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Rocent stodies of rocombination in E. coli (17) huve led W the
discovery of a compatibility mechanism 7(15) » 8 lysogenic zystem subject
to genetle contrsl (1G), and a systen of limited transduction by temperate
phage {22) comparable to that of Salmonella (28), These three phenomena
involve transfer of heritable faciors by infection in contrast to bacterisl
mating which involves the entire geéotypee The clarification, éifferentiation,
ard igﬁerrelationshipa of these mechanisms were emphasized in thig in-
vestigation,

I The LYSOGENIC SYSTFM IN E. COLL K=12

The relationship of a temperate phage, X, to a specific locus,
Lpy (batent phage) has already been reported (10). In swmary, the prine
eipal reacilon types of bacberial strains are: sensitive (Lps), lysogenic
(Lp*),‘amd the non~lysogsnic resistant type, Trmmne-I (Lpr)° In crosses
they behave as a system of mlbiple alieles, linked most closely with
Galy. This linkage has been confirmed in a Gal® Lp® x Gal™ Lp® cross
in another laboratory (27). In addition, the two factors segregated out
of heterozygous dipleids in the parentzl coupling. This evidence points,

therefore, to a genic determinpant regulating the maintenance of )\proviruso
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From a mumber of direct and indirect experiments it is known that all

these types adsord /‘\. A secord locus, Lpg, controls resistance or sen-
gitivity to)\uZ, 2 virulent kmutant-, and is situated in the Maly--S region
of the chromosome. &8 Lpzr strains cannot adsorb }\, they are therefore
not subject to any consequences whose initial reaction requires adsorptions
Lp2 does nct interfere with the mainfenance of lpreviously established

in Lp® strains, The genotype Lp®Lp,*T is consequently indistinguishable
from LpTLp,® types with respect to lytic effect ofX, Cross-reactions of

)\wit.h A-Z antiserum have heen observed,

New Data on Immune-1t The status of the various isolates of immune-l
strains has been reported, and the interpretation of their constitution with
respect to prophage had been reserved pending evidence of a Teryptolysogenic"
phage that normally fails to mature to give rise to lytic virus, The
segregation patiera of Gal"'LL)"'/Galh"Lpr diploids, also heterozygous for
Mtl and Maly {table 7 } is identical with similar I..p“/l.vp8 results, The
hypothesis that Lpr types may carry a non-reproducing prophage is supported
by experiments in which a low titer of ,\\was recovered by U-V induction of

at leagt one (22), Lp® types are also subject %o transduction, and the

resulits of these studies will bz deferred to that szection.
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the V"semilysogenic® strain (10) can be presented, Tests to determine
whether host-modified Xwas carried (section III) were negative,
An intermediate bost reaction, semiresigtant to both kand X«?,

comparable to the one in Shigella varadysentsriae (26) and the le allele

of K-12 (11) haé been clarifMed, Standard A suspengions have a reduced
efficiency of plating {eop) on thic mutant such that the plaques produced
are reduced in size and mumber, and also show a reduced efficiency of
transduction. The mutanis have been successfully lysogenized, but are
sﬁill semiresistant 'bok—?. The protocols for crosses which establish

a mutation at a new Lp3 locus not linked to Lp,-Hal or Lpl - Gal, and
conferring partial resistence to l, ave presented in table 13,

Mechanism of infection; Mutation and Selection vs. Induction: Breeding

experinents and diploid segregations reveal only the chromosomal determi-
nant of lysogenicity. The facility of the change Lps to Lp“‘ encourages
the possibility that Adirect.ly induces (rather than selecis) Lp+ among
the mmerous survivors of exposurs to phage. i'he following types of
evidence would be ugeful inv elucidating the primary infection process:

(1) identification of & "prelysogenic® genotype in the absence of phags



{h;

wenld encourage the mubation hypothesig, It weuld be cheracterized asr
an apparent immune-1 that would be converted to a stable lysogenic afier
treatment with\. (2) a careful study of the dynamics of infection, ine
cluding the lsolation of clonal pedigrees of single cells exposed to )\
which engender lysogenics. A pure lysogenic pedigree would favor the
induction hypothesis.

Attempts to identlify the prelysogenic genotype in K~12, and hybrids
of K~12 and other crosseble lines have been unsuccessful. Preliminary
oxperiments of the infection process (10) have disclosed lysogenic colonies
contaninated wilth sensitive cells and free phage long after initial cone
tact with . These mixed clones have since been confirmed in K-12 (18)
and Saluonella (14,21,23B), The possibility that spontaneous alteraticn
of the bacleria predisposing to a lysogenic decision plays some role in
the recovery of lysogenics is thus not yei excluded. However, the simplest
conceptlon remains that the genetlc clements of the phage are directly
incorporated in, or attached to the bacterial chromosome as we have been
able to find no indication of an extra-nuclear inheritance of lysogenicity.

