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A set of 72 reference strains of Escherichia coli isolated from a variety of hosts and geographical locations
has been established for use in studies of variation and genetic structure in natural populations. The strains,
which have been characterized by multilocus enzyme electrophoresis, are representative of the range of

genotypic variation in the species as a whole.

Most information on genotypic and phenotypic variation
in Escherichia coli has been derived from a small number of
laboratory strains (1), but in recent years there has been
increasing interest in extending the analysis of variation to
natural populations. In response to requests from a number
of our colleagues whose research is concerned with the
distribution of variable characters among E. coli isolates
from natural sources, we have assembled a set of 72 strains
that are representative of the genotypic diversity, as indexed
by multilocus enzyme electrophoresis, in the species as a
whole. Because the genetic distance between pairs of strains
determined by multilocus electrophoretic profiles is positive-
ly correlated (r = 0.65 to 0.75) with percent divergence in
chromosomal nucleotide sequence, as estimated by DNA
hydridization (12), the enzyme loci assayed are believed to
be a random sample of the chromosomal genome.

The selection of these 72 reference strains (Table 1) from
our collection of 2,600 E. coli isolates from natural popula-
tions was based on the following considerations. (i) Previous
use in published studies from our or other laboratories. The
set includes many strains originally collected by Roger
Milkman and studied by him and other investigators over the
past decade. Table 1 lists references to studies in which the
various strains have been used. (ii) Representation of the
three subspecific groups of E. coli characterized by different
associations of alleles at enzyme loci, as demonstrated elec-
trophoretically (12, 15). We have chosen strains whose
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positions in factor space, produced by a principal compo-
nents analysis of allelic diversity at 11 enzyme loci, encom-
pass the range of variation within each group (Fig. 1).
(Principal components analysis assesses interrelationships
among a number of characters from a correlation or covari-
ance matrix and reduces the total variation to a smaller
number of ‘‘factors,”’ which are combinations of correlated
variables.) (iii) Host species and geographical distribution.
Within each of the three subspecific groups, we selected
strains that were isolated from different continents and from
both human and animal hosts. Additionally, there are within
each group some strains that have identical electromorph
profiles over the 11 enzyme loci but which were recovered
from different hosts; and each group includes a pair of
pathogenic and nonpathogenic isolates with the same profile.
A few pairs of strains with distinct profiles that were isolated
from the same host individual are also included.

Electromorph profiles of the 72 reference strains are
shown in Table 1. Electrophoretic and staining techniques
are described elsewhere (3, 14). The 11 enzymes assayed
were malate dehydrogenase, 6-phosphogluconate dehydrog-
enase, adenylate kinase, peptidase-2, glutamic oxaloacetic
transaminase, isocitrate dehydrogenase, phosphoglucose
isomerase, aconitase, mannose phosphate isomerase, glu-
cose-6-phosphate dehydrogenase, and alcohol dehydroge-
nase.

For information on the availability of the reference strains
for research, contact the authors. A set of strains has been
deposited in the American Type Culture Collection (12301
Parklawn Dr., Rockville, MD 20852).

TABLE 1. Standard reference strains and electromorph mobility profiles

Strain® Source Enzyme®
R b
No. de':'ig::;:fn,, Host (sex) Location References Grour’| \ibu | 6pG| ADK |PE2| GoT |1DH [PG1 [ACO [MPI|G6P | ADH
1 RM74A Human (F) |Iowa 8,9, 10, 12, 13, 15, 16 I 2 6 4 5 3 2 |4 7 3 2 1
2 [STM1 Human (M) [New York 12, 15 1 2 6 4 5 3 2 |4 7 3 2 1
3 [WIR1(a) Dog Massachusetts 12, 15 | 2 6 4 |5 3 2 14 |7 312 1
4 RM39A Human (F) |Iowa 8-10 1 2 |15 | 4 |73 (2146 [3 |2 1
5 |IRM60A Human (F) |Iowa 8,9, 12,13, 15, 16 I 2 4 4 5 3 2 | 4 7 3 2 1
6 [IRM66C Human (M) |Iowa 5,6,8,9,11-13, 15,16 1 2 (13 4 5 3 2 |4 6 3 2 1
7 IRM73C Orangutan Washington (zoo) |5, 8, 9, 12, 13, 15 1 2 5 4 7 3 2 14 |7 3 1 1
8 [RM77C (b) |Human (F) |Iowa 4,79, 12,13, 15, 16 I 2 9|1 4 [S|3 |2 1(4]7 |32 1
9 |[FN98 Human (F) |Sweden 2,12,15,16 I 2 9 4 |5 3 2 |4 |7 312 1
10 (ANI Human (F) |New York 12,15 1 2 9 4 |5 3 2 |4 |7 312 1
11 |C97 Human (F) |Sweden 2,12, 15, 16 1 2 9|1 4 (5|3 |2 (4|7 |3]2 1
12 [FN59 Human (F) |Sweden 2,12, 15, 16 1 2 6| 4 |5|3 |5 |47 |3 |24
13 [FN10 Human (F) [Sweden 2,12,15,16 1 2 6 4 7 3 2 |4 7 3 1 1
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TABLE 1—Continued

