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wild type responses. To obviato oﬂ‘ccta of the screening
pigments in measuring spectral sonsitivities the com-
parisons were made between the autosomal white (brown ;
scarlet) and white eyed x-12 (x-12; brown; searlet).
The effocts of the mutations brown and scarlet aro to
eliminate the screening pigments in tho cye of the fly tl.nd
render the eye white!.

The spectral sonsitivities of the autosonal white stock
(brown; scarlet) and white oyed x-12 stock (x-12; brown;
scarlet) are shown in Fig. 2. The former has two peaks,
one at about 500 nm and the other at about 350 nmn or
somewhat below. These features are romarkably similar
to the spectral sensitivity curves obtained from white

eyed Musca® and Calliphora®. The spectral sensitivity .

of the white eyed x-12 mutants, on the other hand, has
a single broad peak around 400-450 nm. For the sake of
convenience the spectral snhsltivrby of the latter has been
scaled up by about 4 log unitg in Fig. 2. It seems reason-
ably clear that the x-12 redpynse is not generated by
either of the two visual pigm#fits present in a normal fly.
Conceivably the visual pngmentu of x-12 are grossly

abnormal. On the other hand}the extremely low. sensiti-.
vity and thé highly distorted ‘waveform of x-12 respbnse
suggest that this response may not ‘be’ due to a visual .
pigment.’ Thus either the"visual pigments are absent in

these mutants or the photoexcitation -of the plgn'.{mts =

fails to excite the active membrane ‘of the retinula’cells .
even though a normal complement ‘of visual p:gment. is
present, If the latter is true, some erucial step in photo-
transduction is genetically blocked in these mutants.
Inasmuch as phototransduction remains the least under-
stood of visual processes, mutants of this type would be
of considerable interest in vision research. (A
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Selection and Covariance

TH1s is a preliminary communication describing applica-
tions to genetical selection of a new mathematical treat-
ment of selection in general.

Geno frequency change is the basic event in biological
evolutiom. The following equation (notation to be ex-
plained). which gives frequeney change under selection
from one generation to tho next for a single gene or for
any lincar function of any number of genes at any number
of loci, holds for any sort of dominance or epistasis, for
sexual or asexual reproduction, for random or non-
random mating, for diploid, haploid or polyploid species,
and even for iinaginary species with more than two sexes

AQ = Cov(z.q)/Z (1)

The equation easily translates into regression eoefficient
(3:9) or eorvelation coefficient (pz) form
o

A AQ = 'S-ch/f = P04 3 Iz

-
e

p

N »

"It thus has great transpareney, makmg it useful as a |,

- 1Q and if student IQs do not chango appreociably dm-,._'

* of a single species, such that P, coritains all parents of r,

. is heterozygous for A oris homoz} gous far A):

; _,mon P,

iy —ploidy for gene A;

Qy=(Sgi)/Tamc= (‘.’szcq})i“zmc =X
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in qualitative evolutionary reasoning.” It can aly,
applied to non. -genctical sclection. ' For example, if
dents’ expectations uf pnssing & certain course vary y...

the course, then equation 1 (with its variables suital,’
redefined) will give the difference in mean IQ botwy.
students entering the course and those completing :
(and equa.tmn 4 below will apply if IQs do change durir.;
the course).

Derivation is as follows. I.et. }'*‘l and P, be populam,,

members and P, consists of all offap of P, 'membe;.
Let the number of P, members be NP' \',\?e label these wi;
identification numbers i=1, 2, . . ., N, assigned in an:
order. Let n; be the zygot.ac ploidy of the-specles for ge:.-
; let gq be the dose of gene 4 in individudks (for exampl.,
lf m= 2,9:=0, 1, or 2 according to whether i.lacks gene 4,
let
be the frequency of gene A in individuak s, deﬁned bq\
gi=gi/n:; and let Q, be the frequency ofgqib Ain popu!a

R

Qy = Zgifn;N = Luzq;,!n.N f

where the summations are ‘taken over all members of P

o ow

- W

(i=1 to N) and § is the arithmetic mean in population P
(that is, § is a population 'varlsble even’ though T e,
sample variable notation).. - ~.-