The Effsct _g_:g&_ and P on Crossing Behavior: The presence of )\ in

one, both, or neither of the parents of a cross does not influence the

vield of recombinants. 4z noted ecrlier (8) esensitives were not eliminated



as lethsl phenolypes, bub the progeny of lysogenic X sensitive included
both parental types; and no others, in ratios dependent on the selected
awrotroph markers. On the other hand, the compatibility factor (F)
determines not only the yleld but also the segregation pattern of many
overtly unselected markers. Prototrophs are recovered only when at least
one parent is F; F also seems to diréct the elimination of certain chro-
mogomal segments after the formation ofr the hybrid zygote (15,23). The
important distinctions of F and )\a.re surmarized in table 1 , These

are emphasized to mitigate any confusion that might arise from the
suggestions that have been recorded elsewhere that Xmay play a direct
role in sexual recombination as well as to emphasize the distinction bee
tween the )\ controlled transduction of restricted genetic factors and the
Facontrolled sexual recombination. The independent transmission of these
factors was demonstrated by the recovery of (1) F"’I.-ps cells on the one

hand. and F"’Lp+ on the other, from mixturcs of genetically labelled

FLp® and FIp*, and similarly, (2) Lp*F™ (but no Lp®F" or Lp'F*) as sur-

vivors from I""'LpB exposed o )@containing filtrates from F*Lp'} cultures,

N
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IT TRANSDUCTION

Cell-free filtrates derlved from sulitable Salmonella strains were
capable of tramsferring unit genetic factors to a competent recipient (28).
A wlde range of irdependent markers has been equally subject to transduction,
Additional analysie has shown that the temperate phage of the donor strain
is the vector of the gemetic material (16,25), Attempts to detect transe
Guction in K12 among the survivors in the turbid centers of A plaques
were negative (10); but by using high-titer lysates obtained by U-V
induction (20), a successful transduction was achieved (22). Two striking
contrasts with the Szlmonella system were demonstrated: (1) the reastriction
to a single genetic character, galactose fermentation, and (2) a striking
instability menifested by mosaic Gal®/Gal™ colonies after transduction
despite repeated single colony purification on EMB galactose agar,
The incidence of persistent instability, rarely if ever encountered
in Salmonella (1h), varies with the reciplent strain,

Ccnfounding_of Transduction with Recombination ?: The conditions

raquired for transductlion are gensvally pmcluded in crossing experiments,
Moreover, the unstable mosaic Gal®/Gal™ colony characteristic of transe

duction has not been so far vrecovered among recombinant progeny. A
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more careful inguiry into the effect of k and Gal segregation was recessary,
however, in view of the transduction phenomenon, since it may provide an
alternative interpretation of the Gal-Lp cosegregation ratios currently
satisfied by a linkage explanation., Crosses of genetically related parents
differing only in the preseace or sbsence of kwere therefore studied,

Table 2 demonstrates no significant deviation in the yleld of Ga1+ ree
combinants where parents vary only for the Lp marker,

Is Transduction a Selection Artefact?: Interaction of genetic

factors on reverse mutation of entlirely independent locl have been re-
ported before ( 15). An analysis of the Gal- segregation from the une
stable transduction, the allelic transduction, reported below, as well
a3 many other types of evidence (22) rule out the interpretation that
the transduction is a selection artefact. The most convincing evidence,
howsver, has been the development of gpecific Gal®™ transductions in Gal+
recipient strains by msans of /l with exireaordinary high frequency of
transduction (22), when the A donor was Ga}";

Trangduction and Fetransfer: Just as lysogenization is independent

of the conversion of F~ into F* atrains, the transduction mediated by )_

is vnrelated to the F status of either the recipient or the domor cells,
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Crosses of F~ x T~ by standard techniques are completely sterile, Howe
ever, recombination of two nonallelic Gal™ mutante can be indirectly dem-
ongtrated by transduction. Lysates from Isp+Gal+F" were completely
functional in introducing the Gal® factor to Gal™F~ cells. Similarly,
norallelion of two Gal F strains can be established by the formation
of Gal' in transduction experiments whereas the sexusl sterility of the
cross would bleck cell recombination in m,

Crosse_s of a sirain characterized by its enhanced fertility, Hfr,
(15) displayed a lixﬁcage of the Hfr ‘fcrait to Gal (12). Theee data were
verified (table 3 ) for Cal”p, Despite this linkage, efforts to trans-
port the Hfy and Gal" factors simltanecusly into Gal‘F"Lps recipient
cells vis )\prepared from Hfr bacteria were unsuccessful. The conversion
of F* to F¥ vy Xfiltrai;es from F' gtrains was examined by crossing the
Cal* transduction with F™ tester strains and was likewise unsuccessful.
The competence of )_\in transduction therefore contimues to be confined
to the Gal cluster,

