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THE studies on lily chronlosomes described in 
this article demonstrate that x-rays produce 
an effect on fully condensed meiotic (first 
metaphase, M I )  chromosomes which is clearly 

detectable a t  the first meiotic division (first anaphase, 
A I ) ,  lzot in  the form of chron~osomal or chromatid 
aberrations, but in the form of bridges here inter- 
preted as half-clwomatid bridges. These studies clarify 
the anomaly of "potential x-ray breaks" (I) and sim- 
plify the interpretation of radiation effects on meiosis 
reached by Darlington and LaCour ( 2 ) .  

from 15 to 45 sec, depending on dose. Control and 
irradiated anthers were kept in Bonner's solution 
until they were fixed. 

2) X-ray  treatment.  Unfiltered x-rays (10, 15, and 
30 r )  were given a t  20 in. with a tube operated a t  
75 kv and 10 ma delivering 40 r/min. 

3) Fixatiolz and cytological s tudy .  Because pre-
liminary study showed that microsporocytes a t  M I  
reached mid-A I after 2 h r  a t  room temperature, an- 
thers fo r  A I analysis were rayed and fixed 2 h r  later. 
F o r  A I1 analysis following 31I irradiation, the 

TABLE1. Microsporocytes rayed a t  M I and scored at  Mid-A I. Frequency of normal cells and of cells showing acentric 
chromatid fragments and half-chromatid bridges. No chromatid bridges. 

Total Half-chroniatid bridges 
Dose Slide Total cl,romo- Normal Acentric 

cells somes cells 3' 

Li l ium longiflorum (commercial variety "Croft") 
was chosen as material fo r  study, not only because 
of the extraordinary size and structural clarity of its 
meiotic chromosonles ( l z  =12) ,  but also because the 
excised anthers can be cultured artificially from pachy- 
tene through second meiotic anaphase (A 11) with- 
out showing any inicroscopically visible adverse 
effects ( 3 ) .  

The following experimental procedure was used 
throughout : 

1 )  Selectiow and laalzdliqzg of buds. Each bud was 
selected tentatively on the basis of its length. The 
bud was dissected and five of the anthers were floated 
in Bonner's solution ( 3 ) .The tip of the sixth anther 
(all four locules) was smeared in aceto-orcein. I f  the 
smear showed meiotic stages no farther advanced than 
M I, the five remaining anthers were retained: four  
were irradiated immediately and the fifth was kept as  
a control. The entire operation of dissecting the bud, 
smearing a n  anther, and examining the smear usually 
took less than 10 min; irradiating the anthers took 

1This work was done in the Laboratory of Prof. J. Herbert 
Taylor, Department of Botany, Columbia University, during 
the tenure of a Faculty FeElowship granted by The Fund for 
the Advancement of Education, 1952-53. I am indebted to 
Professor Taylor in countless ways. 
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Bridges per cell 
1 2 3 4 5 

anthers had to be cultured 8 to 9 hr. Anthers were 
fixed in 3 :1Carnoy and smeared in aceto-orcein. All 
slides were scored by the writer. 

Although I have studied the response of various 
meiotic stages of lily to x-rays, the primary objective 
of this article is to present the results on sporocytes 
rayed a t  M I and examined a t  A I (Table 1 ) .  The data 
on cells rayed a t  pachytene (Table 2) are  presented 
only by way of comparison: they provide a striking 
contrast to the data in Table 1,where no chromatid 
bridges, practically no acentric chromatid fragments, 
and numerous half-chromatid bridges are encountered. 

That such bridges cannot be attributed to general 
chronlosome stickiness induced by the irradiation seems 
evident from the following facts: (i) M I  chromo- 
somes fixed immediately after irradiation a t  10, 15, 
and 30 r show no clunlping or stickiness; (ii) within 
the same irradiated cell, certain chromosomes form 
bridges, while others undergo perfectly normal ana-
phase disjunction (Fig. l ) ;  (iii) half-chromatid 
bridges are formed a t  A 1 1  fully 8 hr, after irradia- 
tion; and (iv) the frequency of half-chromatid bridges 
per  cell a t  A I increases linearly with x-ray dose. 

The photomicrograph in Fig. 1 and the camera 
lucida drawing in Fig. 2 show a n  A I bridge that is 
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TABLE 2. Microsporocytee rayed at  early pachytene with 30 r and scored at mid-A 1. Frequency of normal cells 
and of cells containing chromatid bridgea (B) and acentric chromatid fragments (F). No half-chromatid bridges. 

Total 
Slide Total chroma- Norha1 lBand 13 and l B  and 2BB and No B, No B, Xo B, 

cells somes cells 1F 2FF 3FF 2FF 1F 2FF 3FF 

interpreted in this article as a half-chromatid bridge. 
The chromosome involved has a subterminal centro- 
mere and, hence, very unequal arms, labeled in Fig. 2. 
Eleven tetrads have undergone normal anaphase dis- 
junction; the twelfth has formed a half-chromatid 
bridge, whose structural detail is shown in the draw- 
ing. This bridge is distinctly different from a chro- 
matid bridge in that no acentric fragment is formed. 
Starting a t  the centromere, the short and long arms 
of the "free" monad, lying to the right a t  the upper 
pole and to the left a t  the lower pole, can be readily 
traced. The half-chromatid exchange has occurred in 
the other monad approximately midway of the long 
arm, and only a t  this point of exchange does the 
duplicate nature of the chromatid become evident (to 
show this duplicity the space between the half-chro- 

matids is slightly exaggerated in the drawing). On 
this interpretation, meiotic tetrads a t  M I  are really 
8-parted-that is, made up  of four chromatids, each 
composed of two half-chromatids. The half-chromatids 
belonging to different chromatids are capable of reci- 
procal exchange following x-ray breakage; such ex- 
change leads to bridge formation when the two chro- 
matids in question are taken to  opposite poles (either 
a t  A I or A 11), because the half-chromatids are not 
yet free to behave as separate mitotic entities. 

