" 
3 3.309:0.79a 0.229 0.071 0.999 0.001 0.001 0.001 0.156 0.001 0.001 0.205 0.001 0.001 ‘_“E“”0}909”0T9E3‘0.629't.915'0.991 0.992 0.9E7”J72E6"0I998_0TO0T"0.989’0?709'0I001”0}001 
5 0.001 0.001 0.001 0.001 0-001~0w031 0.001 0.997 0.969 0.001 0.001 0.001 0.001 0.001 
E 0.255 9.999 0.205 U~..':L'b 0.559 0.001 0.001 0.91.7 0.905 0.991 0.999 0.001 0.001 0.001 ‘7 0.985 9.999 0.561 0-81k 0.991 0.988 0.986 0.999 0.956 0.990 0.967 0.h90 0.001 0.001 ‘”“U“FT97T‘0T999"E7357"0?572’0;986‘0.965 0.880‘0.9E7"0.9E9”0?877‘0.9hE"0T999"0TIOI’0ZB —_‘—’ 
9 9.999 0.999 9.999 0.999 0.999 0.010 0.068 0.999 0.905 0.001 0.023 0.980 0.999 0.001 ‘ 

it TTE2E‘0C999'0}001‘$.001'0.996'0.0$1’0.001 J}001‘5.0t1'0I010"010c1 0.050_0TI90’0.999 ‘_"“‘“ 
11 0.500 0.051 0.057 0.129 0.013 0.005 0.001‘u.001 0.001 0.001 0.001 0.868 0.001 0.980 
12 1.02:: 0.999 0.001 0.001 0.995 0.011. 0.001 
13 0.015 0.051 0.001 0.001 0.027 0.972 0.937 0.999 0.995 0.953 0.978 0.209 0.381 0.000 “"IF_'ZTT7F‘9T9¥9‘0?21W”0E229“U}£f7'Ui007‘0201?‘WT075“F.096'0f0hl'1fif12’0I001 03001 0.001 
15 0.956 9.999 0.171 0.003 00526 0.860 0.001 0.860 C.938 0.858 0.122 0.093 0.999 0.001 "_T€“‘0T309"0}932’0.71h 0.9A3’0.08h'0.003 0.038 0.001 0.015 0.001 0.100 0.313”07003”0T920“““”‘ 
17 0.999 9.999 0.702 0.999 0.997 3.872 0.918 0.947 0.822 0.039 0.730 0.910 0.004 0.050 
10 0.999 '.9e9 0.811 0.999 0.999 0.022'0.1uE 0.001 0.001 0.0UI‘0180b 0.999 0.999 0.001 
19 0.051 9.999 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.999 0.001 
20 0.999 9.2 
21 01117 9.

h
5
9
9 

23' 3.975 9.999 

0.110 0.999 
0.001 0.001 

. TTE7'G.UE7" 
0.128 0.519 

U'o‘55b _ 3.539’ 
0.719 9.9h7 
0.867 0.055 
0.999 J.t12 

£9 U."3£E T.'n‘3WE 
25 0.897 0.981 ___?E__UTUUI“9T9§9 
27 0.301 0.Lf1 ___2E_‘U?UUT"T&U5i 
29 0.001 0.001 
on 0.001 Jru.1 
31 0.fl01'G.C£1 

0.719 0.999 
0.685 0.971 
0.7fC"Ui8F7’ 
0.001 0.001 
U.GU1"D.0C17 
0.001 0.001 
l.'u:JL'l \.nUL!1 
0.901 E.9C1 

0T07I'U70I§" 
'0.C29 0.020 
0.033-5.013 
0.001 0.001 
0.001 0.051 
0.001 0.001 

'0.019‘J¥691 '0T306’ 
5.038 0.001 0.091 
0.999 3.001 0.001 
i=.Bl¢3 '.'|.§J1 ‘..‘.']31 
U3033‘7FOU1“0700T" 
0.078 0.001 0.010 
3.001 1.09H 0.315 
6.001 3.001 0.001 
6.031 0.001 0.001 
0.001 0.031 0.081 

V.0O1‘0.3EE 
0.001 0.865 
'0.D01 0.973" 
9.001 0.138 0.10% 
0TUCT"0TUOT_UThh0 
6.391 D.t95 0.020 
0.001 0.679 0.015 
0.001 0.091 0.999 
0.001 0.501 0.001 
0.001 0.031 0.031 

0.001 

0.001 0.091 0.00T“0fi071‘t100T‘07001”0T0:1”03001 
9.001 D1LU1 0.001 0.001 0.031 0.011 

0.001 0.001 03UOI"U}UUI"UTfiUT””““’ 
0.001 0.001 
0.599 0.001 
0.286 0.001 
0.001 c;uu1“ 
0.999 C0999 
0.0Ui"03UUI 
0.001 0.001 
UoUU1 ‘|.|oUU1 

°'“*?.°7°°? 9i9°¥ Fr9“¥HmH1 
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VZ 
'[g—--—3-1--1:-t'4.n_~I€:s AA -- ~ - . .. __ . _. ._ . 

1 C..l4l"CWl.l4l'VA,lvl CUL1 “‘ 
2 ALKAtESCENS-CISP 

:""_“""'3"§‘o“E'Y'§‘ENTEflfflf" " " " ' ‘ ' " " "’ ' ' "-*---—------—~‘ 
14 5-aF‘LFX'hE9I

_ 

- - -- - - . . ... ...-. . _.....__. 

6 S.SChNEI 
I “JVlHv<l.'..1_LLl| 
E'SmCHCLERAE-SUIS "—“"“’“’€—€TTfPH1‘—'"‘"“““”' —— A- 

1C S.EN1FFITIDI$ 
11 flu‘.-"LN:LLn “PP ..._ . ._. __,_..... . " - . , .,____ ,___ 

12 ARIZCNQ H-INSl"flNI_ 
Ls. L1fKLcnLI:x rl-(cu 
144 KuDNEUMO-NIAE

_ fi,.‘,, _,.., , , ,_ ,_ __,___,__,.____ , , ,,,_____,______,_____,.__,_ 

1E KnRHINC,SCL'E§('HflT , T ffittcficag .. ,, . . . . . , ......__.._. , _ 

1e E.lEROGENES 
‘L7 I:onI‘Ir Vvgflc 3‘? ‘ “""' “ 
21 EoLICUEFAC 37 

. . _... .. . , . . . , . ,_.. ,, .. .,,_._‘.-___. . 
- 25 SFRFDTIA SFF 

...___.... .. . .. .., _ . . _ .,,_ . _ _ 

Z7 P.STtlF1II 7 

2? ?2 TEU; ¥UtG&RIS - ——~ 
29 FROTEUS MIRAEIL 

ge§G.‘“fI .. x . , . . 

‘ 

,. ,. ..._.__. . __,......___ 
31 FROTEUS PETIGERI 

$,p....__. . _. . . . . , . ,, ,..._,_.._ ,_.._ __ V. _ 
33 A.S1LMChIGICA 

- '-' - * ' A * V 
- ~~——»— ——-~--~-—~-— 

77-- VA.” . . W, W .. . . . , . . . 

2 PR . 

u CITRnTE(S)
_ (151, . , . . . . . ., ., .. . . ,_.-,. ..._._._. .. __*-_. .___.. 

