(16) .
Diploid studiess The preceding ovidence points to a chromosomal O

localization of the Lp lysogenicity determinant closely linked to a series

of Gal loci., Evidence for the ségregation of a prophage linked to the Gelh
locus ruled out the possibility of a random distribution of cytoplasmic
particles in cells carrying A(lo). These observations have since been
extended to Galy and Gélh hybrids (all heterozygous Lp+/s), and also
Galh+Lp+/Galh“Lpr diploids (table 10}, | A study of such dipléids segregating
out distinguishable ktypes is in preparation, FPreliminary evidence also
has been obtained elscwhere from crosses with lysogenic paremts, one
- carrying a mutant k (or one "doubly lysogenic®) the other doubly
sensitive, which yielded Gal/Lp progeny in parentai couplings (1) .

The mutational independence of Gal and Lp was alsc examined in
the doubly homozygous diplo;d, Comparable experiments with the closely-
Lacl and Vg locl have already bieen reported, Lac’-reversions were selected
in Lac“VgT/Lac"V4? diploids. Tae resulting doubly heterozygous diploids
were of two types: I.-’:a.c"'ifsr/l'.iac‘Vé‘;J and Lac"\Téx'/Lac"Vés, and with equal
ffequer-.cy (11).

4 double homozygote Galz"’LpB/Gaiz”Lps, also segregating a few other

markers, (end nnfortunately also Lp2) was prepared by stepwise exposure of
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the double hx:—:te‘fozygo@a to U~V (1) and the isolation of suitable \qz
"reorganized” diploids. The resulting diploid, He33l was infected
with )\. Severa; Ga126Lp+/Ga12°Lps igolations, A to G, were then allowed
to papillate on FMS galactose agar. Independently cccurring Gal' were
selected, and the segregation pattern of Lp and Galy of the resulting
double heterozygotes was tested. Thé incidenceA of mutation to Ga1’
on the Lp* chromosome (coupling phase, or cis configuration) was com=
pared with that on the Lp® chromosome (repulsion phase, or trans-
configuration)., The analysis included a single Ga1+ and a single Galw-
segregant from a large mmber of dipleoids, (pair analysis) and the
examination of many segregants from a single mass diploid culture (xfandom_ B
analysis). From diploid B; 5 cis configurations and 6 trans configurations

(table 11)
were scored, The conclusion from this evidenca/is that the condition of
the Ip locus, whether lysagenic or sensitive, has no significant beai’:’.ng
on which one of £he 2 Gal™ alleles will mutate to Galﬂ (These pre.
liminary data will be expa.nded; and also extended to a corresponding

study of diploids first made heterozygous Galz"Lps/Galz’LpB, and then

infected with ),)
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The sbove sindies provide two linds of Lp'/Lp®; Gal’/Gal™ diploids:
)\ ceaple§ on the one hand withlGle' (cis) and on the other, with Galz" {trans)
If the sctivity of from "trans” bacteria is confinsd to non Galy, recipient
cells, a chromosomal bub not miclesr limitation to )\specificity is indicated,
£33 (321" dineluding Galz" is expscied to respond to els /{o A difference in )\

from thege diplelds which are phenotypically identical, and geretically

identical except for the arrangement of component parts established a

-

‘position effect.? So far, only }\from the' trang~type diploid has bezn
prepared, Table shows that while Galh"((}al;Galh‘") cells are subjech

to transducticn, ownly rore Ga].; transdncitions were recovered., The develop~
ment of an adequate diploid culiture to satisfy the mutritional prevequisites
for U-~¥ induction in K~12 (3,5) and an intermediate growth period rec-
essarily pernits some selectlion for haploid segregants, The yield of A |
odtained very probably includes a limited portion derived from 38_12ng+

aﬁd Gal;l:p" haplolds, The latter crossover typss ray acccunt for theose
transductions which were found. The data so far allow the tentative cone
clusion of a position effect hypothesis and strengihen the concept of an

Intimate relationship of kand Gal at a specific action site on the

chromosome, Transductions of the douhle homozypote H-331 and lysogenic



erivatlves has apparsently been obtained, The analysis is complicated
by the facy that diploid-haploid instahilily ecan be confounded with tranze-
duction instability,
COMPARATIVE GENETICS OF Lp AMD Gal 11 OTHER LINES

