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THE GENETICS OF BACTERIOPHAGE SPOT
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DONALD I. FullTA' and BETSY M. OHLSSON-WILHELM*

Department of Aficrobiology and Department of Biophysics, The University of Chicago,
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(Receiv"d Janu, ,\, 17,1972)

uMMAm' Suppressor-sensitive mutants of Bar, '//Ms s"bta'in phage SPOl were ISO-
lated. These mutants were classified into at least thirty-six CIStrons by coin Ie-

meritation tests. Among them, thirty-fom' CIStrons were arranged in a linear
chromosome map by two-factor crosses. Results of three-factor crosses confirmed
the order of the CIStrons.

Two CIStrons gave maximal or near maximal recombination frequencies when
crossed with any of the other cistrons tested. Therefore, these CIStrons could not
be located o1T the main map of the SPOl chromosome

The abilities of mutants from each CIStron to synthesize DNA and to induce Iyso-
zyme activity in the restrictive host were determined. It appears that related func-
tions tend to cluster together along the genetic map in SPOl as in other phages.

BIKEN JOURNAL \701.15.81-97,1972

INTRODUCTION

A1an}, phages active on the transformablc
strain of Bacil/Ms swbti'/^\ have been isolated and
characterized by physical, chemical, and elec-
tron microscopic studies (Thomas and A1ac-
Hattie, 1967; Szybalski, 1968). SPOT is one
of a number of independently isolated B. s"b-
tzhs phages containing 5-hydroxymethyluracil

I Repring requests should be addressed to Dr. S
Okubo, Research Institute for IVlicrobinl Diseases,
Osaka Uni\, ersity, Suita, Osaka, 565

2 Present address : Divisioit of Infectious Diseases,
Department of A, ledicine, Stanford Universitv
IVIEdical Center, Stanford, Califori. in, 94305

3 Present addiess: Institute for Cancer Research,
Fox Chase, Pitiladelphia, Penns>I\. an in, 19/11

(HMU) in plan, of thymine in th"it DNA
(Okub. at ,I. , 1964). DNA .xt"". red from
them with phenol can infect competent cells of
B. swbtz'I^^ (Spizizen et a1. , 1966). Genetic
studies on these phages \\, ould facilitate experi-
merits on the molecular events occurring during
DNA replication and recombination and the
mechanisms controlling viral growth. One ex-
ample of sucll experiments is the character12a-
tion of a transcription program Involving SIX
classes of SPOl messenger RNA (\\'ilson and
Gelduschek, 1969 ; Gage and CGiduschek,
1971 a, b; Fujita at a1. , 1971).

\\re have isolated a suppressor strain of B.
swbti/It, \\, hich made it possible to isolate sup-
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pressor-sensitive phage mutants (Okubo and
Yanagida, 1968). This paper reports the ISO-
Iation of suppressor-sensitive mutants of SPOT
and mapping experiments with them. Kahan
(1966), and more recently Green and Laman
(1972) isolated temperature-sensitive mutants
of SP82 (or SP82G), an. th. " phag, cont^I'mg
HMU, and mapped them into a single, linear
chromosome. In our experiments, most inu-
tants of SPOT could be arranged on a single
non-circular chromosome map. However,
two cistrons could not be located on the map,
as these CIStrons gave high recombination fre-
quencies when crossed with any, of the other
CIStronS.

MATERIALS AND METHODS

2. Bncteiin rilld bncte;Ibphoge

The properties of the phage SPOI It ave been previ-
ously described (01<ubo at a1. , 1964). The non-
suppressor ($11~) strain of B. $116tifis Lised in this \\, ork
was HAIOl (/elf~, ht\~, 111et~), a derivative of I\Tar-
burg strain 168. A suppressor strain ($11') derived
from HAIOl, called }IA 101-B, \\, as LISed as a permis-
si\, e host (Okubo and Yanagida, 1968). The geno-
type of HAIOl-B is lei, ~, 111et~, hJ\~, $11'. The $11'
gene suppresses botll the 1113~ and INet~ alleles, so
that the phenot}, pe of HAIOl-B is Leu~. \\, e noticed
that the $11' gene seems unstable. The strain ITas to
be kept on a slant of ntinimal med:uru supplemented
witlT Ieucine (20 I, gjml). In overnight CLIltures o1
when used as an indicator bacterium, HA 101-B

was gro\\, n in minimal medium supplemented \\. Ith
Ieucine (20 Aglml) and NB (0.004 in 11ml). If s, ,'
bacteria grown in ITUtrient broth are used as an in~
dicator for. sirs mutant phages, very 10\\, plating efli-
clericies may be obtained. One must then nTake
periodic reisolations of colonies of HA 101-B ($11')
from a plate of minimal medium supplemented \\, ith
Ieucine, and test them for $11' by their sensitivity to
$113 mutant phage or by their ability to suppress the
h, \~ or 111et~ allele

I . Media

Nutrient broth (NB) consisted of I % peptone,
0.5% beef extract, 0.1% yeast extract and 2q, NaCl
(adjusted to pH 7.2 \\. itit NaOH). NB \\, as also sup-
piemented with 5 x 10~' itI AJIgSO. , and 5I 10~' M
MnClg. NB was used for all routine operations in
Osaka (plating, crosses, complementation, and pre-
paration of phage Iysates). \\, hen growth in a de-
fined medium \\. as desired, the tollo\^Ing medlurn
(referred to as medium B) \\. as LISed (Fujita, 1971)
I ing of :\IgS0, , 0.1 ing of \Iris0, .7H, 0,50 ntg
of L-tr}, ptophan, 56 ntg of CnC1=, 5 g of glucose,
500 ing of NH, C1, 100 rug of NHIN0, , 100 ing
of Na, So, , 100 ntl of I M Tris-HCl (pH 7.4), 5 g
peptone and deionized \\, ater to I liter. A minimal
medium \\, as prepared as described b}, Spizizen
(1958). It cont"med 1.4% K, HP0, , 0.6% KH, PO. ,
0.2% (NH, ), So, , 0.02q. MgS0. .7H, 0,0.19. so-
dium citrate and 0.5% glucose

In Chicago, HML and L media \\, ere used for Tou-
tine operations involving $11~ and sit' bacterial strains,
respectively (Fujita, 1971) : Hit{L consisted, pel
liter, of 5 g of glucose, 50 ing of L-histidine, 50 ing
of L-methionine, 50 ing of L-Ieucine, 5 inI of nutrient
broth (NBS), 56 ing of CaClg and Spizizen's litinimal
medium salts. Medium L is HiVIL nTediunt \\. ithout

histidine and methionine. NBS is nutrient broth

(DIFCO) supplemented wit}t 5 g of NaC1,96 rug of
MgSO4 and 11 ing of CaCle per liter. Medium B
was used to prepare Iysates for electron microscopic
studies

