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PREFACE

It is just 5 years, that on the occasion of the XIth International Congress of
Genetics in Scheveningen an informal meeting was held, during which some cooperation
of Arsbidopsis research workers was suggested. It also appeared worthwhile to have
new results and experiences in Arabidopsls research quickly circulated among the
interested scientists. Thus this newsletter was proposed, of which the present 5 is-
sues surely do not yet justify a jubllee edition. But the increasing interest in this
"tachyplant” was followed by an inoreasing number of subscribers of the "Arabidopeis
Information Service™ and the first issues were soon out of print. The following ar-
ticles are therefore intended to discuss the use of this plant from & more general
point of view. A comprehensive list of literature was added, which will best be suited
to place the existing information on Arsbidopsis in the various fields of blology at
everyones easy disposal.

Arebidopsis as a research tool in genetics
G.P.REDEI and S.L. LI

Argbidopsis 1s not an economic plant. It is used only as a tool to study basic
biological problems. Findings should be applicable to other plants, possidly to dif-
ferent organisms. A tool should be efficlent and convenient, providing meximum in-
formation with minimel requirements for labor, facilities and expenditures. This
plant has been in use for some time in several laboratories. Just knowing how Arabi-
dopsis meets expectations end is regarded by fellow biologists is interesting To note.
There are several reasons in making such an inguiry in this issue of the Arabidopsis
Information Service.

Sixty years ago the first experimental paper on Arabidopsis appeared (LAIBACE,
1907). Twenty-five years ago the suitability of Arebidopsis Zor genetic and devel-
opmental research was demonstrated (LAIBACH, 1943). In §§67 the "father of Arabi-

dopsig®, Professor Dr. Friedrich LAIBACH, died leaving a heritage that he cultivated
in the traditions of his teacher, Eduard STRASBURGER, the great founder of cytology.

For a long time Arabidopsis was a one man's research tool. This plant could not
be meaningfully compared wi Drosophile, maize or Escherichia coli as to the number
of qualified investigators, or %o %Ee extent of facilities oT funds involved in its
use and development. Today the number of sclentific reports dealing with this plant
nears 300, an impressive record, hence outlining the mejor achievements within the
framework of Arabidopsis Information Service is impossible.

... In order to assess the present status and usefulness of Arsbidopsis, a question-
nalre was circulated among the members of the Department of Genetics of the Univer-
vity of Kissouri to obtain taneir views on Arabidopsis as compared to nine other or-
ganisms ranging from man to viruses. Unforfunately many outstanding genetic organisms
could not be included. Mouse, Ephestis, snapdragon, tomato, barley, rice, Oenothers,
yesst, Paramecium, etc. have been omitted along with others equally useful tools.
Enough Burden was placed upon the cooperative volunteers by answering 140 questions
conscientiously. The group includes former students or associates of MORGAN, BRIDGES,
STURTEVART, EAST, and STADILER, varying in rank from a greduste student to = member

of the National Academy of Science. Persons polled had experience with all the organ-

Table: Total scores given by § faculty members and 2 graduate students indicating the
potential usefulness of the named organisms for & particular field of resesrch

ORGANISMS L
@ —
ord o -]

ield of é o E; ] «:S{ [ Eal g % ';S' 3E
Genetic Research 8 3-3 "é o «Lg: 'g E, gn 5 'g E + § zg
% AR A o &7 B8 ¢ 8 & Saa

Formal 26 101 75 103 57 89 62 77 41 27 658

Cytogenetics 55 91 48 108 102 54 27 32 7 5 527

Polyploldy, aneuploidy| 43 43 46 64 110 73 23 16 5 1 424

Gene evolution 46 78 48 63 88 70 37 46 40 32 548

Recombination 12 93 51 g2 42 79 73 93 78 54 776

Mutation 19 78 45 73 56 81 73 93 95 84 697

Biochemical 50 55 44 54 45 75 84 105 103 61 676

Molecular 36 39 33 36 31 43 68 82 98 102 574

Developmental 42 73 73 62 60 83 38 36 19 13 499

Immunogenetics 75 45 44 24 25 19 35 35 58 49 409

Extranuclear 11 33 30 44 33 54 64 54 36 18 377

Population 77 97 51 42 50 76 47 58 65 52 615

Quantitative 43 65 53 87 82 B86 36 37 33 25 547

Applied (Models) 23 59 50 58 50 64 20 26 21 25 396

Total scores

for organisms 665 950 691 910 831 0952 687 790 699 548




isms listed in the questionnzire. Though only eleven answers were received, a good
cross-section of the community cI basic geneticists was represented, including both
sexes and a wide variety of sge groups. A maximum of 10 scoree was given to the most
suitable organisms for a particular type of research and zero merked the unsuitables.
The combined scores are summarized in the table. Rating wae anonymous. Homogeneity
of the eleven responses was reasonably good. Total scores given to particular fields
apparently reflects the subconscious mppreciation of the participante for certain
areas of research.

Evaluating the results proved interesting. Though Arabidopeis is relatively a new-
comer as a genetic tool,
ite overall suitability

10001 for genetic research was
%uﬂged very favorably

900+ Pigure 1). This rating
appears reasonable. There
is little doubt that high-
8004 er organisms are the moat
versatile tools of gene-
700 - tice; microorganisms (fun-
gi, algae, and bacterisas,
and viruses) are not
600- well-fitted to cytological
approaches, as shown in
500 the overall scores with
the lastter technigques
4001 counting high. The diffi-
culties in genetlic mani-
pulations of higher mam-
3001 mals is reflected in the
overall low rating of man

2004 as a genetic organism.

In biochemical and mole-

1004 cular genetics microorgan-

isms were rated well above

higzher organisms. But aleo
in those two fields, Ara-
bidopeis was definitely
favored above all other
multicellular organisms,

When Drosophila, maize,
Arabidopsis, an acteria
are compared in the eight

Total scores in fourteen areas of all organisms
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in 2, the same index for
Drosophile is 2, for maize 2, for bacteria 1 (Figure 2)., In only one field is Arabidop-

Figure 2: The scores of four representative organisms in selected areas of major importance
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si1s at the bottom, and this is perhaps one of the least mctive areas in genetice. -

er evalutions could be made, but the small samplinge discourages this. In some
areas the judgments were clearly bissed by unkmown factors. Bacteris should not have
been rated as low for recombination studies and certainly not below Arabidopsis.
Honetheless the overall figures are not unrealistic.

LATBACH in his prescient address at the Symposium on Arsbidopsis Research in
GUttingen, 1965, anticipated just what is presented in these statistios when he snid:
"...wenngieich...Viren und Bakterien sicherlich manches Grundsiizliche aufzeigen
kBnnen, so0 k¥nnen sie suf das Problem der Entwicklung und Fhylogenie bei den Rltiten-
pflanzen doch wohl schwerlich die letzte Antwort geben. Beil dem Versuch, diesem Ziel

niher gu kommen, kann, so bin lch sicher, die kleine Arabidopsis thaliena Helfer,
vielleicht sogar Schrittmacher sein".

Arabidopsis for the clessroom
G.P. REDEI

4t the University of Missouri Arabidopsis has been successfully used in courses
on general genetics and experimen otany. During the past years numerous requests
for seed to use Arabldopsis in classroom demonstrations were received. The outline
of the following experiments for generel biology or genetics laboratory courses msy
therefore be of some value to people interested in Arabidopeis as & tesching sid.

e Mendelilan segregeation end 1inkage

512 is late even under continuous illumination taking about two months
Cross: or more to get flowers; consequently, & large rosetts is formed.

pa dwarf, dark green // 512 pms late, dark green and short stem
3§1 free of chlorophyll b, yellow green plants

Plants of this genotype should be planted at least at intervals 2-3
weeks apart and kept under 8 hrs daily illuminstion to meet the flower-
ing time of the male partner.

The F1 will be like the wild = type, i.e., normal green and esrly. Fo may be used
for the Aemonstration of mendelian ratios and linkage in coupling and repulsion phase.

Linkage intensity may be calculated in ¥, by the product method of FISEER and BAIMUKARD
(3. Genet. 20, 79). A few P4 plants Bhouid be kept under short-day ?onditions in order

to have aveilable for F, several thousands of seeds if obtaeining ch' pa recombinents

ie also desired. Map distences: gi-25-pa-8-gh.

Crosses may be made with the 2id of 5x watchmeker's fier using a
peir of sharp forceps like Clay-Adams, Inc. (New York, N.Y. 10010) Ko. £-911 or
Peer No, 46-206. Emasculstion should be done before the flowers open, but could be
omitted in this omee since the female carries & recessive marker soc that nybrids
can be identified in Ei' ’

Suggestions for sucecessful cul ture: Store seed
in open conteiners (like small viale) in & cool place. Germination is unimpaired for
sbout 2 years. Plant seeds singly on the surface of fine, sterilized soil and never
let them dry before germination. Good cultures can be secured in five inch diameter
(ca. 12om) short (Azalea) pots. Water by spraying with s fine noszzle, like the low
volume "Water Fog", before germination or until early seedling stage. Later spray
with the high volume nozzle of Fogg-It FNozgle Col, P.0. Box 1752, Omskland, Califor-
nia 94604, X better method is placing the pois in a suitable aluminum or plastic-
lined tray containing distilled water. - Good meed generally germinstes within
3-4 daye at 20-25°C, except in the first days after harvesting. Hever transplant
seedlings! Never provide more than 1200 foot candle light, if the plants are raised
in growth chamber. Under 500 foot candle the growth isdlow. NEatural daylight and
100 foot candle incandescent continuous illumination during the night is necesaary
for the F» to be able to oclassify the late types. During the warm season protect
plante from direct sunlight thet may cause sunburn. Optimal temperature is around
259C, Plante should be protected from insects by parathion or other suitable in-
secticidesn,

2. Bioechemicael mutants

Plante of the 2Q1/3§1 genotype are yellow green and free o f chlo-
rophyll b . Use any other suitable yellow green plants, and also gg/ a2 and
wild plants, to demonstrate the difference between phenotyge and genotype. e
presence or absence of two chlorophylls oan be demonstrated by paper- or thin-layer
chromatography.

For paper c¢chrometogrephy cut paper strips (Whatman No. 1
or similar) not wider than 6~8 mm and oa. 20 om long. Students will need two for
each plant to be tesmted. Secure the same number of 150 x 16 mm or larger test tubes
equipfed with & tightly fitting cork. Add into eaoh test tube oca, 1'ml mixture of
etrolether: ascetone (10:1.2 gﬁv). 4lso each student needs one mmell test tube
%8 x 75 mm) for each genotype to be analyzed and half the number of glass rods
rounded &t both ends. Alsc necessary are & few small, fine tip capillary tubes
that can be mede in the lab with & Bumsen burner from suitable soft glaes. A dropping

en' x g1%pe




bottle equipped with & rubber bulb to keep ebe. acetone is also needed. - Place one
small or half leaf into the esmall test tube, and macersie it with 3-5 drops of ace-
tone and apply a well-visible green spot about 2 cm from the end to each paper sirip.
The quantity of pigment on the two strips should be different. Too emall amounts are
not visible, while 100 large smounte may not separste satisfactorily. Place the strips
into the larger test tube ambout 1/2 cm deep submerging the paper yet keeping the
green out of the solvent. Carefully fix the strip with the cork in that position.
Avoid any contaect of the filter paper with the side of the tube. Perform all opera-
tions, including the development in dim light. - The separation is accomplighed
within 10-15 minutes and can be wetched. At the solvent front, observe the orange-
colored carotenes, next the xanthophylle, then a bluish-green spot of chlor o~
rhyll a immedietely below the yellow green chlor ? phyl1l b is
situated in ell genotypes containing the cht allele , while ch!/ch! plants do not
show anything at this place, Under a short-wave length ultravicle® lamp (Mineralight
UVS~12, Ultraviolet Products, Inc., San Gabriel, California) c¢hlorophyll b
displays a characteristic bright red color. This can be seen only in the absence of
any other light source or in the darkroom.

