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Genetic evidenoce for sex in bacteria., Joshua “ederterg, Jans Coffin Chilfts

Fellow in Medical Hesearch, and E+L+Tatup, Professor of Microblology, Yale U,

In the short time allotted, it will be impossibls to discuss in any detail
the experiments that have lsd us to the conoclusion that there is a sexual
phase in the 1ife histary of a strain of Escherichia eoll with which we Mmave
been working, It seems best to present a single expwiment in detall, shich
most forcefully 1llustrates ths kind of evidence that ns been accumilated.
The general thesis of thess experiments mxx is the sasw as that vhich wmas pro-
posed by Sherman ad Wing 10 years ago, that if there is a sexual phase in
bacteria, it should bs possidble to show tiat when nindicnltnrol containing
organiems differkng in various claracters are studied, new types will be @ound
which are characterized by recombinations of those ctaracters. The strains mod
by these authars were too variable for them to draw any conclwions as to the
occurrence of sexual fusions, and otler authors have hd-lilihf difficulties,

Several types of characters have been used in our investisgtions.
Raoasxxesgxpaxk They have all been obtained as mutations in a single
strain of E, coli (strain K-12).The spontanscus variability of eachbof these
characters has been studied intensively and it can be anticipated categorically
that none of the phenomena which I am bout to describe can be accounted for
on this basia,

Nost of the characters used are nutritional requirements, i.e. the need
for a specific groeth . factor, including such compounds as bilotin, thiamine,
threonine, leucine, and other vitamine and amino acids. ‘hey are sharply de-
terminable, sihce optimal growth can be obtained in the presence of the
spedific reqiirement, whereas in its absence growth does not take place.

The requiremsnts m—brmbby mitation, one at each mutational
step. By witravholet irridiation of a stmmin which is already a biochimical

mt. . » mltiple mutants tan e obtained, and thees have been very useful
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in these studies. Other characters which Jave been used are resistance to a

apecific bacteripphage, and the inability to ferment lactose (es indicated on
Eosin-lethylene blue-Lactose plates such as these.) _

Charscter recombination in E, coll can be detected by the appeurance of
ild types in mixed cultures of biochemical mutants, -uch wild tyjes have never
been found in the individual cultures. Thexaifmxxmxakxxtaooizxsuiodmcxn wild types
can be detected readily since they form colonies in minimal agar medium, whereasy
_the original mutants are unsble to proliferate in the absence of their specific
requirecents. Thus although only about 1 cell in 10 million in these mixsd cultures
1s a wild type, they can be readily detected by plating about 500 millicn cells
after careful washing, into a minimal agar plate.

If these wild types are the result of recombination of characters, oweh- ‘a"“—l—--lJ
colonies should also show recombination of other character differences prosent '

in the ‘parental strains+' This has been found to bc the o ge. |

ABonteT-L-N,-lac =T, DB-H-Triths Lact T, R
Kaxx By plating Y-53, which is.. and Y-10 into agar containing thiaxin,

but lacking biotin,methiaine,threonine or leucine, the colonies which appear

should represnt those cells which have recombined with respect to B.M, T and L, as

indicated on the boardd, One should also sxpect to find that the other 3 1

charscters should recombine also, naxzely Bl-; lac- and T{

recazbinations of these claratters, as indicated, and the ones which are part of

o There are 8 possible

the papental complexss are encircled. All 8 have been recovered, as can be demonstrate
by this plate, and these tubes. The figures on the board npr:at. the relative
frequencies with which they hawbeen obtaiend,The disparity in thqeg.numbers
13 of coupge,of great interest; some evidance has been obtadned that this disparity
sy be xplicable ot the bases of the same kind of factorial linkage that charucterise
U:““%zh-r organimas.

Eqidence has been obtained that in mixed cultures conllining more tjan 2 types,
recocbination takee place between only 2 types of eell at & time, strenghtheaing the
hypottmais that these data are t.l be explained by s cell fusion and the orderly

segregation of gmnes,



SEGREGATION OF BACTERIAL CHARACTERS: Bl Tl and lae

==+ 4+ ¢+ R
BM[TL By Ty Llas (T-L0)
BM[TL By T, Lao (Y-53)
|- o8 -
Progeny:
++ + 94 ¢ o °
B u T L o000 OGOCDOSTS Bl Tl hc
+ R - 100
“+_ R+ 55
¢ 8 - 5
104 + S * L
- R - 17
- R___* ?,.\
=z s - 13
P R
Bl- and Bl

100
55
50

L

850
450
650

50

¢ are from separate series. Actually,
the Bl- types as a whole are about 10X as frequent as B;¢.

With this correction, $he last colukn gives the absolute
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