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INTRODUCTION

The strain K-12 of Escherichia coli has been
in cultivation in the laboratory for 50 years now.
It was isolated from the stool of a convalescent
diphtheria patient in the fall of 1922 (64). For
many years therafter, it served as a standard
culture in the bacteriology department of Stan-
ford University and was used extensively in the
teaching laboratories there (99). That this
virile strain of E. coli, one of the relatively few
found to possess significant fertility in the
laboratory (66, 81b, 81c), should have been the
one which C. E. Clifton chose to give to E. L.
Tatum as the latter set out to produce mutant
strains of bacteria was apparently just a par-
ticularly happy accident. K-12 was thought to
be an entirely typical coli culture (but see the
work of the Orskovs [81a, 81b, 81c] regarding
its antigenic structure.)

Gray and Tatum reported the isolation of
X-ray-induced auxotrophic mutants of bac-
teria, including E. coli K-12, in 1944 (35).

These same strains, and others, were used by
Lederberg and Tatum in their early studies on
genetic recombination in bacteria (69, 70).
Since that time, literally thousands of mutant
strains of K-12 have been produced. Their
contribution to the development of molecular
biology is by now well documented and widely
appreciated. In the belief that there is still
much to be learned from the study of this
microbe, we have been involved, over the past
few years, in setting up a center for the
preservation and dissemination of genetic stock
cultures of this organism.

When the E. coli Genetic Stock Center was
first set up and we began acquiring strains from
other laboratories, it became apparent that we
were receiving the same mutational event (mu-
tant allele) in a variety of strains under a
variety of mutant allele designations from
different laboratories. We soon realized that, in
order to assign meaningful and unambiguous
mutant allele designations to the mutations
carried in the strains in the collection, it would
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be necessary to trace the derivation of all
incoming strains. The donors of the cultures
were unable/ to give us complete derivations for
their strai i in most cases, and it proved to be
impossible to trace them completely through
the published literature. We therefore set out
to trace the strains through the unpublished
records of the laboratories in which they were
made. This task, which gradually became the
major effort in setting up the Stock Center, has
led finally to a reconstruction of much of the
history of E. coli K-12. Some of the results of
this project, which is still going on, are pre-
sented here.

The pedigrees of K-12 derivatives that are
presented here have been chosen with the
following considerations in mind. We have
tried to include the derivation of most of the
very esarly strains of the Stanford, Yale, Wis-
consin, and Paris laboratories, which served as
ancestral stocks for almost all other collections
and would thus be of the widest possible
interest. Among later strains, we have included
those that seem to have been most widely used
as ancestors. And among contemporaneous
strains, we have again chosen those that appear
to be widely used in constructing strains for
genetic analysis, based in large part on the
frequency of requests received by the Stock
Center. Obvious limitations influencing our
selections have been our lack of experience with
strains from some major collections that we
have not yet explored and, in some cases, our
inability to establish the history of important
strains due to gaps in laboratory records.

SOURCES OF THE DATA

The strain pedigrees are presented in Charts
1 through 11. The documentation for these
diagrams is given in Table 1, under the strain
designations, listed in alphanumerical order.

The ultimate sources of the data were, in
most cases, the laboratory records (strain note-
books and strain cards) of the laboratories in
which the strains were made. I visited these
laboratories and worked with their records in
constructing the strain pedigrees. I wish to
assume full responsibility for any misinterpre-
tations applied to these data, while acknowl-
edging considerable generous assistance from
the “owners” of the records. In cases of conflict
with reports published in the literature, these
laboratory records were accepted as being cor-
rect. These major unpublished sources of data
are given as documentation in Table 1, where
they are referred to by capital letters, as
follows:
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A, Strain notebooks and cards in the labora-
tory of J. Lederberg.

B, Strain cards in the laboratory of F. Jacob.

C, Strain cards in the laboratory of E. A.
Adelberg.

D, Strain notebook of A. L. Taylor.

E, Strain records of M. L. Morse.

F, Strain list of P. Howard-Flanders.
In other cases, as well, I have called upon the
assistance of those who constructed the strains.
These investigators, in response to questions,
either generously searched their laboratory re-

" cords and extracted the essential information,

or verified pedigrees which I had constructed
on the basis of published information and
experience with the strains in question. These
extensive personal communications are ack-
nowledged as sources of data in Table 1, lower
case letters designating data received fromy
these investigators, as follows: (a) R. Appleg
yard, (b) A. J. Clark, (c) B. D. Davis, (d) A3
Garen, (e) W. Hayes, (f) K. B. Low, (g) Wm
Maas, (h) P. Reeves, (i) P. Treffers (j) N"’
Willetts, (k) E. Wollman, (1) C. Yanofsky. 3
In addition to the above unpublished sources3
of data, we have included in Table 1 reference:
to published descriptions of strains and theig
derivations. These sources are listed undeg
Literature Cited. In a few cases, where pub3
lished reports were sufficiently detailed of
where we were unable to reach more direcg
sources, citations to the literature are used ag
sole documentation for the pedigrees and stram>
descriptions.

PEDIGREE CHARTS

Conventions

800¢Z ‘9 1snbn

The pedigree charts consist of strain descrip-
tions with lines of descent indicated by arrows.
The genetic step involved in the production of
most of the strains was mutation, either spon-
taneous or induced. The mutagenic or selective
agents used are indicated beside the arrows.
Relatively few recombinant strains are in-
cluded in the charts: in these cases, the selec-
tive conditions used in the isolation of recombi-
nants (where known) are given beside the
arrows indicating these steps. In the cases
where markers were introduced by transduc-
tion, the bacteriophages used and the donor
strains are indicated beside the arrows, e.g., P1
from AB1234.

Strain designations. An effort has been
made to use in the charts, in all cases, the
original strain designations assigned by those
who constructed the strains. Widely used syno-
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CHART 1. Some early Stanford and Yale strains
Ymel «— E. coli K-12 (\)F* [wild type]

mel-1
supESsT
supF58
Y10F- X-ray 679-680F+ X-ray 679F+ and 58F* X-ra, 58-161F+ spont. W6F+
thr-1 thr-1 thr-1 bio-1 bio-1 biot
leu-6 leu-6 metB1 metB1
thi-1 rel-1
supE44
Ty
679-183F+ X- X- 58-309F+ I'n.
thr-1 = =Ly In'o!)!g e
pro-87 cys-1 Y40F+ spont. = WI3F+
bio-1 bio*
metB1 metBl1
679—440F+ X-ray X-nxi 58-336F+  tond2 tonA24
thr-1 bio-1
pro-38 1lv-243 N
mustard , Y80F+
bio-1
X‘“!; 58-580F+ metB1
bio-1 tonA24
lacY [unstadle thi-29 glycerol~
T, mustard , Y87TF+ spont. WI14F+
— . ————) .
sel'n. Y64F- X-ray , 58-593F+ bio-1 bio*
: thr-1 bio-1 metB1 metB1
leu-6 thi-30 tonA24 tond 24
thi-1 lacY 40 lacY 40
lacY1
tonA27 X-ray . 58-610F+
bio-1 chloro-
uv thi-81 acetate
EMB-'M’ Y70F- sel’'n. ;Y91F‘“
thr-1 bio-1
leu-6 X-ray . 58-T41F+ metB1
thi-1 bio-1 tonA24
lacY 1etable his-64 chloroacetate®
T
sel'n. Y86F- spont. 58-2651F+
thr-1 bio-1
leu-6 pro-39
thi-1
lacY1 -
ton-28 Xoray, 58-278.
bio-1
B , YO4F- et
sel’n.
thr-1 uv. Y24F+
leu-6 bio-1
thi-1 phe-1
lacY1 cys-47
tsz-74
spont. SG—WBMW___A&L_’CSI‘)F*
Th bio-1 bio*
sel'n. Y100F- phe-1 phe-1
thr-1 mutT1 mutT1
leu-6
thi-1
lacY1

ton-29
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CHART 2. Some derivatives of strain Y10
E. coli K-12 \)F* _X-ray, 679F* X-ray_679-680F- X.ray  Y10F-