3. Isolation of 641ctcribp^ruge 1,111tn, ,is

Suppressor-sensitive (3115) mutants of SPOl phage
were independently isolated in Osaka and in Chicago
(Ftijita, 1971 ; Geiduschek, personal coinmunica-
tion)

In Osaka, mutants of the sirs O series (a capital
"0" is omitted from the designation of this n, utant
series in this paper) were selected from phage grown
in the presence of N-methyl-N'-nitro-N-nitroso-
guanidine (NG). B. $116ti/!\ HA 101-B \\, ere grown
to a cell density of about 2 x 10'1mlin NB. NG \\. as
added to 50 11gjml and wild type phages were In-
rected at a multiplicity of infection of 3. Portions
of the mixture \\. ere put Into small tubes and shaken
until Iysis occurred. The Iysates of each tube \\, ere
plated o1. the sit' host bacteria and incubated over-
night at 37C. Individual PIaques were picl<ed out
w'ith sterile toothpicks and stabbed onto correspond-
ing regions of two plates, one seeded witlt $11~ bac-
tena and the other \\. ith $11' bacteria. Isolates pro-

ducing a zone of Iysis only on the $11' lawn \\, ere
resuspended in I inI of NB and purified by repeating
the single piaque is o1atioit procedure. The mutants
were numbered sequentially in order of their ISOla-
tion
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F-, N- and I{A-series niutants \\. ere isolated in

Chicago fronT populations treated with 10 to 20
Aglml of NG (F- and N-se, Ies) (Fujita, 1971) "rid
hydrox}, lainine (HA) (Freese at a1. , 1961, as Lised by
1< ahn, 1966), respective 11, . Suitable precautions
were taken to minimize repeated isolation of the same

For example, 1.0 more thaiT three in Litaiitsin Litant

of TITC I{A- and N- series \\ ere e\ er isolated from one

in Lit"genized stocl<

+. Pi', pm at, 'o11 of 11/11/'11! phnge SJISpt, 15,071

To minimize \\, 11d t\. pe revertants in mutant phage
preparations, \\. e made the latter fi. Din either a single
or only a fe\\. piaques. These piaques were sus-
pelTded in I inI of NTB and plated \\, ith 0.5 in I of
$11' bacteria by tlte soft agar method. The $11'
bacterial Lised \\'ere gro\\'n in minimal medium sup-
piemented witl, Ieucine and NB. The plates \\. ere
Incubated at 37C overnight. Pitage suspensions \\, ere
made from conHuent Iysed plates. Phaoe titers \\. ere
assayed on $11' nitd $11~ bacteria. Phage suspensions
ITUving $11~1311' plating eH;cieitcies of 3 x 10~' or 10\\, er
Mere Lised in titesc cxpci'in Tents

111 Chicago, n, utaht phagc stocks \\'cre prepared in
incdium L b}, Infecting a log phase culture of sir \\. itIT
pittte I'Sates gi'own from " SInglc resuspeiided PIaque.
Cell debris \\as removed after Ivsis by centi'ifugation
101' 10 mill at 8,000 revjmin (Sorvall, SS-34 1'0toT)
Ph"gc pellets were obtained b\ centrifuging lite
supernanint foi. 90 min at 17,000 rev!mill (SS-34
lotor), and v. 'CTe allo\\ed to stalld oveinightin 0.1 xi
'r, is-HCl bum, (p}I 7.2) cont"in ing A1gS0, (600
ing!I) before resuspcnsion

in Chicago, some complementation tests were per-
formed on agar plates by, mixing 5 F1 spots containing
104 to 105 PIaque forming Linits of each $113 mutant on
a plate seeded \\. itIT $11~ bacteria (Fujita, 1971)

Complementation \\. as also measured by assaying
the average burst size of $11~ bacteria after mixed in-

itction (lIquid complementation) (Edgar at a1. , 1964)
First the number of colony formers (CF) in a culture
of $11~ bacteria \\ as counted, and tlTen the culture \\, as
Infected \\. Ith two of the mutants to be examined, each
at a multiplicity of infection of 5. After adsorption,
alitti-SPOl serum was added to the infected culture

to innctivate uriadsorbed phages. Then, the culture
was diluted 10~' times with NB. The concentration

of infecti\. e centers (IC) \\, as counted by plating an
rippropiiate dilution on $11' indicator. The diluted

culture \\, as incubated for 2Itr at 37 C. Lysozyme
(10 ILglml) was added to complete Iysis. The Iysate
\\as titrated on $11' bacteiia. The burst sizes \\'ere

calculated as the titers of the Ivsate on $11'!CF or IC

5. Collip/,, 11,111"/10, , i'si

About 10' piaque fom. ing Linits (pfti) of a mutant
were seeded \\itIT 511~ bacteria by the soft agar method
A small drop of each in utaitt suspensioit (about 107
pfLijml) to be tested \\ ns phiced o1, the plates after
the soft agar it and ITardeited. Control plates were
nTnde Lising on!v tlte $11~ bacteria in the lawi, . Tests
\\'ere repented b}. InICrchnnging the seeded and
spotted phages. A, Iutants were scored us positive
for' complementation \\'hen conHueitt Iysis of the
bacterial in\\ n \\'as obser\'ed in the spotted area. On
tl\e other I, and, \\. he IT the bacterial in\\ it developed
normally in the spotted area, ntut"nts \\'eTc scored as
negative. Sometimes, a fe\\' Individual piaqLics \\, ere
observed in a spot. These \\CTe scored as \\. Galklv
POSiti\'e for' complementation, if the control spots
sho\\. ed Ilo piaqucs due to revertants

6. Recoilib, }intr'o71

Pair-wise SJIS I $113 recombinations \\. ere per-

formed in Osaka. ITA 101-B ($11') was grown in
minimal medium supplemented witl\ Ieucine and
NB. One inI of aiT overniglTt cultLire \\. as added to
5 in I of NB and shal<en for. 2 to 3 hi. to obtain it cell

densit\, of 4 x 10'1ml. To 0.5 in I of NB containing
I I 10' phage particles of eaclt of two $113 mutants
\\as itdded 0.5 in10f the $11' culture. 1<CN (0,001 A1)
\\'as aidded and the mixtui'e was gently shakei, fol
10 Inlit. Uriadsorbed phages \\, ere in activated by
the additioiT of 0.1 ntl of anti-SPOl serum. The

mixtLires \\'CTe diluted 10~" fold witl. NB and shaken

for' 21tr. Tlle Iysate \\, as titrated on $11' and $11~
bacteria. The recoinbinntioi, freqtieitcies \\. CTe given
us titer on $11~ I titer on $11' I 200. Titc factor 2 is

used because recombinants that are double nTutants

are I, ot detected by titis assa}. bLit are expected to
occur witlt the same frequency as \\. lid type recoin-
binaiits