Strain” Source Enzyme¢
. b
No. de‘gg;‘:;ifn,, Host (sex) Location References Group’l \ i pu| 6pG| ADK | PE2 GOT|IDH | PGI| ACO | MPI| G6P| ADH
14 |P62 Human (F) |Sweden 2,12, 15,16 1 2 6| 4 |73 |2 |47 |311 1
15 [FN3 Human (F) |Sweden 2,12, 15, 16 I 2 6| 4 |S|3|5]4(7 |812]0
16 |RM191F (c) |Leopard Washington (zoo) |8-10 I 2 2 4 |7 312 147 8 |2 1
17 |IRM200Q Pig Indonesia 4,79 I 2 |18 4 |S |3 |2 |47 |3 |2]1
18 [RM210F (d) |Celebese ape |Washington (zoo) |6, 8, 9 I 2 6| 4 (7|3 ]2 (4]7 311 1
19 |RM210J (d) |Celebese ape |Washington (zoo) |6, 8-11 I 2 119 4 (7132147 |3]1 1
20 |RM213I (e) [Steer Bali 6,8,9,11 1 2 4 4 7 3 S |4 7 3 1 1
21 [RM213K (e) |Steer Bali 6,8,9,11 I 2 4|1 4 |73 |5 |47 3|1 1
22 [IRM215C Steer Bali 4-9 1 2 6| 4 (7|3 (2 1]4]|]6 |8]2 1
23 IRM183E Elephant Washington (zoo) |8, 9, 12, 13, 15 I 2 64 |S|3 |5 1(14]7 |3 |1 0
24 [FN33 Human (F) |Sweden 2,12, 15, 16 1 2 6| 4 |S[{3 |2 14]|5|7]|2 1
25 MSI Dog New York 12, 15 I 2 S| 4 {S|3 |5 |[4]7 312 1
26 |ILL Human infant| Massachusetts 12, 13,15 II 2 6| 2 |53 |5 (5]6 712 6
27 IRM24) Giraffe Washington (zoo) |8, 9, 12, 13, 15 11 2 62 |S|3 |5 |5|]6 |7]|]2]¢6
28 [RM52B Human (F) |lowa 8,9,12,15,16 11 2 6| 4 |S|{3 5|76 |8|2]|°6
29 RM3A Kangaroo rat|Nevada 8,9,12,13,15 11 2 8 4 |5 3 S|[71]6 9 |2 6
30 RM10A Bison Alberta 6,8,9,11 11 2 8|14 (5|3 |51|7[6 |9]2]¢6
31 [RM12 (¢) Leopard Washington (zoo) 8, 9, 12, 13, 15 II 2 6 4 S 3 5 |14 6 5 2 6
32 [RM28 (f) Giraffe Washington (zoo) |8, 9, 12, 13, 15 11 2 6 4 5 3 517 6 9 2 [
33 [RMS6C Sheep California 8,9,12,13,15 11 2 64 |S|3|51(7]|]6 |9]|2]6¢6
34 (WIR2 (a) Dog Massachusetts 12, 15 11 2 6| 4 |S[3|5|7|6 [9]|2]°F6
35 RM42B Human (M) ({Iowa 8,9,12,13,15,16 11 6 2 4 S 3 5 |7 7 7 2 6
36 RM77B (b) (Human (F) |Iowa 8,9, 12,13, 15, 16 11 6 214 (5|3 |5 |7(7 117126
37 RM44B Marmoset Washington (zoo) |8, 9, 12, 13, 15 II 2 (161 4 |52 (3 |46 |7 ]2]°%6
38 RM75A Human (F) [lowa 6, 8,9, 11-13, 15, 16 11 6 4 5 5 3 5|7 7 7 2 6
39 |[FN104 Human (F) |Sweden 2,12,15, 16 11 6 4 5 5 3 S |17 17 712 6
40 (P60 Human (F) |Sweden 2,12, 15, 16 11 6 4 S |5 3 S 1717 712 6
41 |T44 Human (M) |Tonga 16 11 6 4 S S 3 5|7 7 7 2 6
42 [DAR1 Human (M) [Massachusetts 12, 15 11 2 [ 4 |5 3 5 (46 712 6
43 |FN36 Human (F) [Sweden 2,12,15, 16 11 2 6 4 5 3 5 14 6 5 2 6
44 RM1891 Cougar Washington (zoo) |8, 9 11 6 41 4 |S|[3 |5 |42 [7|2]|°F6
45 [RM201C Pig Indonesia 8-10 11 2 6|4 |S|3|5]|7|6 |8 (2]F6
46 RM202F Celebese ape {Washington (zoo) [4, 7-9 11 6 |24 123 |5 |86 [7[|[2]6
47 RM211C Sheep New Guinea 6,8,9,11 II 7 44 |S|3 |54 |2 |7]2]0
48 1C90 Human (F) |Sweden 2,12,15, 16 11 2 6| 4 |54 |5 |66 712 1
49 |[FN90 Human (F) ([Sweden 2,12, 15, 16 11 S (144 S| 3 |51]19(5 171216
50 P97 Human (F) [Sweden 2,12, 15, 16 11 S |14 4 |S|3[5(19(|5 |7 ]12]6
51 DD Human infant|Massachusetts |12, 13, 15, 16 m | 2 (6|5 |23 |5 |76 |3]|2]6
52 RM73A Orangutan  |Washington (zoo) |8, 9, 12, 13, 15 111 2 6|5 |23 |5 |76 [|3]2]°¢6
53 RM33B Human (F) [lowa 8,9,12,13,15,16 111 2 6 4 4 3 S |7 6 3 2 6
54 RM64A Human Iowa 8,9,12,13,15, 16 I 2 6 S 2 3 517 6 3 2 6
55 |[FN4 Human (F) |Sweden 2,12, 15, 16 111 2 6 S [2]3 |5 |[7]6®6 312 6
56 {P106 Human (F) |Sweden 2,12,15, 16 111 2 6 5 2 3 5|7 6 3 2 6
57 RM71B Gorilla Washington (zoo) |8, 9, 12, 13, 15 Im (2 (15| s (243 |5 |7]|]6 [3|2]6
58 [RM185S Lion Washington (zoo) |8, 9, 12, 13, 15 Im | 2 6|4 |24 |5 |77 |812]2
59 [SIL8 Human (M) |Massachusetts 12, 15 1 2 6 4 4 3 5 |17 6 3 2 6
60 |C89 Human (F) (Sweden 2,12, 15, 16 I | 2 6|4 |43 |S5]|7|6 |3[|2]°F¢6
61 [FN23 Human (F) [Sweden 2,12, 15, 16 Inm | 2 (14 (5 |43 |5 |76 (3 [2]0
62 [P69 Human (F) |Sweden 2,12, 15,16 Inm | 2 (145 |43 |5 |76 [3[2]|0
63 |[FN21 Human (F) |[Sweden 2,12, 15,16 I | 2 3|15 |43 |5 |75 [|3]|2]6
64 |C70 Human (F) [Sweden 2,12, 15, 16 I | 2 6| S |43 |5 |7|5 (72| 6
65 RM2021 Celebese ape |Washington (zoo) |8-10 111 2 65 |43 1|5 |87 (920
66 [RM2091 Celebese ape |Washington (zoo) |6, 8, 9, 11 11 2 6| 4 |1 4 |S |76 6 | 2 8
67 RM217T Goat Indonesia 8-10 111 2 (10| 4 |5 3|5 |[71]6 3 (2 6
68 RM224H (f) |Giraffe Washington (zoo) (8-10 111 2 6| 4 |4 3 |5 (416 712 6
69 RM4SEM  |Celebese ape |Washington (zoo) [8-10 111 2 912 |5 3 S |171]6 312 6
70 RM70B Gorilla Washington (zoo) [8-10, 12, 13, 15 Im | 2 6| 4 |73 (5|27 1312|090
71 |ABU84 Human (F) |[Sweden 2,12,15, 16 I | 2 S|4 |7(3 |5 1|26 |3]|2]0
72 |P68 Human (F) [Sweden 2,12, 15,16 1 2 2 4 7 3 S 1 6 3 2 7