Thin-layer chromatography gives superd separation in a
shorter time. Apply a thin cellulose layer (N 300, Macherey-Nagel & Co., Germany, or
Brinkman, Westbury, N.Y., 11590) with the aid of an appropriate applicator on
2,5 x 10 cm glass plates. Mix the powder according to instructions of the lmbel very
guickly and dry the plates for 20 minutes at 909C or over-night at room temperature.
Apply extract and develop chromatogram im any suitable small container (larger vial,
tightly sealed) with the mixture recommended above. An evaluastion is possibdle within
5-10 minutes., ~ 48 an alternative, one may purchase Polygram Cel 300 precosted plastic
sheets 20 x 20 cm (a package of 25 is $22,00). Cut these into 60 strips (1 x 6.6 om)
and develop the chromatograms in 2 x 8 em vials. Appropriately drilled wood blocks
can hold the vials. Development time is about 2-3 minutes. 4 single experiment costs
less than 2 cents. A dim light is not necessary as the operation is rapid.

3, Nutritional mutants

The genetic control of a blosynthetic pathway can be more easily demonstrated with
Arabldopsis than with any microorganism. Thiamine synthesis in vivo follows the three
main steps: - | —3 "Pyrimidine" ,

. S>3 3 Thiamine
——2 —3 "Thiazole" ~

Mutant py is unable to make step No.1; mutant tz ies blocked at step No.2, and mutant
th has an absolute requirement for thiemine (bIock at step No.3)., A1l three mutants
are lethal unless thiamine or its appropriate moiety is supplied. On supplemented
media 8ll display normal growth. The requirement of py can be satisfied by 2-methyl-
4—amino~-S-aminomethyl pyrimidine HC1l (obtainable from Nutritional Biochemicals,
Clevelsnd, Ohio, 44128; $1.00/g). Mutant tz requires 4-methyl-5-8-hydroxyethyl
thiazole that is not a2 commercial product but can be conveniently prepared by auto-

claving an appropriate solution of oxythlamine HC1l (available from the above source:
$4.80/g). Any good commercial thiamine HC1l can be used for mutant ih.

ABeptic cultur e : Bach student prepares the following mineral solu-
tion (mg/100ml distilled water): NH4NOz 40; MgS04°7 Hp0 20; CaHy (PO4) *H20 20;
KHZPO4 20; EpHFO4 105 FeCgHs07+3 Hp (ferricitrate) 0.5. Alternatively a larger batch
mey be prepared by the instructor, and 100 ml may be given to everyone in the class.
4dd to this enough good grade agar (ca. 1%) so that seeds will not submerge when
applied %o the surface. Sucrose or glucose content of the medium should be 2%. Divide
the autoclaved batch into four equal portions (25 ml each). Add to bateh FNo.1: 25 ml
distilled water, Ko.2: 1 mg pyrimidine in 25 ml water, No.3: 0.01 mg oxythlamine in
25 ml water, No.4: 1 mg thiamine in 25 ml water. Mix and distribute each medium into
9 test tubes of 5 ml each; plug with cotton and autoclave at 15 1b pressure for 15
minutes, Sterilize simultaneously ca. 250 ml distilled water for each experiment. -
Lfter the agar is solidified, place approximately 50 seeds from each genotype into
separate small ecloth bags. Treat the seed with a 5% solution of caleium hypochlorite
for 8 minutes. The disinfectant should be prepared at least one day ahead. Rinse the
material carefully with at least five changes of cold sterile distilled water. Use a
small inoculation chamber for planting, Precipitate microorganisms with a mist of
70% ethylaloohol. Place three seeds of each genotype on the surface of the agar in
three tubes each of the four media. - Within two weeks the culture is ready for
evalution. The genotypes may carry code numbers so that the student can identify the
requirement and can construct the pathway on the basis of his own observations. To
avoid mechanicel contamination of the seed, mutants on marked background gz +itz gl
and th gl can be used. 4 large quantity of seed of each mutant can be pro uced in
pots by periodic spraying with dilute thiamine solution.

4, G enetdc and physiological control o f
pLotoperioddioaos res ponse

Segregation for late flowering can be seen from experiment 1. Differences in
photoperiodic response may be well-~demonsirated by planting in test tubes (as in-
dicated in experiment 3) or om soil. Observe the germination of the following geno-
types under continuous and 8 hour daily illumination, and record the order of the
appearance of flower buds which is expected to be as follows:
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Illuminetion
Continuous 8 hours dally
wild type 1 2
ia 2 Fot at all
co 3 1
EI® 4 3

The very striking effect of 5-bromodeoxycytidine, a DNA nucleoside snalog, can
also be demonstrated. - Prepare a mineral-sugar-agar medium as suggested in experi-
ment 3. Make the following 5 variables, 10 to 20 teet tubes each: (1) basal medium,
(2) supplemented with S-bromodeoxycytidine (10~5M), (3) supplemented with 5-brom-
odeoxyoytidine (10-°¥) plus deoxycytidine (the normal DFA nucleoside, 10->M),

(4) supplemented with deoxycytidine (10-3M) alone, (5) supplemented with bromodeoxy-
cytidine (10~-5M) + ecytidine (the normal REA nucleoside, 10=2M). The chemicals oan be
purchased in 100 mg quantities for a itotal cost of less then twenty dollars from any
recognized supply house. - Place one seed of E12 genotype on the surface of the agar
in each tube. Expose the culture to high intensity continuous illumination. Record
the time of germination and the appearance of flower buds, Treatments (2) and (5)
should flower within haelf the time of that regquired for the other trestments. In
this eystem flowering is promoted by the suppression of DHA metabolism.

A. BRIETF NOTES

The value of numerical taxonomy for Arabidopsis research
T.J. CROVELLO
(Department of Biology, University of Notre Dame, Indiana, USA)

This report has two purposes: (1) to summarize reletionships among the strains of
the LAIBACH collection of natural races based on comparative information availeble;
and (2) to mske nontaxonomists aware of the techniques of numerical taxonomy and ite
possible value to them. RUBBELEN (1965) presented comparative data on 12 characters
for 154 lines of 120 strains of Arsbidopsis thelisna (L.) HEYFH. With his permission
I proceeded to analyze the above data using the standard techniques of numerical
taxonomy (SOKAL and SNEATE, 1963). Due to space limitations, the reader who is not a
numerical taxonomist mey find the following description of {the particular technique

.ueed to be *%no brief. A complete trestnent of the method and explanation of its term=
may be found in the above book.

The data presented by RUBBEIER may be represented as a character (12 rows) by line
(154 columns? table. Call each line an 0TU (Operational Taxonomic Unit - taxon to be
olassified). Each character was standardiged to remove the weighting effect due to
measurement of the different characters on different meamsurement scales. For example,
the character leasf pubescence had four states while that of leaf width had only two
states. The fact that different characters have different numbers of possible states
would allow each character to affect subsequent estimates of similarity differently.
It is this type of welghting thet is removed here. The next step is to calculate the
distance between each OTU in the econtext of a twelve dimensional space formed by the
twelve characters. A phenogram, or tree dlagram, is constructed from the calculated
distance relations, SOEALs distance coefficient was used and the OTU's were clustered
irto a phenogram by the Unweighted Pair Group Method, using averages. Computations
required less than two minutes on the GE 625 computer st the University of Kansas,
Total computing cost was less than $§10.

The results asppear in Table 1 and Figure 1. Because of space limitations and for
other reasons it seemed best to present the results as a "truncated phenogram", one
that showed the relationships among groups of 0TU's, with the members within each
group listed in & table. Truncation was carried out at the distance value of 1.0.
That is, OTU's clustering with each other at a distance of 1.0 or less were placed
in the same group. O0f eocurse, the advantege of simplicity of presentation of the
results is obtsined only by a decrease in the aceurasy of presentation of relation-
ships among individual lines within a group. FNormelly, all 0TU's (lines) would be
shown sefarately in a phenogram. The agreement of the non-truncated phenogram with
the origingl distance values is estimated by the cophenetioc correlation coefficient,
where zero suggests no agreement and one suggesis perfect agreement. In this analysis
the correlation was 0.776.

Twenty-seven clusters of lines (OTU's) of A. theliana were apperent in the datsa.
The study involves too meny OTU's +o allow an adequate summary of resulis in this
short report. However, if one added the country of origin to each line in Table 1,
several groups are found to coneist mostly of lines from one country. But in general
the results do not show a clearcut separation of streins acecording to ftheir country
of origin and of linees according to their strains., This is the result of seversal
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Figure 1: Truncated phenogram of the 154 lines of 120 strains of the
LAIBACH Standard Collection of Fatural Races

factors, most of which RUBBEIEN (1965, personal communicetion) has pointed out. These
inelude low number of characters, relatively low sample size used to estimate each
character in each line and the innate plasticity of the vegetative characters employed.
For these reasons a truncated phenogrem was used, because finer, more accurate reso-
lution among the strains must ewait incressed observations on & greater number of
characters, But the present snalyeis still remains an objective summery of the rela-
tionships among linee on the basie of RUBBELENe data. This was its first purpose.

Turning to the second purpose, numerical taxonomy can aid the geneticist and phy-
siologist by indicating efficlently the relationships (a) among lines within a sgrain
and (b) between strains that he, or others are analyzing. For example, assume that we
had obtained a more accurate estimate of phenetic relationships among the 120 strains,
say one based on 100 characters. Investigator A reasds that B, working with strain BIA
obeserved 95% germination of seeds stored in & certain way for six months as well ae
several other interesting characters that were not included in ths original 100.
Investigator A works with seversl other strains and wents to know if his sirains may
be likely to possess the same characteristicse. By reference to a phenogram depicting
relations among all the strains, A can assess quickly how closely related phenetical-
ly strain BLA is to any of hie strains. - Similarly, suppose A wishes ito know why a
certain two etrains cluster together, or why & line of one strain clusters with other
streins instead of its own. By examination of the date he can ascertein in which
characters the two OTU's are similar and in which ones they differ, thus enhancing
his understanding of their relationship.