Awong the independently isclated erossable strains of|§,.£g;i (12)
the wild type of three lines (28,47, and 51) were sensitive to )\carried
by lins 1, A fourth, line 31, threw off rough variants which were all
)K,sensitivea These atrains occurred in rature ag F~ but could be
alvered to ¥ by growth with E«12 or snitable derivatives, So far,
ab least ons Gol” mwband is subject o treznesduciion. Preliminary intra-
line-i7 crosses established an Lp locus like that of Kw12, and a CGal.Ip
linkage, Very little mapping work has becn completed among these gtrain,
and the emphasis so far in these situdies bas been the genetic behavior
of )\in outerosses yith E-12,

Sensitlves of each line are readily lysogenized by K-12 )\but
these lysogenics show a reduction of eop on K-12 sensitive indicators.
This system is entirely analagous to host modification demonstrated for
T2 (19) and \ produced by strain C (2). The terminology established

for these systems will be used to describs the properties of our straine,
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= . . . . . |
Thus lines 28,31, and L7 can be designated as )\-ff- Iysogenic or A sensitive,

Line 1 sensitives are more resistant 4o k& than to type A. }\* can be
introduced at low rates ints Asensitive hests, bub normal rather than
2
;\\* is recovered, Slniiarly, normal /{is correrted to kﬁ after a single
asgage In AN sengitive hosts, The four phenotypes are readilv dise
g \ - J
tinguishable in cross-brush tests ags follows:

Reaction with:

~3ens., At-gens,
C
Example Type bacteria bacteria X k“
line 1 lysogenic A + + R R
line 47 sensitive B - = ) S
line 1 gencitive c - - S R
line 47 lysogenic D - - R R

+/« = lysogenic or not; R/S = resistant or sensitive
Two major hypotheses can be tested by intercrossing these types:
I Lp controls all reactions: the types A-D are determinsd at a
cingle locus.
IT Lp controls lyscgenicity/ sengitivitys another locus, Mp, controls
resistance or sensitivity to /L*o
(a) Both )\zmd )\* az;e fixed at Lp in phenotypes A and D,

(b) Aio fixed at Lp in type A; A# is fixed at Mp in type D,

®
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Tne consquencas of these hypotheses are shown in table 12, The critical
crosges for I and II are A x B and C x I}, The only decisive eross for II a
vse I b i3 A x D, II b would be favored by the recovery of sensitive
recombinants as well as a nevel genovype whose phenostypic effects ars
unpredictable. Since there is a possibility that Lp and Mp are closely
linked a large sanmple of progeny mzsny be required, One must bear in mihd,
in reviewing these iniercross data that the prototrophs represent recom-
bingtion of as yet ummcpped mutritional factors, In addition, chromosome
and other lrregularities correlated with interstrain hybrids have not
been analysed,
Effective transductions have heen aehieved in these strains, Gal-
in Jines 47 and 31 have been used as recipients, forgA_produced by line
1, 28, 31, and 47, A reduction ir the effectivensss of transduction to
lire 1 reciplents is parallel with the reduced effectiveness of lyso-
genization, In general no ;mportant differences with the K.12 mechanism
haye bzen demonstrated, Hypothesis II b is doubiful.so far. The dife
ferentiation of the A# of different limes is still to be tested, A

single intercross shows no genetic difference so faor,

In preparing this report, it has been necessary to make nmumerous
referencez to the urnpublished work carried on in this lsboratory by
Professor J, Lederberg, Mr. M, L, Morse, and others, under other auspices,

Thede are cited by mumber o the bibliography,



Table 1

@

Characteristics of F (compatibility factor) and A (virus)

Criterion F status )\ (effects)
(1) Yield of recombinants Decisive None
(2) ‘ype of recombinants Becisive None
{3) Transmission to vecombinants 100% Segregated according to linkage with
selected mitritional markers; behaves
as a genetic locus,
{L) TPransmission by infection Rapid and Results in mixed clomes (3).
fixed
(5) Cell.free preparations ~ Not yet Easily filtered,
accomplished
{6) Effect of antiserum Slight if Blocks adsorption
any
{7) Role in Ga1¥ #ransduction None Decisive
Table 2

The Effect of A on % Gal™ Progeny

HGal™ parent
iysogenic

senslitive

X

T=L=Th~Gal* parent

lysogenic
8.0
6.3
6.7

immune
7.1

6.3
10.1



Table 3

Linkage of Gal, Lp, and Hfr

. gt
i B g G bk Malfpt Lt
Pazt Az Genotypss recoveredt Total
Gal Ip F
2+ + BN 1}4 %
- S ey w .*
+ g <+ 5
hiad <+ - 0
L 8 - h

Park Bs 2 x» 2 contingencies

Gal®  Gal®  Total FY P Total

F* 0% 0 20

P g i ho

o 15% 0 15 13+ 5 18
Ip® 11 29 ho 6 33 )
Lact 2 5 31 2% 9 31
Lac™ ] 25% 3 F 2w 3
V& iz -9 10 I 9 10
V3.8 28 21 Lo 23 20% h3
Tylo’ o 1 10 T 2 9
iply” 2 3% 50 16 23

% Parental combinmalion
1 Selected as Gal® and Gal™ prototropha.