thr-1 thr-1 thr-1
leu-6 leu-6
thi-1
supE44
|
uv uv uv uv uv str.
1 EMB-lac l l sel'n.
YS3F- W102K- WI112F- WI33F- W208F- W1394F-
thr-1 thr-1 thr-1 thr-1 thr-1 thr-1
leu-6 leu-6 leu-6 leu-6 leu-6 leu-6
thi-1 thi-1 thi-1 thi-1 [c K thi-1 (dK thi-1
supE44 malQ2s lacY 41 lac-7 sup-49 supE44?
lacY [unsisble supE44? supE44? supE44? lacZy str-110
uv N-mustard uv
EMB-lac EMB-mal
W2660F—
Y70F- Wik~ {d)
thr-1 thr-1 A”
leu-6 leu-6
[aK thi-t (b thi-1 | ll-’l from
supE44 supE44 v W1486
lacY 1stabie lacY't W208, Sk~
mald 1k fel W2817F+
T | str-8 d]
sel’n. « T uv A"
sel’n. sel'n. EMB-mal F1
C6F- from uv uv
(a] CS100F- W480F- W8941- wild
tonA21 ] [b] [b] type W2924 Hfr; W2945 Hfr,
malA1 AR malA1 % malA1 AR [d] 1d)
Avir tsx-15 tonA2 galK2(gals) malBs mal-6
sel'n. IS A
PO4 PO17
C60F- v w uv {
[a] EMB-gal EMB-ara EMB-lac AB284F+
tonA21 fe]
Adof W5661— W9041— W9021- str-§
(b] (b] (b}
l uv malA 1 \k malAl R thr-1 uv uv uv
tonA2 galK2 leu-6
C600F- (= CR34) galT1(gal;) ara-14 thi-1 AB311 Hfr AB312 Hfr AB313 Hfr
(a] lac* le] fe] el
tonA21 uv uv malA 1R 8tr-8 8tr-8 str-8
A EMB-xyl EMB-xyl galKe Adef- A POI13
PO11 PO12
aminopterin FI from W582F- W9221-
58-161; (b] [b)
spont. malA1 R malA1 R
yl7 galK2
CR34, thy"I'-  J4 Hfr (= P10) tond2 ara-14
[a) [a] galT! 2yl-6
tonAgl tonA21
thyA6 malB16 uv uv
dra-1 A" EMB-ara EMB-mtl
b PO18
W583F- W945F—
[b] (b]
malA 1 \R mald1,\%
zyl-7 galK2
ara-18 e ara-14
tonA2 zyls
galT1 mitl-1
v +

BacTERIOL. REV.
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CHART 2. (cont’d)
W583F— W945F-
uv uv
lEMB-mtl lEMB-mal
WS595F— W2914F—
[b] [b]
'malA1,\R mal*
zyl-7 [e]
m{ara-ls
mtl-2 uv
tonA2
galT1 str
spont. W2915F— sel’n. 'W2961F—
l [b] [b]
le] fel
W660F— proA2 proA2
[b] A str-20
] A
tonA2 uv
galt+ A from
Hfr4000
uv AB1103F-
EMB-gal [b] AB712F-
le] [b]
proA2 le]
W677F+ We6T7F— his-4 proA2
[b] F1 from [b] A 8tr-20
]  58-161  [f]
tonA2 tonA2 uv Plke
gal-8(gal;) gal-3 (gals) from
. 1 wild type
Flfrom F1 from str spont. ABI1115F-
58-161 58-161 sel’n. [b] ABI1859F-
spont. spont. [e] thr
Reeves 2 Hfr Reeves 3 Hir W1177F- P676F- proA? feu
(b] [b] [b] [b) lgl Bie-S it
(1 0] 0] () ergEs lac¥1
tonA2 tonA2 tonA2 tonA2 A le] .
gal-8 gal-8 gal-8 galt pro
PO110 PO111 str-117 str str-20
sel’n.
|F1 | uv uv T,,Ts
ABI1133F- sel’n.
CS11F+ W1603F- P678F— [b]
[b] [b] [b] le] AB1621F-
[f] [f] [f1 g] thi-1
tonAd2 tonA2 str-81 lacY1
gal-8 gal-6 (galv) PN le]
str-117 sir-20
AT Ta tf"-5
[Chart 3] sel’n. tsz-67
ABI1157F-
[b]
le]
[e]
str-31
tsz-38
A
sup-37

¥
[Chart 4]
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CHuART 3. Some derivatives of strain P678

P678F— [Chart 2]

(thr-1

leu-6

thi-1

lacY1
malA1,\R
zyl-7
ara-18
mtl-2
tonA2
(gal-6 (gal)

o

PA678, " F-
(b]
-

(K

luv

§

str
sel’n.

F1 from
58-161

Series PA100-PA125F- PA100F- (= P697) P678, SrF- (= 2001w) P678, F+F+
[h] [h] [h] [h]
+ single his-1 8tr-185 PN

auxotrophic A A
mutation
- |
uv uv str.
l l l sel’n.

Series PA200-PA266F- PA200F- PA100,SRF- (= P697,S®)
(h] [h] [h]
his-1 his-1 his-1
+ single argH1 str-17

auxotrophic b A~
mutation
A~ str
sel’n.
PA200,SRF- PA100,S®,pro F- (= JWI1)
[h] [h]
his-1 his-1
argH1 8tr-17
str-9 pro-1
A~ )
M|
l uv l uv
Series PA300-PA394F- PA351F-
[h] [b]
his-1 his-1
argH1 argH1
8tr-9 str-9
+ single purE4S
auxotrophic DN
mutation
- I
luv l uv
Series PA601-640F— PAG610F- uv , PA641-644F-
[h) [h] [b]
his-1 his-1 his-1
argH1 argH1 argH1
sir-9 8tr-9 8tr-9
purE4S purE4S purE4S
+ single lys-26 lys-86
auxotropbic by + single auxotrophic mutation
mutation AT

A
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CHART 4. Some derivatives of strain AB1157
[Chart 2]
ABI1157F- NA . ABI1884F—
(thr-1 |
leu-6 uvrC84
thi-1
lacY1 NA; ABI1885F-
galK2 [i]
ara-14 uvrB§
00 i -
mitl-1 NA . AB1886F
proAs > luv lNG TRIM
his-4 uvrd6 sel’n.
argEs AB F ABI1896F- AB2474F- AB2500F-
str-81 uv 1899F— [i] [i] [i)
tsz-38 [i] uvrd6 uvrA6 uvrd6
\sup-37 lon-1 lon-6 lez-1 thyA 15
AB2457F TRIM; AB2495F- o
uv - sel’n.
AB2462F- ¢ NG [i] [i] NG spe
[i] trp-36 trp-36 sel’n.
recA12 thyA20
NG, AB2463F- thyR1S
AB24TOF T ) AB3022F- KL252F-
70F— ¢ NG recA18 fi] [i]
[i] | trp-86 trp-36
recB21 TRIM TRIM thyA20 thyA20
sel’n. sel’n. thyR18 thyR20
TRIM recC22 spc-11
sel’n. JC5421F- AB2487F-
[i) [i] P1 from
JC5408F— thyAS26 recA18 AB1157
[i] recA18 thyA16 thyA+
recB21 drm-1
thyAsss TRIM JC5474F~
sel’n.. AB249TF- [i]
P1 from [i] trp-36
JC5474 thyA12 thyA+
thy* thyR14 recC22
thyR13
JC5519F—
[i] TRIM -
thy* ‘ sel’n.i JC5422
recB21 [i]
recC22 thyAS25
P1 from P1 from P1 from
AB2470 AT713 JC5474
thy+ thy+ thy*
JC5743F- JC2915F- JC5489F-
lil [il thy*
thy* thy recC22
recB21 cysC48
P1 from
AB2463
cyst
JC2926F-
[i]
cyst

recA13
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K-12 (\)F* [wild type]

BACHMANN

CHART 5. Some derivatives of strains 58-161 and W6

BacTterioL. REev.

CS101 Hfr spont. K10 Hfr

metBI met*
X-ray rel-1 rel-1
tonAse tonAse
58K+ TR TR
bio-1 PO2A PO2A
X-ray Ty, T:
N stable sel’n.
58-1611+ spont W6F+ mustard __ Cavalli Hfr _clone  'W1895 Hfr
bio-1 bio™ metBI metBI uv uv
metB1 metBI rel-1 rel-1 EMBmal
rel-1 PO2A PO2A
uv W45k+
T, bio-1 spont. _ P3 Hfr (= 4000) W2252- Hfr w3236 HI:U
\ |
sel'n. metB1 P1 Hir spont. metBI metB1 metBl &
lacZ2 metB1 rel-1 rel-1 rel-1 =
o+ . rel-1 PO2B 1S pros S
Y::)I- spont. Wl;il + PO103 PO2A PO2A &
0-1 bio*
metB1 metB1 P2 Hi spont._ P4X Hir T 2
tor 424 onA2 T spont. met Bl 'I‘ )
uv W6TE+ metB1 rel-1 sel'n. 5
bio-t rel-1 ro3 _ —
N i1 PO106 motility str. nzi cap. V3787 Hirg
mustard tondgs agar  58-161F~ Spicer _ sel'n. _ 58-161F— SR~ sel'n. 58-161F S® Azi®F~  metBI 3
P5 Hir spont. (B1 metB1 metBI rel-1
lacZ39 spon me
metBI rel-1 rel-1 rel-1 pro-8 3
Y87F+ spont. WIl4F+ rel-1 $tr-100 $tr-100 tez-76 3
bio-1 bio* PO107 uv W3208F azi-7 PO2A o
metBI met Bl met BI 4 Lo
tonA24 tonA24 P6 Hir spont. rel-1 F1 from Series Q)
lacy jguossvie lacY4onsie  metB1 POSs6 F8 W6 of O
PO W f 58-161F+ S Azitk+ mlﬁ;wa
uv PO108 uy '3213 Hfryy -16117 5%, Az1T u o

W5161+ EMBlac > s metBI a
metBI P8 Hir spont. rel-1 rel-1
tonAg4 metBI POS5T str-100 g
lacy forsoie rel-1 azi-y °
pur-49 PO109 uv w3201 1 S

uv metB1 spont.