¢ Strain designations prefixed by RM are from the collection of Roger Milkman. Strains prefixed with C, P, ar ABU were isolated from the
urine of women with urinary tract infections. All other strains were obtained from feces of healthy hosts. Pairs of strains isolated from the
same host individuals are indicated by letters in parentheses.

® Group assignments are based on multilocus electrophoretic genotypes (13, 16); see Fig. 1.

¢ Electromorphs are numbered in order of decreasing anodal mobility and are cognate with those reported in references 12, 15, and 16.
Abbreviations: MDH, malate dehydrogenase; 6PG, 6-phosphogluconate dehydrogenase; ADK, adenylate kinase; PE2, peptidase-2; GOT,
glutamic oxaloacetic transaminase; IDH, isocitrate dehydrogenase; PGI, phosphoglucose isomerase; ACO, aconitase; MPI, mannose
phosphate isomerase; G6P, glucose-6-phosphate dehydrogenase; ADH, alcohol dehydrogenase.
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FIG. 1. Factor scores of distinctive electromorph profiles at 11 enzyme loci of E. coli and Shigella spp. for the first two principal axes. E.
coli reference strains are indicated by number. Symbols: O, other strains of E. coli; s, Shigella spp. (For a description of the principal

components analysis, see references 12 and 15.)
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