6 un9ns¢
_ 

_._.,__._,_.. .._....... . ., V . __ _ _ ,_, W V _ _ __V __,_ ,_,___,__,_,__,,, __T_ 
8 "UTILITY 
9 csiazre \ .—__ 

15 LYSIBE .

_ MAW” , ..-V , - .. . _.. . . _.... __ 
12 CRNITHIKE 

. .. . .. .. ' A- 
1% PDLCIATE 
:£' P:-llI‘l‘C"'1l"A‘s 

15 LACICSE 
_.-.. . , . . .. . . . ._ .. ‘ . , , , ‘ __._,___,____ __,__H,_. _ _____ 

18 PANNITOL
_ __.__j_;;_gg;__{;;;;e§ .._ _. , , . , . . . . . . . _, ,._ .. . ._.. ,, 

20 SAIICIN 
421 ‘9¢“£"L 
22 INOSITSL 
71 CAEDITHL 
2k DRAEINCSE T -,__._, 
Z6 VHAPKCSE 
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27 UXICTSE 
FIIKE 

" "2! PACCCNKFV 
253 GLUCCSE 0'/F "V '3F"'C'fiTlH. ASE ' 

31‘ NI‘l7R_’DTE, 

MAKE 

_ 37_91£E3§§ __

' 

VfELE §HARdCTERIS1IC sew 

H SP:CIflL C/9 CHARACTERISTIC TESWS 

1 §E§£I5£_!{?,FHE3€FTE?¥§T¥° 'E5‘5

~ 

PUG 5&3 HAS CHARACTERIST ICS 1-.~110f‘9E'3i;1-10-5C19‘E9‘Ea.011E111111 
“"POS1‘|'IVE'0XID&SE ’ ‘ CCNFIRH 

FMILY 1 2 3 I» 5 b 7 B 9 
EIKELIHQCE U..19tst--11» u.abat-17‘*"UTIIZF-21 ‘II‘.‘lol67E-22 IJoZloZE°£d U-I‘J_It-{J Uuloblt-Slt J:.¢1Tt-£5 u..be1t-an 
RELJIKELIP003 v).619E’-13 0.8036-16 D.3lo8E-20 0.11406-20 0.75‘3E-21 0..2l¢9E-21 0.11.1.5-32 sL.676E-21» 0.208E-26 

FAVILY 10 11 12 13 1'4 15 16 17' 18 
“’ 

EI1!'..-‘tIF¥UC_E 
""‘ "I."-239‘-13 0.1919-15 t!.23'8E-18 U-.~672F’-1lo'"" U'.’3‘ZIE‘-1I‘I“’ 11..c.s:t-«Ito “*0 .5861:-1: J.‘:11I:-l'5 In-‘ud£:l:"l.l_~S 

F<‘EL.LIK'-ZLIFO09 .7u4‘:'-*4 x.'.'5.9f:E-11¢ L'.7l41=E-17 "J.21.ii-L-12 1.0 - O.’731E-53 0.21loE-18 0.28106-36 0.691!-'02 

FMILY 19 21 22‘. 25 26 27 28 29 30 j ”‘TIRFLIHUCD" " ‘” 3.21695-1h 0.1lo3E-39 'J‘.lo'E7E-’11‘ G‘.337E-13 ’ C.21|oE-"23’ "U}61‘l51;”é22*"UT.2T9E'-3U__UT9mTE-3U"‘UT:f8UE—-37o_: 
_ W ViREL.L.II<£LI+'o0IJ 0.7766-13 0.lm7E-08 n.1IcEE-J9 0.1055-11 D.‘E6‘7E-22 D.._192E-2-J a;.670E-29 n..280E-28 0.5606-33 

FAVILY 31 32 33 34. 
L1_K:L1r1uu. U.-Iébt-c; TJ.1_.r8t-5.5"” FJIITF-'?T"""'U-T7fiut-ab 

L‘.-229E-19 C|.55EE-.22 J.3'ELoE-26 03.2335-31¢ 

BUG Cflc"FES”CHfiVACTERISTICS 13100E9D9m1UU@¥19999EU11EU11111 ""””""""”"”‘ 
' POSITIVE OXIDASE - CCNFIAEM 

_—'—'"'" ‘FULL CHIIRDCTERISTIC SET ‘ ’ ’ """""""’ ”“"—" 
‘ ‘*1-’1t’PItY'“' 1 ' Z 3 ' 

» la 
'5‘ ‘“" ""6" "' I u 3 

LIKELIHOCC c.5555-13 0.55%-11 i'.191E-11 L‘.297E-11 0.2'e&E-11 0.1565-17 0.3G6E-31 0.2686-30 0.2'6'~3E-23 
‘7I'1.olI“(EL1HUUU' Ua_333E~-U5 "T2fJ"5F=tT3""""flT1T?‘E‘-1}‘3""‘0’€11‘B‘F"‘U'S— U.‘sD1r: LU 11.15-4: 4: u.1c.u:-‘cc u,o1-III:-1: 

"“""“ '"FflVILY' ‘1U””” ‘ 11" 12 13 1h’ " “”15'"”"'“"’“‘IE 1i ““ 16 
LII<-E=LI—HCCC D.~6l~9E-2-5 0.67-1E-21 0.18115-29 C.7E-1E-17 5.1885-18 J.138E-17 D.32‘I+E-25 0.1275-15 D.11'~EE-25' 
FEL.LIKtLIHUuLI u.59..t;-"17"" 'U'.l6'J3E-13 a.109E-21 'J.lo51E-"39 

rnruv 1 1 a1 "" cr. "”‘r.‘_E _‘ 1! :1 co 4.. an. 

LIKELIHOCC D.337?.—23 J.lolof}E-18 -3.3995-J9 -J.3'36E-22 0.2*71E’-21¢ U.12BE-21 0.9025-27 0.l¢e7E-29 0..5'82E-26 
"RE“Li.'LIK‘.+TtI1+O'o0’ 'c.185E-15' ;).26l«E-10 0.23166-:11 !3.2u2E-11o " 0.163E*1E ' J-IIJ:'1|¢ unucc 1‘: 

F'M'ILY‘“' " 31 32 33 314 
" ””*"”‘“' 

LIKELIHOCE fli.A9~i1F_-26 D.16EE-J7 0.635-BE-21 0-.36loE-16 
n<:L.Luu>_Lu-uua .‘m‘J5b:'1b I-U u._‘:u:-1.: u.(1‘sE-U6 
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QZ

~
~ 

. . . . .. . . . W 7. ..... . _.r-.. r.r—.w-._..d,.._,..r__-__ . . _ _ . . . _ . . . .______ 
FRVLLV 1 Z 5 '9 2 o r’ u , LIKELJHCCC 0-137E-1'0 (i.573E-12 Uv‘OE5E'15 0o:3’-'.'9E-15 0‘a15‘7-5°15 3.7765-19 ‘]a3J7E-37 0.24015-26 G-29|JE°Z9 j""""" ""'R€'t"n'LI‘R'EL H1003 ' 0312,15-05 13.3725-‘J3 ' 112.3025-Q6 O-£2"."(lE-06 0-.v1U2E“35 " 0xo5U 3€‘1U "‘So199E‘28 ‘ ‘9’o‘156E‘17“’ "‘fl-'a‘1'8’8E'20j' 