W518K+ EMBlac P13 Hir spont, rel-1 z
metBI metB1 POB0 F15 Hayes Hir S
tond 24 rel-1 uv metBI c
lack jomevie PO104 EMBlac  W1655F+ A0, W1655 F- I~ rel-1 28
galT12(gals) met Bl metB1 8tr-100 o
A P72 Hfr spont. rel-1 rel-1 azi-7 B

uv metB1 A" AR A= PO-1 N
w7501+ EMBlac rel-1 ) [=]
metBl PO102 sel'n. . W416k+ spont.  W2071k+ 8
tonAd24 metBl > meBi KI15F+
lacY 40 Reeves 1 Hfr spont. rel-1 rel-1 metBI
9alT22(gal,) metB1 ton-30 mal-33 rel-1
uv rel-1 x atr-100

W1163F+ EMBIlac POI19 uv W4351+ azi-7
metB1 metBI uv 'W3807 Hfre
tonA24 Reeves 4 Hfr spont rel-1 metB1
lac jomsbie metB1 — lac-45 rel-1

rel-1 mut-2

uyv PO100 W6201+ POS58
EMBlac metBI . Broda 1-12 Hir'
Cs2k- rel-1 WI1655F* A"~ spont. a 1- r’s

W1210F+ metBI galK24 metBI > mehi
metB1 rel-1 motility rel-1 rel-1
tonAg4 agar  W2207F— AR A AR A
lacY 40 W43541- A0 metB1 motility
galK8(gals) metB1 rel-1 agar  W31351—

rel-1 mal-81 metBI
AR rel-1

A
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CHART 6. Hfr H thi—,\~ and some of its derivatives
o+ e o
[Chart 5]"l31asy’a Hir X xfl'lﬂ' [Chart 2] ﬂ) Paris X"’ series; e.g. moom X 74
rel-1 leu6 lacary
atr-100 thi-1 PO1
azi-7 lacY1
(phenocopy) malA1,\R uv Paris *“U”* series; e.g. Hfr H U 355
zyl-7 1]}
ara-18 lys-26
mtl-¢ PO1
gal 3 N
lonA2 | mustard | Paris “YA” series; e.g. Y_?Hﬁ) Hfr
pyrF40
PO1
2 (3000)
W3634Hir uv Hfr H,thi~- uv Hfr H thi~ \~ uv___ . 30SOHfr uv__ 30SOU1-7 Hir'’s
hin T g (ihi-1 il il
rel-1 rel-1 (iKrel-1 lacZ4s lacZ4s
x PO1 - PO1 series of pyr—
PO1 PO1 mutations
l phenyl PO1
spont. galactoside
TRIM sel’'n. . 3300 Hfr uv 3310 Hir
KL161 Hfr sel’n. KL16 Hfr uv KL20F+ j il
il " —_— lacl#2(laci,) lacl#s(lac.,)
ThyAg4 PO45 PO1 lacZ48
drm-3 uv, KL14 Hfr POI1
PO45 l EMS j
NG AT705F+ uv . 3320 Hfr
KL166 Hir sel'n. JC4474 Hir lil > )
1 bl uv  KL99 Hfr rbs-1 laclse
thyAs4 thr-300 (il {:97' lacZ18(lac,,)
drm-8 PO45 lac-42 [kKgadS1? POl
nald1s PO42 Re?
PO45 l EMS uv 3340 Hir
- P1 from 5 H uv , KL96 Hfr uv, AT715 Hfr > 1]
KL168 Hfr AB2A470 C4490 Hfr i1 111} laclsee
il — il PO44 ki lacZ47(lac.,)
drm-8 thr-300 rba-1 PO1
recBg1 ilv-318 EMS POS4
thy* PO45 luv_, Paris “M"’ series
PO4S KL174 Hfr uv_ AT716 Hfr
KL169 H P1 from l spe i) i1}
T AB3058 sel'n. his-57 (U]
il — PO44 rbe-1
drm-$ JC5029 Hir POS55
recC28 jl P1 from
thy* nfhr-s00 M107
PO45 ilo-318
KL16-99 HE phenocopy -300 KL173 Hfr
r , xHfr7-4 045 1]
thi-1? ¢ supD4s
rel-17 NG TRIM PO#4
recAl sel’n.
drm-3?
1S JC5088 Hfr  JC5401 Hir
PO45 m n
recAbs thyA294
TRIM PO4S PO45
sel'n I
KL162 Hfr P1 from P1 from P1 from
thi-1? JCss19 AB2470 JC5474
rel-1?
recAl JC5#91 Hfr X JCS421F- X JCS5412 Hfr  JCS5426 Hir X JC5421F-
thyd2s n fi){chart 4] m . n i} [chart 4]
drm-Sor thyR16 thy* . thyAS2e thy* thy* thyAS26
IS recB1 Thy*  recAls Thy* recBs! recCse Thy* recA1$
PO45 recCs (SRIL*) (s%) (s%]
PO45
JCSS47F- JCs#95F- JCS544F-
il il i
recAlS recAlS recAl1S
recBel recBs1 recCee

recCss
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(h]
str-186
-

CHART 7. Some of the early Paris lac™ strains

[Chart 6] 3000 Hfr
thi-1
rel-1
-

PO1

30SOHfr X P678,S*F— [Chart 3]

thi-1 thr-1
rel-1 (leu-6'
lacZ48 thi-1
A~ lacY1
POl J malAl, R
[h] zyl-7
ara-18
mtl-2
tonA2
\gal-6
str-185
A
4
3000 Hfr X 20SOF-
thi-1 thi-1
rel-1 lacZ43
A malA1,\R
PO1 zyl-7
mtl-2
ara-13
str-185
X’ X [Chart 6] 3300 Hfr 2000F-
thi-1 thi-1
rel-1 8tr-185
lacI22 A~
A~
2300 F—
thi-1
lacl2?
8ir-186
A-
uv uv
P678,S*F- X 3310 Hfr X PA351F- 3320 Hfr X P678,S*F- 3340 Hir X 2001dF—
thi-1 [h] thi-1 [h] thi-1 [PA351
rel-1 his-1 rel-1 8tr-135 rel-1
lacl22 argH1 lacI22 lacl22
lacZ46 8tr-9 lacZ18 lacZ47
A~ purE48 b PN
PO1 A~ PO1 PO1
2310F- 2310eF— 2320F- 2340eF-
thi-1 thi-1 thi-1 thi-1
lacI®2 lacl2® laclg® lacl2®
lacZ46 lacZ46 lacZ18 lacZ4?
mald1,\R malA1,\R malAl,\R malA1,\R
zyl-7 zyl-7 zyl-7 zyl-7
ara-18 ara-18 ara-18 ara-13
mitl-2 mil-2 mtl-2 mtl-2
str-185 his-1 str-186 argH1
N argH1 b purE4S
purE4S 8ir-9
8tr-9 A

A~
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CHART 8.

535

Other lines derived from wild type
E. coli K-l|2 (\)F+ [wild type]

AV? uv uv uv [ uv uv
sel’n. blood agar
CR67F+ J1-0 J5F+ ‘WI1485F+ KL98 Hfr WI1872 F+
AR lac-28 pro-22 supE42 PO53 b
-
l uv l uv motility
I uv | uv agar W2637F— EMB-gal  W3110F—
CR63F+  J4F+ —> > -
A lac-28  J5-3F+ J5-10F+ supE48?
supD60 trp-30 pro-22 pro-22 galwesk RN W3100F-
met-68 his-66 KL25 Hfr A uv
uv x- ¢ W3091F- \HFT
PO46 galT22 AHFT gal, from
Ht uv - - F galy W2431
J4-5F+ Ra-2 Hfr & spont. Ra-1 Hfr , uv 3101F- from
lac-28 mal-28 )k € > malg8,\R galTee W2346 W3104F-
his-51 sfa-4 sfa-b PN galT12
trp-80 (at PO52) (at PO48) W - b
- ) 3092F-
luv PO48 PO52 galKe ™~ AHFT lx
gal
J6-2F+ W3102F- & fom
lac-28 galKe W3160 W3094F-
his-51 PN galT12
trp-30
proCes W3096F- _)W3110 ,thy F-
uv WI6T3F+ WI6S4F galT2s AHFT thyAS6
W2070F+ EMB-gal 1673F+ uv? W1 + uv? > gals -
— “— — —
ser-26 ser-26 ser-26 W3106F from
pro-40 pro-40 b galT2s W3066 NG
galT28(gals) A A~
-
W3097F- p3478F-
galT1 AHFT thyA36
gal, pold1
W3107F- from
galT1 W3067
A
W3099F-
galE9 AHFT
galy
W3109F- from
galE9 W3285
b
W3108F- _uv W3098F— AHFT
galK8 «— galK8 gals
A~ from

w3218
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CHART 9. The derivation of JC12 and JC411 and some of their derivatives