Now we turn attention to oﬂ'sprmg A gamota from a P,
member that contributes genes to & P, member will kx
termed a ‘“‘successful gamete”. Let nc be the gametic
let z; be the number of successful
gametes produced by individual ¢ (=the number of 1"
oﬁ‘aprmg) ; let g; be the number of A genes in the set of all
of i’s successful gametes; let g; be the frequency of gene 4
in this set of gametes,'defined by g; = gi/zin¢ if z;#0, ¢/ =
s if ;= 0; let Agi=g;—=g:; and let Q, be the frequenc&

of gene A in population’ P, <The fo]Io\\ mg can be seen laa} |
. hold

Xziqi/NZ

= .-~aq:_!Nz+ ZuldqNi=[2q+ Cm'(z.g)]fz + Ex Aq/N:

=d+Cov(z,9)/2 + -zcéa:!-\' v

where the summations .are takcu over all P, momber*_
% is the arithmetic mean of z in P, and Cov(z,q) is th~
covariance (or first order central product moment) «f
zand g in populntum P,. Subtraction of equation 2 frnIi
equation 3 gives

AQ = Q. — Q, = Cov(zq))2 + =

If meiosis and fertilization are random with respeet t2
gene d. the summation term at the right will b zer
except for statistical smnpling effeets (“random dr ift”
and these will tend to average out to give equation 1.
Five points about equation 1 will be briefly: explainst:
First, equation 1 in its regression cocfficient form can b
v I."illl‘l]lzl.‘d in terms of a lincar regression line fitted to 8
seatter diagram of = agninst . (A linear regression lin¢
is the best construction in terms of the population effect
AQ, even if it gives a poor fit in terins nflndt\. idual points.’
Sinece the regression line has slope 5., gene frequenc?
chang» duc to selection i exactly proportional to the
slnpf' Therefore, at any step in cnmtruvtmg hypotheses
about evolution through natural seleetion —for exampl
about why luwman canines do not protrude, why d*
antlers are annually shed and renewed, why ]'”"'t'
mimie. why (lulp]lma playy—one ean visualize ~uch #
diagram and consider whether the slope really we arhd b
appreciobly non-zero under the assumptions of the theor:
If there is no slope, then there is no frequeney chans?
r“(cvpt by Aq ni'tv('tq and the hypothesis is probably weons

LAqi/NZ 4

o b g gmpsd gen A0

' L, 3"
rv.w.vw\Mu~ 1A) - .

s
\
|

|
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& a!r

: .,N.nnd cqtmt.wn l fmls; A plo:dy i not the aamo
achi Iy mombor. -Supp: !‘or ampld, that the A

""m is in X but not b'g ohro som o aq:mm wx;h XX»

‘ﬂmlos: and XY males, L".l.’lwn Q,'m rédefined o8 Q,=

v ,m‘“m. where n;is 4 locu.i ploidy in individual ¢ {thab is.
sl if s is male, or 2 if ¢is Iemalo}. and Q,, g, and g;are

._‘{, 5necl in correspondmg ways. If P, and P, have sex
.yrios of unity (as is commonly the case at conception),
_on the following can be derived _ _

(3-]

AQ = - Cov(z.q)r/Zr + $CoV(2,9)m/Zu (5)

(-]

Jere Cov(z,)r is the z,g covariance and Zp is the mean in
e the female subsot of P,, and Cov(z,q),s and Zjs apply to
-'» male subset, Py
Thjrd. the specifications that were stated for P, and P,
aply @ ““discrete generations model”. This was done

! . wely in order to simplify this preliminary report. Actually

aation 1 can'be applied to species with overlapping,

-serbrecding gqmramons, and it is not necessary that P,

auld contain all offspring of P, members, nor that P,
suld contain all parents of P, mambers Departure
=un the “all parents’ condition, however, requires re-
;erpretat:on of what AQ means, and departure from the
-all offspring” condition (meaning all zygotes conceived)

-ust be done with insight to avoid introducing post-

wnceptual selection on P, (for post-conceptual selection

rauld require the use of equation 4 instead of equation 1).
Fourth, as an example of how multiple gene functions

an be handled, let us suppose that a regression analysis

-as given the relation

i~ 2:3 + 12944 — 0-Tgin + 0-5qic

“r the effects of genes A4, B, and C' on character ¢. ‘Then
¢ may decide to define

qi = 2:3 4+ 1-2g¢4 — 0-Tqiz + 0-5gic
Q;, = (2:34+1:2Q4 — 0:7Q;8 + 0-5Q;¢)
= (2:34+1-2Q,4 = 0:7Q,8 + 0-5Q,0)

AQ = Q,—

wd equation 1 will hold for these multiple gene functions
it for any other linear function of ¢ and Q for any numbe
 genes, if it holds for each gene separately.