"" "'1_-"fi‘I’vT1.'Y"’ ‘if!’ ' ' ' '11 ' V12 ’ ' 13 1% ' 'I'5'”"‘_—" "“15“’" 1! 1a ‘LIKELI-HOCE ‘U-127?-2? (1o’08"1E'-19 0.88105-25 U"-E225->13‘ 0o2E;5,E‘1’0 9o‘O97E'17 U-32405-25 U:-2‘31E'12 Go131‘E‘ZZ 
1n:1.cI..|vu:|.1.nuvu 3.0.»: La 3.31:: 13 uo7ra€ L6 u-1‘!-9: d‘T 3:17;: ‘.55 3o3cc.. ac uazxur T1? UJJUYE L3 uou-out 1'1 

F‘!-‘I'LL? ‘L9 21 ’ 23 2'3 26‘ " £7‘ Zr ('5 an ‘LIKF.LIH'OCD _ 3.561%‘:-Z2 0-2595-19 0o15‘oF-U8 C|o111‘E-Z2 la-U13E'2‘o 0o97‘3E-23 Uo35)5E-28 U-1695329 0‘o‘58'3E-32 " ‘tio1_37E'-19 ' 1;!) " ' I3-:723E-19 ' 0-Z8‘7E‘15 ' 0o'5'3I_E"1"_T‘ 

l’I'Y’l.l.I 11 GE 3? ' 39‘ 
LIKFL-IHCCC 9.159-.5.-2'3 5.6-17E--39 Uu‘4'97VE-2 Q.365E"22 

» -- -» 4- ~---»- --—- —-- - ——--— — 

BUG E310 HIS CHM7'ACTE‘RISTICS 01'.‘OO(.~’-3(|9Clv110OD19999éU11§10111‘1 

. 

Z 

. . . .. . . . .. 7 .....,-,,_..._.,_....-.... ,__j_. 
__.. . —.. ———.»u 1 . 4 —- - Z - - - 3 u . —£.—. - -. . »—-»u»6— .---—-—:A-—— ..._—v.?—‘»»-.:..... 6 . 1’! 

LIKFLIHOCE 9-9985-05 J-a7J‘CE-{Ab '0-l08E°0.5 Uo‘o3”bE'°06 0.1685-0‘: 0-7655-02 0.2775-EH 0.2675912 0cZ88E"1_7 

*-‘V-'F*M“'I-1:'l‘"’*"‘1‘.'r“' ' """ 11 " ' 12 " 13 1%’ * ' “*""15'“ —‘1_5 fi‘3 
|.I_KFLIHC,CC Uo'31‘UE°11 Oo81._1E'Li8 fink???-1’! 3-7255'-06 0u1‘o7E'16 3o13‘0E‘U7 0o32r3E-13 flo106E-12 Uo667E-Z2 ‘—"FEI.'rI:*IKELIHO0G"" 9.¢v‘35E-U9 " IJ'u'1II6E'05 0.5655-12' 0.9986-'0‘! 0.1925-U: 

.'’”‘IL‘.' 1'} .21 ---~—-2~3---- 25 £6 27 23 CC 33 LIK‘.L-IHCCE -3.257?-‘.3 J -19195-12 f.‘.1".‘u3E-37 0o2'1E_E'2;l' Un127E'2l 0.1685-2L‘ 0.Z28E-2'3 La-211E°21 C-6535-23 6‘-"33fiE-11 "0_o?53E‘J.0 0.1-35E"J5 9o2B3E'1B 9u16EE"19 9-2Z&E°1*&"*9-o"296'€-'23‘-—‘-9T27‘6‘€-1-9"— . 

—+'-M-«14.—vL---—--»--er1--»——~—------32- » ~—~-311 ~ 314 — —- A 

LIKEL-IHOOU Du?-925’.-210 0.2hRE-13 0.16965-21 0o336E'19 
_' 

. . 
' -k-—-9-76595-£9 --‘G-‘-=4=‘.§E‘1? 

BUG 0-35 HAS CIMRACTERISTICS 11100090913-90\J1L‘5999'-.fl11»‘31D'1;111 

FULL C“£‘.P‘“‘!E"IS¥%C SE! ‘ —»—-~- 

" ... _.. ._.. ...._ ...__.._._._3__..A , . 1. .. ,,#.. S.....-,.,._.. 6 .._. 7 3 1% LIKELIHOCU ' L\.261E-filo U.379E-J7 0.lo-76E-10 0.3165-10 D.1.6uE-10 0.79445-114 0..506E-20 0.2lo1E-20 0.66loE-21 9.1~e2E-05 - 0:12-1’E—G5 — ~0v614v€--3&——Gr3e4oE-99—— ’ 
‘ 

F£"IL¥ 1,: ‘Ar 1" +3 #4 1‘ 1‘ 
. 1’ 1‘ LIKELIHCCE 0.167?-16 (6-;11EE—-12 o.3I47E-18» 0.33.75-12 0..101E-08, B-.9|;u‘E-11 0.32%.-19 sl.801E»-1:5 n.6‘6.€‘E-16 ————— —-J=£{—rl.JKE{-IH000 ---;;.-1-7»5E-1'1- ~-€4.40-39E-U8 -0-.1;33«E-13 0.129E-0?- ~ 0.3875»-91¢ ~-:9:-34975-06’ v 5-.+a«£-1-4» 

...;.uqLy. 1.9.. . ‘ . 2'1 23 .. . 25 . H25 . 27“. .....__....._.2g-*_ 3:; =9 LIKFLIHOCC G.Io53E-12 3.2926-U9 0.25115-as 0.loE‘eE-18 u.22EE-20 5| .12.8E-2;1 0-.763E-23 0.33225-25 0.1195-22 
_ _' - '- ' ;____g_'1]_5E..*;___J1__nL1: 1:. n 1'01’ 51 A cool: 1: 3 7:1’: n IVER‘ 15 
canon v= 21_.._._.-,,, . __ _. 32 .. _. ...;3 , 31. ,. . ,, .. .. ._.._ __

V 

LIKELIHCCE 0.9555-22 0.339e-13 0.1v16E-18 0.7h3E-21 
7... __.1,4,3J;e.-..;a..._.s.1.t.5.E,a4,A a..2a 55-45.. ..._- .. 
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""""”’ ' " ’ 1’ " '"‘“""’" W’ 

EUI; ['l7:E P155 EFBPIICIERIS|TCS"IJ'1]1'JE9U9U1‘1JO‘11999€l'.'011'Z1U1'111W 

FULL CH ARACTERIST IC SE1" 

FAVILV 1 2 3 lo 5 6 7 E 9»

~ 
' " LIKELIHOCE C.617E-aé o._158E4"38’""D;23’2'-510 '”"0.931E31'1' 0.3615’-I19‘U‘;'16lo'E3UTE""'IT;‘lF6lJ'E72‘? . - . - . - 

REL.LI|<EvLIHo0D 0.4773-U2 u.122.E--Jlo IJ.1eaE-06 0.7206-07 0.2\.79E-05 0.12,7E-02 0.3556-21 0.1675-D6 D.2v23E-1.9 

FAPI-LY 1: 11 12 13 1.1: 15 16 1'7 18 “‘TETKT>TI.THUCU" " """""‘:I.7S3Fé5‘9’ L .621E-2 6 E.6'12VE'-"D9 ‘” 0. 1295'-'03"? ”"t!”.‘17'EE31'3'“‘"UTlTl7fF1T7"’ 
__ __P”EI_..VLI|(E:LIH(JV0_|_2)_ 0.5825-‘J5 u‘.‘..1o:31E-J2 c._I_o73E-_a5 1.-J 