[Chart 2]
AB312 Hfr [Chart 5] P4X Hfr X P697/T,sl'~ [Chart 3]
thr-1 metB1 (thr-1
leu-6 rel-1 leu-6
thi-1 PO3 thi-1
lacZ} lacY1
str-8 malA1,\R
A zyl-7
PO12 th1 9 ara-18
mil-2
uv Thr*Leu* tonA2
[Ts} gal-6
his-1
Jaz-l
-
[Chart 6]
3300Hfr AB352Hfr X AB314F-
thi-1 thr-1 metB1
rel-1 leu-6 lacY1
lacl22 thi-1 zyl-7
PO1 lacZ4 His* mitl-2
str-8 (Thr*Leu*] gal-6
purF1 his-1
uv A~ tonA2
PO12 tsz-1
A
JCI158H{r X JCI12Hfr X PA265F~ [Chart 3]
thi-1 metB1 (h]
rel-1 purF1 his-1
lacl22 lacY1 or Z4 argG6é
serA6 ml zyl-7 A
PN mtl-2
PO1 gal-6
tonA2
Ser t8z-1 Thit
[Met] I [Ade*]
PO12
l EMS
v v
JC182Hfr KL211Hf{r JC3551-
purF1 [m] met Bl
thi-1 argGs4 leu-6
PO1 A his-1
PO12 PO12 orgGé
(Double [n]{ lacY! or Z4
male) malA1 R
zyl-7
mitl-2
gal-6
-
str
sel’n.
JC411F-
[n]
8tr-104
sup-69
A
X JC182 Amino- EMS NG NG spont.
el et |
JC5901 JC500F- JC1552F— JC1553F~ JC1554F— JCI1557F-
[n] [n] [n] [n] [n] [n], except
8ir-104 8tr-104 8tr-104 8ir-104 8ir-104 mal*,\*
F20(PO12) thyAs trp-81 recAl recA® 8tr-104
A A sup-66 A b sup-59
A A
spont. TRIM F1 from
sel’n. 58-161
JC15691— KL110F- Hfr7-4Hfr
[n] except [n] [n]
mal*,\* 8tr-104 8lr-104
8tr-104 recAl recAl
recAl thyA2s PO50
AT AT A
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CHART 10. Paris strain 200PS and the Paris F-lact
P804Hfr X 2340eF— [Chart 7] [Chart 6] 3000Hfr X P678,S*F— [Chart 3]

thi-1 thi-1 thi-1 thr-1
Ad22 lacI22 rel-1 leu-6
PO65 lacZ4r PN thi-1
malA1,\R PO1 lacY1
zyl-7 malA1,\R
oK ara-18 ara-13
mtl-2 mil-2
8tr-9 tonA2
purE43 gal-6
argH1 8ir-185
- x
v [Chart 5] v
2340e F-lactF’ X 2340pF- P4XHfr X 200PF-
[o] [?] metB1 thi-1
F42 rel-1 lacY'1
PO3 malA1,\R
Mal*  zyl-7
Met* ara-18
mil-2
8tr-185
-
L 4 0%
2340p F-lactF’ X 200PSF-
[?] thi-1
F42 (PO65) lacY1
-
200PS F-lactF’
thi-1
lacY1
-

F42 (PO65)
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CHART 11. The Paris F\-gal and F,-gal
[Chart 5] 4000Hfr X Gal,--(\t4)380F—

metBl1 [?]
rel-1
PO2B

Gal;~-(\"%)380 F,-gal I’ X PA200,S*F- [Chart 3]

[?] [h] Chart 3
F100 (PO2B) his-1
argH1
sir-9
A

PA200,S® F,-gal I’
[h]

has-1

argH1

str-9

-

F100 (PO2B)

[Chart 5] 4000Hfr X PA309F- [Chart 3]

melB1 [h] [Chart 3]
rel-1 his-1
PO2B argH1

str-9

trp-1

-

PA309 F;-gal ' X W3101F— [Chart 8]
[h] galT22
his-1 A
argH1
8tr-9
trp-1
A
F152 (PO2B)

W3101 F;-gal F’
galT22
-
F152 (PO2B)

BacterioL. REv.
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Vou. 36, 1972 PEDIGREES OF SOME E. COLI K,, MUTANT STRAINS
CHART 12. Derivation of Garen pho~ and Su* strains
[Chart 5] Ty, T,
Cavalli Hfr sel'n. CS101Hfr spont. KI10Hfr
metB1 metB1 met*
rel-1 rel-1 rel-1
PO2A tonAss [pI< tonA 22
TR T,R
PO2A PO2A
lEMS lX-ray lNH,OH lNG uv lNG lEMS
S26Hfr E15Hfr HI12H{r C90H(r Ul1Hfr G240Hfr S10Hfr
Ip} [pl [p] lpl [pl [p] [pl
phod 4 phoA8(DE10) phoAs phoS9 phoA6 phoA7 phoA1l
PO2A PO2A PO2A PO2A PO2A phoA10 PO2A
PO2A
spont.
NG
spont.. S26R1eHfr spont. . HI2R7AHfr U11R1dHfr G240R4Hfr
> o] [p] [pl [pl
phod4 phoAs phod6 phoA7
supD32(Sul*) supC47 (Sud*) supG46 (Sus*) phoA 10
PO2A PO2A PO2A sup-62(Sud*)
. PO2A
spont. S2[g]RldHfr spont. H}:lRBAH T
phod4 phoAs
supESsS(Su2t) supF84(Su3*t)
PO2A PO2A
+
P1 from 52[2],5116 Hfr
phoA4
sup-51(Su6*)

PO2A
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CHART 13. The derivations of miscellaneous
Hfr strains

R5 (Reeves 5)
58-161F+ X W6T7F—

metB1 thr-1 zyl-7
rel-1 leu-6 ara-13
thi-1 mtl-2
lacY'1 *gal-3
mald1,\} tonA2
R5Hfr
thi-1
lacY!
malA1,\R
zyl-7
mtl-2
*gal-3
PO47
P802, P804 and P808
Y10F-
thr-1
leu-6
thi-1
Jo
58F+ X P22F-
bio-1 thr-1
leu-6
thi-1
tond
Ad22

P25F+ X P678F-(\26)

thi-1 thr-1 mitl-2
Ad22 leu-6 zyl-7
thi-1 ara-13
lacY'1 gal-6
malA1,\R tonA22
226
~L L 4 *L
P802Hfr P804Hir P808Hfr
thi-1 thi-1 thi-1
P i lacY'1
PO69 PO65 zyl-7
mtl-2
l $21.1b2 tonA2
Ad22
P804G Hfr PO105
thi-1
A

PO65

BacTERIOL. REV.
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CHART 14. The strains K128 and 112
[Chart 5] W416F+ X Y64F— [Chart 1]

metB1 thr-1
rel-1 leu-6
ton-30 thi-1
lacY1
tonA27
sel’n.

[Chart 5] W750F+ X W588F~ EMB-lac WA477F~ _segregation W465 (= Het-1)
metB1 thr-1 thr-1 heterozygote
tonA24 leu-6 leu-6 (see Comments)
lacY 40 thi-1 thi-1
galT22 lac* lacY1

tonA27 tonA27
[Chart 5] W518F+ X W888F~ _ segregation “X’’ heterozygote
metBI thr-t € (see Comments)
tonA24 leu-6
lacY 40 thi-1?
galT12 galT22
A tonA24 or 27

WI1213F+
lacY 40
galT22
tonA24 or 27
thi-1?

o
l spont.

W1293F+
lacY 40
gal*
thi-1?
tonA24 or 27
-

spont.

WI1294F+ (= K128 Pas&dena)_?)Klst*‘ (Paris)
lact tonA24 or 27
thi-1? A
tonA24 or £7 l
~

P1F+
gal-5 (gala)
tonA24 or 27
-
l uv
P110F+
gal-§
cys-23

(= C112) ng;lﬂ“" (reisolation P112F+ (= 112)

gal-5
cys-28 cys-£8
his-49 his-49

X A~
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TaBLE 1

Strain designation SOZ;C;S of Published references Chart Synonyms and comments
E. coli K-12 35, 64, 98, 99 WG1: see text.
(A) 57, 58, 60, 61
F+ 17,67
AB250 C See PA100
AB253 C See W208, S"
AB254 C See W208, S F-
AB257 C See 4000 Hfr; not Cavalli Hfr!
AB258 C See W583
AB259 C See Hayes Hfr, Thi-, A\~
AB262 C See PA100, S" Pro ; JW1
AB264 C E. coliK-12 wild type; ara due to the
presence of phage mu-1 in the ara
cistron.
AB265 C See W2915
AB266 C See W2961
AB280 C *58-161"", actually W6
AB281 C Hayes Hfr, Thi-, A~; see 3000
AB284 C 101 2 W208, S"F+*
AB311 C,D 101 2 AT11
AB312 C,D 101 2,9 AT12
AB313 C,D 101 2 AT13
AB314 C,D 9 AT14
AB352 C,D 9 AT52
AB673 C See P10 Hfr (J4)
AB674 C See Reeves 1 Hfr
AB712 C 2
AB781 C See W677
ABB808 C See 3300
ABS815 C See JC12
ABB856 C See JC158
ABB862 C See JC182, “*double male™
ABB869 C See JC355
AB1103 C 2
AB1115 C 2
AB1133 C 2
AB1157 C 45 2
AB1621 C 2 2
AB1859 C 2
AB1884 F 44 4
AB1885 F 44 4
AB1886 F 43, 44, 45 4
AB1896 F 4
AB1899 F 43,45 4
AB2301 See 3300
AB2457 F 4
AB2462 F 46 4
AB2463 F 43, 44, 46 4
AB2470 F 28, 43 4
AB2474 F 43 4
AB2487 F 109 4
AB2495 F 28 4
AB2497 F 28, 44 4
AB2500 F 44 4
AB3004 C See C600 (CR34)
AB3022 F 28 4
AB3591 C See CR63
AB3642 C See CR34, Thy -
AT11 D See AB311
AT12 D See AB312
AT13 D See AB313
AT14 D See AB314

