
ible, and much detail, including thc 
musculature, is sccn within thc arteriole 
at thc right. Thc bottom photograph ( U )  
is of a 5-p section through acid-dccalci- 
fied dentin of a human tooth. The  dcn- 
tinal tubulcs thnt run lengthwise of the 
section arc clcarly visible at this magni- 
fication of 450 tirncs, as arc many small 
fibers associatcd with thcm. 

Thcrc arc still many evident improve- 
rncnts to he made in preparing scctions 
for x-ray microscopy and in mounting 
them, which will certainly lead to corre- 
sponding improvements in thc photo-
graphs obtained. Ncvcrthelcss, thcse ex- 
amples dcmonstratc that microscopy 
with soft x-rays has alrcady dcvclopcd to 
the point whcrc it can provide useful his- 
tological information. 

V. M. h f 0 ~ 1El '  
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Graft-Induced Transmission to 
Progeny of Cytoplasmic Male 
Sterility in Petunia 

Many different manifestations have 
bccn revealed of hcrcditary propertics of 
the cytoplasm. Thus, such diffcrent 
phenomena as maternal charactcrs de- 
trrniined in the cgg prior to fertilization, 
temporary environmentally induced, 
cytoplasrnically determined charactcrs, 
and interactions betwcen nuclear gcncs 
and cytoplasmic factors have been dcm- 
onstrated ( 1 , 2 ) .  I n  a few instances ( 3 ) ,  
hercditary elcrncnts in thc cytoplasm 
seem to be indcpendent of nuclcar con-
trol; one of these is the cytoplasmic 
male stcrility in Petunia-thc subject of 
this report (4) .  

T h e  main avcnuc of attack on thc 
nature of cytoplasmic inheritance has 
been to transfer by brccding different 
gcnomcs into diffcrcnt cytoplasms. Dc- 
spite the advantages of this method in 
demonstrating thc matroclinous prod-
ucts, it neithcr proves that thc cyto-
plasm as a wholc by itself ( a  gcnuinc 
"plasmon") determines hereditary 
traits 111 the same scnse as nuclcar gcncs 
do, nor can it prove that ccrtain loci 
("plasmagenes") arc responsible for 
hereditary properties. Goldschmidt ( 2 ) ,  
while rcvicning the body of evidcnce, 
tends to reject thc plasmagene concept 
as suggestive, unnccessary, and mislead- 

in^ and chooses to find alternative inter- -
prctations to the facts. IYith ccrtain as- 
sumptions Michaclis (5 )  formulated a n  
interesting statistical model for hercdi- 
tary units in the cytoplasm. Although 
his assumptions are reasonable, thcy arc 
arbitrary; and the rncthod is useful only 
for characteristics that express thern-
selves in measurable gradations. Only in 
thc case of the killer cffect in Parame-
c ium ( 6 )  has a sclf-reproducing hcredi- 
tary particle of the cytoplasm (':kappa") 
bcen demonstratcd. The  behavior and 
chemical nature of this particle docs 
not rcvcal whether it is an intimate 
part of the cytoplasm or a self-rcproduc- 
ing forcign inclusion producing delcter- 
ious cffccts in certain genotypes. Sig- 
nificant gaps thus cxist in our knowledge 
about hercditary clemcnts of the cyto- 
plasm. 

This preliminary report dcals with an 
attemnt to obtain cvidcnce on thc naturc 
of cytoplasmic male stcrility in Petunza 
by rneans of grafting. The  following 
lines were uscd ( 7 ) : ( i )  Northcrn Star, 
a fcrtilc variety having a lavcndcr co-
rolla with a large white central star, and 
( i i )  P-431-54 (ms) ,  a completely male- 
stcrilc line having a dark garnct co-
rolla and violet throat color. Anthers of 
the lattcr arc grcatly rcduccd in si7e 
and are devoid of functional pollen. 

Sclf- and sib-pollinations of the North- 
ern Star for two gcncrations yicldcd 
only fcrtile progcny. By crossing thc 
male-sterile line with Northcrn Star and 
thrcc other unrelated varicties for two 
generations, exclusively male-sterile 
progeny were obtained (Fig. 1). These 
results. which conform to thc much 
wider cxpcricnce of othcr ~vorkers, sug- 
gest that this stcrility factor is indc-
pendcnt of nuclcar gcnes. 