» 

u.1‘33E-59 0.3lo1E-(J3 U.25DE-15_i__o.1‘62E—U3 0.7672-14 
FAPILV 19 21 ' 

2.3 25 ' 26 27 28 29 30 
L1KtL1HuU-U U.Jab;-1“J““'1TTZ7EE'=‘J‘~3“"TlT5'ETE7UF”“‘TJ'.2aloE-18 Uo1'JLl:-I6 U-.146:-:1 ll-1056!:-Y‘: u.I4*:t-19 UnJ‘ibt'¢§

~ FEL.LIKELIH00fl D.27hS-O6‘ 3.2135-U5 Us 79E—0lo 0.20loE-1% D..77'4E-1:5 0‘.99OE-18 0.3535-21 G-5635-15 0.3056-.2-1 

FM'ILY 31 32 31' 34¢ 
‘LIk‘?l.'IHOOD fl;.:365E-2'3 0.5885-13 fl>.lo96E-2'1 U.33'7E-'25 
REL.LIKELI|-‘ODD 0.2825-19 Q-HSQE-U9 0-383E-17 3.2615-21 

1111 ' ’ ' """'""""' ”' 

FULL CHARIICTERISTIC SET 

rnrnv 1 2 
_ 

3 to 5: 6 7 8 9 "" LT!!!-'LIHOCt' G.618E-12 D.15F.E~1lo U.233E-16 €l.§3'3E-17 F’. 362E315’ 'lJ".16GF1'Z‘“U.K61E-31 U.¢' I7?’-I6 UoZ‘3UE'Z9 
V REL.LI|<ELIH000 3.4olo5E-1'9 0.11loE-1.1 0.1.‘68E-13 i3».672E-11¢ 0.2616-12 0.-1'-19E-6.9 D.332E-28 0.1566-13 0.2-09E-Z6 

FAVILV 13. 11 12 13 110 15 16 17 18 L1K+Lu-vuu. v.-752:-1: 3.625:-1: 1I'.$‘r?iF‘-‘1€"""U.6E1‘E=TJ"?“‘1JTTT*:E=T1' . -- . 1 - . - . . - 
l=.FL.LIKELIl-‘O00 0.5lo3E-12 u~.Ioto'§E-09 U.lolo2E-12 0.Io69E-56 0.B2&E-09 0.2895-{J9 9.23loE‘-22 1.0 0.7135-09 

FAPILV 13 21 23‘ 2'3 26 27 28 29 30 “""L'T1fF1.IY-VCIIC‘ ‘U';‘361E’-if B:.h1T.-‘E-1-D c.1275-as a.1123e-1:. 0.2615-21¢""!T'£'1?8E*Z7"""‘1IT$1?¢E7Z9':UTI‘E'74E* . - 
RE'L.LIKELI|-‘O00 d.lodlo'E-37 .E..297E-J7 u.917£-J6 \‘a.88loE-12 0.11055-21 0.92IoE-Z5 u.2h8E-26 fi.118E-18 0.8505-Z7 

FM’-ILY 31 32 
‘ 

33 3:. -._.-. .,L"n_IHccE U.252F_27 u'1nE_u °‘hg"._27 .3_338E_..31_ . . _ . .......____ .__,-_,-,, 
FE‘I..LIK‘E=LI}-‘O00 3.1891:-240 iJ...8D0'E-12 0.3589-2'41 0.2‘¢'3E-28 

HUI: -.142: v-Ur: L,r1=v<nLn;K1.\I1L- *J‘rJuJc‘5v*5uII-'t"t'111‘?‘?99t‘1I‘1‘I€U‘1‘r1’1f1""”" 
PCSITIVE CXIUASE - CONFIRM 

FUEL LHMIIILI til-ISTIC SETNA 

run LY 1 5 : “"' ' 
'6 
"“‘ 3 o r r: ‘B’ 

LIKELJHCCC 0.7£16E-J9 C-.168E-(17 E.‘4l4loE-05 u.u1eE-as 0.10196-35 U.158E-(:8 0.277E-27 0.2E6'E-21 0.28’8E-16 
“"_"‘PE’L.LIi<Et1’Ht7t7D' 'fJ'..177E-G3 ' 0.3.786-‘J2 1'.‘U ‘ n.9a2E+uu O.9ta3Eiv‘1J1I' '“‘0'. _- .. . — - .. . ‘T """"""" '""FA’PILY‘ 1': ' 11 " ‘:2 ‘ 13 1!. 1'5'“"‘—'—"—r6’ 1r ’ 1n LIKELIHCCE ?.‘~..v53‘3‘E-17 u.632E-13 C.8eloE-22 D.208E-10 0.Ioh1E-19 O.151E-J9 0.32335.-16 0.3835-18 0.1166-26 

REf.l;1KI:Ln-«uu«1 v.~1.:.J:-11 u.1.sv.at-=.«r u.1-:ur.—1a Umuc:-ua U.‘:v-or-_1-o -.:..:-o,1:-an uurut--11 umcc:-1a u.zu:.c-ca 
" "“"F1I'1'I“tY‘" ”"19"' " 21" ‘ ‘ " ' 23 " 25 " ‘ 26”“ ““ ""‘ "“‘2_T"""""" “‘ 23 Z? on LIKFLIHOCC 'Uu‘13l¢E°2C U:295E'1’¢ ["olI‘IZE-?.‘B 0-3615-23 0.6855-21 0.1685-17 0..21—9E'£‘o 01112'E'2l0 0o195E-2'0 

"tT.'l63TE¢-15‘ " 0 .661oE-=19 0 0 9955-03 0 . 8195-18 " '0.‘1§3€‘15 0‘: 379€"'T2 ""!3'i‘O9*6'E"1.'9" " 
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K, ______., __,... . . , , , . _ . ,,,_.__._?. w
. -—-— -1=ncvn_v 31~- 32 ~ 33 3:. r - ~ ~ ~ - —~-- »- 1----——~~ ' —— ~ -—~—~———~ 

LIRELIHCCC G‘-138‘:-2'» C.79'_IE-J7 '.nlI*’:loE-12 0o3E"‘IE-13 
r:L.L1n.L1ruuu Joa.1;‘I. E-10¢! £1 £cI11Y'YC V&8I3f‘?8" 

BUG .0-9 HAS C-HARACTEFEISTICS :111fl:C9G‘9£ai:1fi1119999-i:CrC1‘31G1:111 

FULL LWPKFLIYK-lv3|1L DEV 

___........._..FM,I.tY.__... ,. 1.’. . . 2 3 . 

4. 6 _ .._......6_ .-__.____ T T _ 
_: 

LIKELIHUCU U.3§BE-10 JoI59E'J9 U.1fl7E'12 Uo#28E-13 Gu1eEE’11 0-7555-093 G-153E‘22 Go2h1E-17 G.66€E'30 
'FEL".~‘L"IYEL’1'HUUD""U.31o1€--’.‘to " I2.1‘5FE-‘:3 0.195%"-Cf: D-lo2OE-I17 O.1E3E*L‘5 'U.T1o"JE'-‘.'?3v‘ t7'i1'5fif=‘16"" 

rurL|.Y LU 11 1? ““"‘ 13”"“""""" IV 1.: Lu Ir :U_ 
LIKFLIHOCD 0a125E-J8 {).lo9'.‘E'-11.‘ i}o2’39E-11 U-51]E'i;I7 0.7025-13 0.3.92E-08 Do687E‘18 0.166E-09' 0.=Z‘§3E-1:7 "”“7 9EL.'.»t. IKEt IFO09 ‘B51235-'32 "'6-‘oB1E-€35‘ fi.23l3E-05' ’ 0.5fi7E-U1 0.688E'-8‘7""‘ 

*“ ' FDPILY 19 21 2-3 25 26‘ ’ ' " ""'_27" ‘EU 4 . ‘ oi: 
LIKE*L-IHOCC ‘3.1C'2F-J5 O .,1lo8‘E-1-D -C.5‘EloE-D6 0-3‘c7E-21 0.11165-16 0.1955-20 0.36.95-20 u>.772-E-14¢ 0o19°.E-20 

. -0 —"‘*—‘ér'.-t4r€rE-‘Hr 
. - . 