8002 ‘9 1snbny uo Ag Blo wse iquiw Wwoly papeojumoq

542


http://mmbr.asm.org

TaBLE 1—Continued

Sources of

Strain designation data Published references Chart Synonyms and comments
AT52 D See AB352
AB705 D 6
AT715 D 6
AT716 D 6
B1-B12 See Broda 1-12 Hfr’s
Broda 1-Broda 12, 12, 40, 41, 77 5
Hfr’s
Cé 4 2
C60 4 2
C90 d 31 12
C112 3a See P112
C600 a 4 2 CR34 std. A indicator
sup E44 27,91
Cavalli Hfr 16 5,12 Hfr C, W1895, Hfr, (Lederberg) not
AB257
CR34 a 4 2 See C600
CR34, Thy- 80, 81 2
CR63 5 8 X host range indicator
sup D60 11, 27,113
CR67 5 8 AY* indicator
CS2 93 5
CS11 92 2
CS19 92 1
CS100 93 2
CS101 93 5,12
E15 d 317, 56 12
G240 d 19 12
G240R4 d 19 12
H12 d 30, 32, 105 12
H12R7A d 30, 32 12
H12R8A d 32,106 12
Hayes Hfr e,A,B 39 5,6 HfrH; W2323
Hfr, (Lederberg); Hfr2 or Hfr, (Paris)
Hayes Hfr, Thi- e, k,A B 50 6 Hfr4 or Hfr, (Paris)
Hayes Hfr, Thi-, A-|e, k, A, B, C 50 6,7,10| HfrH, AB259,
(Paris) HfrC, 3000 and Hfr H (Paris)
Hayes Hfr, Thi-, A7|A 6 See W3634
(Wisconsin)
Hfr, (Wisconsin) A See Cavalli Hfr
Hfr, (Wisconsin) A See Hayes Hfr
Hfr, (Wisconsin) A See W2924
Hfr, (Wisconsin) See W2945
Hfr, (Paris) B 50 See Hayes Hfr Thi-
Hfr, (Wisconsin) A See W3807
Hfr, (Wisconsin) A See W3208
Hfr,; (Wisconsin) |A See W3213
Hfr,; (Wisconsin) |A See W3201
Hfr 7-4 g 26a 9 MA1048
JIF+ c 8
J4F+ c 24 8
J4-5F+ c 24 8 J45
J5F+ c 24 8
J5-3F+ c 24 8 J53
J5-10F+ c 24 8 J510
J6-2F+ c 24 8 J62
J1Hfr B See P1
J2Hfr B See P4X
J3Hfr B See P3, 4000
J4Hfr B See P10
J5Hfr B See P72
J6Hfr B See P13
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TaBLe 1—Continued

Strain designation So‘é;?: of Published references Chart Synonyms and comments
J7Hfr B See P808
J45F+ See J4-5
J53F See J5-3
J62F+ See J6-2
J510F* See J5-10
JC12 b 20 9 AB815
JC158 b 20 9 AB856
JC182 b 20, 22 9 AB862, “*‘double male™
JC355 b 9 AB869
JC411 b 22,23 9

sup-59 36
JC500 b 9
JC590 b 22 9
JC1552 b 9
JC1553 b 21, 23 9
JC1554 b 21,23 9
JC1557 b 14 9
JC1569 b 14 9
JC2915 b 108 4
JC2926 b 4
JC4474 b 6
JC4490 b 6
JC5029 b 21, 109 6
JC5088 b 21, 109 6
JC5401 j 6
JC5408 J 108 4
JC5412 J 21, 108, 110 6
JC5421 j 108 4,6
JC5422 j 108 4
JC5426 j 108, 110 6
JC5474 j 108 4
JC5489 j 6 4
JC5491 j 108 6
JC5495 ] 108 6
JC5519 ] 108 4
JCbH544 j 108 6
JC5547 j 108 6
JC5743 b 6 4
JW1 B See PA100, S®, Pro-
K10 56, 93 5,12
K12, wild type See first entry
K12S 4, 71a, 106b 14 See W1294
K15 5
KL14 f 74 6
KL16 f 73,74 6
KL16-99 f 73 6
KL20 f 6
KL25 f 73,74 8
KL96 f 73,74 6
KL98 f 73 8
KL99 f 74 6
KL110 f 9
KL161 f 6
KL162 f 6
KL166 t 6
KL168 f 6
KL169 f 6
KL173 f 6
KL174 f 6
KL211 f 9
KL252 f 4
M series B 6 Mutants of Hfr3300 (Paris)
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TaBLE 1—Continued

Strain designation So‘;‘;zs of Published references Chart Synonyms and comments
P1 B 14
P1, Hfr B 52, 54 (p. 162) 5 HfrP1, Hfr Type 1, HfrJ1
P2 B 5 HfrP2, HfrP21
P3 B 49, 52, 54 (p. 162) 5,11 HfrP3, HfrP31, Hfr Type 3, 4000,
HfrJ3, AB257
P4X B 49, 52, 54 (p. 162) 5,9,10 | HfrP4X, Hfr Type 2, HfrJ2
P5 B 5 HfrP5
P6 B 5 HfrP6
P8 B 5 HfrP8
P10 B 49, 52, 54 (p. 162) 2 HfrP10, Hfr Type 4, HfrJ4, AB673
P13 B 49, 54 (p. 162) 5 HfrP13, Hfr Type 6
P21 B See P2
P22 B 27 13
P25 B 13
P31 B See P3
P72 B 49, 52, 54 (p. 162) 5 Hfr P72, Hfr Type 5
P110 B 14
P112 B 14
P112-12 B,k 14
P676 B 50, 54 (p. 60), 2
112
P678 B 54 (p. 60) 2,3,13
111, 112
P678, Sk B 3,7,10| 2001w
P678, F+ B 3
P678, \- B 54 (p. 60), 112 3
P697 B See PA100
P697, Sk B See PA100, Sk
P802 B 13
P804 B 10,13
P804G B 13
P808 B 49, 54 (p. 162) 13 Hfr P808, Hfr Type 7
P3478 26 8
PA100 B 3,9 P697
PA100, S® B 3 P697, SR
PA100, S°, Pro- B 3 JW1
PA100-PA125 B 3 Series of auxotrophic mutants
PA200 B 3
PA200-PA266 B 3 Series of auxotrophic mutants
PA265 B 9
PA200, S® B 3,11
PA200, SR F,-gal B 11
PA300-PA394 B 3 Series of auxotrophic mutants
PA309 B 11
PA309 F,-gal B 11
PA351 B 3,7
PA601-PA640 B 3 Series of auxotrophic mutants
PA610 B 3
PA641-PA644 B 3 Series of auxotrophic mutants
R1-R5 h See Reeves 1-5
Ra-1 f 55,72 8
Ra-2 f 55,72, 73 8
Reeves 1 h 40, 41, 83 5 HfrR1
Reeves 2 h 83 2 HfrR2
Reeves 3 h 83 2 HfrR3
Reeves 4 h 40, 41, 83 5 HfrR4
Reeves 5 h 83 13 HfrR5
S10 d 30, 79, 97 12
S26 d 32, 33,97 12
S26R1d d 32,33 12
S26R1e d 32 12
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TaBLE 1—Continued

Strain designation Sot:jn;cteas of Published references Chart Synonyms and comments
S26, Su6* d 12
T94A i See 58-278M
U series B 6 UV mutants of HfrH 3000 (Paris)
U1l d 30 12
UllR1d d 30 12
Wi A 2
supE44 33, 106
W6 A 34,67 1,5 58-161, bio~; AB280
bio* 34, 67, 89, 104
rel- 3,9, 10,96
Wi3 A 34 1,5 Y40, bio*
W14 A 34 1,5 Y87, bio*
W45 A 5
w67 A 65, 68 5
W102 A 107 2
Wi1i12 A 59 2
Wi133 A 59 2
w208 A 2
W208, S¥ C 2 AB253
W416 A 5,14
W435 61 5
W465 A 62a 14 Unstable heterozygote
w4717 A 14
W480 A 2
W516 34, 59 5
W518 A 34,59, 61,78 5, 14
W566 A 2
W582 A 2
W583 A 78 2 AB258
W588 A 14
W595 A 2
W620 A 5
W660 A 2
We77 A 18, 63, 66 2,6,13 | AB781
gal-3 78
w677, F+ e 2,6
W1750 A 59, 78 5,14
w3888 A 59 14
W894 A 2
w902 A 59, 78 2
W904 A 2
w922 A 2
W945 A 104 2
Wi1163 A 5
W1177 A 63, 66 2 W677, Sk
W1210 A 78 5
Wi1213 A 14
W1293 A 14
W1294 A 14
W1394 A 2
W1485 A 61, 102 8
supE42 102, 113
W1603 A 61 2
W1654 A 8
W1655 A 61 5
W1655, F- 89a 5
W1655, F*, AR 12 5
W1673 A 8
w1872 A 61 8
W1895 A Hfr,, stable clone selected from Ca-
valli Hfr
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TaBLE 1—Continued