7. DA, A sy, ,thusi's 111 lifected bnctei"'a

incorporation of 'H-deoxyuridine (UdR) into an
alkali-stable, acid-insoluble fraction was LISed as a

In ensure of DNA synthesis, since UdR seems to be

a precursor of the hydroxymethyluracil inoiety of
SPOl phage DNA

B. 3116/11^^ hcr-9 ($11~, UV-sensitive in Litai, t) \\. as
grown in B-medium. Bacteria \\. ere centrifuged and
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resuspended in B-medium lacking peptone. The
suspension was ITradiated \\, ith a 15 watt germicidal
lamp for 15 sec at a distance of 50 cm to stop cellular
DNA synthesis. Peptone \\, as added to the UV-
ITradiated suspension. SPOl phage \\. as infected at
a multiplicity of infection of 5 and the mixtures \\, ere
shaken at 37C. At time O, aH-UdR was added to a

final concentration of I PCIml. At 10 min intervals,
I inI of the infected culture \\, as removed and chilled

in an ice-water bath. Albumin (0.1 inI of 10 ingjml)
was added as a carrier. Each sample \\, as then mixed
with 0.1 inI of 5 N perchloric acid and kept for 30
min in the cold. Precipitates obtained by centrifLiga-
tion \\, ere redissolved in I inI of 0.1 N 1<0H and in-

cubated at 37 C for 181tr. Each sample \\, as again
treated \\, ith 0.15 in10f 5 N perchloric acid and chilled
for 30 min. The precipitates \\, ere collected on
membrane filters, washed with cold 0.5 N perchloric
acid and counted in a liquid scintillation counter

In Chicago (Fujita, 1971), phage DNA synthesis
was determined by continuous labelling of Infected
sal~ cells \\, ith "C-8-adenine from 9 to 30 min after

phage infection. At these times, there is virtually
no incorporation of label into host DNA, because of
the phage-induced shut off of host DNA synthesis
Samples of I inI of labelled cells were added to I inI
of I M KOH and incubated at 37 C for. at least 12 hr.

Each sample \\, as treated with 0.5 inI of 50% trichlo-
To acetic acid containing I ing of tinlabelled adenine
per inI, chilled, and diluted flirther with 2 in I of 5 %
trichloroacetic acid. Precipitates \\, ere collected on
nitrocellulose ritembrane filters. \\, ashed \\, ith 59'0

trichloroacetic acid containing 100 14g of unlabelled
adenine per in I, dried, and counted in toluene based
scintillation fluid in a liquid scintillation counter

8. Prepaidtio, I of extincts of Infected bncte, in nild
dssay of err2y, lie act, ", ty

Extracts were prepared as described by RDScoe
and Tucker (1966). B. $116tilis $11~ was grow. n in
50 inI of NB to a cell density of about 2 x 10'1ml
SPOl phage \\, as added at a multiplicity of Infection
of 5. At various times (30 or 40 min) after infection
the cultures were rapidly chilled by pouring them
onto crushed ice. The bacteria \\, ere collected b\.

centrifugation, washed in 0.1 M Tris-HCl buffer,
pH 7.5, and resuspended in 10 inI of the same buffer
The suspension \\, as then sonicated at 20 kc for 15 min
in an ice-water bath. Unbroken cells and debris

were reino\, ed by centrifugation
(a) Lysozyme : Lysozyme activity was determined

essentially by the method of Sekiguchi and Cohen

(1964). Three inI of chloroform-treated B. $116t, 111
cells in 0.1 M Tris-HClbufTer were mixed \\, ith 0.2 inI

of extract (10 ing!inI protein content) and the de-
crease of turbidity at 500 inn was measured at room
temperature. Lysozyme activity Induced by SPOl
phage seems to require a high Ionic strength. So
we added 0.1 M MgClg to the chloroform-treated
cell suspension. MgCl, could be replaced by NaCl
The activity of the extract is called " Iysozyme " in
this paper, but at present \\, e do ITot 1<no\\, the mode
of the action of the enzyme

The turbidity of the chloroform-treated cell sus-
pension decreased gradually without addition of ex-

So a fresh cell suspension \\. as prepared foitract

each assay

(b) Deoxyuridine hydroxymethylase : The method
described by Roscoe and Tucker (1966) \\, as Lised
The reaction mixture contained 50 pmoles of Tris-
HCl buffer, pH 7.5; 1011mole of metcaptoethanol;
I pmole of dU\, IP; I pmole of ''C-HCHO (I x
106 countlminl}, mole) ; 0.2 pmole of tetrahydrofolic
acid, 0.4 inI of extract and \\. ater to give a final volume
of 1.0. After 45 min incubation at 37 C, 0.2 inI of
3 XIO~' M hydroxylamine hydrochloride was added
and the tube \\, as placed in boiling water for 2 min
Then it was centrifuged and a portion of the super-
natant fluid \\, as applied to Whatman No. I paper,
and the chromatogram was developed overnight with
a solvent composed of 20 inI n-propanol per liter of
filtered solution containing 600 g (NHI)2SO. I in
0.1 xi potassium phosphate buffer, pH 6.8. The
position of the radioactive CH*OH-dUi\, IP is tl\e
same as that of dUMP and the latter \\, as easily de-
tected under ultraviolet light. This region of the
filter paper \\, as cut out and radioactivity \\, as assayed
in a liquid scintillation counter

(c) Deoxycytidylate deaminase : The enzyme
activity \\, as determined by measuring the conversion
of radioactive '"C-dCMP to dUMP (warner and
Lewis, 1966). The reaction mixture contained 3
pmole of MgClg, 4 pmole of 2-mercaptoethan01, 20
pmole of Tris, pH 8.0, 0.4 pmole of dCMP, 0.1
pmole of dCTP, I pmole of NaF, 2.6 x 10" .0untjmin
of "C-dCMP (00015 pmolejml) and water to 02 inI
This \\. as mixed \\, ith 0.3 inI of extract (200 Ag of

protein) and incubated at 37 C for 30 min. Then it
was boiled for 5 min and centrifuged and the super-
it at ant \\, as applied to a small column of Dowex-I
(0.6 x 3 cm, HCOO~ type, 200400 mesh, x 8)
(Sekiguchi, unpublished method). dCMP was elut-
ed witlt 12 inI of 0.4 N formic acid, and then dulylP
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was eluted with 7 inI of 4 N formic acid-0.2 amino-

nium formate. The fractions containing dCA, IP
and dUiVIP \\, ere put in vials and evaporated to dry'-
ness under an Infrared lamp. The residues \\, ere
dissolved in 0.5 in I of \\, ater and 10 ntl of scintillation
Huid were added