Geneticists and evolutionists may be more interested in e multivariate character
analyseis instead of a strain analyeis. One could use the same methods but instesd of
g tree diagram of strains, one would have groups of characters, The investigator
would then be interested to generate hypotheses as to why certain characters cluster

DISTANCE
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Table 1: The lines (0TU's) in each group of the truncated phenogram

G§0UP LINES IX EACH GROUP
SR e p———
2 AN-3> BD-0 BE-0 BE-1 BLA-4 BS-2 BS-5 BSCH-O BSCH-2 (0-2 DR-0 EI-2
FR-2 GR~1 GR-2 GR-3 GR~4 GR-5 GR-6 HM~0 IS-1 Xi-0 KIL-0 EL-1 LI-~%
0-1 1L0-2 MA-2 NRA-1 KP-O0 KW-1 NW-3 NW-4 PA-2 PF-O0 PO-O RSCH-4
RU~0 T8U-0 TU-0 UK-2 VI-0 wiH-0 2zf-0
3 ST-0
4 A¥-1 BCHE-1 BCH-4 BLA~6 BILA-10 CHI-0 EP-0 GD=-1 HA~O0 JE-O0 ILI-~1
II-5 II-7 LI-12 KW-0 ROU-0 RSCH-0
5 LE-2 DI-0 EI-0 GA-O0 G0~0 G0-2 GU-0 HI-0 SG-1 SG=2
6 CHI-1 CHI-2 (0T-1 DA-Q0 EN-1 EN-2 EST-1 FE-1 FR-3 FR-4 GIE-O IS-0
LI-8 M¥T-0 PI-0 SI-0 UE-3
7 IFR-0 EE-0 IM-2 MA-O0 STW-0 TU-1 WIL-3
8 BCH~3 BLA-2 (0-3 EI-4 HS~0 KL-3 KL=4 RD=0 T4i~0 UE-1 X=0
9 BLA-1 BLA-3 BLA-5
10 BL-1 BR-0 MRE-0 PO~-1 WSO-OA WSO-OB || GROUP LINES IN EACH GROUP
11 CO-1 PA-1 PA-3 PI-2 Ro.
12 PR-O 20 MR-0
13 LA-D 21 LI-104 1I-10B 0ST-0 TE-O
14 EI-6 GU-1 22 KL-2 ILI-11
15 EST=0 LI-1 WIL-1 23 $Y-0
16 WIL-24 WIL-2B 24 BU-0 1G-0 WA-1
17 EI-5 25 KO~2
18 BS-1 ER-0 UK-4 26 LU-14 IU-1B
19 LA-1 LI-64 LI-6B PT-0 27 KR-0

together. Is it due to pleiotropy, to an adaptive complex, etc.? Actually, the above
method ie relatively inaccurate. Better results can be obteined by relsted methods
used in numerical taxonomy that do not result in a tree disgram, as, for example,
principal components analysis (SEAL, 1964).

The above brief discussion cannot give justice to the velue of teximetric tech-
niques gs an efficient heuristic procedure to summarige information and to serve as
a context for generating biologically importent hypotheses that can be tested by
subsequent experiments, Its presentation here is chiefly to eall attention to a
technique of considerable promise. This does not mean that to use it s physiclogist
must become a numerical texonomist. Rather it points to another direction in which
cooperation among biologist of various disciplines could pay big dividends.
Specificelly, & eontinuing data bank of informetion on Arabidopsis strains could be
set up and meintained along the lines used for the mainTenance of strains at G&t-
tingen. Revised reports that incorporate new information both about strain and
character reletionships could be issued periodically. Such & data bank for over
100 strains of Aedes ae tl is being estaeblished at Notre Desme to provide sll
investigators with as mucg Information as possible sbout their strains., Perhaps a
committee should be established to investigate the feasibility of this for Arabidopsis.

References:
RUBBEIEF, G.: Arabidopsis Inf. Serv. 2, 36-47 (1965)
SEAL, H.L.: Multivariate Statistical Analysis for Biologists. J.Wiley, New York 1964
SOEAL, R.R., and P.H.A. SFEATH: Principles of Numerical Texonomy. ¥.H. Freeman,
San Prancisco 1963



The infeasiblilitv of selecting simulteneously fer growth Tate end flowering time on
Lrebidopeis plants growrn in nutrient eger

G.J. HOLLANMBY

(Division of Plant Industry, C.S.I.E.0., Canberra. Present Address:
Agriculturel College, Roseworthy, South Australia)

Arsbidopeis itheliana (L.) HEYEH. was used to investigate the efficiencies of
different plant breeding methods when selecting simultaneously for two quantitative
characters in self pollinsted plants. Two such easily messured characteristics in
Arebidopsis are flowering time and growth rete. Measuring flowering time and growth
Tate of & Bingle rlant (which is necessary in early generstions where heterozygosity
is high) rules out to take the standard measure of growih rete in the exponential phase,
namely, log plant fresh weight at 11 days, as this is preflowering. BROCK (1967
selected for growth rete by weighing plents at 22 days, post flowering, and measured
the response to selection by weighing plants at 11 days. He found that this selection
technique for early growth rate was not efficient and warned against its use. I felt
that & better technique would be to measure the plants' welghts as they flowered
rether then to meassure them all at the one fixed time after flowering irrespective of
their flowering times, in the hope that the growth rates estimated in this way would
be an index of the growth rates during the exponentizl phase. An experiment to test
the usefulness of thie technique by constructing growth curves of seversl homozygous
Arzbidopsis lines of differing flowering times was performed.

Four lines of Arabidopsie were used: Landsberg/Warthe (Ls), Estland (Est), and
Hannoversch-Miinden (Hm,, originally from the LAIBACH collection, and an early
flowering mutant of Estland %A156) produced by Dr. BRCOCE, C.S.I.R.C. The mean numbers
of days to flowering were: 16.84 {(0.15)* for A136, 17.67 (0.12) for La, 19.39 (0.10)
for Est, and 25.78 (0.24) for Hm. Plants were grown asepticazlly one per test tube
(diameter 150mr x 16mm) in sterile nutrient agar at 25°C, in 1800 f.c. continuous
light, and 65% rel. humid. using the technique described by LANGRIDGE (1957). At
seeding there was a2 7 ml eliguot of nutrient agar in each tube. Four plants from
each of four replicates were sampled from ezch line at & harvest. Due to poor
establishment in some lines there were fewer plants and hence fewer harvests from them.

28 HM ; N
P * Standard errors
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e Figure 1: Growth curves for four
Wy lines of Arabidopsis grown
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Figure 1 i1llustretes log whole plant fresh weight measurements. There were relati-
vely large error variances in early harvests, probably due to uneven germinastion, end
these may have masked differences between lines in these stages. The exponential
growth phase ended soon efter 14 days for all races. Final plant weight was ranked
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according to flowering time, the latest flowering race being the heaviest, as one
would expect. Growth rates eestimeted for each line by three different methods are
shown in the following table. Method 3 is the technique that was hoped to be useful.

Table: Comparison of growth rates as measured by different methods:
Method 1: Log (Whole plant fresh weight at 11 days)/11;
¥ethod 2: Mean Log (Whole plant fresh wt at flowering)/Mean floweri time;
Hethod 3: Mean (log whole plant fresh wt at flowering/flowering time).
Filgures in brackets sre standard errors where calculable.

Race | " M¥ethod 1 Method 2 ¥ethod 3

A1%6 0.09646 (0.0028% 0.09207 0.09122 (0.00390
La 0.09556 (0.00283 0.09634 0.09767 (0.00285
Est 0.10153% (0.0028% 0,09229 0.08784 (0.00140
Hm 0.09588 (0.00283% 0.07914 0.07821 (0,00113%

These data show that delaying the measurement of plant fresh weight until
flowering and calculating the plant growth rate on this basis underestimstes the
growth rate during the exponential phase of the later flowering races. Estimates
calculated the same way but baesed on log dry weights showed a similer tendency.
These races may heve genetically passed their period of exponential growth by
flewering, or the decreased growth rate over the latter part of their vegetative
stage may have been environmentally induced due to poor lighting of the rosette
and s decreased root medium. The agar had dried to approximately one half its
volume after 20 days pulling the stlll green parts of these later flowering races
down into the wells in which the tubes sat. An analysie of the relative proportions
of tops to roots and of root growth did not help to explain this underestimstion of
the exponential growth rate.

Whatever the cause, the conclusion must be drawn that under the environmental
conditions described, taking the log fresh weight of a plant at flowering an as
index of its growth rete while in the exponentisl phase is not valid. It therefore
is not feasible to select simultaneously on the one plant for both growth rate and
flowering time.

References:
BROCK, R.D.: Radiat.Bot. 7, 19%-203 (1967)
LANGRIDGE, J.: Austral.J.Biol.Sci. 10, 243-52 (1957)

Grateful acknowledgement is made of the critical advice, facilities and assistance
from the following C.S.I.R.0. personnel, Dr. R.D. BROCK, Mr. R. DUNSTOHE, and
Miss J. MUST,

Variation in flowering time of netural populations of srabidopsis thalisns (L) HEYHN:,
with special reference 1o the breeding system

Mary E. JONES
(Department of Genetics, The University, Birmingham 15, U.K.)

Investigations into the breeding system of British wild populations of Arabidopsis
were initiated on samples of seed collected in 1965 from five randomly selected pEan%s
in each of the following six populations:

Population Location \ Habitat
1 Alcester, Warwickshire Disused railway track
2 Broom, Warwickshire " " "
3 Luddington, Warwickshire " " "
4 Henley-in-Arden, Warwickshire " " "
5 Cannon Hill Park, Blrminghsm Weeds on cultivated land
6 Parks' Nurseries, Middlesex " " " "

The plants were grown on a bench in the glasshouse (LAWRENCE, 1966), in a completely
randomised block experiment. Measurements were taken of days to flowering from an
arbitrary date. The experiment wss terminated after 104 days, after which some plants
8till showed no signs of flowering; these are referred to as late forms.

The results of the analysis of variance showed that both populations and families
within populations differed significantly. An indication of the differences b e t-
ween populations is given by the population means and varisnces:

Population | 1 2 3 4 5 6
¥ean 37.412  59.969 47,222 21,574  7.580  B.574
Veriance 33.504  328.553  81.390 140.435  4.416  3.389

These fall into two distinect groups, populations 1, 2, 3 and 4 having high means snd
variances, and populations 5 -and 6 with comparagtively low means gnd variances. This
shows good correlation with the origins of the populations, populations 5 and 6 be-
ing essentially weed populations which heve probably been subject to strong directio-
nal selection for early flowering by gardeners.
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The variation bDe tween families also shows marked heterogeneity
(BARTIET test for heterogeneity of variances P<0.001) (Figure 1). This could be
attributed to two factors. One is that the result is purely a scalar effect of the
environment, famlly variance increasing with family mean. The other is that the large
variances of some families are the result of segregation of the progeny of either s
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non-homorygous parent or & homooypote wihich had cr
s would indicete thet the perent wae

zygoue irndividumls. Thus small farily variance
relatively homozygous end inbreeding.

A certain scalar effect of the environment would be expected especially in the
very late families. However thise cannct fully amecount for: (1) The enormity of some
of the veriances, planuc from a eingle family flowering, for instance, over a period
of up to 100 days; (2) Tne presence of families with similer means and widely differ-
ing variances. The distribution of variation in populations 5 and 6 would appear to
indicate that the parent plenis were relatively homozygous and inbreeding. If,
however, cross~-pollination d4id occur in such populations assuming all famillies are
of this type, little segregation would be ezpected and if this were so, and these

families were segregeting, this method of investigation would not be sensitive
enough to detect it.