Table L

Lysogenization in Transduced and Nontransduced Lp®

Part At Cal* and Gal™ from single papillae

G al + /U alu
Peir type Number Gal” Lp® Gal™ Lp*
Lp*/Lp* 13 Gal* LpS 2 3
Lp*/Lp" 15
1p®/Lp* 3 Gal* Lp* 17 13
Lp8/Lp® 2
Lp® /Lp® 2
% Gal* sensitive 15,2
% Gal~ sensitive L7.2
Ao Bars e e f
Part Bi Lysogenization of transduced and inserted Gal®
Av, Ho, Calt feccvered | x
Lp® strains Control  Treateds Types in mixture No. tested % lysogenic
Gal’Lac* . . - 09 92 Gal*Lac* (inserta) L6 8.5
‘G'vﬁ-f‘-:/ Ll }'.gt,u Ll
Gal=Lac™ - Tl k32 Cal"Lac” G} ginal) _{ Lo 72,5
-\rf&.n_arp»u- el
Kixtures 106.8 119 Gal*Lac* (transdictions) 103 100,

* 3,09*
#+  Spontaneous reversions per 108 inoculum
wer 108 Gal-Lace and 109 Gal'Lac*.



Table 5

Transductions to Gal)” Immune-I: Segregation Patterns
Exp. 385: Strain 1924s 27 Gal'

Number lysogenic Nurber semilysogenic - Number nonlysogenic
(1ys) . (semi) (non)
#2 # ]
Coleny generation 7 1
B a” -
1 Gal™ non t 19 Gal® iys 3 ) Gal™ iys 18 noﬁ"// 1 Gal” gemi 1 0al” semi ]}Gal +
L (GaL* . and Gal
: ' / and Gal®) - 2 Gel” 1lys non
. ' - 2 Gal”™ non
1 0al™ non 3 Gal®lys : Gal™ mon Gal“lys 2 Gal™ 2 Gal” 19 Gal* 19 Gal non
' 1ys non non
IiT Gal*lys Gal"non L3 lys 3 non 1 semi
v e , ly'a/ \gon
v 133/ \non non
71 ];,»‘é/ \i'ion
Exp, h31l: Strain 2110: 38 Gal*: 28 non, 1 semi (#23), and 9 iys
Segregation patierns all Gal* 1ys, all Cal” non: 2
of lys 2ll Gal® 1ys, &1l Gal= iye: 5§

all Gal* 1ys, Gal™ 1ys and non 2
both Gal* and Gal* nons #23



Table

6

Survival and Traasduction with Irradiated }\

X—ra.y2 (= 103 r)
vyt 50 100 150 200

1.9 11,667 3,975 377 100
0.013 328  3.13 0.297 0.008

1 7
A K LYy avestd Feon

Untreated
No phage phage
Av, plagues/ml x 16% 0 127,000
% survival © e 100\
Ip® bacteria
Ne. Cal’ papillse 20 1,000
5 " 0.5 100

170 250 8 30 30
3 e & 6

Lpr bacteria
No. Gal” papillse 39 €0
4 n u 65 100

- 135 15 3N 20
225  191.7 5.2 3.3

20 mirmtes, sterilamp

2 303 rfmin, at 250 K.V., courtesy A. Novick, Radiobiology Inst.,

U, of Chicago.



Table 7

~

Segregation of Cal, Lp,.,. diploids

A E32 B, H-325
Segregation of Lpp, By, not Segregation of Vg, Mtl, Lpp, By not
tabhulated, tabulated,
Galgm Galgt Ip Mel Zyl M T,L. Galy- Galy+
1 L7 U 1 b
0 1 + o+ - - - 0 o
0 1 T S 2 0
0 0 + o+ S 0 1
1 0 + 4 + 0+ 0 0
2 0 o . 0 0
25 G 3 - A 13 0
g 1 s ¥ T e e 13 1
3 0 5 - - = - 0 0
é 0 8 4 + -+ 7 0
1 0 s - + + + 0] 0
é 0 s + 0+ % 3 0
0 0 g - - - * 12 0

50 50 Total tested cl 51




Table 8

Allelic Specificity of the Gal = \Iransduction at the

Gal 1, Gal 2, 2w Gal | locl.