Reciprocal grafts between fertile and 
male-stcrile lines were made in two scp- 
arate serics of expcrimcnts in 1954 and 
1955. No changes wcrc noticcd in the 
fertility or stcrility of thc graft com-

ponents, but observations wcre limited by 
the short survival of the scions. All scions 
of 15 combinations of male-sterile and 
fertilc died shortly aftcr producing a 
few flowers; conscquently, sccds could 
not bc obtaincd from pollinations .ivith 
fcrtile pollen. Scions of thc fertile vari- 
ety grafted on male-stcrilc stocks sur-
vived slightly longer than thc reciprocal 
grafts. Secd was produced frorn two 
scions in each of thc two scrics, from both 
sib- and self-crosscs ( the  latter with pollcn 
from the sarnc flower as well as that from 
flowcrs of the donor plant).  T h c  germi- 
nation rate of the seed in pctri dishes war 
approximatcly 45 percent. .All thc work 
was conductcd in a grcenhousc in com- 
plete isolation from othcr lines of Pe. 
tunia. 

Progenies were grown from secds pro- 
duccd by thc scions and wcre subjected 
to additional test crosses to test the in- 
heritancc of malc sterility. Thc  results 
of these tcsts arc sumrnari7cd diagram- 
matically in Fig. 1. Progeny of the fer- 
tile scions grafted on malc stcrilc stocks 
consistently included both fcrtile and 
sterile plants, whcthcr from self- or sib- 
crosses. Thc  number of mature plants ob- 
tained was small because the seeds ger- 
minatcd poorly in soil and many seed- 
lings dicd. In  thc first scrics frorn sclfing 
the scions with pollcn of thc same flower, 
threc fcrtile and thrcc male-stcrilc 
plants wcre obtained. Two of the male- 
stcrilc plants recovered some fertility 
after the third or fourth flower, and 
only one plant remained entirely sterile 
for thc 12  months of its life. Seeds ob- 
tained from scion flowcrs pollinated 
with pollen fro111 thc donor plant pro-
duccd cight fertilc and two malc-sterile 
plants. I n  thc second scrics, 11 plants of 
a total of 38 rcrnaincd complctcly male- 
sterilr. All nlants in both series showed 
the characteristic flov cr color of the 
Northcrn Star and no rescmblancc to thc 
color of thc male-stcrilc line or that of 
thc F,'s. 

SCION - _ --. 
j r  

.;r 
NORTHERN STAR 

/ 


/

A U  STERILE ALL 

I 

ALL STERILE ALL FERTILE 

Fig. 1. Diagram of pedigrees. Graft combination indicated in upper right by fraction 
symbol, the scion being above, the stock below, the line. 
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Backcrosses between the first-genera- 
tion male-sterile plants in the progeny 
of selfed scions and the Northern Star 
donor gave only male-sterile progeny, 
but the maximum number of plants 
tested per backcross was only 28. Only 
fertile progeny were secured from the 
selfs and backcrosses with the North-
ern Star donor of the fertile first-genera- 
tion segregants in the progeny of selfed 
scions. Selfing the Northern Star donor 
likewise yielded only fertile progeny. 

For several reasons these data do not 
permit extensive speculation about the 
nature of this cytoplasmic sterility. High 
heterozygosity of the material is likely 
because it is moderately self-incornpat- 
ible. Large numbers of offspring of the 
F, are needed to establish independence 
of the cytoplasmic factor from nuclear 
genes. Low germination rates and high 
seedling mortality might have distorted 
segregation ratios. I t  would also be of 
interest to know whether Ionger lived 
scions would continue to maintain the 
same hhenotype. The apparently auton- 
omous behavior in the scions might be 
the result of a certain threshold require- 
ment obscured by the short life of the 
scions. No explanation can be offered 
now for the better survival of fertile/ 
male-sterile than reciprocal grafts. Ex- 
periments will be undertaken to study 
these and related problems. 

Whatever doubts may be raised by 
these factors of uncertainty, the fact re- 
mains that the grafting induced changes 
in the fertile scion that resulted in the 
appearance of cytoplasmic sterility in 
its progeny. Although it seems most 
likely that this change was induced by 
movement of cytoplasmic sterility de-
terminants from stdck to scion, the tests 
do not entirely rule out other explana- 
tions. There is a remote possibility, for 
instance, that nutritional deficiency, 
which might have been induced by graft- 
ing, might cause a disturbance in cyto- 
plasmic enzyme activity in such a way as 
to lead to an increase or decrease of ste- 
rility-determining entities of the cyto-
plasm. 