Further investigetions were made on populations 5 and 6 on the progeny of the
first selfed generastion. Five individuals from each of the five first generation
families in each population were selected at random znd selfed. The selfed progeny
were grown in a randomised block experiment and their flowering time measured., Each

“group of five families origineting from z single wild individual will be referred
to as a family group. - In the znalysis of variance of this date both populations
and families within groups within populations were significant. The item which is
of interest 1s the between families within groups item. If there are sgignificant
differences between selfed femilies which have originated from one parent plant,
then this is evidence that the progeny were segregating. Each family group was
examined individually, the between family mean square being calculated for each
group separately znd tested against the appropriate summed within family mean sgquare:

Population Family Between M.S. 4.f. Within M.S. d4d.f. V.R. P
group

5 1 ,f.CLS 3 8.564 29 4.323 .01-001
2 23.623% 3 15,477 21 1.526 | Not significant
3 104.544 3 6,229 29 16.751 . 001
4 30.325 4 6.902 35 4.399 .01-001
5 23.623 2 2177 16 7.436 .01-001

6 1 5.065 4 4,664 39 1.086 | Not significant
2 7.671 4 2.686 42 2.856 .05-.01
3 7.887 4 2.743 41 3,680 05-.01
4 12.600 4 2.578 44 4,888 .01-001
5 9.125 4 2.395 43 2.810 .05-,01

The significance of the between family mean squares of all but two family groups
shows that most of these selfed families have originated from segregating parents.
This is pos1t1ve evidence that the majority of plante sampled from these populations
were 2t least partially neteroccyrous. Thus, despite the low faxily variances shown
by these populatlona in tae previous experiment, it does not follow that individuels
undergo zutomatic self- noxllnatlan under naturel conditions.

txr

It is interesting to note that this type of situation maybe widespread in natural
populations of Arabidogsis. Similar results to those found in the first experiment
described i.e, large within family va*zatlon, have also been reported in German and
Czechoslovakian populauwons by NAFP-ZIKN (1964) and DOBROVOLKL (1966) respectively,
and also more recently by RUEBEIEN (personsl communication).
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Varietiorn of plant size and other morpnological characters in netural populstions
bidopsis

£ end G. RUBBELEN
ding, University of Gottingen, Germany)
Argbidopsis is well krnown to be strictly sutogamous under greenhouse conditions.
Seed sampies collected from wild populations, however, freque‘th produce varieble pro-
genies. In the LAIBACH collection (cf. RUBBZLEN, 1965) meny of the "natural races"
kept in the greenhouse for 2z long series of generstions still eppear heterogenous
in various traits. 3ingle plants cofien gave rise to different, btut homogenous off-
springs, while others "segregazted"” ever after recurrent selection. The idea has been
mentioned severazl times in the past {cf. the preceding peper ¢f Y¥rs. JONES in thie
issue) that wild populstions of Arsbidopsis csn be composed of different "pure lines"
as well as of hybrids beiween them.

5
{Institute of i4grononmy and Plant Bree

By the way of other projects an experiment was run to test this situation. In the
spring of 1967 seeds were harvested from single plents within = smell field of winter
wheat in the south of G6ttingen, near Holtensen. A random sample of 40 progenies of
this population "H1-2" was grown in the greenhouse - each family, derived from =&
single plant, in & row of 8 potes. The dismeter of the full grown rosette and the
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nucber of days to flowering were determined. The data fcr the latter character are
in perfect agreement with those of the preceding paper and,
be given here in detail.

therefore, need not to
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Pigure 2: Single plant progenies of the H1-2 populetion "segregatingin rosette size

The morphological variation between and within the families, on the other side,
illustrates the seme facts at an additionel level., 25 of the 40 families were pheno-
typicelly as uniform as eny "pure line" can be., The graph in Pigure 1 indicates the
distribution of frequencies of the rosette diameter of 6 such homogenous families,
The result was confirmed by en enalysis of variance which, however, revealed sig-
nificant differences between those families. Not only the rosette diameter, but also
the number, shape,margin, or colour of the leaves differed characteristically (see
photograph of nguve 1)

§$om
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Figure 2 presents another group of 9 families out of this population of Hl-2 in
which the phenotypic criterions were highly variabel. Some of those curves could
easily be fitted into the scheme of simple mendelian segregations of a heterozygous
mother plant. Seeds of single plantes were harvested to investigate this possibility
in a progeny test; but this experiment is at the moment not yet ready for eveluation

It appears very probable, however, that the chance for cross-pollination (or mutation?)

under natural conditions is much higher in Arabidopsis than expected ever before.

Thig is the more surprising as the stand in the tested population was very loose

(in 1967!) with distances of many meters between the different plants or clusters of

a few individuals. - The varigbility of the remaining 6 of the tested 40 families
ranges in between the two groups mentioned. The rosette dlameters within these
families were more or lese continuously scattered over a larger scale within these
families. More complex analyses would thus be needed to trace this kind of veriability
back to its origin.

Reference:

ROBEELEN, G.: Arabid.Inf.Serv. 2, 36-47 (1965)

Further data on the developmental cheracters of natural populations of Arabidopsis
fEaifana {1.) HEYNE. from Western Moravia

I. CETL and Ji¥ina DOBROVOLNA
(Department of Genetics, Purkyné University, Brno, Czechoslovakia)

The experiments with natural populations reported by CETL, DOBROVOLNA, and
EFFMERTOVA (1965, 1967), GETL (1965), and EFFMERTOVA and CETL (1966) were continued
in 1965 and 1966/67 under the same experimental conditions as in the previous ex-
periments (soil culture of plants from unvernalized post-dormancy seeds at 25+3°C
under continuous illumination, 1250 lux; duration of each experiment 42 days Zfrom
full germination).

The results for the three periods expressed by the distributions (1) of the per-
centage of generative plants, (2) of the mean number of days to appearance of the
flower primordia in the generative plant fraction, and (3) of its stendard deviation,
are presented in the Tables 1, 2, and 3. The characteristicse (2) and (3) are not
given in populations with<20 per cent generative plants. These date confirm that
both among and within the studied populations a considerable variability in devel-
opmental characters is present.

The percentage of generative plents in single populations is quite different
changing from O to 100. When using the earlier classification of populstions (see
CETL, 1965) about 20 per cent of all the 164 populations appear to be "winter annual",
about 15 per cent "mixed"™ and about 65 per cent "summer annual":

Table 1: Per cent of generative plants

0~ 10~ 20 - 30 - 40 - 50 - 60 - 70 - 80 -~ 90 - 100 S

1963/64 18 3 4 2 2 3 12 20 64
% 28,1 4,3 6,2 3,1 34,1 4,7 18,8 31,2 99,9

1965 11 3 1 1 1 6 22 45
% 24,4 6,7 2,2 2,2 2,2 13%,% 28,8 9g,8

1966/67 1 3 2 1 1 47 55
4 1,8 5,5 3,6 1,8 1,8 85,4 100,1

S 30 9 7 4 3 4 18 8g 164
% 18,3 5,5 4,3 2,4 1,8 2,4 11,0 54,3 100,0

Among the populations there are also differences in the mean number of days to

appearence of flower primordia in the fraction of the generative plants, the extreme
values being 9,1 and 36,1 days:

Table 2: ¥ean number of deys to appearance
of flower primordia in the generative plant fraction
7,5-10,0 ~12,5-15,0-17,5-20,0-22,5~ 25,0 -27,5~30,0 -32,5~35,0 - 37,5 S
1963/64 3 11 9 8 7 6 1 1 46
% 6,5 23,9 19,6 17,4 15,2 13,0 2,2 2,2 100,0
1965 2 6 13 7 3 1 2 34
% 5,9 17,7 38,2 20,6 8,8 2,9 5,9 100,0
1966/67 2 7 18 15 6 3 1 1 1 54
% 3,7 13,0 33,3 27,8 11,1 56 1,9 1,9 1,9 100,2
S 2 9 24 31 24 15 10 10 6 1 2 134
® 1,5 6,7 17,9 23,1 17,9 11,2 7,5 17,5 4,5 0,7 1,5 100, 1

The standard devietions of the feregoing velues indicating the veriability within

populations are also very different (minimum 40,42, maximum 412,85 days). Only in two

"summer annual" populetions the 8 values sre as low as in homozygous races {(cf. DOBRO-
VCLNA, 1967). Therefore, only these two populations can be regarded as homozygous for
the studied character while the remsining 132 populations appear to be heterozygous:
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Table 3: Stendard devigtion for the number of dsys 1o appearance
of the flower primordia in the generative plant fraction

0- 1= 2= 3= 4 5w 6w 7~ B= §-10~-11 12 - 13 S

19€3/64 1 3 6 13 10 5 46

% 2,2 6,5 13,0 28,2 21,2 15 7 10, 9 2 2 99,9

1965 ., 5 9 5 5 4 2 1 1 34

% 14,7 26,5 14,7 14,7 11,8 5,9 5,9 2,9 2,9 100,0

1966/67 2 14 15 11 4 3 3 1 1 54
4 3 8 25, 9 27,8 20,4 7,4 5,6 5 §_‘ w_~'~ﬂmun_ll§“ o Hy_llg B WJQO O

S 2 20 27 22 22 17 10 7 3 2 1 1 134

% 1,5 14,9 20,2 16,4 16,4 12,7 7,5 5,2 2,2 1,5 0,7 0,7 100,0

The results show that the new experimentsl meterisl confirms the conception sug-
gested on the basis of the first experiments (CETL, 1965), that natural populations
of Argbidopsis with respect to their developmental characters are genetically
verigble and internally complex entities.

References:
CETL, I.: In “"Arabidopsis Research", Rept.Int.Symp. GOttingen. Pp. 46-52, 18965
- J DOBROVOLKL, end E. E¥FMERTOVA: Arabid.Inf.Serv. 2, 3 (13965)
-, -t Arabid.Inf.Serv. 4, 9-10 (1967)
DOBROVOLNR J.: Arsbid.Inf.Serv, 4, 6-7 (1967)

The behaviour of progenies derived from g "winter annual" natural population
of Arabidopsis thallsna (L.)] HBINH.

Eva EFFMERTOVA end I. CETL
(Department of Genetics, Purkyné University, Brno, Czechoslovekias)

It has been shown that in natural populations of A. thaliana a large varisbility
in develormental characters exists between populetions and often also
withidin them (NAPP-ZINN, 1964; CETL, 1965). The latter can be subdivided in the
between-plant and within-plant component. The first step
in Buech an investigation ies to etudy the veriability of both, between and within pro-
genies obteined by natural selfing from single mother plants of a population. It has
been found by DOBROVOLEA (1967) that in several populations of the "summer arnnual®

tyre 2 high percentage of progenies showed & higher veristion in two developmental
charzcters than homozygous races and that, therefore, such progenies can be regarded
a8 heterozygous for these characters. "Winter annual® populstions have not yet been
getudied from this peint of wview,

£ winter ennual Uopu;ac1on, V-3, was used in tris experiment. Lf unvernzlised
seeds were sown only about 7% of the plants were generative at 25+3 C in corntinuous
illumination, 1250 lux, after 42 days from germinstion. About 6 weeks of vernaliza-
tion were needed to have gll of the plents generative in the given experimentsl
conditions. Seeds of single plants were harvested at the locality and verneligzed for
4 weeks at 2+1°C. Prom 293 harvested plants a representetive sample of 120 progenies
wes sown without vernaslization in the above experimentel conditions, snd 89 progenies
with sufficient number of individuals were evaluated. Among these progenies there were
59 (66,3 %) fully vegetetive, 24 (27,0 %) with both vegetative and generative plants,
end 6 (6 7 .6) with >90% generative plants Thie result shows that in the originsl
populatlon more than 255 of the plants were segregating in vegetative ("winter annual®)
end generative {"summer annusl”) individuals, and that they can thue, be regarded as
heterozygous fcr tre genetic fectors determining the winter annual vs. summer annual
cheracter.