Strain designation SO‘;:C;S of Published references Chart Synonyms and comments
W2070 A 78 8
W2071 A 5
W2207 A 5
W2252 A 5
w2323 A See HfrH; Hfr,
W2324 A See HfrH, Thi-, A*
W2637 A 8
W2660 A 87 2
w2817 A 87 2
w2914 A 2
w2915 A 2
W2924 A 85, 86, 87 2 Hfr,
W2945 84 2 Hfr,
w2961 A 2 AB266
W3091 E 8
W3092 E 8
W3094 E 8
W3096 E 8
W3097 E 8
W3098 A 8
W3099 A 8
W3100 A E 8
W3101 E 8,11
W3101 F,-gal B 11
W3102 E 8
W3104 E 8
W3106 E 8
W3107 E 8
W3108 A 8
W3109 A 8
W3110 A E 8
W3110, Thy- 8
W3135 A 87 5
W3201 A 5 See text
w3208 A 42,717, 95 5 See text
w3213 A 13,77 5 Hfr,,
W3236 A 5
W3634 A 6 HfrH, Thi-, A-, not Paris strain 3000
w3787 A 25 5
W3807 A 5 Hfr,, MA1040
W4354 A 5
“X” series B 8 6 X-ray mutants of HfrH 3000 (Paris)
Y10 59, 62, 70, 99 1,2,13
supE44 27
Y24 62, 70, 99
Y40 59, 62 1,5
bio* 34
Y46 62 1
Y53 59, 62 1,2
Y64 62 1,14
Y70 59 1,2
Y80 62 1
Y86 62 1
Y87 A 59, 62 1,5
bio* 34
Y91 62 1
Y94 62 1
Y100 62 1
Ymel 88, 102 1
supE57 1 113
supF58 1 91
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TasLE 1—Continued

Strain designation Son;);ctzs of Published references Chart Synonyms and comments

“YA” series B 7 6 N-mustard mutants of HfrH 3000
(Paris)

58 35, 62, 98, 99 1,5,13 | W3301
58-161 62, 98, 99 1,5,13 | See also W6

Reversion to bio* 34,67, 89, 104

Mutation to rel- 3,9, 10,96
58-161F - 38, 39, 94 5 58-161F - Spicer; W6 derivative
58-161F -, S® 38, 39 5 58-161F - Hayes; W6 derivative
58-161, F-, Sk, Azk 38, 39 5 W6 derivative
58-161, F+, Sk, AzR 38, 39 5 W6 derivative
58-278 62 1
58-278M 103 1 T94A; Treffers mutator strain
58-309 98 1
58-336 98 1
58-580 98 1
58-593 98 1
58-610 98 1 g
58-741 98 1 s
58-2651 98 1 S
112 B See P112 2
112-12 B, k See P112-12 e
200P B 10 =
200PS B 49 10 g
200PS F-lac* B 49 10 3
679 35, 62, 98, 99 1,2 C3T
679-183 98, 99 1 S
679-440 98 1 [}
679-680 62, 98, 99 1,2 §

F- 67 ac
2000 B 29 7 g
2001w See P678, Sk o
2001d B 7 >
20S0 B 15,29, 76 7 E
2300 B 7 =
2310 B 7 >
2310e 7 N
2320 B 11,29 7 S
2340e 29,76 7,10 *®
2340p 29, 76 10
3000 B 29, 76, 82 6,7,10| HfrH, Thi-, A-, Hfr*“C” (Paris),

AB259, HfrH

3000X74 6
30S0 B 7,76 6,7
30S0U1-U7 B 7,15 6 Series of pyr- mutants
3300 B 29, 76, 82 6,7,9
3310 B 29, 82 6,7
3320 B 82 6,7
3340 B 82 6,7
4000 B 82 5,11 P3, P31, Hfr Type 3, AB257

nyms are given in Table 1 and are cross-
indexed to the original designations. The al-
phabetical prefixes used in the original strain
designations may, in addition to identifying
the strains, indicate the laboratories in which
the strains were made and sometimes convey
other information, as well. Some of the prefixes
used in the charts, and the laboratories in

which they were assigned, are as follows. AB
was used by E. A. Adelberg and his collabora-
tors at the University of California at Berkeley
and later at Yale University for K-12 strains;
non-K-12 strains were designated by AC num-
bers. P. Howard-Flanders A. J. Pittard, A. L.
Taylor and others have had AB ‘‘number
blocks” and designated their strains and mu-
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tant alleles according to this system. Now,
however, Howard-Flanders and Taylor use
their own systems. The AT prefix is used by A.
L. Taylor, University of Colorado Medical
Center. The C prefix was used at the California
Institute of Technology. CR was used by R.
Appleyard after he moved from the last-named
institution to Chalk River, Canada. CS was
used by P. D. Skaar, and others, for strains
isolated in the Cold Spring Harbor Laboratory
of Quantitative Biology.

.The prefix J was used by B. D. Davis,
Cornell University Medical College, for some
K-12 derivatives. However, Davis worked ex-
tensively with the “W,” or Waksman, strain of
E. coli [American Type Culture Collection
strain number 9637), not to be confused with
the Wisconsin W strains of K12.) J is also
applied to some of the Hfr strains isolated by F.
Jacob and E. Wollman at the Pasteur Institute
in Paris. JC is used by A. J. Clark, University
of California, Berkeley. KL is used by K. B.
Low of Yale University (formerly at New York
University School of Medicine).

P was used by Jacob, Wollman, and others at
the Pasteur Institute for F+ and Hfr strains,
while PA was used to designate their F-
straints (with the exception of a few early F-
strains that had P designations). The large
number of synonymous strain designations ap-
plied to some of the Paris Hfr’s has led to
considerable confusion, which we have at-
tempted to resolve in Table 2.

The W prefix was used by J. Lederberg and
collaborators at the University of Wisconsin to
designate mutant strains. They used the prefix
WG (Wisconsin Genetics) to designate wild-
type strains: E. coli K-12 was designated
“WG1,” and all other WG numbers referred to
non-K-12 strains in their system. The prefix Y
was used in the laboratory of E. L. Tatum at
Yale University in the 1940s. The very earliest
strains, those produced by Gray and Tatum at
Stanford University, were given only number
designations.

The genetic symbols. The genetic symbols
used throughout are those of Taylor (100), with
the following exceptions and additions. The
older symbols malA and malB are used for
Mal- mutations originally mapped in terms of
these loci. The symbol thyR is used to refer to
the mutation involved in producing the pheno-
type “thymine low requirement’’ when it is not
known whether the locus affected is the drm or
dra locus. The symbol PO is used to designate
the points or origin of Hfr strains, each indi-
vidual mutation to the Hfr state being assigned
a unique number; the Hfr descendants of, as
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well as the episomes derived from, an Hfr
strain are assumed to have inherited the point
of origin of their Hfr ancestor. The symbol sfa is
used to designate sex factor affinity sites as
defined by Adelberg and Burns (1). The pheno-
typic symbols T,® chloroacetate®?, and
glycerol ~ are used in the descriptions of some of
the early strains to designate resistance to
bacteriophage T, and chloroacetate, and the
inability to ferment glycerol, respectively.

The mutant allele designations used
throughout are those assigned for used in the E.
coli Genetic Stock Center and do not neces-
sarily correspond to those used in any other
laboratory. The Stock Center numbering
system is built on the system employed by E.
A. Adelberg in his strain records; some of these
mutant allele designations have thus been in
use for many years and may be recognizable
from their frequent appearance in the litera-
ture. There are three sets of mutant allele
designations that are sufficiently widely recog-
nized that we have felt it necessary to include
them alongside the Stock Center designations
in the strain descriptions. These are the gal
designations of the Wisconsin laboratory (along
with the gal, designation assigned in the Paris
laboratory), some of the lac designations of the
Paris laboratory, and the Su designations used
by Garen and co-workers for suppressor alleles.
The Wisconsin gal designation if given for a
gal- allele the first time it appears on a
pedigree chart and in the descriptions of the A
HFT gal lysates in Chart 8. The gal, symbol is
indicated on Charts 2 and 3 in the descriptions
of strain P678. A few of the Paris lac~ designa-
tions are given in Charts 6 and 7.

The symbol F1 is used throughout to refer to
the wild-type F factor of E. coli K-12.

The symbol A~ is used to indicate the ab-
sence of bacteriophage A. The presence of X is
not noted in strain descriptions as this is the
wild-type state. Resistance to A is symbolized
by A® without any indication as to the locus
involved because the locus of this resistance is
not known for many of the early strains.

The symbol S* occurs in some of the early
strain designations, where it indicates resist-
ance to streptomycin.