RAFAELFRANKEL 
Department of Vegetable Crops, 
University of California, Davis 
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Bony Dimensions a n d  t h e  Estimation 

of Men's Reference Weight  

"Standard" body weight has been de- 
fined as the average weight for height, 
age, and sex. Both the term and the def- 
inition are unsatisfactory. The adjective 
standard may readily suggest that the 
value found in a height-weight table is 
not only "desirable" but "optimal." For 
this reason, Pett, in presenting the results 
of the Canadian survey ( I) , speaks sim- 
ply of average weights. Only detailed 
studies of morbidity and mortality can 
yield information on the biological sig- 
nificance of given degrees of overweight 
or underweight at a particular age ( 2 ) .  

Although stature is a relatively good 
predictor of total skeletal weight ( 3 ) ,  
it is not an adequate measure of the bony 
framework in the estimation of reference 
weights. First, ordinary height-weight 
standards do not take into account the 
individual differences in the relative con- 
tribution of the legs and the trunk (plus 
head) to stature. Second, and more im- 
portant, the lateral dimensions of the 
skeleton are not considered. 

The need for paying attention to char- 
acteristics of "body build" other than 
height has been recognized, but adequate 
data for adults are not available. The 
widely circulated tables of "ideal" (later, 
"desirable") weights for women and 
men, issued by the Metropolitan Life 
Insurance Company, give ranges of 
weight a t  a given height for individuals 
of small, medium, and large frame. Un- 
fortunately, no definition of the frame 
size is provided (4) .  

In  the present study, which was car-
ried out on random samples of Minne- 
apolis firemen (N, 238; mean age, 41.6 
years), five bony dimensions were in-
cluded: stature (S); cristal height, as a 
measure of "leg length" ( L ) ;  bicristal 
( C )  and biacromial ( A )  diameters, as 
measures of linearity-laterality of the 
frame; and the biepicondylar diameter 
of the humerus (H).The width of the 
limb bones is of interest as a pure skeletal 
measure. The lateral size of the bony 
frame of the trunk is of consequence pri- 
marily because of the associated varia- 
tion in the size of the skeletal muscula- 
ture and viscera, not because of the direct 
contribution of the pelvic and shoulder 
girdles to body weight. 

An equation, of the type ?= a + &,XI+ 
b,X, t . . . b d n ,  for predicting body 
weight ( W )  from the five bony dimen- 
sions and age (E) is given in Table 1. 
The multiple R = 0.6487. The t-tests in- 
dicate that the measure of leg length 
(L)  does not contribute significantly to 
the accuracy of prediction. Omitting this 
variable, R = 0.6469. The resulting pre- 
diction equation is given in Table 2. 

Deviations from a reference weight, 
predicted on the basis of bony dimen- 

Table 1. Prediction of weight ( W, in kilo- 
grams) from five bony dimensions (in 
centimeters) and age (E, in years), with 
t-tests of the significance of the beta coeffi- 
cients of the predictors in a multiple re- 
gression equation. Significance levels: 
to.oj= 1.960, to.o~= 2.576, to.ao1=3.291. 

t-valuesPredicted of beta weight coefficients 

* Significant at the 1-percent level. i. Significant at 
the 5-percent level. $ Significant at the 0.1-percent 
level. 

Table 2. Prediction of weight ( W, in kilo- 
grams) from four bony dimensions (in 
centimeters) and age (E, in years), with 
t-tests of beta coefficients of the predictors. 

t-valuesPredicted of beta weight coefficients 

??=	- 106.074 

t 0.377 S 

t 1 . 0 5 1  C 

+ 1.085 A 
+5.794 H 
+ 0.131 E 

'Significant at the 0.1-percent level. S Significant 
at the 5-percent level. 

sions, indicate more accurately the under- 
or overdevelopment of soft tissues in a 
given individual than stature alone. 
Measurements of the thickness of sub-
cutaneous fat, from skinfolds ( 5 ) , help 
us to interpret these deviations in terms 
of approximate body composition ( 6 ) .  
Leanness-fatness is thus added to under- 
weight-overweight as a second "dimen- 
sion" in the description of human body. 
Women, in comparison with men, would 
be classified as "light but fat," while 
football players or steelworkers (7 )  
would be typically "heavy but lean." 

JOSEF BRO~EK 
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