It is surprising that the frequency of generstive plents in the original sample

§1’ in 168; 7,1 %) coincides not only with the frequency of generative progenies

6 in 89; 6 ,7 *) but slso with the frequency o; generative plants in all vegetative
and "segregat1n~" progenies (94 in 1129; 8,3 %). The X*~values were 0,39, P = 0,50-0,70,
and 0,01, P> 0,92, respectively. This finding shows that the "summer annual" 1ndiv1-
duals must not represent zn independent group within this "winter annual" population
but that the seme frequency of thess individuals can be produced by means of segrega-
tion of phenotypically "winter annusl" heterozygotes. - The two above facts, namely,
the relatively high percentage of progenies segregeting in "winter annual" and "sum-
mer annual" individuszls, and the apparently constant frequency of "summer annual®
individuals in such a “"winter annual" population will be a matter of further studies,
Referencee'

CETL, I.: In "trabidopeis Research", Rep.Int.Symp. GOottingen. Pp. 46-52, 13965
DOBROVOLNA, J.. Arabvid.Inf.Serv. 4, 9-10 (1967%
NAFP-ZIKN, K.: Beitr. zur Phytologie, Festschr. H. WALTER. Pp. %9-49, 1964
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The heritability of characters "number of daye to appesrance of the flower primordis®
ent "HUCbEr Ci ToBELie leavee! 1L g NAatural populatior oi Arebicdopsie thaeliane () HEYNH.

Ji¥ina DOBROVOLNA
(Department of Genetics, Purkyné University, Brno, Czechoslovakia)

FPhenotypicel differences in developmental characters, e.g., in the number of days
to flowering, observed between and within different natural populstions of A.thsliens
and aleo between and within different plants in a population arTe thought to be caused
genetically (NAPP-ZINK, 1964; CETL, 1965). But yet no evidence has been brought for-
ward for the correctness of this assumpiion. A possibility to test the extent to which
these differences are of genetic nature, consists in the comparison of the values ob-
tained for individual plants and their progenjies, It is known that in an autogamous
population the coefficien% of heritability, hé, is represented by the offspring-parent
regression coefficient, hc = bop. Thus, the §2 value can be used to answer the above
question.

In the present experiment with the natural population Str which appears to be highly
verieble and is of "summer annuasl" type, the number of days to the appearance of flower
primordia and the number of rosette leaves were studied in 147 mother plants and their
progenies. The number of offspring was variable from 10 to 19 with a mean of 12.6
plants per progeny. Both, the mother plants and progenies were grown under controlled
experimentsl conditions (25+3°C, continuous illuminetion of 1250 lux). ~ The b values
were estimated (1) as an unweighted regression of progeny means on mothers, (Z) as =
regression of individusl progeny data on repested maternal ones, and (3) a8 a weighted
regression of progeny means on mothers (KEMPTHORNE and TAKDON, 1953%; REEVE, 1855).

The results are given in the following teble:

Mode of § Number of days to appearance Number of
estimation of the flower prirordia rosetie leaves
{ b + 8y b + 8y
m 0.5232%% 0.0577 | 0.4576 £ 0.0505
2 0.4659"% 0.0197 0.4424 + 0.0175
(3) f 0.499% % 0.0265 0.3517 ¥ 0.0324

* Exceeds the 0.1% point

The regression coefficients for both characiers are thus highly significant and
show that in the number of days to appearance of the flower primordia about 50 % and
in the number of rosette leaves about 40 % of variebility is of genetic nature. In
other words, in the two charscters 50 and 40 % of the phenotypic variation is repre-
sented by the additive compoiient of genetic variability. Therefore, at least a half
of the phenotypicel differences observed in the populstion studied can be ascribed to
genes. - The experiments will be continued.
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Inhibition of seed germipnstion in Arabidopsis thaliana by Actinomycin D
A.F. CORCOB

(Kedzie Laboratory, Depariment of Natural Science, Michigan State University,
Eest Lansing, Mich., U.S.4.) '

The antibiotic Actinomycin D is known to inhibit irreversibly and specifically
DNA-dependent RNA synthesis in animal cells at & concentration of about 0.04 ug/ml.
Recent studies have indicated that to obtain the same results with plant cells the
concentration of Actinomycin D has to be increased to at least 10.ug/ml. LANGE and
MOHR (1956) have shown that Actinomycin D at the concentration of 10 ug/ml blocks the
synthesis of anthocyanin in Sinapis elba seedlings. McCALLA and ALIAN (1964) using
Actinomycin D a2t a concentration of 30 xg/ml were able to inhibit the chlorophyll
development of Euglena viridis.

Preliminary tests had indicated that concentrations of at least 15 ug/ml were
necessary to prevent the germinztion of Arabidopsis thaliana. An experiment was car-—
ried out in a Sherer growth chamber at 220C under 24 nr full illumination (2500 foot
candle). Seeds of the variety Estland (graciocusly sent to the author by Dr. LANGRIDGE)
were germinated on minimal medium (VELEMINSKY and GICHNER, 1964) in 200 mm test tubes
(one seed per tube). On medium in which 20 ug of Actinomycin were added the seeds
were unable to germingte. Only in 3% tubes out of 30 they were able to swell and a
greenish cast appeared. Cbservation under the dissecting scope indicated that in
those cases the r&dicle elongated to only one eighth of & centimeter before growth
stopped; but tke cotyledons had enlarged and turned light green.

This experiment which was repeated 4 times seems to indicate that it requires
ZO/ug/ml of Actinomycin D to prevent the germination of A. thaliana. Further experi-



- 18 -

ments are now being carried out to find the concentration of Actinomycin D at whioch
the seedlings sre unable to grow efter they successfully germinated in minimal medium.
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The suthor is indebted to Dr. W.GALL of the MERCK Company for furnishing
the Actinomycin D which was used in this experiment

Germination of light requiring races of Arabidopsis thaslidnas in the dark after
X-irradiastion

Erns REINHOLZ
(Max-Planck-Institute for Biophysics, Frankfurt/M.,Germany)

Since KUGLER (1951) it is known, that the race Hm (Hann.Miinden) of A. thalians has
obligate light requirement for germination. But it was demonstrated (R R )
that gibberellic acid can subsistute for the light during germination: Unirradiated
seeds and such irradiated in an air-dried state with doses between 100 and 800 kR
fully germinated in a few days.

Table 1: Germination of X-irradiated seeds of A. thalians, race Hm,
in the dark at 20-22°C after 2 months

| Experiment A | Experiment B

Dose in kR 0 100 200 400 600 800 1000 1500 2000 3000 0 1000 1500 2000
Number of

seeds tested | 778 604 487 541 873 615 566 522 573 656 1234 1008 675 1422
% germinated] 0 0.3 0.2 0 0.7 1.3 8.8 33.9 88.4 O 0 4.4 94.8 92.5

In the meantime new data were obtained according to which high doses of X-rays ars
also able to influence the light requirement for the germination of Hm. As can be
seen from Table 1 X-ray doses a&s high as 1-2 MR are necessary to induce germination
in the dark. This removal of the germination inhibition by X-irradiation, therefores,
is different from the well known stimulation effects of amall doses., The effectiveness
of only very high doses in these experiments seems to suggest that the obligate light
germination might be related to a destruction of certain molecules. It is easily
conceivable that inhibiting substaneces, or their precursorse, or enzymes catalyzing
vne formaticn  ofeguniaiim E Ele e L L g R S I T PR AT - S
Another hypothesis to explain the observed germination in the dark after X-irradia-
tion would be that the X-rays injure the cellular membranes leading the difusable
inhibitors to & more rapid leaching out during the initial sosking phase.

The problem of the influence of i-rays on the obligate light requirement for ger-
mination has been investigated previously. Already 1947 REINHOLZ tried to replace the
visible light by an X-ray treatment of presoaked seeds of Arsbidopsis, but in vain.
A1so DEVI, PRASAD and RILEY (1964) found no effect on the 1Ight requirement of ger-
mination in any of the irradiated seeds of A. thaliasnm, race Estland. The present
dats explain, why the earlier investigations were not successful: The applied doses
were too low and the observation period was too short; the effect 1s established
not earlier than the fifth day of germination and only after doses on air-dried
seeds as high as 1 kR.

Under such conditions the Arsbidopsis race Estland (Est-1) out of LAIBACH's sor-
timent revealed a quite anslogous germination behaviour as the race Hm, a shown in
Table 2.

Table 2: Germination of race EST-1 in the dark after XZ-irradiation

RN TR R

t Experiment A ] Experiment B
Dose in MR 0 1 1.5 2 0 1 1.5 2
Number of
seeds tested 662 665 717 752 715 552 508 468
% germinated 0 68.0 0.8 0 0 83%.7 1.0 0
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¥eorphactin-~cvtokinin interaction in seed pgerminetion of Arsbidopsis thaliana, En-2
Daksha SANKHLA* and Narendra SANKHLA*
(Institute of Botany, University of Frankfurt/l.,Germany)

Xorphactins (certain derivatives of fluorine-9-carboxylic acid) represent a new
class of recently characterised growih regulators (SCHREIDER, 1964). These compounds
resemble other growth retardants (CCC, Phospon, B-~3995 etc.,) in their overall growth
retarding activity. However, whereas the growth effects of the latter chemicals are
frequently mediated through inhibition of gibberellin biosynthesis in the treated
plants (NINNEMANK et al., 1964), morphactins have been shown to be ineffective in
tnis respect (TOGKOKI et al., 1967). Recently, we observed an apparent antagonism
between morphactin and kinetin during the germination of lettuce seeds (SANEKHLA and
SANKHIA, 1967). Since generslly the response to growth retardants i1s extremely spe-~
cific and is ¥mown to &iffer in various cultivars of the same species (CATHEY, 1964),
it was thought worthwhile to extend the above observation on another plant. Results
relating to the effect of morphactin-butylester, alone and in combination with
kinetin, 6-benzylaminopurine and zeatin, ere presented in this report.

Seeds of A. thaliana, En-2, (harvested 1966) were germinated at 25°C in the presen~
ce of various concentretions of the sbove mentioned growth substances. During the ger-
mination period the seeds received a light intensity of about 1000 lux for 16 hrs a
dey. Details of the experimental procedure have alresdy been reported previously
(SANKHLA and SANKHLA, 1968B).

Substance Concentration % Germination after hrs
in ppm 48 72 96

Water - 60 380 100
Morphactin 15 12 45 55
" 30 2 22 30
" 50 0 0 10
" 4+ kinetin 50 + 2 0 %0 585
"oy " 50 + 10 0 35 65
" 4+ 6-benzylaminopurine 50 + 1 10 60 90
"o " 50 + 2 15 70 38
" 4+ geatin 50 + 0.5 20 80 g5
R 50 + 1 35 85 100

4z in lettuce (SANKHLA and SAKKHLA, 1967) morphactin proved to be a potent inhibitor
0of seed germination also in Arabidopsis {tazble). Kot only this, but all the cytokinins
tested (kinetin, 6-benzylaminopurine, and zeatin) successfully reversed the inhibi-
tory effect of morphactin on seed germination. In order of effectiveness zeatin
appeared to be the superior.