The Concurrence of Transduction and Lysogenization: Observations

on the E, coli system, as in Salmonella; are consistent with the hypoihesis

that the vector of transduction consisis of temperate phage. As a rule,



the teemoduetions isolated from Gal~Ip® bacteﬁ? ezposed to /\ are con-
sigtently pure, stable lysogenics, despite the persistent instability of
the Gal® twvalt; the ensuing Gal- segrogants are also lysogenic. Lyso-
gerlzation occurs very much more frequently than transduction, but the
correlation of the two remained to be explored as evidence bearing on
the bypothesis. In the first experiment (table b , part A) transductions
were picked as ga)” papillce and sireaked out on EMB galactose agar. 4
single G2l (representing non~transinduced cells) and a single Gal’

{the successfal transduciion) were each itested for lysogenicity on an
appropriate Lps indicator, In experiment B; marked Galprs cells in

the approximate proporilons expecied from transductlon were introduced
with the Gal™ and the mixed culture on EMB galactose plates, With the
assumpticn that both Lp® strains would adsorb and be equally affected
bx)\g a disparity in lysogenizations of the two ensuing Gal* classes

was looked for. ﬁhareas 21l of the transduction Gal® were lysogenized,
only up to T0F of the artifically inserted Gal® or of the origimal CGal™
hed besn infected. Both parts of the experiment show a distinct corre-
lation of lysogenization with itransduction; the incidence of lysogenization

ig almost higher in these than in the control. bacteria on the same plates.
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Segregation of lysogande sensitive has not so far been observed (v to
500 tests) from these simultaneously transduced and lysogenized recipients.
This evidence argues that kis the passive vector of genetvic mabterial froam
its source strain, This material is injected to the bacterium by the phage,
In Salmonells the transduced genetic factors seem to undergo an immediate
substitution for the homologues in the recipient bacterium, if they are
successful at all., In E. coldi K-12, however, an intermediate stage is
perceived where one can detect simultanecusly the presence of the original
recipient and the new transduced genetic facters in the same cells by virtee
of their subsequent segregation, The relationship between this replacement
of genctic materisl and the coaversion of virulent )\into its prophage
gtage ("reduction” 6) has not yet been completely worked out. As will be
| described below, however, these processes have been separated and are
therefore not mitually dependent,

Lysogenization of Tmmne-l in Transduction Experiments: When immne-l.

—

strains such as W-1027 and W-192) sre exposed to A\, no evidence of their
lysogenization i3 ordinarily perceived, However, under conditions where

transductions can be selectively isolated about 5% of these altored bacterin



are also found to have been lysogenized, Repeated serial segregétion

of the resulting transductions showed that in some cases, lysogenicity
failed to segregate. In others, lysogenicity and Gal segregate together,
while In 2 single iastance a lysogenic Gal™ segregant was found which cone
tinmued to segregate Lpr colonies, OSometimes a very weak lysogenicity is
observed ("one<plaque ﬁypes“ ;p caosg»brush tests), gh{ch is complg&gly
lost after a few transfers. Some of these atypical cases are presented
in table 5, and suggest the following alternative interpretaticns:

(1) Lp® cells are genetically lysogenic but carry a modified prophage.
Thege cells are generally resistant to imfection with,lw However, ,*\
may be exceptionally introduced simuliancously with the Gal® fraément
and there may displace the avirulent form of the prophage, or when

Lp segregation 1is obgerved, both prophages persist together for the

time being. (2) The Lpr is 2 "mull" allele, In transduction, Lp*

and Gal¥ factors are introduced, but the lysogenic/{mmune segregation
occurs when Qal segregates; This hypothesis ean not account easily for
the 0al“Lp*/~ types except by dovising a complicated scheme involviné
crosgingover. (3) Immunes nay or may not be genetically lysogenic,

The ?rnduction of Lp+ signifies the occurrence of = double transduction

at two loei, Gal and Lp., (a) ordinarily these linked factors would tend



4o be losbt as a bleck in the ensuing segrasation, or (B) a linked france
duction does not operate., By a two-step process, two effective particles
have penetrated; one fregment carries Gal®, the other Lp*, Independent
gegregation 18 permitied and a2 mechanism requiring the breakage of a 2«
factor linked frasment as in (2) is not called for,

In any event, spscial assumptioné must be made on the avidity of
the Lpa locus for pro-)\ to account for the failure of transductions to
1p° to segregate Lp'/Lp°® along with Gal*/Gal™., Howsver, the Lp® may
only block the propegation of }\or its reduction to pro~)@

Hypothesis (1) accounts for the occurrence of immunes which can
be induced by U-V {22). The recovery of unstable Lp' transductions in
non~transinduced Gal- would tend to support hypothesis 3. The most
decizive elucldation of whether transduction displaces a mutant phage
particle with a wild type )~or whether a normal Lp+ allele is substituted
for a mtant or mill host Lpr gene would be provided by experiments with
geretically distinguishable‘)\preparationsa Lpr)Lps transductions were
prominent with irradiated,kg tending %o support hypothesis 2;

Irradiation effects: Quantitative agsays of transduelng potentiality

cof phage prepavation are necessarily based on plague counts. The survival
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[ )

after varions treatwents of plamms-~prodacing particles and transducing
particles are not identical either in Salmonella (28) or K-12 (22),