P # y,,, ---- 
ph SHOAT ARM 
7 "c----- 

3 LONG ARM 
i 

FIQ. 2. Camera lucida drawing of half-chromatid 
bridge shown in the photomicrograph of Fig. 1. 

I f  half -chromatids undergo such x-ray breakage and 
exchange, the question arises why both half-chromatids 
comprising the same chromatid are not broken more 
often, thereby producing an acentric chromatid frag- 
ment. On a basis of randomness, such fragments should 
occur 1/7 as often as half-chromatid bridges. Why 
they do not is a matter of conjecture. Two (and per- 
haps more) of the acentric fragments recorded in 
Table 1 (in parentheses) did n o t  originate in this 
manner but were derived from breakage of a half- 
chromatid bridge a t  very early A I. 

The behavior of the half-chromatid bridges subse- 
quent to mid-A I has been determined by the author, 
and these studies will be published fully elsewhere. 

FIG. 1. Chromosomes from an irradiated cell of Lilium Suffice it to say first, that the half-chromatid bridges 
IongijEamcm. may either (i) persist until A 11, or (ii) break a t  two 
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points, leaving the middle portion of the bridge as a 
fragment, o r  (iii) break a t  one point only, leaving no 
fragment. These three alternative modes of behavior 
depend on the location of the half-chromatid exchange 
in relation to both centromere position and the relative 
arm lengths of the bivalent. Second, the half-chroma- 
tids do not behave as separate mitotic entities a t  A 1 
or A 11.They should do so a t  the microspore division; 
and theoretically the sporocytes showing half-chroma- 

tid bridges at  either A I or A 11should give a large 
proportion of spores with fragments or bridges a t  the 
spore division. 
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Significance of the Gordon Research 

Conferen ces 


Emil Ott 

Research Department, Hercules Powder Company, Wilmington, Delaware 

INCE this issue of S c i e ~ c econtains the pro- 
gram of the 1954 Gordon Research Confer-
ences and TV. George Parks's editorial with 

u its revealing statistics, a review of the signifi- 
cance of the Gordon Research Conferences to chemical 
science seems appropriate. The addition this year of 
a third conference site a t  Kimball Union Academy, 
Mei-idea, N. H., permits further expansion of the im- 
pressively rich and varied program. This growth gives 
pleasure to those who have seen the venture from its 
cautious begi~ini~igs around 1931 a t  Johns Hopkins 
University. 

Growth of scientific meetings is, however, not always 
a sign of corresponding increasing value; to the con- 
trary, size and value may not be favorably related 
from the point of view of scientific gains. I n  the case 
of the Gordon Research Conferences, their unique 
value on the American scientific scene has been main- 
tained in spite of a substantial increase; moreover, 
the scope has been advantageously enlarged. I t  may be 
profitable to describe and analyze some of the factors 
that have contributed to this favorable picture. 

I have been fortunate in being in a position to ob- 
serve closely the beginning and the maturing of this 
venture. As my colleague a t  Johns Hopkins Univer- 
sity, Neil E. Gordon revealed to me his hopes, plans, 
and visions. H e  felt  that something worth while f o r  
American science could be accomplished by informal 
mingling of scientists working in certain fields. Par -  
ticularly did he feel that the discussion should be con- 
cerned with the frontiers aspects. Hence, i t  would be 
important to have a recognized leader in the field as 
chairman for  each particular conference. The group 
would also require discussion leaders or speakers who 
were concerned with actual advances of scientific work 
and who would be present by invitation. To these could 
be added others who, after publication of the program, 
felt  the desire to attend f o r  the purpose of learning 
and contributing. These additional members would be 

Apri l  16, 1954 

carefully screened to keep the group to a productive 
and creative size, to provide maximum quality and to 
insure representation of as many laboratories and in- 
stitutions as possible. Representation from academic, 
governmental, and industrial institutions, Dr. Gordon 
felt, should be mixed in suitable manner. Size of a 
given conference would always have to be limited with 
emphasis on quality. 

Although the main theme would be chemistry, Gor- 
don realized from the beginning that the infusion of 
neighboring fields, such as  physics, mathematics, and 
biology, would be vital. 

With these points in  mind, Dr. Gordon started the 
first experimental conferences on the Homewood Cam- 
pus of Johns Hopkins University. H e  felt, however, 
that a location in the country would be f a r  more ideal. 
There, the distractions of the city would not exist and 
the general meetings could be followed by small group 
discussions, possibly in connection with golf or swim- 
ming. H e  visualized the Gibson Island Club on Chesa- 
peake Bay as a suitable place, and soon the confer- 
ences were transferred there. 

When Dr. Gordon left Johns Hopkins, the Univer- 
sity carried on f o r  a while experimenting with two 
other locations. Later, Dr. Gordon took over again, 
establishing eventually a permanent house a t  Gibson 
Island. A t  that time, sponsorship was assumed by the 
American Association f o r  the Advancement of Science, 
a logical arrangement which has continued to this day. 

Interest in new fields f o r  discussion developed con- 
tinuously, and, from time to time, the program has 
been enlarged. 

During the formative period, major parts  of a 
mechanism for  the perpetuation of the conferences in  
vital and creative form were developed. Dr. Gordon, as 
director, felt strongly that each conference should be 
as autonomous as possible. Although the chairman of 
a first conference had to be appointed, a system of 
election by the conference members was soon evolved. 
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