There are several evidences (see SANEHLA and SANKHLA, 1967, 1968) which suggest
tnetdegince cytokinine can effectively overcome the inhibitery effect of a variety
of both synthetic as well as naturally occurring growth inhibitors and growth retar-
dants, it might be possible that both, endogenous cytokinine and inhibitors interact in
bringing sbout growth and senescence. However, it should be borme in mind that often
plants are capable of 'adding' or ‘'subtracting' entirely unrelated effects and hence
the visual perception of results might not necessarily represent s true and genuine
interaction between the growth substances that are being tested. This view appears
to hold true especially for the process of seed germination, since there is no way
0?2 measuring the steady state of this process as a whole.
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Our best thanks are due to: Dr, G. SHAW for his gift of gzeatin; Prof. K. EGLE for
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Effect of helminthosporol and helminthosporic acid on seed germinstion and senescence
of lea: discs of Arabldopsis theliana, En-Z

Daksha SANKHLA end Narendra SANKELA
(Irstitue of Botany, University of Frankfurt/M.,Germany)

Recently, helcinthosporol (H-ol) and helminthosporic acid (H~acid) have been shom o
act very much like gibberellin (GA) in several plant systems (HASHINOTO et al., 1967;
HASHIMOTO and TANTURA, 1967a). These substances have also been claimed to be active in
inducing germination of light sensitive seeds of tobacco in total darkness {HASHIMOTO
and TANURA, 1967b). In Arabidopsis gibberellic acid is well kmown for its promoti
effect on the germination of seeds kept in darkness (KRIBEEN, 1957; REINHOLZ, 196n§.

Cn leave of absence from Botany Department, University of Jodhpur, India
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Recently, we observed that gibberellin can also effectively retard the senescence of
excised leaf discs of Arabidopsis (SARNKHLA and SAFEHLA, 1968). It seemed, therefore,
of interest to evaluate the comparative efficiency of G4, H-ol and H-acid in the
process of seed germination and senescence of leaf discs of Arabidopsis.

Seeds of Arsbidopsis thalianag, En~2 (obtained through the kindness of Dr. KRANZ
of this institute], and the mature leaves (33 days old) obtained from the plante
grown in the green-house served as the experimental materisl. In the table 'percen-
tage senescence' was calculated on the basis of percentage of chlorophyll degradation
during the experimental period in comparison to the control.

Substance Concentration |# Germination after days | % Senescence after hrs
in ppm 7 14 21 24 36
Water - 0 0 2 45 65 80
Gibberellin 10 10 50 75
" 50 25 g5 100
" 100 70 100 100
Helminthosporol 10 0 0 2 5 45 70
" 50 5 50 65
" 100 0 0 1 40 85 95
Helminthosporic acid 10 0 0 1 5 50 60
" 50 30 75 90
" 100 0 0 2 5 55 60

Regults relating to the effect of H-o0l, H-acid and GA in the darkness at 259°C have
been presented in the table. It is clear thet while GA significantly increased the
dark germination, both H-ol and H-acid remained completely ineffective in this respect.
However, in their effect on leaf senescence both H~ol as well as H-acid did indicate
some positive response, but the effect wes clear only initially and at lower concentra-
tions. Further, this effect veried from strain to strain and often differences in
response were roticed when leaves of different asges were used for experimentation. In
contrast, gibherellin always gave conetant and reproducible results %SANKHLA and
SAFKHLA, 1968). Thus it would appear that both H~o0l and H-acid probably have & re-
stricted activity irn comparison to GA, and in Arabidopsis these compounds do not
appreciagbly indicate gibberellin~like properties.
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Reversel of abscisin II-induced senescence of Arsbidopsis leaf discs by cytokinpins
Daksha SAKKHLA and Narendra SANKHLA
(Institute of Botany, University of Frankfurt/M.,Germany)

Zeatin - the only identified cytokinin from higzher plants has recently been claimed
to exhibit much stronger cytokinin-like properties than kinetin, 6-benzylaminopurine
end certain other cytokinins (IETHAK, 1867). In contrast, abscisin II - a naturally
occuring abscission-accelerating, dormzncy-inducing, senescence-enhancing and ger-
mination-inhibiting substance appears to possess properties that are apparently
opposite to those shown by cytokinins (OKHUMA et al., 1963%; CORNFORTH et al., 18966;
SANKHLA and SANFHIA, 1968 a,b,c). Zarlier we observed that kinetin can effectively
overcome the senescence-accelerating effect of abscisin II (SANKHLA and SANKHIA,
1968b). The present experiments were undertaken to evaluate the comparative poten-
tialities of two other cytokinins, viz., zeatin and 6-benzylaminopurine, in reversing
the effect of abscisin II in leaf senescence of Arabidopsis.

Our observations indicated that mature rosette leaves of Arabidopsis can be used
as an excellent experimental material in studies relating to senescence because in
these leaves the disintegration of chlorophyll in the dark is very quick and it is
very easy to grow the plants of desired age in the green-house. Therefore, the present
experiments were performed with leaf discs punched from mature rosette leaves (33 days
0ld) of A. thaliasna, En-2. Lots of 20 leaf discs (8 mm in diameter) were placed on
petri dishes containing filter paper moistened with 5 ml of distilled water or an
equivalent amount of the solution of the growth substance to be tested. Then the petri
dishes were kept in the dark for 48 hrs. During this period two observations were
made on chlorophyll content of the senescing leaf discs: one after 24 hrs and the
other after 48 hrs. Chlorophyll was determined by simply extracting the pigment of
15 leaf discs with 10 ml solution of 80 % acetone and measuring the optical density
5f this extract at 665 nm.



Table: Absciein II -~ cytokinin interaction in chloropkyll degradation
(Initial optical density = 0.320)

Substance Concentration Optical density after hrs
in ppm 24 48
Vater - 0.150 0.090
Abscisin II 2 0.085 0.030
6-Benzylaminopurine 0.5 0.285 0.195
" 1 0.295 0.225
Zeatin 0.5 0.300 0.245
. " 1 0.310 0.295
Abscisin + 6-benzylaminopurine 2 + 0.5 0.255 0.235
" + n 2 + 1 0.275 0.255
" + zeatin 2 + 0.5 0.270 0.255
w + " 2 +1 0.300 0.280

It is clear from the Table that whereas abscisin II considerably hastens leaf
senescence both 6é-benzylaminopurine and zeatin act as strong senescence-delaying
factors in leaf discs of Arsbidopsis. A comparison of these results with our earlier
results (SANKHLA and SARKEEIT—T§%§ET indicetes that both these chemicals are far more
superior to kinetin in delaying the senescence of leaf discs of Arsbidopsis. Also, it
was noted with interest that both the cytokinins tested successfully suppressed the
senescence-accelerating action of abscisin II. In this respect, zeatin appeared to be
superior to 6-benzylaminopurine.

Experiments designed to explore the mechanism of kinetin action in retarding
cellular senescence in Xanthium have clearly shown that senescence is directed through
RNA synthesis that is DRA dependent (OSBORNE, 1967). It has also been observed that
the decline in RNA synthesis during senescence is not the result of loss of total DNA,
but rather reflects s failure of the DNA to provide an effective template for REA syn-
thesis. In some way, therefore, kinetin would appear to maintain this template
(OSBORKE, 1267). On the other hand, abscisin II has beemn shown to reduce the incorpo-
ration of 140-leucine into protein (OSBORNE, 1967). Our unpublished results indicate
that abscisin IT-induced inhibition of lettuce seedling growth could be greatly
reversed by simultaneous addition of nucleic acid precursors. These results would
probably suggest that one action of abscisin II might be exerted through nucleic acid
metabolism. Incidentally it should eslso be mentioned thet cytoldnin - abscisin II
antagonism has been observed also for the growth of calli obtained from the cotyledons
of Ipomea and for seed germination of Arabidopsis (SAFKHLA end SANKHIA, 1968c¢,d4). It

E% b tion E T

mig e quite possible that the interac eiween the endogenous cytokinins and
abscisin II functions in bringing about growth and senescence.
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Growth of Arsbidopsis thalians, En-2, in response to added morphactin
Daksha SANKHLA and Narendre SANKHIA
(Institute of Botany, University of Frankfurt/M.,Germany)

Recently certain derivatives of fluorine-8-carboxylic acid (morphactins), which
lastingly influence growth and morphogenesis in higher plants, have been characterised
as novel growth regulators (SCHNEIDER, 1964). Like other growth retardants (CATHEY,
1964) these chemicals can zlso effectively retard growth, inhibit germination, delay
leaf senescence, and the foliage of the treated plants develop intense green color
(SCHNEIDER, 1064; SANEHLA znd SANKHLA, 1967; HARADA, 1967). Moreover, as in the case
of other growtr retardants exogenously applied gibberellin can also reverse some of
the growth effects of morphactins (ZIEGLER et al., 1966). However, the apparent
similarity between growth retardants and morphactins ceases at this point. lorphactins
unlike growth retardents (NINNEMAKE et al., 1964) do not affect gibberellin bio-
synthesis (TOGNOKI et &1., 1967; KRELIE and LIBBERT, 1967) and are known to disturd
phototrcpism of shoots and geotropism of roots (KHANW, 1967). Recently, an apparent
antagonism between morphactine and cytokinins has alsc been recorded (SANKHLA and
SANEKHLA, 1967). Yo detailed account is yet available on the effect of morphactins
on growth and flowering of higher plants. In furthering our knowledge relating to the
role of these chemicals in plant growih we observed that morphactins produce certain
striking changes in the growth habit of the treated Arabidopsie plants; the obser-
vations are summarized in this report.




e En-c. were raleel L prouys of ZC each in e greenhouse
isewnere Lt ané SARIELL, 1965). ¥uern the seedlings were 15 davs
‘glutiorn ¢f ine sired concentration (rencing from 100 ppm to 500 ppm) of
ctin-butylesier {obtzined ae a gift from Lerck AG, Germany) was spraved onto
ot. A esingle such Zresatment greatly inhibited the extension growth of the main
T as well as of laterzl branches; ae ¢ regult the trested plants appeared much
fer in comparison t¢ the controls. Kot only this, wmorphactin treatment completely

[STRRS
»

2amaH o

2D Ot m

a b

Figure 1: Plants and inflorescences of Arabidopsis treated with morphactin. a (from left to
right) Control, 100 ppm and 500 ppm. b Branches showing double flowers and fruits

released the dormancy of leteral branches (Figure 7a) and greatly stimulated the for-
mation of 'secondary rosette leaves'. These leaves were initislly dark green and ex-
tremely hairy, but scon developed an anthocyanin like pigment on the lower surface, got
rolied upwards and simulated a spatules in their appearance. AB the concentration of
morphactin was increased (100 ppm to 500 ppm) the visible appearance of floral primordia
in the treated plants was slighitly delayed. OF speciel interest, however, was that the
Zaterel branckes of a few plants under these cconditions freguently indicated various
iegrees of fasciztions and/or produced - besides norcal flowers - flowers that appeared
to be z2lmost double replicas of itne normel cnes (Tigure 1b). Such flowers generally
developed 8 seris, & petals, 10-12 stamen and two bicarpellzry laterally fused ovaries.
Soretimes even 'triple flowers' were observed. It is not clear whether this increase

LTowIe vz of Tlowpl o ratoormae Jve o fuet cplidstive of - exwisting primordia or
LiTlels, Or was Tie resulco civtac wuion of twi bads. et oo Thes Zuo.ore fevelopwld
—p A

normelly ané matured intvo double or triple fruits thet contained perfectly viable
seeds, In contrast, in some of the flowers developinsg on 'lete' lateral branches
either the sepals and petals were dropped at an earlier stage or these organs as well
ag anthnere 4id not develor at 211 znd the flowers indiceted a distinct tendency towards
feraleness. In addition, following treatment with morphactin the senescence of the
whole plant was greatly delayed.