In fact, it is known from both studies that transducing power may be
increased at some iﬂtermediate dosages. A comparison of the effects of
U.V and X¥-radiation is given in table6, A U-V dese reducing plaque

)
asgay from 1/2 x 10™0 40 16.9 x 105

per nl yielded 170 transductions
from an initial titer of 103 / ml., A comparable X-ray dose was found
to be between 150,000 end 200,000 », No recognizable transductions were
recoverad at the latter exposure, Two vieupolnits are indicated:

(1) the lytic and transducing principles in )\are separeble by their
independent survival, and (2) avirulent A particles are produced but
they are damaged only to the extent of virmlence for the host cell,
Conclusive evidence favoring one or the other views of Lpr, houwever,

is not yet aﬁ hénd; A decisive chemical and genetic separation of the

transducing material from the virus particle has not yet been experi-

mentally schieved, whether or not it is at all theoretically possible.

GERETIC DEFIMITON OF TEE GAL LOCI

Recombination: Attsention was focused on galactose nonfermenting

mutants because of the colncidence of the firsit recognized )\usensitive



matant in Gal"'h (i{«SlB) , and the subsequent observation of linked
gegregation of Lp and Galh (10). Gal® mmtants have been isolated
directly by inspection of surviving colonies after U~V {reatment on EMB
galactose agar and also as nonwpapillating variants of Lac”™ mutabile
recovered on EMB lactose agar plates. Interaction of Gal™ and Gal*

on the phenotypic expression and reverse mutation of Lacy and Lae7 alleles
h;ave been described (9). Recombination aznalysis provided the evidence for
a cluster of four linked Gal loci (7). Galy and Gal), show a very low
order of crossovers. Preliminary data could only differentiate them

on the basis of behavior in Het crossezj Lp and Galy are both hemizygous,

while Galf/&al{ heterozygous diploids are readily obtained (table 7 ),

Irangsduction: Transduction tests reinforce standard allelism tests

(table 8), axd in fact have tentativelj identified several new loci,
now awaiting confirmation by recombination analysis. Whether the
relative yield of Gal® transductions is proportionsl to the map dis-
tance between Lp and the Gal locus is in question. The results of
large-scale allelism tests made available to date by new techniques

to facilitate crossing are summarized in table 9,

(1)
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The instabilily chavacteristic of the Gal” transduchion resulte
in the mosaic colony already noted and deserves further comment.
Despite passage through a large number of serial single colonies, CGal-
segregants are almost alweys thrown off, In transductions from Gal+,
i.e, Gal+ ~x Gal”, these Gal” segregants have been identified as alleles
of the locus of the originel veclpient strain, both by crossing and further
transduction tests, No othsr ldinds of Gal have been recoversed, On the
other hand, if the donor is a non-allelic Gal”™, both donor and recipient
Cal™ appear among the segregents from the Gal® transduction (22), For
example, Ga12“ e Galh“ gives galactose~fermenting intermediates,
presumably of the constitution Ga12°3a1h+/Ga12+Ga1hf° The segregants
in all these tests are identified by (1) crossing experiments with Gal,”
and Galh' testers, (2) dariving‘)yand subjecting the testers to its
action, and (3) applying Afrom al®, Gal,”, Gal)", ote. The Gal,”
Galh“, a crossover type, has not been conclusively and consisztently
established, This double mutant would be identified as one which is
subject to transduction by A from Gal® aud from any Gal® other than
Galy” or Gal),”, and would yield no Gal™ recombinants in crosses with

Galz“ and Galh“ tegsters,
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Diploid ctudies: The preceding evidence points to a chromoscmal

locelization of the Lp lysogenicity determinant closely linked to a series
of Gal loci. Evidence for the segregation of a prophage linked to the Galh
locus ruled out the possibility of a random distribution of cytoplasmic
particles in cells carrying k(lO)a These observations have since been
extonded to Galp and Galy hybrids (a2 heterozygous Lp+/s), and also
Galh’}Lp"'/Galh"Lpr diploids {table 10), A study of such diploids segregating
ocut distinguishable ;{ty‘pes is in preparaticn, Preliminary evidence also
hag been obtained elsswhere from crosses with lysogenic parents, one
carrying a mutant A (or one "doubly lysogenic®) the other doubly
gensitive, which ylelded Gal/Lp progeny in parental couplings (1).

The mutational independence of Gal and ILp was also examined in
the doubly homozygous diploid, Comparable experiments with the closely-
Lacl and Y¢ loci have already been reported. Lac’ reversions were selected
in Lac“Vg¥/Lac~V48 diploids. The resulting doubly heterozygous diploids
were of two types: Lac""%r/Lac"Véé and Lac“Yér/Lac"’Vés, and with equal
frequency (11).