A“ donor bacteria

Recipient cells

Gal 1 Gal 2 Gal h L2+ 1+2-)y> 1+24)-
+ -+ 4 + + %
- + + - + +
E e + + - *
+ + - * + R
dipicids:
+ ca + Lp-:. No
2 (2)% + (300)%
s " " Lps data ( ) (3 )
' {trans)
+ + 4 I,.p"'
)
" - P (cis) Ho data

# Gal + papillae per 109 L



Table 9

Summary of Current Allelism Tests

Total® No.

Exp. Yo, Gal™ type F™ pavent F¥ parent progeny Gal Maxinm,,b Gal+
5353 1xk 750 Lp* We2234 Lp® 5000 17 0.3
563 \ 2000 15 0.75
53}k 2x}h W-1210 Lp* W..223) Lp® 6000 25 o.
563 1600 11 0,68
580 25,00 8 0.3
535 L x 3. WeSi8 Lp® W-2315 Ip* 807 6 0.Th
582 hx%3 W.518 LpS  W.2315 Lp® 5000 0 0

6700 5 0,06
583 1x? W.2291 Ip® We583 Lp* 7603 2 0.026

a1 Gail+ recombinants in these experimenits are Lps.

#Egtimated total,



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

Type of cross , F (TL ™) M Lacy Lacj Oaly Gal) ILp Cal | Lp
1. Het diploids  (a)(Het) ¢ - + 4 + o+ + + +/ | +/> or /e Y5/
- .'l'. . ™ - + + . - ] .
(b)(Het) + - + + + + + + o A .
v e ol M N N +fo or </  not segregating
2 Lacl- x Lacy~  (a) T LT Yt ostay e Mosty +/c &/
= - I . | ) N . 2
(b) DT Ll st ey Mestiyepe Y
3. Haplotd x awxo- (a) W/ efe wpe ope 4 4 s gmt Lp* / Gal-LpS (linked) 2/
trophic diploid - + - - + + - 8
(o) same, except M. parent is Lp® Cal* Lp* / Gal-Lp’ (linked)

1/ In Het crosses, Lp does not segregate. Gal 1 and Gal L, two closely linked loci also differ: Gal L segregates,
but Gal 1 does not,

2/ Diploids resulting from deleyed disjunction revealed by heterozygotes of two Lac pseudoall

eles show no segregation
of Gal or Lp, Reversal of F status reverses the polarity of the Cal, Lp segregation.

3/ The only succegeful demonstration of heterozygosity of Gal and ILp,

L/ Acration phenocopy.

5/ +/+ indicates purity for +, whothor hemizygous or homozygous,



Table 11

Segregetion Patterns of Gal® Reveraions in Cal “Lp%/Gal “Lp* Diploids

2 2
mmber Begre-- ‘.Bl +a1 r 8 s - * - type of
gants Lp® Lp®  IpT LpB Lps" Lp,® Lp,® Lp, Mal® Mal HMal®  Mal diploid
Al 161 76 6 3 76 hs 0 39 0 1 53 17 36 cis
B1 121 2 58 60 1 2 8 60 1 B/ 22 & o trans
B2 73 0 W B o 32 7 . 0 33 7 fﬁ 0 trans
B 3 76 61 L 1 10 és 0 57 5 65 0 s 18 cis
c1 L8 1 23 2 o 23 1 24 0 9 15 % 0 trans
E1l 60 30 0 3 27 26 b 2L 6 30 0 16 1 cis
E 2 2 0 12 312 o 12 0 12 0 6 8 12 ) trans
E 3 23 12 0 ¢ 1n 12 0 1 0 12 0 3 8 cis
F1 66 32 1 2 3L 31 2 30 3 32 1 2 12 cis
F 2 ho 20 0 1 19 20 0 20 0 20 0 7 13 cls
F 3 23 12 0 0 1 12 0 10 1 12 o 3 8 cis
Fl 18 n 0 1 6 0. 1 0 7 11 0 7 0 cis




Table 12

Genetic Determination of Host Modification:

1ine 1

@

lines 28, 31, L7

Genotypes Under

Bypothesis I
Ip locus with

Hypothesis IIa
fixed at Lp,

Hypothesis IIb
fixed at Lp in 1ine 1,

zlleles mcdified by Mp at Mp in other 1lines
Phenotypes  Symbol Lp Lp Mp Lp Mp
lysogenic A + + r + - r
gensitiver B s 8 8 ] 8
gensitive C s 8 r 8 r
lysogenicH D 3t + s s +
AXB None ¢, D c, D
BXC None ?Ione None
CXD None A, B A, B
AXD None None B and Lp'Mp*
EXPTL. RESULTS: Limes crossed Typ¢ A B C D Gal char,
Fxpt. Yo, 1x28 AGal"xB 0 146 1 o *
18 0 0 0 -
CGal"xD 0 0 o 3 - +
2 8 18 3 -
118 1z 3 ACGl®xB 3 43 26 1 No record
L20 AGa~xB 4k 22 28 12 Gal* only
h23 AGal~xB 8 2 1 37 +
0 1 0 0 -
123 CxDGa*28 1 3 0 (and 28 Lpg")
BorC
bl CGal"xD o, 5 49 ¢ mostly Gal®
502 BGa1®xC 0 15 13 o] +
. 0 13 68 ) -
hh3 S 31x31 Bxa o 2% 0 1l
168 1xA47 A x B Gal~ 51 0 0 6 +
- . g 2 2 3 -
A Gal™ x 7 1 9 +
2 £
527 n 0 o 2 -
528 BxCGal~ 0 13 17 0 +
0 8 24 0 -
529 CGa1*xD 3 2 2 2 +
2 2 28 0 -
523 AGal"xD 8 0 0 52 +
37 o} 0 19 -

P parent underlined.



Table 13
Geretic Control of the Semiresistant Phenotypes:

Nonlysogenic (W~2147) and Lysogenic (W-2172)

Part I

Hypothesis I Hypothesis II
A new allele at Lps: A 3rd locus, Lp3, is involved:
Phenotype symbol Lpy ILpp Example Lpy Lps Lp3
A * 8 Type lysogenic + 8 8
B * r Imrmne~2 lysogenic + r 8
C + P W.2172 mutant + 8 D
D s 8 Type sensitive s 8 8
E ol T Inmine-2 8 r 8
F s p W-21L7 mutants s s )
Bx? Yieldss B, F, E, C progeny Yields B, F, E, C, A, D
CxE " " _
Resulta: BxPF No. of Progeny CxE
A B C D E P A B C D E F
Hal* 5 1 1 1 0 1 22 2 1 26 0 1
Mal™ 0 58 o 0 1 0 0 0 0 0 59
Part II  Linkags of Lp3 to Lpy-«Gal and Ipowedal ?
No. of Progeny
Parents Mal® 1pp®  Mat* Ipt Malm g Lpy*
F ¥21” x B Ma1™ L 56 1 58
C Mel® x E Ma1™ 27 25 59 0
Mal” Ip,®  Mal® Ipgt  Ma1- Lp,®  Mal” Lp,®
F #a1* x B Mai~ 59 1 0 59
C Mal®* x E Mal™ 51 2 0 59
Mal® Lps®  Mal* IpP  mar- Ipy®  Mal” Ip,P
F Ma1" x B Mal™ 57 3 59
C Hal* x E Mal~ 50 2 50 0
C Gal* x D Ga1= Gal* Lpy* Gal* Lpy8 Gal~ Lp;y * Gal> LpS
60 0 0 8

Gal* Lp33 Gal* LpgP Gal” Lp38 Gal™ LpsP
37 23 37 26
The above data are consistent with the hypi'bhesis that an Lp3 locus separable

from Lpy and Lpp modifies the reaction to \-1 ard A=2. This locus is not
linked to Lpy--Gal or Lpo~-Mal,
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Keysort cards carry 68 bits. The following scheme 1s tentativel

¥ sugrested

for organizing the stockbook. Purther suggestions urgently r?ested.
(, _ .
/
{
Stock number and sertes (3 digits only)
Line: (13 2-10; 11-20; 21-40; 41-..3)
and E, cols not g3 Not E. con3 ®sescese}
Event and agencys
"Mutation” spontaneous, sporad. Fot "mutation®: new 1solate or receipt
spont; selected segreg. orrecombinant (sex or --x;
oV ..

Infection (P or lambda.
X-rays or other mutagen *Cure" E n p

Kind of locus changed:

Not 1ndicated' auxotroph
Lpy org fermentation
Sm

Gal (by transduetion)
F Other resistance

Genotype: 1 bit each for:

Gall, 2, 4, x

lac 1, x

Mal 1, x

Xyl.f‘ftl Stl.Ara.Stl,Glu.SllC.Ceu.ml.x
#, (1,1

Other aux: A4, Vit, Pur, ete.
Hfr; F

Het

Heterogenote or heterozygote
any suppressor

any temp.-gens.

Lp or other phage

V1 V6 Vx Lpp Lpy

S (incl 89)
Other resist. (v fut)
Fla

)
oD &

misc.

lyophil
who entered

l\nUHHHHN\JN

\)
n

NN

Blo w Ll
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