RESULTS

I. C/"33ncati'ON of I"ut@"is by complement"-
iron

Suppressor-sensitive (ms) mutants of SPOT
were classified into at least 36 CIStrons by coin-
PIGmentation tests (Table I). The F series
mutants were assigned to complementation
groups in Chicago (Fujita, 1971) and repre-
sentatives of each group were sent to Osaka
where they were complemented with O-series
mutants. N- and HA-series mutants were
complemented in Chicago. The CIStrons are
numbered in order of then. location on the

genetic map, as shown in Fig. I. It should bc
emphasized that the assignments presented in
Table I represent the " best fitting " coinple-
meritation map.

Independence of the function of each CIStron
was confirmed by burst size measurements in
the complementation test. Table 2 shows
some of the results of the liquid complement a-
tion test for adjacent CIStrons.

Mutants, sws 87 and stts F12 (CIStron I),
weakly complemented the mutants listed in
CIStron 2, as shown in Table 3a. In liquid
complementation tests. bacteria infected \\, ith
mixtures of mutants in these two CIStrons

liberated active phages, although the burst size
un^ 3 (T, b1.3b). On thi^ busts, w. dadd. d
to divide them Into two CIStrons, I and 2.

Other pairs of mutants showing weal< coin-
piementation in spot tests were also examined
by liquid complementation. S"~ cells infected
with these pairs of mutants did not liberate
active phages at levels higher than cells infected
with tither par. nt (T, b1, 3b). From thus,
results and results of recombination tests

we subdivided these CIStrons into 2a 2b, 2c,
The same problem was observed with

T7 amber mutants. Studier (1969) incor-
POTated such mutants Into a single CIStron.
Tlie functions of these cistrons nTust be clari-
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TABLE I. Glossyicatio" of SPOl sus mutants by complement atton

Cistron number

2a

b

C

d

Representatives

3

+

5

6

7a

b

e

87

11

60

31

+7

+

66

38

44

F10

F 3+

F 18

46

F+3

HA25

F6

( F 31)"
75

71

F46

F+O

F3

34

76

F 32

39

F2

F17

N5

F 56

I+

F 60

HA20

33

F13

52

F 26

81

8

F 38

F1+

F4

49

N3+

8

9

10

11

12

13

14

15

16

17

18

19

20

21 a

b

F8, F12, F15, F19, F29, F55

58, F+7.1{A17

Mutants isolated'

15.51, N+9

F37, F42, F+5

40, 50
F7, F51

22

23 a

b

37, 56, 62, 70, 77, 80, 82
F 50

24

25

26

27

28

29

30 a

b

F36, F++, (HAIO), (N2j)b

F1i

( F +8)'

31

32

33

34

35

36

C

2.13,78, F+I, (N6, N69y
F 58

F23, F 30, F 33, F 35, F 52
17.32,42.43,55, F20, (F49)", (F59)

" F31 is D-int, \\, hereas F36 and F++ are D+. Thus F31 might represent another CIStron (see Table 7),
although F31 \\. as used as a representative of cistron 12 in recombination experiments in Osaka. In Chicago,
F36 and F++ were used as representatives of CIStron 12

HAIO also coinple-' N21 did complemented F31 in Chicago, but not by liquid complementation in Osaka
merited F31 in Chicago, but not in Osaka. This group may ITave to be subdivided.

" F48 did not complement F+9, but did complement other mutants in CIStron 23. F+8 and F49 may, contain
an additional mutation in common (Fujita, 1971)

of N6 and N69 clearly complemented F2 in Chicago.
" N-series mutants have not yet been classified. Some of them may fall into ne\\. CIStrons (Geiduschek, per-

sonal communication)

36,45.54. F21
HA21

72

F 28, 68

86

12.57,73.86, F1. F5, F9. F22, F39, F54. F57, HA32
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TABLE 2 Complement atgore between rid^^cent CISiro"s by burst star measurement

Mutant

F13

F 13 x 52

52

52 x 8

8

8 x F 38

F 38

F 38 x F 14

F14

F14x F4

F4

76

TABLE 3. Complement atto" betzuee" CIStro" I and cz'sty0" 2
A) Spot test

Cistron F12

Cistron

2a

2b

2b

2b

2c

2d

2d

2e

33

29

87

F12

11

60

HA17

F47

31

47

N+9

+

F 14

30

31

32

(3)
(15)

(5)
(11)

(30)
(13)
(M)
(M)
+

11

33

Burst size

(4)
(8)

(4)
(1)

(2)
(11)
(15)

(9)
(15)
+

34

19

Sy, ,1601s: B, phnge $eeded, ' S, phttge spotted, ' -, ino pinques I'" spot area, +, completely Iysed I'" spot area,
( ), numbeis of pinq"e$ in spot nrerr, ' (M), 711n"y PIOqt, es In cool area
tt F14 was used as a control

B) Liquid complementation

003

38

003

51

0.03

9.4

001

9.0

0.01

13

0.03

23

60

(3)
(13)

(+)

HA17

(8)
(6)
(2)

F47

(2)
(M)

(2)
(15)
+

Mutants

(13)
(10)

(3)

87

11

60

31

47

4

87 XII

87 x 31

11 x 60

31 x+7

47x +

31 x 66

31

(6)
(5)
(4)

(11)
+

(15)
(15)

(7)
(M)

(3)
(3)

(3)

(M)
+

47

(1)
(15)
(20)
+

(10)

N49

(25)
(22)

(5)
(10)

(5)
(2)
(4)

(3)

(6)
(14)

CIStron

(1)
(2")
(2b)
(2c)
(2d)
(2e)

a x2a)
a x2c)

(2a x 2b)
(2c x 2d)
(2d x 2")

(2. x 3)

F 14"

+

+

+

+

+

+

+

+

+

+(17)
+

(M)
+

Burst size

0.76

0001

0001

0004

<0.001

<000i
3.0

3.0

0.03

0.16

0.08

33
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fled before any decision can be made on the
independence of these subdivided CIStrons. If
the presently subdivided cistrons prove to be
functionally independent, or if new CIStrons
are discovered, then these additional CIStrons
will be assigned fractional numbers, in accord-
an CG to the system of Studier (1969). If any
of the presently subdivided cistrons prove to
be identical in function, their subdivisions will