Fifth, it seems ising that so simple a relation as
~mation 1 has not (to my knowledge) been recognized
fore. Probably this is because selection mathematics
tas largely been limited to genetical selection in diploid
*ecies, where covariance takes so simple a form that its
mplicit presence is hard to recognize (whereas if man
=*re tetraploid, covariance would have been recognized
ng ago); and because, instead of using subscripts as
names” of individuals (as I have done), the usual practice
i gene frequency equations is to use subscripts only as
imes of gene or genotype types, which makes the mathe-
~aties seem quite different. Recognition of covariance
I regression or correlation) is of no advantage for
“merical calculation, but of much advantage for evolu-

-nary reasoning and mathematical model building.

Some genetical selection cases (such as group selection)
~#l many forms of non-genetical selection require more

“mplex mathematics than that given here. I plan to
’=Scusa these and other matters in papers now in prepara-
“on,
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_and ‘o8 Tally, Japan?.

5 : Bigs
ity of Mo Id-damage d,
Pot; es (lpomoed batatas)
. Tus" t-o c;qt.gffor livestock of mmtltl_\ “Bwret
“been rédognized for sevoral decades in tho: .ﬁ ted Statcs! .
The few reports available de-
scribing toxic manifestations mention pulmoniary osdeina,
emphyaomu and’ a.denomatosns as clmmétor “Hlsmm'
signs, in cat.tle mvolved in natural outbroaks }tf heso
disease signs have also, been attributed ig ot.h&‘ ed
feed products, silage and lish ‘pasture grass®, @o 'ﬁ}
similar effects have boen observed ‘whet *]argofdom
tryptophan were administered to cattle’.

Fig. 1. Structures of ipome(nlrtna.rj'qonno (R =H) and'lpomeamaronol

.; .

Japan;sa workers hnvu:i::;]nbed ;e\ eml ;:ibn.ormai meta-
bolites of sweet potatoes aged by moulds (pm'ucularly
the black-rot . sm, Ceratocystis fimbriala
and certain chemicals®. The first of these’ ﬁwba‘béiltas was
a furanosesquiterpene named (+ )-ipomeamarone® (Fig. 1)
later shown to be an enantiomer of (— )-ngaione?*, a hepato-
toxin extractable as a normal metabolite from theé leaves’
of the Ngaio tree (Myoporum laetum) and other poisonous
plants of Australia and New Zealand!!:'*, The toxicity of
ipomeamarone for the liver and certain other abdominal
organs was reported by Watanabe and Iwata'. This
response to. lpomeamamm, hawewr, does not account
for the iar respiratory t.hat. are principal patho-
logical features in the nat dwease outbreaks.

We have studied a devastating enzootic of fatal disease
of beef cattle in Tifton, Georgia, associated with the
consumption of mouldy sweet potato tubers. Postmortem
findings were consonant with the respiratory tract patho-
logy described in other outbreaks.

The microbial flora of damaged tubers from the Tifton
outbreak consisted of several different bacteria and fungi.
Some of the latter belonged to genera containing toxigenic
moulds including Aspergillus, Penicillium and Fusarsum.
No Ceratocystis species were detected, although many of
the samples had blackish discolorations. Certain toxic
sweet potatoes showed only darkened areas beneath the
cortex or pithy interiors, without significant colour
changes.
Each fungus and bacterial isolate was grown individ-
ually on autoclaved sweet potato slurry for up to two
weeks. Ethyl ether extracts of these cultures produced
no toxic signs when fed to mice by stomach tube, sug-
gesting that the spoilage microorganisms were not in
themselves toxigenic.

Ether extract residues of the infected sweet potatoes
were dark brown-to-yellow oils, often with pungent odours.
Administration of 30-50 mg of this material to mice by
stomach tube produced early, generalized signs of illness,
followed in a few hours by laboured breathing which
became progressively more severe. Death ensued 8-24 h
after extract administration, following a brief convulsion.
At postmortem there was gross and microscopic evidence
of lung oedema with accumulation of 1-2 ml. of clear
pleural fluid surrounding the lungs. Toxic cellular changes
were often seen in the liver, spleen and kidneys.

A search for toxic factors in the mouldy sweet potato
extract revealed numerous pink, red or grey spots on thin
layer chromatograms sprayed with Ehrlich reagent
(p-dimethylaminobenzaldehyde). Three of these sub-
stances were studied because of their toxicity for mice.
The first was purified by column chromatography,
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