Other symbols and abbreviations. The fol-
lowing symbols and abbreviations are used to
designate mutagenic agents: AO = acridine
orange; EMS = ethyl methane sulfonate; irrad.
= radiation of unknown character; NA =
nitrous acid; NG = N-methyl-N,-nitro-N-
nitrosoguanidine; N-mustard = mnitrogen
mustard; spont. = mutation occurring in
absence of deliberate mutagenic treatment;

8002 ‘9 1snbny uo Ag Blo wse iquiw Wwoly papeojumoq


http://mmbr.asm.org

550 BACHMANN BACTERIOL. REV.
UV = ultraviolet irradiation; X-ray = X-irra- supE- mutations have been reported in strains
diation. Y10 (27), C600 (91), and W1 (106). We have

The following symbols and abbreviations are
used to designate selective (sel’n.) agents; APT
= aminopterin; azi = azide; blood agar =
selection for lysis on blood agar plates; EMB-
lac = selection for or against utilization of the
indicated sugar (lactose here) on eosin-
methylene blue agar plates; \“*” = selection
with indicated type of bacteriophage A; mo-
tility agar = selection on basis of motility in
semisolid agar; nal = nalidixic acid; spc =
spectinomycin; str = streptomycin; T,, T,, T,
= bacteriophages T, T,, and T, respectively;
TRIM = trimethoprim. The standard ab-
breviations for sugars are used: ara = arabi-
nose; gal = galactose; lac = lactose; mal =
maltose; mtl = mannitol; and xyl = xylose.

The treatment of suppressors. In our ex-
perience it has proved very difficult to track
suppressors through the strain pedigrees. This
is true not only because the presence or absence
of suppressors was seldom noted knowledgea-
bly for the early strains, but also because their
expression seems to be affected by so many
other factors. For these reasons we have in most
cases noted the presence of suppressors only in
those strains in which they have been reported
and have note noted the likelihood of their
presence in ancestors or offspring of these
strains. The one exception is the supE - allele of
the Y10 line, which will be discussed in the
comments on Charts 1, 2, 3 and 4.

Comments on Charts

Chart 1. Some early Stanford and Yale
strains. As can be seen from this chart, many
of the early strains were isolated after the
rather drastic treatment of X-irradiation. An
appreciation of this fact has led to their being
abandoned by many in later years as ance. ors
for the construction of new stocks. Neverthe-
less, the majority, by far, of the strains that
have come to our attention can be traced back
to these early lines.

The strains W6, W13, W17, and CS19 are
included here to emphasize the instability of
the bio-I mutation, which reverted very early
on in several important ancestral stocks (34).
This allele will be discussed at more length in
the comments on Chart 5.

The suppressor mutation supE44 was de-
tected in strain Y10 in 1966 (27) and may be
present in most or all of its direct descendants
(i.e., strains descended by mutational rather
than recombinational events).

Chart 2. Some derivatives of strain Y10.

assumed that these are all the same mutant
allele (designated supE44 by us) which resulted
from a mutation in strain Y10 or one of its
ancestors and which may be in all of its
descendants. The uncharacterized amber mu-
tation in strain W208 (H. Hoffman-Berling,
personal communication) may be supE44, but
we have assigned it the unique mutant allele
designation sup-49 until more is known about
it.

The strain designations CR34 and C600 are
synonymous. The strain C600 was ‘‘reisolated”
from a single colony by R. Appleyard, after he
moved from the California Institute of Tech-
nology to Chalk River, and was rechristened
CR34 at that time (R. Appleyard, personal
communication). Considerable confusion has 9
arisen from this renaming and from the unfor- =
tunate fact that when Okada, Yanagisawa, and3>
Ryan (80, 81) made a Thy- derivative of thlsg
strain they did not give this derivative a ner-
strain designation. The only name for the latter%
is now CR34, Thy-.

Another source of confusion has been the3
gal™ markers in the line from W677 to the Paris S
strain P678 and its descendants. As shown in%
the chart, the sequence of events involved three 5
gal~ mutations and two Treversions, which<
may have been due to suppressor mutations.
Morse, Lederberg, and Lederberg in 1953 (78) S
recognized that their gal, (our gal-3) marker in 2
W677 was complex. The gal, marker (our gal- 6)‘9
in P678 and its derivatives have been observed*
to give a variety of Gal phenotypes upon recom-7,
bination (E. A. Adelberg, personal communica-3
tion) and may even involve a chromosome°°
rearrangement (R. Curtiss, III, personal com-
munication).

The malB5 mutation in the Wisconsin Hfr,
(W2924) and the mutation malB16 in the Paris
Hfr J4 (P10) both involve the integration of the
sex factor in the malB locus (Hfr, [85, 86, 87];
J4 [90)).

The strain W208S*, ancestor of AB283, was
acquired by E. A. Adelberg in the Paris labora-
tory and is probably not identical with the
Wisconsin strain W2325, which is also a SF
derivative of W208.

Chart 3. Some derivatives of strain
P678. The widespread early derivatives of the
Paris strain P678 consist, for the most part, of
five series of auxotrophic strains, each series
being produced from a single strain from the
previous series. All were descended from P678
cured of bacteriophage lambda. The strain
PA100 was, in Adelberg’s collection, called
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P697, a designation used only briefly in Paris.
Similarly, the designation JW1 for the Str¥,
Pro- derivative of PA100 has been used in the
Adelberg collection for some years but was
apparently evanescent in Paris. The gal, con-
stellation is in all of these strains. The suppres-
sor from the Y10 line may be here also.

Chart 4. Some derivatives of strain
ABI1157. After discovering the complexity of
the gal, marker, Adelberg used the Wisconsin
strain W2915 in the construction of many of his
strains. AB1157, a derivative of W2915, was
then used extensively by P. Howard-Flanders
and A. J. Clark, as is shown in this chart.
Again, the suppressor from strain Y10 may be
in some or all of these stocks.

Chart 5. Some derivatives of strains
58-161 and W6. Most of the widely used Hfr’s
are to be found on this chart. They were
thought to be derived from 58-161 (bio-1I,
metB1) at the time they were made, but it was
later noted (34, 67, 89, 104) that the bio-I
marker had reverted, apparently rather shortly
after 58-161 was made. Later still, it was dis-
covered that the spontaneous mutation rel-1
(to the relaxed state with respect to RNA syn-
thesis) had appeared in the strain, also very
early in its history (3, 9, 10, 96). The result is
that most of the well-known Hfr’s are bio* and
carry the rel-1 marker.
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The bio-1 marker reverted in the strains Y40
and Y87 also. The strains that are described in
the literature as having come from Y87 most
likely came from the revertant, designated W14
(34).

The Hayes Hfr is a Str® Azi® derivative of
W6. The derivation of the widely used Thi-
derivative, arecombinant , is given in Chart 6.

So many synonymous strain designations
have been used to refer to the more widely used
Paris Hfr’s that considerable confusion has
arisen concerning their nature and derivations.
Table 2 is designed to clarify some of these
points, as a supplement to the charts. Concern-
ing the Paris Hfr P3 (more widely known as
Hfr4000), it should be pointed out that this is
not the Cavalli Hfr, as has been erroneously
believed by many workers in America. The
Cavalli Hfr was isolated by L. L. Cavalli (16)
after treatment of ‘“58-161"" (actually W6) with
nitrogen mustard. The Hfr P3 (which we shall
call 4000 and which is called Hfr Type 3 in the
references immediately following) arose spon-
taneously from 58-161 (W6) in the hands of
Jacob and Wollman (49, 51, 52; 54, p. 162).
This strain was assumed by E. A. Adelberg to
be the Cavalli Hfr. It was designated AB257 in
his collection and has been widely dis-
seminated as ‘“the Cavalli Hfr” or “HfrC,”
which it is not (82). The point of origin of this

TaBLE 2. The Paris Hfr’s

Type®| Synonyms Point of origin Derivation Genotype Comments
Hfr H | Hfr2; original | PO1 thi zhr Spont. from 58-161 F+, metBl, rel-1, str-100, azi-7
Hayes Hfr SR, AziR
Hfr 4; Hfr, POL1 thi thr Recombination: HfrH x | thi-1, rel-1
e W677 F+
Hfr 3000; Hfr | PO1 thi zhr Hfr 4, cured of \"by UV. | thi-1,rel-1, \~
UC"
Typel| P1 PO103 ley azi Spont. from 58-161 (W6) | metBl, rel-1 Lost very early
Type2 | P4 x 6;J2 PO3 pro lac Spont. from 58-161 (W6) | metB1, rel-1
Type 3 | P3; P31, 4000 | PO2B purE lip Spont. from 58-161 (W6) | metBI, rel-1 Source of F,-gal and F,-
> gal of Paris (F100 and
. F152)
Type 4 | P10; J4 PO18 thi mng thr| Spont. from C6000 F* thr-1, leu-6, thi-1, lacY1, F is integrated in malB
tonA21, malBI6, A locus
Type5 | P72; J5 PO102 ilv met Spont. from 58-161 (W6) | metBl, rel-1
—(—A—
Type 6 | P13 PO104 mtl ilv Spont. from 112, S® his-49, cys-23, gal-5,
str-58, A", T,R T, "
Type 7 | P808 PO105 tonA pro Spont. from cross: P25F* | Thi-1, lacY1, xyl-7, mtl-2,
> x P678 tonA2
P2; P21 PO106 lac purE Spont. from 58-161 (W6) | metBI, rel-1
P804 PO65 pro lac Spont. from cross: P25F * | thi-1 Source of K-lac of Jacob
= x P678 and Adelberg, (F42)

@ As listed in references 49, 51, 52, 53; .54, p. 162.
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strain was designated PO2, the number as-
signed to the point of origin of the Cavalli Hfr.
The Stock Center inherited this nomenclature,
unfortunately, and has been perpetuating this
error until quite recently. No one has found, to
our knowledge, any difference between the
points of origin of strain 4000 and the Cavalli
Hfr. However, it would not be surprising if
these two strains differed in genetic back-
ground considering the different treatment they
received. We have assigned them distinctive
PO designations, as follows. The Cavalli Hfr
now has PO2A, in our nomenclature, and the
point of origin of Hfr 4000 is PO2B. In cases
where it is impossible to decide which of the
two strains is involved, the point of origin will
be called simply PO2.