TABLE +. Recoinbi"atton lyeqtte"ct'es by two-factor crosses

789 10 11 126CIStron I 2 3 4 5

Mutant 87 31 663844 F10 F3+ 46 F43 HA25 F6 F31

87

31

66

38

44

F10

F 34

46

F43

HA25

F6

F 31

75

71

F46

F+O

F3

34

76

F 32

39

F17

5

F 56

14

F 60

HA20

33

F13

52

8

F 38

F14

F4

49

N34

0.6

be dropped. The subdivided CIStrons are
separated by less than one map unit, as seen
later, and may represent adjacent genes, it
their functions prove to be independent. it
is conceivable that some of these mutants are

polar mutants (Nakata and Stab1,1967). How-
ever, we do not know whether they possess
nonsense mutations, because the nature of the
suppression mediated by the su' gene is un-

5.5

264.89.3 88 10. 9.0

6.5 9.4313.8

3.0 4.1 5.3 7.0

1.4 334.43.0

1.2 3.0 2.7

10 17

0.3

7.514

8.5 8.7

8.3 4.610 7.3

2.5 5.0 4.0 7.1 8.4

5.6 3. + 11

4.0 4.3 3.3 9.7

1.0 20 2.4 362.6

0.5 1.3 2.6

13

75

16 17 18I+ 15

71 F46 F40 F3 34

1.0 2.8 5.5

1.8 3.5 2.4

1.2 2.4

1.0

16 22

12. 11

9.7 7.9 9.8

6.0 6.7 11

19

76

7.0

3.5 5.0 5.8

1.4 356.5 3.3

0.7 154.1 3.5

0.2 1.0 324.5

0.8 2.7

1.2 3.0

1.6

88

7.3 7.6
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6.2

5.9

8.7

6.1

3.4

2.1



known.

2. Two/actoi' CIOsses
Pair-wise $113 X stts crosses were carried out

with one representative of each CIStron. The
recombination frequencies of given pairs of
mutants are summarized in Table 4. The re-

combination frequencies of given pairs of inu-
tants sometimes \, aried by as much as a factoi.

TABLE 4. Continued

20

F 32

21

39

22

F 17

23

10

17

7.5

23

>

of 2. \\re repeated the crosses several times
and the average recombination frequencies
were calculated. \;alues which deviated great-
by, from the average value for a given pair of
mutants were excluded from the calculation.

The most Important factor affecting the recoin-
bination frequency, seemed to be the multi-
piicity of Infection. As the multiplicity
decreased, the recombination frequency, also

24

F 56

22

20

14

14

25

14

7.8

10

26 2827

F60 HA20 33

6.7

5.6

11

26

12

13

10

11

9.1

+. O

5.6

4.6

2.8

19

12

29

F13

5.0

6.1

3.3

1.5

8.8

22

20

20

20

6.7

30

52

7.2

7.0

+. 2

3. +

1.0

22

7.2

31

8

7.1

8.6

+. S

+. 4

+. 9

2.2

16

11

22

18I+

32 33 3+

F38 F1+ F+

13

24

25

15

16

11

8.2

57

6.8

3.8

3.2

2.9

17

3. +

+. 6

0.9

35

49

29

31

31

34

30

10

13

33

12

14

38

16

29

+O

15

22

26

28

71 21

32

29

24

28

20

37

24

23

5.8 35

13

5.0 26

+. 2 25

4.3 16

0.5 36

26

13

+O

13

I+

37

9.0 12

12

39

36

N34

12

9.3

9.0

s. +

7. +

5.7+. O

3.0

2. +

30

26

8.5 12

9.0

9.5

7. + 7.9

5.0 9.3

+. 3 5.2

7.9 6.0

3.8 4.7

5.3 4.5

2.0 2.6

1.6 3.9

1.5

10

1.7

2.1

1.0

30

28

12

12

9.1

2.5

1.6

01

25

14

36

9. +

30

7.0

9.5

25

28

5.9

I+

8.2 10

10

+. 2

2.0

I. +

59

23

6.0

2.3

2.5

29

5.1

26
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4.0

+. O

17.

40

30

15

17

23

22
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decreased. It is conceivable that other factors

also affect the frequency. Some mutants may
have a strong selective advantage over others.
A slight variation in the ratio of one parent
phage to another in a cross might in Huence the
recombination frequency. \\'e did not examine
these factors systematically.

From Table 4, mutants could be linearly
arranged in order of increasing recombination
frequencies, although the additivity was not
good. Fig. I shows the genetic map of SPOl.

!\Iutants, s"s 49 and sws F24 in cistron 35 and
s"s N34 in CIStroiT 36, gave high recombination
frequencies in crosses with any of the other
mutants tested, as shown in Table 4. There-
fore, these two CIStrons could not be located on
the map shown in Fig. I.

Crosses were also performed between inu-
tants in the same complementation group. Fig.
I shows results on intracistronic recoinbina-

tion. The order of mutants within given
CIStrons was determined, but their orientation
relative to the main chromosomal map \\, as not
determined.

Doermann, 1958; A10sig, 1970). The devia-
tions seen in Table 5 were very large in most
cases, but it was still possible to determine
whether single mutants were located Inside or
outside the two markers.

4. Mnppi'?^ of a playwe 7110/1phology 711Mtn, it
F1aque morphology mutants were Isolated

previ, us Iy (Okub, at a1. , 1964). One of th,
mutants, c, , produces clear PIaques witll a dis-
tinct edge. PIaqties of the wild type phage
have a light halo, so the two types of PIaques
can be easily differentiated on HA 101 (sw~)
bacteria. \\Ie crossed the C, mutant with the
sws mutants and selected wild type PIaques on
s"~ bacteria. As shown in Table 6, the c,
locus seems to be located near $113 F38, CIStron
32.

3 . T/lyee. factor crosses
Double sirs mutants \\, ere crossed with single

mutants to verify the arrangement of CIStrons
shown in Fig. I. Later, newly isolated inu-
tants were first crossed with double mutants,

so that the locations of newly found CIStrons
could be deduced easily. Then, the mutants
were crossed with single mutants in the same
neighborhood. Table 5 summarizes the re-
SUIts of the three-factor crosses, and in general
supports the order of the CIStrons shown in
Fig. I. The precise orders of CIStrons 6 to 9,
13 and 14, and 24 to 28 could not be deter-
mined from these crosses.