..._._____;Mq.§_,y... ".31 . 32 33 . 3'1, .. . 

' 

. . __ ._ _ -... ....-._._ __ 
LIKFLVIAHCCE 0.3665-21 C-.771E-16 UJIQSE-18 'J.688E-27 

__*4;.Et.._l.I,K€L}H0e4J . .g,.358E-15 5.755-E-1g g.¢,=e6E-12 a.67(,E-2-1 .. . . ..~ ... _........._. _.__—_1_,,. _"—A.__r. __ 

RUG U1v'_v PAS‘ CHARACTERISTICS 1-1lO0C‘90‘Q1;’J'l‘;'-E‘119‘E9‘E£..G1191‘E“§'5‘E‘E j-~—~— NC ’HTA FOR HACCONKEY CONFIRM - ~ ----~»----->—--- - >~— —~~ 
NO DATA FOR GLUCOSE O/F -CCNFIRP 

.._, '<1>1VV 
A 

_ 

. .. Ne gym pm; .c‘g1M__p5E - cemqpy . .. .. :_. ._.-_r __.____j_.j 
NO DATA FOR NITQATE - CONFIRF 
_A-9 11,551; ggn o.)q.:;4,g5____.....--.gq¢,x:;.pp1,_ ..... ...,.,_1.._. . _ 

FULL CHA‘RAC~Y.E‘?IS*TIC VSET 

FDPILV 1 2 ‘ 
. 1 u 5 5 7 a 9 

, A 
_ 

" 
—-3-.—=-9-e+—-.9’ V 

’ '-¢—-«aw H|4F—1-9-—-——48.31-GE-1-£--—»6—v-i‘ ‘ " " *
1 

. s:e.L.L;1KELxvoon c.1¢.5E-.2 0.1525-45 u.121e-as f.‘.61loE-J6 0.3;-1.:-as 0.19%-15 £l.923E-16 0.254.:-16 

rnruv 19 11 12 12 1'1: 15 16 17 1a 
——L+c+e1—1»Heo+:~ ’““"‘0'r‘O';7‘E"1'§" e.—1-155-12 o.13«ee»—-1a~ 

seL.Ln<r..Ln»oou (1.175:-11 muses-as o‘.1:3e-13 a.129e—o7 0.3876-Eh o.3«.7£-as 0.121oE-111 u.3u«7E—1a u..2e5£-1K1 

FAPILY 19 21 23 25 2e 27 23 29: au ————e-;4<se+++oc£~~ - 9.2925-14»-A-+.2e2£-as ~ - 0.4.525-13-~ -012266-29’ -—er12a£-21--—+=n¢s4£-ea——o.9%a£—-25- . 
FEL.LI?<E-LIPOOD e.155r-J7 a.112E-as u.1uuE—a13 0.1755-13 a.eu.e-15 0.1.915-17 9.2925-1-5 d.3E3E-20 0.1.55:-13 

rnnxuv 31 32 33 31. 
: - " ;“ 

REL.LI'KELIb-'00’) 23.1-55-:-17 0.13015-u5 amuse-11 o.2a5e—13

~ 
Page 12, sample program.



APPENDIX 1 b 
Portion of Sample Program With 

Discrepancy Values Printed



w-~"~ 

BUY. UUTTTTS LHARALTERISIICS UU-‘JIUC9U91UUU11199991II1"31‘.T1111

~ 

OISCRIEPANCY AT CHARACTER 1 FOR FAMILY 30 BUG VALUE IS 0.0 PROBABILITY VALUE IS 0.999 UISCREPANLY lITIZFTA'R‘lTCTET<"‘—1‘ FOR FAMILY TE BUG VALUE 1: 0.0 PRUUAUILIIY VALUE 1:. u.999 DISCREPANCY AT CHARACTER 1 FOR FAMILY 3!. BUG VALUE IS 0.0 PROBABILITY VALUE IS 0.999 "”"""’"' DISCREPANCY AT CHAR.ACTE'R" ' "2"FOR"F‘A‘MILY" 
DISCREPANCY AT CHARACTER 2 FOR FAMILY 2 BUG VALUE IS 0.0 PROBABILITY VALUE IS 0.999 UISUKEPAMIT AT LHARAC-H:=k Z T-‘UR FAMILY .5 BUG VALUE IS_ u.u PKUUAUILLIY VIILUI: 1: 0.999 DISCREPANCY AT CHARACTER 2 FOR FA‘MILY lo BUG VALUE IS 0.0 PROBABILITY VALUE IS 0.999 u1SI.KEPnNCT'“AT17HARAC‘TER“ "1? FOR"1-‘EMILY ‘ ‘ 

. . DISCREPANCY AT CHARACTER 2 FOR FAMILY 6 BUG VALUE IS 0.0" PROBABILITY VALUE IS 0.999 :*"'”""”“""""'“'UISCREPANCY'AT'CHATQACTER‘ FOR‘ FAMILY “""T HUI. VALUE 1: u.u PRUBABLLIIY VALUE LS u.999 
OISCREP.AI\CY AT CHARACTER 2 FOR FAMILY 8 BUG VALUE IS 0.0 PROBABILITY V'ALUE IS 0.999 
U1Sl.REP.AN(.Y AI LHDRALTER 5 FUR FAMILY 9 Hub VALUE IS 0.11 PROBABILITY VALUE LS u..9-J9 OISCREPANCY AT ‘CHARACTER 2 FOR FAMILY 10 BUG VALUE IS 0.3 PROBABILITY VALUE IS 0.9.99 ‘:”"""“""""“ ""0ISCREPAl\‘CN AT CT-|’ARA'CTER' ' 2 FOR ‘FAMILY ' ’11' ‘ VAEITFTS . .. . OISCREPANC-Y AT CHARACTER 2 FOR FAMILY 12 BUG VALUE «IS 0.0 PROBABILITY VALUE ‘IS 0.999 _"“"‘"" " 

‘ " ' DISCREPANCY A.-TCHARACTER 
_ 2 FOR FAMILY’ 16" 