The parent of Cook and Lederberg’s (25)
extensive series of several hundred lac- mu-
tants (W3787) is given on this chart.

The Wisconsin strains W3208 and W3201,
sometimes referred to as Hfr, and Hfr,;, re-
spectively, require special comment. When the
strains W3208 and W3201 were isolated, it was
assumed that they were Hfr’s because of their
ability to transfer chromosomal markers at
high frequency. When these two strains were
examined in greater detail later on, it was
found that both were F' strains, harboring F8
and F15, respectively (42, 47, 95). Thus nothing
is known of the Hfr strains that may have been
the immediate ancestors of these two F’ strains
(J. Lederberg, personal communication).

Chart 6. HfrH Thi-, A\~ and some of its
derivatives. The most widely used version of
the Hayes Hfr, HfrH Thi-, A, is sometimes
thought to be the original strain isolated by
Hayes. It, is, however, a recombinant strain,
resulting from a cross between a phenocopy of
HfrH and the heavily marked Wisconsin strain
W677, F+. The strain isolated from this cross
was Thi~ and carried bacteriophage lambda.
Oddly enough, considering its ancestry, it ap-
pears to be suppressor-free. Both the Paris and
Wisconsin laboratories then cured this strain of
lambda phage. The Paris HfrH, Thi-, A~ is the
one that is widely used: it is equally well known
as strain 3000. Some confusion has resulted
from the fact that it was also called “HfrC”
within the Pasteur Institute (see Table 2).

Several important series of mutant strains
were produced from strain 3000 in the Paris
laboratory. The series produced by X-irradia-
tion included some of the widely used lac
deletions, such as those in strains 3000 X74
and 3000 X111. Another series was isolated af-
ter U1-U488, etc. A third series, isolated after
treatment with nitrogen mustard, consisted
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of some 297 auxotrophic mutants called
YA1-YA297. (It is important to note that
strains bearing higher YA numbers arose in a
different manner.) From the strain 30SO, a
lacZ- derivative of strain 3000, there were
isolated, after UV-irradiation, seven pyrimi-
dine-requiring auxotrophs, designated 30SOU
1-7, respectively.

From the strain 3300, a lacI~ derivative of
strain 3000, were isolated three widely used
strains carrying lacZ mutations, 3310, 3320,
and 3340, and a series of strains carrying
auxotrophic mutations which were designated
as HfrH “M” strains 1-30.

From F* revertants of strain 3000, K. B. Low
and A. L. Taylor produced some of their widely
used Hfr’s, and Taylor produced several series
of auxotrophic strains used in his mapping
studies. (The cluster of markers gltS7, gadS1p
and gadR2 may or may not be present iE
AT705. They were found by Lupo and HalperrE
(75) in a recombinational derivative of AT705g-
and it is thought that they may have arisen2
along with the rbs-1 mutation, when strair®
3000 was treated with nitrosoguanidine t
produce strain AT705). A number of w1del)B
used rec~ Hfr strains have been produced frong
Hfr KL16 by Low and A. J. Clark.

Chart 7. Some of the early Paris lac o
strains. This chart is designed to show thg
rather complex relatxonshlps between the&
widely used 3300 series and 2300 series of
strains from the Paris laboratory. There isZ
however, some doubt about the parentage o?
strain 2300, which was made by J. Monod. =

Chart 8. Other lines derived from wxldo
type. The strains W1485 and W3110 have beerd
used extensively as ancestral stocks in an effo
to get away from the heavily mutagenized early
Stanford strains. The amber suppressor,
supE42, found in W1485 is not in W3110, which
is either suppressor-free or carries a weak ochre
suppressor (C. Yanofsky, personal
communication).

The genetic step involved in the isolation of
W3110 was the selection of a strongly ferment-
ing colony on EMB-gal, as W2367 appeared to
be “‘a weak gal fermenter.”

Chart 9. The derivation of JC12 and
JC411 and some of their derivatives. These
recombinant strains are included here because
they have been used widely for the construction
of stocks. Note that the gal-6 (gal,) constella-
tion is in most of these strains.

Chart 10. Paris strain 200PS and Paris
F-lac*. There is a widespread misconception
that the designation 200PS refers to a particu-
lar F' strain, carrying a particular episomal
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element. This is not the case. 200PS is an F-
strain, which is the host strain to a number of
episomes in various Parisian F' strains. In this
chart it is the host to the Jacob and Adelberg
F-lac* episome (48), our F42, derived from
Paris Hfr P804 (Chart 13).

Chart 11. The Paris F-gal and F,gal.
These two widely used episomes arose from the
Hfr 4000, not the Hfr Cavalli. The point of
origin is, however, similar to, if not the same as,
that of the Cavalli Hfr (see notes to Chart 5).
The F,-gal is also called the “long” F-gal or
F-gal, A%, bio. At least one widely used version
of this episome (in strain M57 of Meselson)
carries a mutant suppressor allele, probably at
the supE~ locus (M. Meselson, personal com-
munication).

Chart 12. Derivation of Garen Pho- and
Su* strains. This chart gives the derivation of
the set of strains used most often as sources of
these pho~ and sup~ (Su*) markers. Strain C90
produces alkaline phosphatase constitutively.
Strain E10 carries a phoA deletion.

Chart 13. The derivations of miscellane-
ous Hfr strains. The Hfr strain known as R5
or Reeves 5 arose spontaneously during a
cross between 58-161F+ (W6) and W677F-
(P. Reeves, personal communication). It is a
recombinant of these two strains.

The Hfr P804 is the source of the Paris F-lac*
episome (our F42: Chart 10).

Chart 14. The strains K12S and 112. One
of the first A® (i.e.,, \*) strains isolated by the
Lederbergs was the strain W518 (61). A deriva-
tive of W518, designated W1294, was made by
the Lederbergs as shown in Chart 14. The
strain W465 which was involved in this pedi-
gree, and which was described by J. Lederberg
in 1949 (62a) as “H-1", is still not fully under-
stood. It was a heterozygote, an unstable dip-
loid, which segregated out large portions of
the genomes of both of the parent strains. It
cannot be explained by simply assuming that it
was an F-prime strain. The strain W477 was a
stable segregant from W465. The strain “X,”
indicated in this pedigree, which was neither
saved nor given a “W” number, was also a
heterozygote, and strain W888 was a segregant
from this unstable diploid.

The strain W1294, in which the presence of
the thi-1 marker was questionable, was sent to
J. Weigle at the California Institute of Tech-
nology in Pasadena by E. Lederberg in 1950
(106a; and J. Lederberg, personal communica-
tion). This strain was called in Pasadena sim-
ply “S” (106a) or, later, K12S (4, 71a, 106b).
This strain was sent by Weigle to the Paris
laboratory, where it was found not to require
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thiamine (110a).

Monod and Wollman induced in strain K12S
the gal, mutation (our gal-5) (110a), creating
strain P1. From strain P1, Wollman produced
strain 112 (110a), later called P112, by a series
of UV-induced auxotrophic mutations. A reiso-
late of strain 112, picked by Wollman on one
occasion from a colony #12, led to the strains
being called 112-12 (later P112-12) in Paris (E.
Wollman, personal communication). This
strain was then sent to Pasadena, where it was
called C112 (3a).

The data books of the late J. J. Weigle were
not consulted by the author. The above recon-
struction of the pedigree of strain 112 is the
most plausible one that could be reached on the
basis of information supplied by the sources
cited above. Some question arises due to the
fact that Weigle apparently referred to more
than one strain as K12S (106b).

DISCUSSION

It is now possible to trace the derivation of
almost all of the strains held by the Stock
Center and to apply a uniform and unambigu-
ous system of strain designations and mutant
allele designations to our stocks. Unfortu-
nately, almost all of the strain descriptions that
have been drawn up (and sent out) by the
Stock Center previously must now be revised
and corrected in the light of information gained
through tracing the pedigrees.

Once this task is completed, we hope to be
able to provide for investigators in the field of
E. coli genetics strain descriptions and pedi-
grees that will make it possible to compare the
genetic backgrounds of most of the important
lines of mutant strains now in use.
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