Tre results of experiments designed to study morphaciin-gibberellin interaction
indiceted that gibberellin effectively reversed the inhibition of extension growth
ceused by the former substance, but remained ineffective ir reversing the main effects
caused by morphactin, viz., release of dormancy of leteral buds, formation of secondary
rosette leaves, induction of fasciation in letergl branche: and abnormalities of floral
verte. Thus these results appear to support the earlier postulate (TOGKORI et al.,1967;
¥LKF et al,, 1966) tha* gibberellin and morrhactin act independently of each other. As
z matter of fact our unpublished results relating to growth and flowering of Nicotiana
vzniculata suggest that ir their mode of action morphectins probably resemble more %o
eynicetic substances like Z,4-D and TIBA. Recen:t resulte of TOGKONI et al. (1967) as
well as KRELLE and LIBEERT (1967) siso indicate that morphactins might affect auxin
cetabelism. The gross morphological effects observed in the present investigation are
zleo not unlike those shown by Z2,4-D and TIB4. However, until further experiments have
been carried out no definite orinion cen be put forth regarding the exact site of
action of morphectins.
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Chromosome numbers in Aresbidopsis species
T.R. GINTER and V.I. IVANOV
(Institute of Medical Radiology, Obninsk, U.S5.S5.R.)

Three species of the genus Arsbidopeis were studied cytologically: A. korshinskyi
BOTSCH., obtained by the courtesy of g. YUNUSOV from the Botanical Imstitute in
Dushenbe, 4. griffithians (BOISS.) BUSCH (A. pumils (STEPH.) BUSCH ?), and A.wallichii
(3.D. HOOE.) Eﬂﬁﬁﬂ, toth obtained by the cour%esy of E.YA. RAZHIVINA from the Botanicel
Institute in Leningrad. Standsrd squash preparation technigue wae applied.

In all the species mitosis was studied in shoot tip cells and in young sepsasls. In
some cases mitosis was also studied in leaf meristematic cells (A. korshipskyi) and
in root tip cells (4. griffithisna). Besides, meiotic preperations of pollen mother
cells and tetrades im A, korsninskyl and A, griffithiana were also examined. The

following chromosome numbers were found: A, wallichii 2n = 16,
L. griffithlana 2n = 32,

A, korshinskyi 2n = 48,
It is to be mentioned, however, that in some of the examined cells the chromosome
numbers deviated from the above given ones by +2.

Indirect measures of embryc development in interspecific crosses
Brigitte BERGER
(Institute of 4gronomy and Plant  Breeding, University of Gottingen, Germany)

Ahccording to MULLER (1963) the testa of the Arabidopsis seed colours brownish as
soon as the pollen tube enters the embryo sac. Tris discoloration happens even without
embryc development, but only after fertilization. ¥ithout fertilization the ovule
collapses into = white mass of tissue. For an early determination of seed setting as
well as for analyses of the basis of interspecific incompatibilities beiween species
related to Arsbidopsis this character proved to be of speciagl interest. Silique
elongstion was included into the following study on indirect measures of seed development.

19 different species of the genera Arabidopsis, Cardaminopsis, Arabis, Cerdamine,
Sisvmbriur and Turritis were combined in 194 different crosses {for deteils cf. DERGER,
T968). 1n most 0F tne combinations the siliques started ripening under the prevailing
culture conditions 3 weeks after pollinstion. At this time the colour of the ovules
and the lenth of the siliques were determined and simultaneous paraffin prepzrations
were examined.

The results demonstrated a close correlation beiween tes ta coloration
and the stage of the embryogenesis. It was possible to distinguish the following 5
different types of seed development:

1. The ovule is collapsed to a wnite mass of vissue - the egg ceil is unfertilized;

2. the testa is light brownish, and only in the region of the chalaza dark brown -
tightly coiled pollen tubes may be observed in the embryosac of some ovules
(3 weeks after pollination!); in other casss enlarged "zygotes" or proembryos with
up to 4 cells are found in the paraffin sections;

3., not only the size of the ovule, but also its dark brown colour is similar to that
of normal ripe seeds - the embryo, however, does not pass over the juvenile stage
0f a globular embryo;

4. the outward appearance equals to the foregoing stage 3; the ovule is definitely
not collepsed - the included embryo is "heart-shaped" with the cotyledons
clearly differentiated;

5. the seed is fully developed, its coat normasl brown - the embryo reaches its final
shape.

4s another criterion for seed setting the fingdl 1 eng th o f t he 8 i~
ligque was used. The figure shows the dependence of the silique length on the
number’ of the fertilized ovules. It was interesting to note that the elongation of
the siligque - similar to seed coat coloration - was only induced by fertilization
and independent of any further development of the embryos.

In addition of the results obtained in studies on pollen tube growth (BERGER, 1966;
1968) the compatibility between Arabidopsis and 18 related species was determined with
the 8id of these 3% criteria: ovule coloration, silique length, end final stage of
embryo development.
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(Figure see Page 24)
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Figure: Correlation between length of the siligue and seed setting after interspecific

pollinations of the species Arabidopsis thaliana %a% Cardaminopsis arencsa (b)
Arabidopsis pumila (¢) and Cardaminopsis suecica {(d

Relation of embryo fto endosperm development after interspecific pollinations
Brigitte BERGER
(Institute of Agronomy and Ylant Breeding, University of Géttingen, Germany)

In order to clarify the developmental basis of the incompatibility between different
species within the taxon Arabidopsis 194 crosses were analysed (BERGER, 1968). Ferti-
lization was observed in 1 of these combinations, but only 3% of these cases yielded
fertile seeds. The reason for this failure was investigated. The siliques were fixed
every second day after pollination and paraffin sections were microscopically examined.

In intraspecific crosses the zygote was divided into two cells 2 days after polli-
netion. 4 days later the apical part of the linear proembryo was differentiated into a
globular embryo-"Anlage". Finally 12 days after pollination the embryo was full grown
with the large hypocotyl and the flat cotyledons side by side. Until the sixth day
after pellinetion the endosperm nuclei rapidly increazsed in number. Then the endosperm

changed into ihe cellular state and was slowly reduced until its entire disappearance
at about 12 days after pcllination.

In interspecific combinations the same developmental processes were recorded, but
with varying temporal delay. Irn no case wmorphologically abnormsl embryos were found.
The normal seguence of sBtages seemed to be blocked at different steps. Unexpectedly,
however, the endosperm development was not reterded after interspecific pollinations,
but followed the regular pattern. The maximum endosperm was observed 6 days after
pollination, its btreakdown at about 12 days. Tkis means that the development of the
endosperm and the ecbryc sre independent from each other. In intraspecific combinetions
both are synchronized ond the embryo enlarges at the expense of the endosperm. Hybrid
erbryos, however, are rnct full grown before the endosperm breeks down and their
development, therefore, is blocked at about 12 days after pollination. In those com-
birations, e.g., Arabicorsis pumile x Arabidopsis thaliana or Arabidopsis pumila x
Sisvmbrium altissimum, ir wnicn tne embryo resched more than 0,1 mm in length, cul-
Tures on 0,67 agar [minersls and 2% suerose after BOUHARMONT (1961) + 0,2% yeast
extract] were successful.

keferences:
BEXGER, B.: Beitr.Bicl. 1flanzen, in press, 1968
BOUHATRCHNT, J.: Euphytica 10, 283%-293 (1961)



Genetically determined differentic] recombingtion i) thie two sexes
G.P. BEDEI
(Department of Genetics, University of Nissouri, Columbie, Mo., U.S.4.)

The peculiar Gf factor irn linkage group 2 decresses the recombination freguency in
s chromosomal region of the female (REDEI, 1965). It has been observed furthermore
that from 520 pollen grains tested, only 166 (31.9%) carried the gametophyte factor
(Gf), while none of the functional eggs transmitted GI. Tests on sdditional 1794
chromosomes of the male gametophyte demonstrated & %%.9% (611) transmission of GT,
while none of the additionel 647 female second chromosomes were abnormal, thus
agreeing with previous observations.

Table: Difference in recombination frequency in the two sporocytes in the presence
of factor Gf. Constitution of the Gf carrier was Gf + py/+ hy +

No. of chromosomes Kecombination frequency in region

tested &f - by Gf - py by - py
Male 1749 21.7 26.5 6.5
Female 647 12.3 16.0 4.3

Reduction in the
female (%) | 43.3 39.6 33.8

In the present experiments recombination waes studied in three regions with
Gf + py/+ hy + plants. Results summarized in the table demonstrate that the crossing
over reducing effect of Gf in the female is polarized. The reduction is greater in
the immediate vicinity of the factor than in distal regions. The presence of Gf in
the microsporocyte does not appear to have an influence on recombination.

Recently obtained other lines of evidence seew to indicate that of the three
markers used, Gf 1s proximal tc the centromere. Thus the sex differential recombina-
tion in Arsbidopsis is similar to that observed by RHOADES in chromosome 5 of maige.
That particular chromosome, however, did not display the peculiar behavior of the Gt
carrier, i.e., the complete absence of female transmission. Both genes may be situated
in the heterochromatin, since Arabidopsis chromosomes are also heterochromatic in the
vicinity of the centromere.
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Inheritance of lethal chlorophyll mutants in tetraploicd Arabidopsis thaliana
J . BOUHARMONT and J. Van Den HENDE
(Institut Carnoy, Université Catholigue, Louvain, Belgium)

Arebidopsis thaliena is a suitable material for the laboriocus stuuy of teirasomic
inheritance because of its well known biclogical characteristics and the following
three features as well: (a) the eassy production of tetraploid strains which are highly
fertile (BOUHARMONT, 1965), (b) an efficient induction of numerous mutations by the
l-methyl-3-nitro-l-nitroscguanidine (XULIER and GICHKER, 1964) znd (c) the possibility
of using lethal mutations via the embryo-test of NULLER (1963).

lutotetraploid plents, heterozygous for chlorophyll mutations, have been obtained
by two ways: (1) treatment of = tetrapleid strain by KNG (l-methyl-3-nitro-l-nitro-
soguaniéine) znd (2) chromosome doubling of a diploid offspring contzining plants
heterozygous for these mutations. The colchicine treastment was performed by placing
a drop of 2 0.1 .. solution on the apical meristem of seedlings. For the induction of
muteticns the seeds were presoaked in water (24 hrs) and treated in a solution of
NG (C.0& g/1; 24 nrs).

{(2d 1) In tetraploid@ individuals the KNG treatment produces triplex heterozygotes.
The Mo-gzenerastion (cbserved at the embryo stage in the siliques of the Mi-plants)
contains duplex, triplex and gquadruplex genotypes in a proportion of 1 : 2 : 1 (if
chromosome segregation occurs). These three types of embryos are green and viable.

In tke liz—-generation the duplex plants segregate into quadruplex, triplex,
duplex, £implex and nulliplex genotypes irn a preoportion of 1 : € : 16 : 8 : 1. It is
necessary to observe a lar.e number of seeds, since only the one nulliplex out of 36
individuals is homozygous recessive and phenotypically mutant. Noreover, only a maximum
of 25 % of the Mo-plants is of the duplex type and the actual nuzber of heterozygous
ip-plants ie always lower because of the chimeric nature of the ¥qi-plants after mute-
genic seed treatment. - The seeds collected on duplex Mo-plants were sown. But it was
only in the siliques of K=z-plants (containing the M em%ryos) that an adequate propor-
tion of lethal mutants wué recovered. Especially thé s implex Mz-plants

(& out ¢© 36) theoretically give rise to 25 ¢ nulliplex lethal embryos. In some instan-
ces the number of white embryos corresponded to simplex or duplex segregation ratios,
but in other cases they were lying between 1/4 and 1/736.