DISCREPANCY AT CHARACTER 2 FOR FAMILY 2-7 BUG. VALUE IS 0.0 PROBABILITY VALUE IS 0.999 
ULSCI-(F_PAr\UY I11 CHAKALTER “'7"1~'O‘R'F1l’F‘ILY as EUI: VALUE 1. 11.0 l'|IUl!flU.I.L1!Y VIILUI: 1- 11.92‘? DISCRFPANCY AT CHARACTER 2 FOR FAMILY 34¢ BUG VALUE I~S .0.0 PROBABILITY VALUE IS 0.999 “"‘ “ " ”'“ "'OISCRFPlRTIY AT CHARACTER ‘ 

lo’ FOR ‘FAMILY ' "
. OISCREPANCY AT CHARACTER lo FOR FAMILY A BUG VALUE IS 1.0 PROBABILITY VALUE IS 0-.001 ‘j"" """""""'_"”DISCREPANCY ATCHARACTER‘ '1. FOR FAMILY 5 ' 

OISCREPANCY AT CHARACTER lo FOR FAMILY 6 BUG VALUE IS 1.0 PROBABILITY VALUE IS 0.001 
IIIDLKEPANLY AI x.nnI~(xu.n-.R “T-5“T>'TIR“1-‘A'flILY"""“7“ . .. . DISCREPANCY AT CHARACTER Io FOR FAMILY 9 BUG VALUE IS 1.0 PROBABILITY VALUE IS 0.001 “' OISCRFPANCY AT CHARACTER 1. FOR FAMILY 16 
OISCREPANCY AT CHARACTER to FOR FAMILY 30 BUG VALUE IS 1.0 PROBABILITY VALUE I 0.001 - ‘*‘"" ‘ "‘“"""'1TISCREPANCY’AT'C1-TARACTER "10 FOR FAMILY 33 "B,0G’VAl.‘UE‘ 
DISCRFPANCY AT CHARACTER‘ 1. FOR FAMILY 30 BUG VALUE IS 1.0 PROBABILITY VALUE IS 0.001 
Ulblak‘-EVFINLY AI Ur-JIRALTER-"""1"‘POR"_F:flfl1LY I uuu V:-LU: La u.u rnu:mu1L1n VIALUE 1: urrrr TJISCREPANCY AT CHARACTER 6 FOR FAMILY 31 BUG VALUE [S 0.0 PROBABILITY VALUE IS 0.999 '“‘”“" ““ “""’OISCR1';'P1mCY ‘AT 'CMARA'C«TTER" ' '8"!-‘OR "FAMILY B" " " 

OISCREPANCY AT CHARACTER 0 FOR FAMILY 9' BUG VALUE IS 01.0 FROPJTBILITY VALUE IS 0.999 UISLREPANLY ATCHARACTER 8 FOR 'F1TMILY'—‘ IT" UUI. VALUE 1:. u-.u m«uunu1Luv VALUE Is U-‘#3): DISCREPANCY AT CHARAC‘-TER 8 FOR FAMILY 32 BUG VALUE IS 0.0 PROBABILITY VALUE IS 0.999 
U.|.blaK‘;l’Hl‘bV Ill L;T‘»ll'(l‘lI.lCR IV l'UK FHHILY 3 EU!’ VFLUT. 13 Lou FKUDFELLLII VJILUE 1... UUUUJ. DISCREPANCY AT CHARACTER 10 FCR FAMILY lo BUG VALUE IS 1.0 PROBABILITY VALUE IS 0.001 ‘ ‘"“""“""' ' "OfScRFPANCY"AT CHARACTER 10 FOR FAMILY 5 BUG ‘VA1.'UE“I- T. - . DISCRFPANCY AT CHARACTER 10 FOR FAMILY 6 ‘BUG VALUE IS 1.0 PROBABILITY VALUE IS 0.001 ”’ ’“‘“'"'"”""’ ‘UISCREPANCY AT CHARACTER‘ "“I0"FOR FAMILY ' 13 " BUG"VA‘t-UE'IS""t‘. . DISCREPANCY AT CHARACTER 10 FOR FAMILY 16 BUG VALUE IS 1.0 PROBABILITY VALUE IS 0.001 
ll.lbl.R:.VHl\l.Y nv umn<nwEv- 1:: run rm-uu ca I:U\: VIIIJJT: 1: 1.4 rnuut-IULLLIY VALUE 1.. u.uu1 DISCRFPANCY AT CHARACTER 10 FOR FAMILY 26 BUG.VALl.'E IS 1.0 PROBABILITY VALUE IS 0.001 ""—0ISCREPANcY" AT"CMA‘RACTER' 10 FORFAMILY ' “27 "" 
DISCRFPANC-.Y‘ AT CHARACTER 10 FOR FAMILY 26 BUG VALUE IS" 1;.0 PROBABILITY VALUE IS 0.001 **'—:—“*OI-SCREPANCY" AT"CMARACTER* - 10- FOR FAMILY “ 29”" "BUGv"VAt_UE'*fS 
OISCREPANCY AT CHARACTER 10 FOR FAMILY 31 BUG VALUE IS 1.0 PROBABILITY VALUE IS 0.001

LS



Z8 
—---—————~————A—~ - DISCRFPANCY AT cunrucrafi 12 For? FAVILY 7 BUG VALUE 15 0.0 Awfioenannv ‘VALUE’ IS - 0.-999——»--1- 

nrscnsnzwcv AT cnnrucresz 12 F012 FAMILY 0- sun VALUE IS 0.0 mzoeneunv VALUE IS 0.999 
..,..._......,. ..r.—....-...:...7c.~ 
DISCREPANCY AT cnoancrsn 12 For rnnuv 19 auc VALUE [5 0.1 PROBABILITY VALUE IS 0.999 :~~—~~—-———~—~—— ~0IscR.=.PAo=c..v AT CHARACTER 13 Fore FAMILY 20 -em: vM.-uE- 15" 0.0- PRO,EAEILI1Y“VA'L1iC*—I5~ 
nxscreannncv A1’ CHARACTER 14. F012 FAMILY 1, 000 VALUE IS 1.0 PROBABILITY VALUE 15 0.001 ——- ~ 7- ~- -- orscarpancv AT cvmuctss 1-4. FOR FAFILY 3 -Bl1G'VAt.UE"IS'-' 1‘;fi—PROBfifiIt‘HfY“Vfitt1E‘TS— 0:001 
DTISCREPANCY AT cunnacnzsa 10 F012 FAMILY 4. auo VALUE IS 1.: PROBABILITY VALUE IS 0.001 

4 orscrzemmcv AT comzncrev: 11. FOR rnnuv 5 ans VALUE 1: 1.0 PROBABILITY VALUE xs 0.001 
4 

— —~—~~— ~———erseR2v>4wcv A-1 cmmacnze 14» FOR FMILV 71 - EUG*1fitUE‘—I'S‘—1. 12700-1—-— 
DISCREPANCY AT CHARACT-ER 14. FOR FAMILY a 005 VALUE rs 1.0 PROBABILITY VALUE IS 0.001 -—- 'fi‘I'ScR€'PnNf:Y*'AT'"CNAQAcTEfi 14. ‘FOR rannv >9 » » eumvttwe--rs 1:01n--———— 
nxscarpnncv AT cnmmcven 14. r-‘on FAMILY 32 eue VALUE. [S 1.0 PROBABILITY VALUE’ '15 0.001 

. *. 
. urscszewzmcv AT cmuzacrsoz 14. FOR FA;-.1Lv 34. we VALUE IS 1.0 PROBABILITY VALUE IS 0.001 