A double homozygote Galz”Lps/Galz“Lpss also segregating a few other

markers, (and unfortunately also Lpe) was prepared by stepwise ezposure of



the double hebverosygote to U~V (11) and the isolation of suitable
“reorganized” diploids, The resulting diploid, H~331 was infected

with }\, Several Gal{Lf/Gal{Lps isolations, A to G, were then allowed
to papillate on EMS galactose agar. Independently occurring Gal® were
gselected, and the segregation pattern of Lp and Gal, of the resulting
double heterozygotes was tested, The iucidence of mutétion to Ga1t

on the Lp* chromosome (coupling phase, or cis configuration) was come
pared with that on the Lps chromosome (repuls:‘-.on phase, or trans-
configuration). The analysis included a single Ga].+ ard a single Gala
segregant from & large number of diploids, (pair analysis) and the

examination of mary segregants from a single mass diploid culture (random

analysis). From diploid B, 5 cis configurations and 6 irans configurations

(table 11)
wore scored. The conclusion from this evidence/is that the condition of

the Lp locus, whether lysogenic or sensitive, has no significant bearing
on which ;ne of ;bhe 2 Gal” alleles will mutate to Gal*; (These pre-
liminary data will be expanded, and also extended to a corresponding
study of diploids first zﬁade héterozygous Ga].z“Lps/Galz"Lpa, and then

infected with )\,)

an
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The above studies provide two kinds of Lp‘:'/L@s; Gal+/Ga1" aiploidsz
)\ coupled on the ome hapd with Gal  {cis) and om the other, with Ga.‘z {trans)
If the acti*ﬁ."&;} of fvom Thrans? Lacterdis is confined do non Galy recipient
a ehromosorald bud nod mclosr limitation to }\sl,e ificity is indicated,
AT1 Gald” dw 1 ding Gel,  is expocted \'i:o respond to cis /{. A difference in )\
from ﬂ::}r-”e diplolds yhich are phenotypically identleal; and geretically
identical cxcept for ths arrangement of copponent parts established a
Ypogition effect. So fapr, only }\frcm the trans-type diploid has boen
prepsved, Zal hle ouz that while Cralh \Gala Gq‘i 3, “) e2lls are subject
to transduction, enly reve Ga:l; transductions were recovered, The develop-
ment of an adequate diplold culture to satisfy the mutritionsl prersquisites
For U-¥ indvchlon in K-12 {3 ,5) ard an interzediaste grouwlh period nec-
eggarily pern :‘-,?:,3 sone selection for haploid sagregants, The yield of )\
obtained very probably includes a Yimitced portion derived from Galz“Isp*
&nd Galz"l,p"‘" haploms; The latter ecroszover tyres may account for thoss
transductions which were found, The date so far allow the tentative con~
clugion of a pocltion éffect hypothesis and strengthen the concent of an

intimote relabtlonship of )«\and Gel ot a specific actien site on the

-

chromogone, Tronsduebtions of the double homowypote 331 and lvecronic



derivailives hos nppavently been obtained, The analysis 1s complicated
by the fact that diploid-haploid instability ean be confounded with transe
ducticn ingtability.
COMPARATIVE CGENETICS OF Lp AMD Gal IN OTHER LINES

Awong the independently isclated crosssble strains of E, coli (12)
the wild type of three lines (28,47, and 51) were sensitive to A carried
by 1ins 1. 4 fourth, line 31, threw off rough variants which were gll
)\ sensitive. These strains occurred in natare as F” but could be

)

altered to F' by growth with K-12 or suitable derivatives. So far,
&b least ong Gal” mutant is subject to transduction, Preliminary intra-
line-li7 cvosses established an Lp locus 1ike that of K.12, and a Gal-Lp
linkages, Very little mapping work has teen completed among these strain,
and the cmphasis go far in these studies has been ths genetic behavior
of /\:i.n outeresses with E-12,

Sensitives of cach line ave readily lysogenized by E~12 Ab‘at
these lysogenics show 2 reduction of 2op on K~12 semsitive indicators,
This system is entirely annlagous to host modification demonstrated for

2 (19) and )\procluced by strain C (2). The terminology established

for these systems will be used to describs the properties of cur strains,

{19)



Thus Tines 28,31, and h? can be designated as }\-. lysogenic or A\ sersitlve,
Lire 1 sensitives are more resistant to ké than to type )\. kﬁ can be

- introduced at low rates into Asensitive hosts, but normal rather than

){2% is recovered, Similarly, normal /{is converted tokn‘ after a single
passage in A% seusitive hosts. The four phenotypes are readily dise
tinguishable in cross-brush dects as follaﬁss

Reaction withs

~30n8g, F-gena.
c B
Exanple Type bacteria baeteria }\ k"
line 1 1lysogenic A * + R R
line h7 sensitive B - - s 5
linz 1 sensitive H i - S R
line 47 1lysogenic D - + R R

+/~ = lysogenic or noty R/S = resistant or sensitive
Tuo major hypotheses can be tested by intercrossing these typess
I Lp controls oll reactions: the types A-D are determined at 2
single locus.
IT Ip controls lysogenicity/ sensitivily; another locus, Mp, controls
resigbance or seﬂsimvity o )\*o
(a) Both )\mzd /\% are fixed at Lp in phenotypes A and D,