In most cases where single markers were
presumed to be located between two markers,
the frequency of \\, lid type recombinants was
inucl\ higher than the expected value, which Is
the product of the frequencies of the two single
crossing over events. This phenomenon has
been observed in crosses of many phages and is
called high negative interference (Chase and

5. Functio, , of '13/10"s
The ability of mutants from each CIStron to

synthesize DNA in the restrictive condition
was measured by the incorporation of J4C-
dUl\{P into the alkali-stable, acid-insoluble
fraction. In Chicago "C-adenine was used
(F1ijita, 1971). NIOst of the mutants could be
easily classified as DNA-positive (D+) or
DNA-negati, , (Do) us ^h. wnin T, bit 7. D+
means that mutants could synthesize DNA
upon infection of s"~ bacteria at the same or
nearly equal rates as that of the wild type phage.

Certain other mutants wei. e not clearly
ather D+ or Do (T, b1.7), but incorn. "amd
low or intermediate amounts of label Into DNA.

Several of these particular mutants (sws F-6,
11,12.31,42.45, and 47) were studied further,
through an examination of their kinetics of
DNA synthesis (Fig. 2). All of these mutants
synthesized at least some viral DNA, in con-
trast to a control infection by the Do mutant
sws F38. On the basis of this experiment, s"s
F42 and F45 (both mutants in CIStron 3) were
classified as DNA-arrested (DA).

Similarly, s"s F47 (CIStron 2b) was classified
as DNA-delayed (DD), and Ms F-6 (CIStron
11), 11 (. lad. n 14), 12 (. 1stron I) and 31
(cistron 12) were classified as DNA-int in
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TABLE 5

Double x Single
(cist"on)

31-38 x 87 (1)
(2. -4) x 47 (2d)

x 66 (3)

31-++x66 (3)
(it-5) x 38 (4)

x F10 (6)
x F 34 (7a)
x 46 (8)

44-75x F10 (6)
(5-13) x F34 (7a)

x 46 (8)
x F+3 (9)
x HA25 (10)
x F6 (11)
x 71 (14)
x F46 (15)
x F40 (16)
x F3 (17)

F6-F3x46 (8)
(11-17) x F43 (9)

x HA25 (10)
x F31 (12)
x75 (13)
x 71 (14)
x F40 (16)
x 34 (18)
x76 (19)

F31-71x75 (13)
(12-14) x F46 (15)

x F40 (16)

75-71x F46 (15)
(13-14) x F40 (16)

x F3 (17)

75-F3x71 (14)
(13-17) x F46 (15)

x F40 (16)

Recoinbzhott'on lyeqt, enct'es by three factor crosses

Frequency
of

wild type

0.23

0045

0.17

0.37

0.35

0.52

17

1.8

0.19

0.48

0.23

0.50

0.13

0.01

0.05

0.05

0.28

1.0

0.80

1.2

0.88

0.12

0.26

013

038

0.67

2.3

0.05

0.08

0.25

008

0.50

1.5

O. 034

0009

0065

10

1.2

1.1

010

0.03

0.07

Expected if

Outside

0.33

013

13

13

2.6

5.0"

5.0

4.5

0.5

2.0

2.2

1.5

1.3

2.5

4.2

3. 0"

3.0"

30

1.0

0.6

0.5

1.3

1.8

1.2

18

2.9

3.0

0.6

0.5

1.8

019

0.75

2.0

0.5

0.19

08

25n

18

0.60

0.50

O. 19

O. 75

2.6

2.2

1.5

1.9

1.5

0.5

2.0

2.2

3.0

2.5"

1.8

1.5

2.5

1.7

0.5

0.19

0.7

2.0

3.4

3.0"

3. 0"

2.5

2.0

1.6

0.6

08

1.7

0.5

0.12

0.36

0.12

0.37

1.6

1.6

1.8

0.6

3.5

2.9

1.7

2.3

2. 0"

1.5

Inside

0008

0003

0020

0003

0039

0025

Possible order

87

31

31

O. 015

0050

0040

0023

0032

0043

0021

0005

O. 021

47

66 38

66

38

44

44 75

F1046 F43 F6 Flu F3

HA25 (71)F 34

(F46)

F 10 F 34 46

75-34x HA25 (10)
(13-18) x F6 (11)

x F31 (12)
x 71 (14)
x F46 (15)
x F40 (16)

0018

0015

0033

0036

0019

0011

0023

F6 F3

46 I-IA25 F31 75 71 34 76

(F40)F 43

0003

0006

0007

00002

F 31

0008

0003

0005

75 71

71

75 F 46 F 40

75

F46 F40 F3

0012

O. 004

0011

71 F46 F40

75 34

HA25 F31 F46 71 F40 F3 76
F6
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TABLE 5. Contz'MMed

Double x Single
(CISt, on)

F3-76x3+ (18)
(17-19) x F32 (20)

x F3 (17)
x 76 (19)

39-5x F32 (20)
(2143) x F17 (22)

x F 56 (24)
x 14 (25)
x F 60 (26)

Frequency
of

wild type

0.08

1.7

5-52 x 39 (21)
(23-30) x F56 (24)

x 14 (25)

x F 60 (26)
x HA20 (27)
x 33 (28)
x F13 (29)
x 8 (31)
x F 38 (32)
x F14 (33)

Expected if

Outside

2.0

4.4

0.8

2.3

0.17

3.1

0.8

1.0

1.1

1.0

030

0.07

0.31

0.33

5.2

2.2

1.1

0.45

1.4

2.0

3.9

3.0

2.4

2.3

1.3

1.9

0.8

07

1.2

1.5

Inside

0016

1.3

0.12

0.18

0.18

0.15

0.24

0.16

0.6

1.5

2.6

33-8x14 (25)
(28-31) x F13 (29)

x 52 (30)
x F38 (32)
x F14 (33)

0.75

0.5

2.1

1.9

2.0"

2.5

0.18

1.5

2.0

4.5"

2.9

2.2

3.5

37n

+. I

1.3

0.8

2.5

2.5

2.9

2.3

0.8

2.0

0.8

0.7

1.2

1.5

0088

Possible order

0018

0006

0010

0027

52-F4x F60 (26)

(30-34) x HA20 (27)
x 33 (28)
x F13 (29)
x 8 (31)
x F38 (32)
x F 14 (33)

F3

0.56

0.16

0.25

1.2

1.5

6.0

2.9

2.2

O. +7

0.18

013

O. 10

0054

0036

0046

0059

0055

0018

0025

39 5

F32 F17 F56 F60

(14)

34

76

" Estimated values ( ) uncertain

TABLE 6. Mappthg of a piaque morphology int, laitt, cj

3.0

1.0

0.7

1.3

2.0

3.0"