—-— v--——~—~— THSGREPANGY-'AT emuuc~#err- 19-FoR— FAHILV »» 2"”"““BUG*VA't:UE—I*-S'“"1T3'—PR'6BA*8{I: 
DISCREPANCY .11 cnnmcras 15 ron FAMILY 9 euc VALUE rs 1.0 PROBABILITY VALUE IS 0.001 

I DISCREPANCY AT cnaszacren 15-FcR’FAH‘ILY - 16- - . 

nxscnzpnncv AT CHARACTER 15 FOR FAMILY 27 000 VALUE IS 1.0 PROBABILITY VALUE IS 0.001 
‘ nrscnspzmcv AT cnnrucren 10 FOR rnnuv 7 000 wuue IIS 1.0 PROBABILITY VALUE 15 0.001 

————. -—.» » »—~— axseupawsv -AI. cHMAc»1E4=- 16 FOR FAHILV -6 A BUG 
DISCREPANCY AT cwaencreoz 15 FOR FAMILY 9 we VALUE 1-: 1.0 Pnoenennv VALUE IS 0.001 —— - - — e+scn=_+=4wc-v AT cuauctea -16 FOR FAMILY‘ 20 we uL-ue-—1A:-----1-r0—+=r—eeAe+1.—Hv—vo.H+£—1»s—-- 
nzscespnucv AT CHARACTER 10 run FAMILY 30 000 VALUE IE 1.0 PROBABILITY VALUE IS 0.001 
0:332:20.-. - .‘.‘.’ ::'-.:c::.: ~—1er—o=e+e—r—M+nv -—-Asa» 
oxscnzpnncv AT cmmncres 21 ran rnnnv 2 000 04410»: Is 1.0 PROBABILITY VALUE IS 0.001 

—— ~ — — -B{SC4%?PAN€-Y-A1’-—CHaQACTE‘R 21-FOR FAMILY 3 « eue -VAL-'U£~{-S 1.--r6--PReBAe{t,-I-H—V-H:t+E*{5~'~-9-d}61r 
oxsnnepaucv AT cunvzncre-re 21 FOR rnnuv 4. euc VALUE 15 1.3 PROBABILITY VALUE IS 0.001 —-— ~ ~ — - orsenepawcv» A-I-CHARACTER‘ -A 21 F012 -FAMILY - —- 5 am; VALUE—‘£5---1nB—Pfi-GBAEIL-IJ—Y—VM:U£—I-S----~ 
orscrezpaucv A1 cnnrucres 21 FOR rnnnv 5 1900 VALUE IS 1.0 PROBABILITY VALUE 15 0.001 
9:sc.'3*:;*:'..-:':¥ 9.4. 5229:5152 ~-E-1--F-GR-F-A—H-ELY W--2. 
nrscszemmcv AT cmmncvsr. 21 FOR FAMILY 0 Bus VALUE IS 1.: PROBABILITY VALUE IS 0.001 

—~«—e1.se4espa~c-v~ar—Acnanacreos- 21 can FAMILY .9-~~~eus-vAL-ue-rs -A-r.+—PReea0rL—rH—HLu+:—rs—v 
nrscreepnucv A1 cumacrsn 21 FOR FAMILY 10 300 VALUE [S 1.0 PROBABILITY VALUE IS 0.001 

_.-.-_— »nIsc9—:MM3v AT cwnacren 21 ran FAMILY 11 auc VALUE rs 1.0 ps:oeA1=.rLH-vv»--vawe—4s- 
orscasmucv AT cumncrea 21 FOR n=m4xLv 12 000 VALUE 15 1.0 PROBABILITY VALUE 15 0.001 
2! SG‘.%FP&N6-Y—A-‘F-GHA4Ri4~}T-E-R:-E1---FOR-FAHIL Y 
DISCREPANCY AT CHARACTER 21 FOR FAMILY 19 BUG VALUE IS 1.0 PROBABILITY VALUE IS ' 0.001 

~ DISGREPANCY A-T CHARACTER- -21 --F9R'FAMILY ~ 23* BUG ~V~AL~UE~I-S#i-4}—PR9B-AB!-L—I-T-Y-<VAi:91E— 
DISCREPANCY AT CHARACTER 21 FOR FAMILY 2B BUG‘ VALUE IS 1.3 PROBABILITY VALUE IS D-UB1 

—«-—- -4--——-4'}!-SCREPANCY AT~~CHARACTE*R — 21 FOR--FAMILY E9-- - "BUe“V'RA:UE"{'S"‘1'r}'P‘F98R8'I'E‘I‘T' 
. 

—- 
DISCRFPANCY AT CHARACTER 21 FOR FAMILY 30 BUG VALUE IS 1.0 PROBABILITY VALUE IS 0.001 
SISCEEBAFCY AT C"5’“"AC"E.‘E ——38-——--——-BUG-— ' 

' — 
OISCREPAKCY AT CHARACTER 21 FOR FAMILY 33 BUG VALUE IS 1.5 PROBABILITY VALUE IS 0-DB1 

~» ——-~—9{-SGRE-FANCY»~AT--CHARACTER ~ - E1-~FORr FAMILY —- 31¢-~ -- ~ BUG ~VA{4JE~I—S~->1-8- .. —~ 
DISCREPANCY AT CHARACTER 22 FOR FAMILY Z BUG VALUE IS 1,-U PROBABILITY VALUE IS 00001 
‘J{S’3P"PANG-Y—AT----CHARAC'TER 122 FOR FAMILY V V ~~BU-G~VAL4:‘E—I—Sv1~uB«BR98A8IL~ 
OISCREPANCY AT CHARACTER 22 FOR FAMILY '0 BUG VALUE IS 1.0 PROBABILITY VALUE IS 0.001 
"I°"°E°"“"" “T 5"““"“-"T‘“'- 3° E"° “W”-Y 
OISCREPANCY AT CHARACTER 22 FOR FAMILY 6 BUG VALUE I5 1.0 PROBABILITY VALUE IS 0-001 

- — »~«—— -— — 4— OIVSGREPANCY 41’ CHARACTER —--€21 FOR FAMILY 7 - BUG VALUE —,IS - -1--0—»FR08A-BIL-I—T—Y—VALUE—I—S——Ow-G01———————> 
OI~SCRE‘PAl\'CY AT C,HARACT*EF 22 FOR FAMILY B BUG VALUE IS 1.0 FROBABILITY VALUE IS 0-001 j———————— —— ~ ~A — - DISCRE-DANDY ~-AT CHARACTER ~22« FOR FAMILY 9» BUG—-VALUE-4»S~ 4'0-P-R08«N8IL—I—T—Y~VALUE~—-lS— 
OISCREPANCY AT CHARACTER 22 FOR FAMILY 12 BUG VALUE IS 1-9 PROBABILITY VALUE IS 0-001 
HICCDEDAVAIQ CHADAQFEE EDD flAflIl¥ SILK: HA1 
DISCREPANCY AT CHARACTER‘ 22 FOR FAMILY 28 BUG VALUE IS 1.0 PROBABILITY VALUE IS 0.001 
""S“9F°A3~'GY—-AI« CHAR-ACTE-R ~--22 FOR —FAMILY ~- - Z9» -BUCr—V~ALU€-—I5——1.-c-0- -|_—I—T—Y——UA-L09!-S- 
OISCREPANCY AT CHARACTER 22 FOR FAMILY -30 BUG VALUE IS 1.!) PROBABILITY VALUE IS 0.001 
rmtcnnqonmry A1’ r*uA12nr~'rcr: ,. _ gg.__EgR..$A34;1_|_y 19 Au!‘ uni II: ‘It 1 ‘L n::n1u1nt|1”rv un-I IIF t< n nn-I 