(b) Ais fixed at Lp in type A; A* 33 Pized at Mp in type D.
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The congogquences of thesge hypotheses are shown in teble 12, The coridiecal
CYosses fér I and IT are A x B and C x D, The only decisive eross for II a
vs. Ll b is A x D, IT b wonld be favored by the recovery of sensitive
recombinants as well as a novel genoiype whose phenotypic effects are
wapredictable. Since there iz 2 possibility that Lp and Mp are closely
linked a large sampls of progeny n."m, ba required, One musb bear in mind,
in revieuing thege intercross data that the prototrophs represent recom-
binevion of a8 yel unmapped mitritional factors. In addition, chromosoms
and other irregvlarities corvelated with intersirzain hybrids» have not
been analysed,

Effective transductions have been achicved in these strains. Cal-
in Jines L7 end 31 have been used as recipienis, for A produced by line
1, 28, 31, avd h7. A reduction in the effectiveness of transduction to
line 1 reeiplents is parallel with the reduced effectiveness of lyeo-
gerdzation., In gencral no important differences with the Ko1? mechanism
have been demonsirated. Hypothesis II b is doubtful.so far. The dif-
ferentiation of the \# of different limes is still to be tested, A
single intercross shows no genetic difference so far,

In preparing this report, it has been necessary to make numerous
references to the unpublished work carried on in this laboratory by

Professor J, Lederberg, Mr. ¥, L. Morse, and others, under other auspices.
These ave clted by mmbsy Lo the bibliography.



Table 1

Chavacteristics of F (compatibility factor) and Alvirus)

Criterion F gtatus A (effects)
(1) Tield of recombinants Decisive None
(2) Type of recombinanie Decisive None
(3) Trememiscion to recombinants 1008 Segregated according to linkage with
' selected mutritional markers; behaves
as 2 genetie locus,
{}y) Transmicsion by infection Rapid and Results in mixed clones (3).
fixed
(¥} Cell-free preparations Not yot Easily filtered.
accomplished
(6) Effcet of antlserun Silight if Blocks adscrption
any
{7) Fole in Gal® transduction None Decisive
Table 2

The Effect of Aon % Gal” Progeny R

VER
M"Gal™ parent x lysogenic sesiC immune
F Iysogenic 8.0 (S
immune ~ 6.3 6.3 |

sensitive 6.7 10.1



Linkage of Gal, Lp, and Hfr

Table

3

W-1895 % W-2308

Part A: Genotypes recoverads Total
Gal Lp F

* + 1 =

+ 5 4+ 5

L - [ o

+ 8 - h

- o+ o
Fart By 2 » 2 contingencies

Gal® Gal” Total F¥ F"  Total

F* 20% ) 20
F 9 3 Lo
ipt 15% 0 15 13 5 18
Ip® u 204 ko 6 33#% 39
Lag¢® 26 5 kA 2% 9 31
Lac™ i 26 30 7 o 3L
LUakd 13 9 10 I 9 10
V18 28 213 L9 23 20w L3
Iyly” 9 1 10 T 2 9
Iyls 20 30 50 16 T 23

* Peorentel combination .
1 Selected as Gal* and Gal™ prototrophs,



Table kL

Lysogenization in Transduced and Nontransduced Lp®

Part A: Gal* and Gal™ from single papillae

Gal®/Gal” g
Pair type Fumber Gal~ Lp® Gal® Lp*
Lp*/Lp* 13 Gal®™ Lp® 2 3
Lp"'/LpB 15
Lp®/Lp” 3 Gal* Lp* 17 13
LpS/ip® 2
Lp®/Lp® 2
% Oal¥ sensitive 16,2
% Gal- gensitive 47.2
Part Bt Lysogenization of itransduced and inserted ga1”
“ Av, Mo, Gal” vecovered
Lp~ strains Control  Treateds Types in mixture Ho. teated % lysogenic
Gal Lac® 109 92 GodLac® (inseria) 46 68.5
Gal“Lac™ 1w 432 Gal"Lac” (original) ko 72.5
Kixturest 106.5 119 Gal'Lac™ (transductions) 103 100.
% 109 )\

% Spontaneous veversions per 10% inceuim
sur 100 Gal-Lace and 309 Gal'Lac*



Table 5
Transductions to Gal)~ Immmne-Is Segregation Patterns
Exp, 385: Strain 1921;:_',2_7_' Gal"

| Number lysogenic Number semilysogenic Number nonlysogenic
_(1vs) ) ~ (semi) ' (g:%)
to #2 oo ]
Colony generation '
1 Gal” non t 19 Gal* 1ys 1 } Gal™ 1ys = 18 wel 1o semi 1 0al" semi 1}‘&“&11"+ -
L : (Gar* . Y . and Gal
' / and Gal™) : - 2 Gal” 1ys non
nas N . 2G21" non
I Cal” non ¢ Gal"lys : Gal™ non Gal™lys | 2 Gal* 2 Gal™ 19 Gal*™ 19 Gal” non
/ \ lys non  nen
111 Gal*lys Gal"non L3 i¥s 3 fon 1 semi -
Iv : o lys non
v | lya\/ \'non non
Vi 13’5/ on
fxp. h31t Strain 2130: 38 Gal*: 28 non, 1 semi (#23), and 9 1ys
Segregatlon patterns all Ga1l® lys, all Gal™ non: 2
of lys all Cal® lys, all Gal™ 1ys: 5

all Gal* 1ys, Gal™ lys and non 2
both Gal™ and Gal” non: #23



Table

)