2.9"

2.9

2.9

2.1

2.1

0.25

F 32

Cros*us (cist, on)

39 14 HA20

F 60

(F 56)

,

C, x F13 (29)
x 52 (30)
x 8 (31)
x F38 (32)

x F 14 (33)
x F 4 (34)

0039

0008

52

F13

" Recombination frequency=\\. 11d type piaque on sit~/total PIaque on stt' x 200

33

33

8 F1+

F 38

0023

92

Total PIaques on s"' Wild type PIaques on s"~

14 F13

0023

O. 015

0025

0004
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8

F38 F14

(52)

1200

1156

1130

830

1210

1150

F60 33 F13

HA20

52

8 F38

F4

40

19

20

2

26

37

(F14)

RF"

6.7

3.3

3.5

0.5

4.3

6.4



TABLE 7

CIStron

BaOchemz'co/ natures of cz'strums

2c

3

+

3

6

7a

8

9

10

11

12

Mutant

87

31

66

38

44

F10

F 34

46

F43

HA25

F6

F 31

HAIO

F44

75

71

F+6

F40

F3

3+

76

F 32

39

F17

5

F 56

14

F 60

HA20

33

F13

52

8

F 38

F1+

F+

49

N34

% of \\'11d type level of
14C-UdR incorporation

in 40 min

13

14

15

16

17

18

19

20

21a

22

23a

24

25

26

27

28

29

30a

31

32

33

34

35

36

122

88

48"

25

70

98

80

93

78

71

92

12"

52

102

42

42

88

73

93

83

68

62

0.9

0.8

10

55

60

70

0.6

0.8

0.7

0.7

0.8

0.9

77

51

60

65

DNA class

D+

D +"
D-int or DA"
D+ or DA

D+
D+

D+'
D+
D+
D+

D+"
D -int

D+ or D-Int/
D+
D + or D-int

D + or D-int"

D+

D+
D+

D+

D+
D+
Doh
Do

Do

D+

D+
D+

Do

Do

Do

Do '

Do

Do

D+
D+

D+

D+

LysozymeJ
activity

F47 (CIStron 2b) \\'as classified as DD, as sho\^n in Fig. 2 (Fujita, 1971)
F37 and F42 \\. ere classified as DA, as shown in Fig. 2 (Fujita, 1971).

" Incorporation of label under permissive condition \\. as also 10\^er than that of wild type or D+ mutants
it F18 (cist, on 7b) **'as D+ (Fujit", 1971)
" F6 was classified as D-int, as sho\\. n in Fig. 2, in Chicago (Fujita. 1971)
,' F36 and F44 *ve, e "harshed as D+ (Fujit, , 1971)
" F11 \\. as classified as D-Int (Fujita, 1971)
" F2 (cistron 21b) \\'as classified as Do (Fujita. 1971)
' F26 (CIStron 30b) and N5 (cistron 30c) were also classified as Do (Fujita, 1971)
J + : Decrease of O. D. /minimg protein =0025-0030

Decrease of O. D. /minimg protein =0001-0002
* The enzyme activity of extracts prepared under permissive conditions \\ as also low
' Transcription control mutants (Fujita er a1. , 1971).

in dCMP deaminase and dUIVIP hydroxymethylase-negative
" dUMP hydroxymeth}, Iase-negative

,,

+

+
+

+

+

11

T

+

+

+

+
+A

+

+

+

+

T

+

+

+

+
k

+

+

+

+

^. ,

11

_!

+

+

OKUBo at al. Tile gel, eti'CS of bnc!c!'Ibphuge SPOI 93



,..\

~

32

~ 28
X
^

E 24
U

co

z 20

$1 16

.-.

a

a

.

' 12

co
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A F47

^

24
<
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A F12

. FIT

. UNINFECTED
A CELLS
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Time ( min )

FIGURE 2. 111coijpoi'aim, , of doff, 11'11e-8-"C Jilto the
DAIrl of B. $116tifis 168 T~ (SII~) cells jinec!e, / tufth
SP0 771,111n"ts hn, ,}Iglow o1 jiltei, ,,, thate Ieue/s of DNA
sy, ,the, I',. ade, ,,',,,-8-"C (0.05 PCI, 111,0.0037 PCIj, g),
alld SPOl toe, e PI e, ,,, xed and ridded at gel 0 '11/1/11tes
01/1ei colldrtib, is ni e descii'bed in Motel7'"/$ rind IVJeth-

nth. 8113 F38. n DAIrl-Jing"t, '"e (Do) 11,111,111t, funs
lis, of ns n collti'o1

Tetested with the original Chicago stock. \\re
have not yet done this.

it became evident that Do mutants are

clustered together in two regions. \\Ie assayed
the activities of dCi\{P deaminase and dUMP

hydroxymethylase which are induced upon
wild type phage infection (RDScoe and Tucker,
1966). Preliminary results showed that dCi\IP
hydroxymethylase was not induced in $14~ bac-
tenainfected with s"s F13 (CIStron 29) and s"s 33
(CIStron 28). A10reover, s"s 33 did not induce
dCA, IP deaminase. The latter result is to be

interpreted in terms of a defect in the normal
temporal sequence of viral transcription, which
leads mutants in CIStron 28 to ceases viral trans-

CTiption entirely, 8 to 10 min after Infection
of the nonpermissive host at 37 C (Fullta at al. ,
1971). Therefore, neither enzyme may be in-
duced upon infection of sw~ bacteria by inu-
tants of CIStron 28.

Allutants, s"s F14 and $213 F4 (cistron 33 and
34) synthesize DNA under non-permissive
conditions, but do ITot induce Iysozyme activity.
However, these genes do not seem to be struc-
tural genes for Iysozyme, as active phage par-
ticles are not released by artificial Iysis from
phage-infected stt~ bacteria (Table 2). Electron
microscopic studies in Chicago showed that
those mutants lack the ability to synthesize
a \\, Ide variety of late proteins (Fujita, 1971).
These mutants resemble the maturation-de-

festive Inutants of T4 (CIStron 33 and 55) and
himbd^ (. ist", n Q) (Epst. in at a1. , 1963 ;
Th. mus, 1968). Fujit^ at a1. (1971) mad, .^-
tensive studies on the transcription patterns of
these SPOl mutants and reported that they are
transcription al control mutants.