DISCREPANCY AT CHARACTER’ 22 FOR FAMILY 33 BUG VALUE IS 1.0 PROBABILITY VALUE IS 0.001 

~. A "0. 
T‘

‘



88

\ 

. tv.-__~.—...— 

'"0ISCREPANCY AT CHARACTER 22 FOR FAMILY 314 BUG VALUE IS 1.3 PROBABILITY VALUE IS ' 0.001’ "__" 
OISCREPANCY AT CHARACTER 23 FOR FAMILY 19, BUG VALAUE IS 1.’) PROBABILITY VALUE IS 0.001 
DISCREPINCY AT CHARACTEF"""¢»3’"FU'R“FAMTEY ‘“‘EUC'VAfUE"I‘5""I‘FJ‘FRO‘3TPIETTYTAtUE'T‘.."UTU'01’—"‘" 
DISCREPANCY AT CHARACTER 23 FOR FAMILY ' 29 BUG VALUE IS 1.0 PROBABILITY VALUE IS 0.001 ""‘—"" "' " DISCREPANCY AT CHARACTER 23 FOR FAMILY '- 35 BUG VALUE IS 1.’) PROBABILITY"VAl.‘UE'IS ""0 .'TI0‘1"‘”"""‘ 
DISCREPANCY AT CHARACTER 23 FOR FAMILY 33 BUG VALUE IS‘ 1,.) FROBABILITY VALUE IS 0.001 fi—_‘"' ' " DISCREDANCY AT CHARACTER ' 23 FOR FAMILY 31o BUG VALUE IS 1.3 ‘FROBA’BI].'ITY‘VA-LITE”IS’""'0T0'0I‘—" 
DISCREPANCY AT CHARACTER 21¢ FOR FAMILY 8 BUG VALUE IE 1.3 PROBABILITY V‘ALUE IS 0.001 
U'1hl..KtPAhbY AT CHARACTER 41. FOR FAMILY 25 l:UG VALUE IE .1.‘-J v-RUBABLLITY VALUE IS 0.001 
DISCRFPANCY AT CHARACTER 214 FOR FAMILY 28 BUG VALUE IS 1".0 PROBABILITY VALUE IS 0.001 
UIS'CREFAfiCY' AT ‘CHARACTER 2h'“FOR FAMILY 2.9 

' "BUG VALUE'"I'S "'1.'.) FROBABI'LIT'Y—VA’LUE'I‘S "'"U'."01T1 ‘‘‘‘‘ " ' 

DISCREPANCY A'T CHARACTER 21¢ FOR F-AMILY 30 BUG VALUE IS 1.0 PROBABILITY VALUE IS 0.001 
OISCRCPANCY AT CHARACTER '21» FOR FAVIL-Y 11"" ’B'UFV'A1LUE"I"’I""I’I0"FROBA’EIL'ITY"VALUE IS'""”1f?‘!|1)1""""”' 
OISCREPANCY AT CHARACTER 21. FOR FAMILY 31¢ BUG‘ VALUE IS 1...'J PROBABILITY VALUE IS 0.001 

'FUR"'FAM'ILY ""'T“"“"BUt." V‘A'I.‘UE"T‘5"‘I_T|T ‘ 

.. . 
DISCRERANCY AT CHARACTER 26 FOR FAMILY 9 BUG VALUE IS 1.3 PROBABILITY VALUE IS 0.001 '-.,‘_ 
DISCREVAKCY AT"CHAR"LTCTET<""Y6 'FOR"FAMILY " ’ "’BITG"VAL‘L'E_IS‘—‘111T—FRUBABIEITY‘VALUE IS U.ED1 u 
DISCREPANCY AT CHARACJTER 26 FOR FAMILY 27 BUG VALUE IS 1.3 PROBABILITY VALUE IS 0.001 ,, '“"”"'"''DISCREPANCY AT CHARACTER 26 FOR FAMILY 30 ' ""BUG'VAEUE"TS’“1TTFRUHAT?ILITY'VALUE"IS '”‘UI00‘1_‘_” 
OISCREPANCY AT CHARACTER 26 FOR FAMILY 33 BUG VALUE IS 1.) PROBABILITY VALUE IS 0.001 "3fi““'BU'F‘V1l'[ - . . 
DISCREPANCY AT CHARACTER 27 FOR FAMILY 32 BUG VALUE IS 0.0 PROBABILITY VALUE IS‘ 0.999 
u1.:L.I<EvnNCT‘AT“CH1lRACTER""2?FOR FAMILY ‘S3 '"""EUG"V‘KtL‘E"'IS‘”UT‘)“F'R A 

I .. .... 
OISCREPANCY AI CHARACTER 27 FOR FAMILY Sh BUG VALUE IS 0.0 PROBABILITY VALUE IS 9.999 

T-ULL u1nKnLI:R1:I.1L 51:1 

v-nruu 1 ' "" 2"’ ' ""3"‘" ' 

L. 5* " “ H‘ ""5"""——— “ r 13 *3 
LIKELIHOCD D.198E—1h 0.2585-17 0.112E-21 0.lH17E-22 0.21025-22 0.79,7E-23 0.lo61E-314 0.217E-25 0.66.7E-30 
RT:L.LIK|:LIHUUl) '“'0’.b1*i-_-"I13" 0'.‘B03E-"16 "‘0’.~3k8E'-20 0.11106-‘Z0 

rnrur 1u 11 1: 13' 1-4 1‘: TB 11 fit 
LIKELIHOCD 0.2,39E-13 0.191E-15 0.2».'£6E-18 0.672E-11¢ 0.321E-01 0.235E-GA 0.6B6E-12 41.9115-as 0.~222E-03 
K:L.L1KtLu-Iuuu u.7loIoE-T?“”T3TS9GE=IT"“‘T.l'ET:‘4I7'""0'.’210Er1’2’" '1'.'0“""‘*"‘ 0.731:-u.s J-.4:LIot-1u U-£U'0t"_llb -0.531:-uc 

rnrlu 1‘! “" £1 ‘” ‘"21" ’“" ' ’2E ‘ ' " '26“" ZT £5‘ 4*: an 
LIKELIHOCE 0_.24o.9E-11¢ U.1l¢3E-D-9 0.loE7E-11 0.337E-13 0.21loE-23 0.61loE-22 0.27.9E-35 0.9GOE-'30 0.180E-319 
m~.L.Luu:L:.nuua u-.um;-1.: uuuun:-uu u.1-as:-as u.1u:r.-11 1v.u:n:-cc u.1~u: cu u.uru1:-c‘: ‘Uocuu: cu vuovuuc-as 

I--AVILY ‘3r' 32‘"_'"' """3*3"—"" "* "31. "””" —'“—' 
LIKELI-HOCD 0.735E--21 0.17BE-23 0.117E-27 0.7lo8E-36 
T<’tL.L1K:L1HuUu Uo££_‘Jt'_1‘3 UoDbbt‘?T"'V?'3EW€‘25""'U7i"Z33E"3§"'”""-



Environment Ca 

mfiflflyfifliwliwmiifi um 926 (lll|l\flJllflfl!fl|[ 
19

~