Survival and Transduction wlth Irradiated }\

X-rayz ( x 10° r)

o Untreated o ;

lo phage  phage Ul 5o 100 150 200

dv. plaquesfdl = 10° o 127,000 16,9  WL,667 3,975 377 100
% survival - 100 0,013 328  3.13 0,297 0.008
Lp® bacteria

Wo. Gal popillac 20 1,000 170 250 85 20 30
A u G.5 100 34 25 17 ) 6
Lpr bactoria

To. Gal” popilloe 39 60 - 135 '.!.15 3 20
G " 65 100 225 191.7 5.2 3.3

20 minutss, sterilawp

2 103 pfmin, at 290 K.V., courtesy 4. Novick, Radicbiology Inst.,
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Table T

Segregation of CGal, Lp,... diploids

A, H-32h B, He32%
Segregation of Lpp, By, not Segregation of Vg, Htl, Lpsy, By not
tebulated. tabulated.,
Galg~ Calgt Lp Mal Zyl M 1.%L Galy- Galq+
1w soe e . . T
0 1 + - = - 0 0
0 1 T 2 0
0 0 S P 0 1
K o 0 + 4 0 0
2 0 * -k o+ 0 0
25 G & - S 13 0
9 1 a4 e 13 1
3 0 58 = - 0 0
6 0 8+ 4+ - & 7 0
1 G 8 - + 0 0
2 0 5+ S 3 0
0 0 5 = - e F 12 0

50 50 Total tested 51

3




Table 8
Allslic Specificity of the Gal  WIransduction at the

Gel 1, Gal 2, and Cal L loct.

A‘” donor bacteria Recipient cells
Gal 1. Gal 2 Gal I Lo24]t 1424+ 1+24)-

+ + * ’ + + *

- + + - + +

‘ad - + + L *
diploids:

1 * + 3
- " P data (21) (300)
(trans)
3 + + Lp"'
" = T8 {cis) No data

#* Gal + papiliae per 109 L



Table 9

Summmary of Current Allelism Tests

Totalit  No, "
Zxp, No, Gal™ type F-~ psrent T parent progeny Gal® Maxim, % Gal+

535% 1x)h W-750 Lp* W.2234 Lp® 5000 17 0.3
563 2000 15 0.75
53 exh W-1210 Lp* W.223} Lp® 6000 25 0.kt
563 1600 1 0,68
580 2400 8 0e3
535 L x3 WaS18 Lp® W-2315 Lp* 807 6 0.Th
582 hx? W-518 LpS  W.2315 Lp® 5000 0 0
6700 5 0,06
5823 1x? W-2291 Lp® W.583 Lp* 7603 2 0,026

* a1l Ga1+ recombinants in these experiments are Lpso
#2Estimated total,



Table 10
Behavior of Gal and Lp in Lac +/- Diploids

Parenta Diploid progeny
Type of cross F (TLT) M Lacy Lacg), Galy Oal) Lp Gal Lp
1, Het diploids  (a)(Het) ¢ = S T +/= +fo or «fo Y &/
- » - - +* +* - a8
b)(Het) < . + + + + + + . 7o _
() ( : " ol . - : : +/e or -/ not segregating
2, Lacle x I-ach— (a) : : : : : : : ; Mostly +/¢ Mostly +/e 3/
©) r e e e e e el Mostly o Y
Gt + - - & +* - 8 ﬂy e tlly 8/e
3, Haploid x auxo- (a) Wt /e 4/ ofr v 4fo 4/o Cal* Lp* / Gal-Lp® (1inksd)
trophic diploid + + - - + + - s
(b) game, except M- parent is Lp® Gal* Lp* / CGal-Lp® (linked)

y In Het crosses, Lp does not segregate. Gal 1 and Gal L, two closely linked loci also differs CGal I segrogates,
but Gal 1 does not, -

2/ Diploids resulting from delayed disjunction revealed by heterozygotes of two Lac pseudoalleles show no segregation
of Gal or Lp. Reversal of F status reverses the polarity of the Gal, Lp segregation.

3/ The only successful demonstration of heterozygosity of Gal and Lp,
b/ Asration phenocopy.

B/ +/¢ indicates purity for +, whother hemizygous or homozygous.