A{utant s"s 76 could not induce Iysozyme
activity under non-permissive conditions and
under permissive conditions the activity \\, as
low. Active phage particles were liberated by
artificial rupture of su~ bacteria Infected with
the mutant (Table 2). Further experiments
are needed, however, to determine whether or
not this cistron is the structural gene for Iyso-
zyme. Stewart and Alarmu^ (1970) stated
that SP82, a similar HAIU-containing phage,

SPOl

o
o

, F31

I 9:7'~'6 F6
. ,, F45
I

.

, -,.

F42

o

Ching. (Fig. 2).
As expected, the different nTutants in any one

gene usually exhibited very similar patterns or
levels of DNA synthesis. However, there were
a few exceptions. For example, s"s F31, which
is D-int, maps into gene 12, which Includes
other. nTutants that are D + (sus F-36, 44)
S"s F12 (CIStron I) and s"s F50 (CIStron 9) are
also D-int, whereas other nTutants tested in
their respective cistrons are D+. Cistron 2c
was designated as D + , while CIStron 2b ($1, s
F47) w, ^ nestgnat*d us DD (Fujit, , 1971).
This might suggest that these CIStron are dif-
ferent and independent. A contradiction be-
tween the DNA-phenotype of CIStron 11 exists
between the Osaka and Chicago results, as Is
seen in the footnotes to Table 7. Unfortunate-

Iy SJIS F6 is the only nTutant presently in CIStron
11. The sws F6 stock in Osaka should be

c F38
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might lack a Iysozyme structural gene.

DISCUSSION

A10re than 120 suppressible (sws) SPOl inu-
tants \\, ere isolated independently in Osaka and
Chicago, and classified by, complementation
tests into at least 36 CIStrons. The existence

of \\, eakly complementing mutants within cer-
tain CIStrons may indicate that additional CIS-
ti. ons might be represented by, these nTutants.
A linear and non-permutated genetic map of
SPOl was constructed on the basis of two- and

three-factor crosses. The molecular \\, eight
of SPOI DNA is about I x 108 \\, hich provides
the capacity to code for more than 100 proteins.
Therefore, many genes PI obably remain un-
identified at this time. Thus, one might argue
that the map is actually circular. However,
Kahan (1966), and more recently Green at al.
(1971) rep. rt, d that th, man of SP82 (." SP
82G), a similar phagc of B. $116iifis containing
H!\{U is linear, not ciicular, as judged by re-
combination data Lising temperature-sensitive
in titants. The nucleotide sequence of SP82
DNA seems to have Inari\, similarities to that

of SPOI DNA (Truthut .t "I. , 1970) but un
results of neterudLiplc\ mapping nave huen
reported yet.

Two CIStrons, CIStron 35 and 36, showed
anomalies in recombination frequencies. Thev
behave in genetic crosses as if they, \\, ere un-
linked to the main map. The reason for this
strange mapping behavior is linknown at pre-

Green at a1. (1972) also found one inu-sent.

tant which did not fall within the main genetic
map of SP82G. They located it about 20 map
units distant from one end of the main nTap,
the total map distance being 54 map units.
Cistron 35 of SPOI Inight be located far from
one end of the ITTain chromosome map, and
CIStron 36 far fronl the other end. Both CIS-

trons might be separated from the other cis-
trons by long regions that are I, ot represented
b\, existing mutants or \\, hich code for non-
essential functions. SuclT a phenolnenol\ ex-
1sts in the nTap of phage P2 (Lindah1, 1969 a,

b).
Alternatively, the two CIStrons might be

located near opposite ends of the main map. It
could be postulated that there are weak regions
between each of these CIStrons and the nearest

end of the chromosome, \\, here recombination
takes place \\, it IT a higher frequency. Alter-
nativeIy both CIStrons could be located at one
of the ends of the map, with a weak region
between them. 'This postulated \Teak region
might include single-strand breaks at defined
positions in the DNA molecule, or might
correspond to specific base sequences favored
by the enzyme \\, hich catalyzes the primary
breaks of recombination. In T5 DNA, there
are single-strand breaks in defined positions
(Ahal^. n and Th. mus, 1966; Bujard, 1969).
Lanni (1968) reported that an amber mutant
(Rill 15) of T5 phage gave maximal or near
maximal I. ecoiT, bination values with six scat-

tered testei' mutants. He suggested that trill
15 was outside the 1<no\vn map of T5, perhaps
in the first-step-transfer DNA. TIT phage Tl,
xii. hall*" (1967) f. und that tire re. ,in binati, n
fi'equency is at least five times highcr ITear the
two ends of the DNA. Doermann and Farma

(1967) and Madg (1963,1971) us, ^h. wad in
T4 that regions neai. ends of infecting barc-
tcriophagc clTromosomes are susceptible to
genetic recombination.

The function of each CIStron \\, as investigated.
111 general, the " early " mutants (Do) lie on
the Tight half o11 the linear map shown in Fig.
I, and the " late " Inntants (D+) on the left
half. As in T4, lambda and other phagcs
(EpsteiiT at a1. , 1963; \, IOUnt at a1. , 1968;
Studier, 1969), related functions appear to lie
clustered together o11 the genetic map. Green
et a1. (1972) also found tllat the organiza-
tion of the SP82G genome is simple, consisting
of three functional regions : genes Involving
DNA SI, nthesis, tail syilthesis, and Itead syn-
thesis. Althougll the\, \\, orked with a smaller
number of CIStions, and mutants LISed wei'e
exclusively, of tenTperature-sensitive tvpe,
in general, electron Inicroscopic studies

\\'It11 SP01 $11$ 11Tutants seem to support such
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an ordering (Fujita, 1971). we found two
clusters of genes concerning with DNA syn-
thesis. In Green's map, the region involved
in DNA synthesis could also be separated Into
two parts by a D+ genein the middle. CIStron
2 of Kahn's classification might correspond to
the SPOT cistron 29, as mutants of cistron 2 of
SP82 are deficient in dUMP hydroxymethylase
(, had by aren at a1. , 1972).

A{aturation defective mutants (cistron 33
and 34) lie next to Do CIStrons. Fujita at al.
(1971) investigated the nature of these genes
extensively and found that mutants in these
CIStrons are deftctive in the synthesis of in Iddlc
and late species of messenger RNA. A similar
proximity of the maturation defective CIStrons
to Do genes is seen in the lambda genome or
even in T4, although the two maturation de-
fective genes (33 and 55) are widely separated
from each other (1.10unt at a1. , 1968 ; Thomas,
1968; Epstein at a1. , 1963). It seems that the
SPOl chromosome resembles that of the tern-

petate phage lambda in the arrangement of
genes, although SPOlis virulent. It is Interest-
ing to add that recently we found a mutant of
SPOT which shows a carrier state in a strain of
B. rubti'/^\ (unpublished data).
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