Table 11
Segregation Patterns of Gal' Reversions in Gal “Lp®/Gal,“Lp* Diploids

2 2
Diploid Total + - Ga1* - + - Inferred
e Segre- ga]. Eal al. Gal 3&1 Gf.l type of
gants Ip* Lp® Ip® Ip® Ip,” Lp,f  Lp,S Ip,® Mal' Mal®  Mal* Mal™  dipleid
Al 161 76 6 3 76 kS 0 39 0 1 53 17 36 cis
3 i 121 2 58 60 1 52 8 60 1 38 22 61 0 trans
B 2 73 0 L i o 32 7 3 0 33 7 lsj 0 trans
B 3 76 61 b 1 10 65 0 57 5 65 0 18 cis
g1 L8 i 23 24 o 23 1 2k 0 9 15 2 0 trans
E1 60 30 0 3 27 26 L 2l 6 30 0 16 1 cis
B2 2h 0 12 12 o 12 0 12 0 [ 6 12 0 trans
E 3 23 12 0 0 1 12 0 11 0 12 0 3 8 cis
Fi 66 32 1 2 3 n P 30 3 32 1 21 12 cis
J Lo 20 0 i 19 20 0 20 0 20 0 7 13 cis
73 23 12 0 o i 12 0 10 1 12 0 3 8 cis
L 18 1 0 i 6 10 3 o 7 11 0 7 0 cis




Genetic Determination of Host Modification:

Table 12

line

1l

lines 28, 31, L7

Genotypes Under

Eypothesis I
Lp locus with

Hypothesis Ila
fixed at Lp,

Hypothesis 1o
fixed at Lp in line 1,

alleles modified by Mp at Mp in other lines
Phenotypes  Symbol Lp Lp Mp Lp Mp
lysogenic A + + r + r
sengitive® B git 8 8 8 8
sengitive c s 8 r 8 r
lysogenic® D it * 8 8 +
AXB None C, D C, D
BXC Hore Hone None
CXD None A, B A, B
AXD None None B and Lp*Mp"
EXPTL, RESULTS: Lines crossed Type A C D Gal char,
Expt. No, 1x 28 AGal"xB O L6 1 0 +
Jake) 18 0 0 -
CGal"xD 0 0 34 +
2 18 3 -
418 1x31 AGa~=xB 3 L3 26 1 No record
420 AGal~xB §h 22 28 12 Gal* only
h23 AGal“xB 8 2 1l 37 +
0 1 0 o] -
123 CxDGal~ 28 1 3 0 (and 28 Lpy")
Bor C
Wil CGal*xD 5 5 39 ¢ mostly Gal”
502 BGal“xC 0 15 13 0 +
¢ 13 68 0 -
hh3 31x3t BxA 0 26 0 1
168 Lxh7 A x B Gal- 51 0 0 ) +
sca=x8 § 1 1 3 i
2 al” x 7 1 9 +
= [ 0 0 2 -
528 BxCGl~ 0 13 17 0 +
o 8 2 0 -
529 CGal”xD 3 2 2 +
2 2 28 0 -
523 AGl"xD 8 0 0 52 +
37 0 0 19 -

F~ parent underlined,



Table 13
Genetic Control of the Semiresistant Phenotypess

Norlysogenic (W-2147) and Lysogenic (W-2172)

Part I
Hypothesis I Hypothesis II
A new allele at Lpp: A 3rd locus, Lp3, is involved:
Phenotype symbol Lpy Lp2 Example Lpy Lpo Lp3
A + 8 Type lysogenic * 8 8
B + r Immune-2 lysogenic + r 8
c + P W=2172 mutant + 8 P
D 8 8 Type sensitive 8 8 8
E 8 r Immne-2 s b o 8
F s D W-21147 matant 8 8 P
Bx T Yields: B, F, E, C progeny Yields B, F, E, C, A, D
CxE " "
Results: BxF No, of Progeny CxE
A B G D B F A B c D E F
Ma1”® 55 1 1 1 0 1 22 2 1 26 0 1
Mal” 0 58 0 o 1 0 0 0 o 0 59 0
Part II Linkage of Lp3 to Lpj--Gal and Lpo--lal ?
No. of Progeny
Parents Mal* 1py® Mal* Ipyt MalT Ipy®  Mal” Ipy*
F Ma1¥ x B Mal” L 56 1 58
C Mal* x E Mal™ 27 25 59 0
Mal® Ipg®  Mal' Ip®  Mal” Lp,®  Mal™ Lpp®
F Mal* x B Mal” 59 1 0 59
C Max* x E Mal” S 2 0 59
Mal® Lp3® Mal* Lp3P Mal” 1.p3s Ma1® Lp3p
F Mal* x B Mal™ 57 3 59
C Mal* x E Mal™ 50 2 50 0
C Gal* x D Gal” Gal* Lpy* Gal* Lpy8 gal= L;y* Gal™ Lp3
60 0 0 2
Gal* Lpy® Gal* Lp4P Gal™ Lp,® Gal™ LpyP
37 23 37 26

The above data are consistent with the hypothesis that an Lp3 locus separable
from Lpy and Lps modifies the reaction to A-l and A-2. This locus is not
linked to Lpyj--Gal or Lpg--Mal,
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