(2d Z) It is easier to produce heterozygous tetraploids by irducing the mutation
at the 2iploid level. This method zlso allows to compare the transmission of z same



¢ levele. The seedlings, treazted with cholchicine, were

£ Cijicid plant, segregating asbout Z5 % white exbryos (ths

m zore than §,000 embryos om seversl plants for two genera-
tione, was 24.% %). The greern plante of the colchicined populetion thus eontained

about €€ ¢ heterozygotes, yielding duplex typee after doubling of the chromosome num-
ber. Tetraploid plants were detected in the following generation by the number of the
germinetion pores and the eize of the pollen greine, Among these tetrapleids, % plants
were found with a rate of lethel embryocs not significantly differing from 1/4 (simplex),
8 with & rate approsching l/Bé(duplex?and 11 without white seeds. The total percentages
were 21.97 for the simplex and 3.39 for the duplex rlants. These numbers did not deviate
significently from the expected figures (25.00 and 2.78 %).

In the following generation the offspring of two of the supposed simplex types was
studied. In the first instance, 9 plante corresponded very well with a simplex segre-
gation ratio (2%.43 % lethal embryos) and 3 with & duplex type (2.83 %). The second
offspring contained about the expected number of durlex plants EIO out of 18) with a
normzl proportion of lethals (3.10 %), but the rest cf & plants, supposed to be sim-
plex, gave a number of white embryos (19.0% )) significantly too low.

Further studies are necessary to explain several unexpected ratios and to compare
the transmission of the putations et several polyploidy levels, It will then be pos-
sible to estimate for some mutations the relative frequencies of chromosome- and
chromatid- segregation. Some ¢f the deviating segregation ratios may alsc be caused

by & lower viability of those embryos containing higher doses of the recessive mutant
allelesn,
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Pigment concentratior and rthotosvnthetic activity of some chlorophyll mutents
of Arebidopels ihalizns :

4.G. EASYANENKC and Yu.S. FaSYROV

(Irstitute of Zlant rhysiology and Riophysics, Taiik Academy of Sciences,
Dushanbe, U.S.8.R.

Chlorcphyll mutants of irabidopsis thaliana are suitable materizl for investigations
on gene action., In the present study the following non-allelic recessive types were
used: chlorine 80/2, dark green 20%/13, light green 80/1, viridoalbina 40/3, green
with yellow spots BC1/6€ | of trkem induced by #~irradiation, 10-80 kE, of seeds),
the mutants V 156, V 44, 0 and V 24/3 (kindly surplied@ by Prof. G. RUBBELEN,
nittincen). and the rutant zl. (rrevided by Dr. K.V. KVITKO, Leninrresd}.
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inese CLAOrOphyli DULENTS WETE grown auaring tne suitumn and willer sSeasdn in a
greenhouse with a light-reriocd of 12-14 hrs and s terperature of 156-259C. Leaves of
rosettes before flowering were used for analysis. The pigment concentrations were
determined after paper-crromatographic separation (SAFOSCHNIEOV, BRONSTEIN, and
KRASOVSELYA, 1855). The "rotential intensity of photosynthesis" was studied with C'40,
(ZAIENSKY, SENIEATOVA, and VOZNESEKSKY, 1955). This pzrameter signifies the intensity
of photosynthesis irn the lea?, when light, COz-concentration (1%, temperature and
some other factors azre oriimel.

Table: Tigment concentration and potential intensity of photosynthesis
ir chlorophyll mutants of Arebidopsis thelians (L.) HEYFRH.

Figment 4 /g fresh weight

mg CO, per
Genotype Chlcrophyll Cerotene Lutein Violaxan- total | g dry weight
! a b thine per hr
Wild type (En-2) 52¢€ 382 28 54 30 102 240 + 10
Chlorina BO/2 436 18% 23 32 24 700 230 + 10
Grinlich gelb V 156 280 124 28 5 13 480 220 + 15
Dark 203/13 fo811 384 68 89 37 1389 195 +
Green with yellow
spots 801/6 . o282 3%8 32 45 22 716 196 + 10
Virescence BQ/1 . 382 562 42 G 28 1074 1897 + 15
Grinliecn V 120 . 384 182 17 29 13 625 182 + 7
Grinlich gelb V 44 267 &0 39 11 17 344 162 ¥ 24
Glucosz gli [ 182 24 36 26 592 138 % 5
Grinadrig V 24/% | 266 149 24 39 16 4G4 134 3 2
Viridoalbina 4C/3 + 334 150 17 41 2g 571 50 + 5
The tzble Jdemons tes complex effect of mutant genes on the photosynthetic
arpa om T T rutarts the concentration of plastid pigments is
decr reased. Simultanecusly the morphology of the plastids
ig a €73 KASYARENEO snd TIKOFFEEFF-RESSCVSEY, 1967). In
cons es in pigment concentrztion and plastid morphology the
phot leaves and thus their rhotosynthetic activity is
chen LLER, 12€7;.
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Therefore the indices for the "potential photosynthesis" are different in the
mutants. Just so the relative efficiency of the chlorophyll unit, i.e., the “assi-
rilation number", is varigble., Many of the chlorophyll mutants are characterized
by & comparatively high "aseimilation number", Only two mutants, darkgreen 203/13
and viridoalbima 40/3, have a low "assimilation number®.
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Existence of RNA-transmethylase in Arsbidopsis
M. ABEELS
(Laboratoire de Cytogénbtique, Universitk Catholique, Louvain, Belgium)

The existence of the RNA-transmethylase enzyme in A, thaliana was tested by using
8RNA extracted from s mutant of E.coli, strain K 12-58/7161 F-, which synthesized RFA
in  the absence of methionine (BOREX and RYAN, 1958). The epzyme mediates the incor-
poration of methyl groups from S-adenosylmethionine-methyl C14 into the nuclectides
of the sRFA. The enzyme activity was measured on the baeis of the radiocactivity ap-
rearing in the sRNA after incubation with the enzyme. The sRNA was then hydrolized
and submitted to electrophoresis. The experiments demonstrated the existence of
transmethylase in A.thalianas. It was also found, that the four main nucleotides from
B.coli were methylated to a different extent, when submitted to the action of the
Transmethylase of A.thaliana.

Experimental procedure: The sRNA from E,coll was extracted
following the method of LNONIER et al. (1960) end KIRBY (1956); The purification was
made by chromatography on DEAE-cellulose. The plants, 5 weeks old, were frozen and
homogenized. The medium for the extraction of enzymes contained: 0.1 M Tris buffer,
pH 7.2, with 16 mM MgCl, , 20 mM potassium-metabisulfite and 0.45 mM sucrose (ANDERSON
and ROWAN, 1966). The assay mixture for the methylation consisted of 1 AN MgClo,

2 al 2-mercaptoethanol, 10 uM triethenolamin buffer, pH 8.8, 10 mull C'%*~CHz-S5-~adenosyl-
methionine, 100 mpuM nucleotides is methyl deficient sRNA, and sufficient enzyme to
incorporate at least 1 bl of ¢! -CHz groups (BURWITZ et al., 1964). After incubstion
for 20 minutes at 38°C 5 all sodium pyrophosphate, 0.05 ml of 0.5% bovine plasma al-
bumin, and 0.2 ml of 7% HC104 were added and the insoluble material removed by
centrifugation. The pellet was resuspended and washed twice again. One part from the
washed pellet was dissolved with 1,5 ml of 0.2 M NH,OH, decanted on metal planchets,
dried and counted. The other part after hydrolysis of the sRNA was submitted to
electrophoresis with pyridine acetate buffer, pH 3.6, at 2000 volts. Fucleotides were
localized in the UV-light and the radiocactivity counted.
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Complementing alleles as & cause of zpparent reversion of pyrimidineless mutants
Beatrix I. Van Den BERG and W.J. FRENSTRA

{Department of Genetics, Agriculturel University, Wageningen, and
Institute of Genetics, The University, Groningen, The Netherlands)

The studies on reversion of pyrimidineless mutants in Arabidopsis were continued
{pee the previous report: Van Den BERG et al., 1967), and e hypothesis was tested
that growth of a revertant is due to interallelic complementation between the original
mutant zllele (§1) and an allele that has undergone a further mutation ). In this
conception the letter allele when present homozygously would lead to a deficient
phenotype. The roughly 50 # deficient plants found in lz- and further generations of
selfed revertants then should for equal parts be composéd of py gz and E%E C. When
crossed to the original mutant (py ) the former should give & deficient, and the
latter a (semi-) wild progeny. Crossing of non-deficient plants from the afore-
mentioned segregaeting generations by the original mutent line should result in pro-
genies, segregating deficient to non-deficient in a one to one ratio.

FPive revertant lines were tested in this way, the results are given in the follow-
ing table. In order to select the deficient plants from segregating femilies, seeds
were sown on a mineral medium. After the phenotype of the parents had been established,
growth of deficient plants was restored by supplementation of the medium with thiamine.
This supplementation had to be carried out at an early moment in order to obtein well
growing plante required for crossing purposes. Because of this a rather large number
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of plants had not reached the developmental stage necessary for distinction between
deficient and non-deficient, and hence could not be scored.

Revert- (Origin=zl Segregation in Progenies from
ant mutant families tested s s original non- original
allele deficient x " rint ! deficient * mutant
defi-~ | non-de-!no deficient*non- nr. of nr. of plants
cient|ficient|score deficient* | progenie
Kefi-| non~de-|no
cient! ficient|score
V 4% R1| py-2) 189 189 184 47 56 24 277 189 51
V 163 R1] py-1l4 356 366 53 30 58 13 212 199 27
V 446 R1 py-z15 60 66 50 16 8 10 232 151 26
V 462 R1) py-1 45 49 7 19 12 7 117 110 39
vV 632 R1| py-112 | 113 37 24 2 4 6 67 64 8

*

411 homogeneous.
** 411 showed segregation in deficient and non-deficient plants;
the totals per revertant are given.

The data show that two types do occur smong the deficient plants, although there are
rather large devietions from the 1:1 ratio. However, differences in recovery from the
starvation period between the genotypes may account for thie. Some of the segregating
progenies show an excess of deficient plants, which ie difficult to explain at thise
moment. Because of their nature we would like to call the alleles arisen by a second
mutation "complementing alleles", and refer to the homozygous deficient types as
"complementants".

These date then may be taken as to support our hypothesies outlined above, although
they do not exclude an alternative hypothesis of an external suppressor, acting only
in heterozygous condition. However, results of crosses of complementants to pyrimi-
dineless mutantes other than the parent line do not support the latter poesibllity.
As has been reported previously (FEENSTRA, 1964), mutant =lleles of classes py-1 and

-2 show between-group complementation. E.g., V 462 and V 43, when crossed give a
seml~wild Fq. Thus, if growth of revertants were due to the action of an external
suppressor, one would expect that the complementant from V 462, in which then the
unchanged py~-1 allele would be present, would complement with V 43, which is py-2,
and, in an analogous way, the complementant from V 43 would complement with V 46Z.
Both F1's were made, but turned out to be deficient. This is indicative of changes
in the py-1, resp. py-2 alleles themselves, or at least of changes in the py-region,
if -1"end py-2 wou turn out to be two different cleosely linked cistrons.

In cur hyrothesis, greowth of revertorie and conparatle byoog omos creddorgd
as an extreme case of heterozygote superiority, or monogenic heterosis. Compared wich

the parent allele, & complementing allele would differ from it in one Bite only,
assuming that we are dealing with point mutations.

In microorganisms interallelic complementation is & common phenomenon, but is
thought to involve alleles differing in two sites. The occurence of complementation
between alleles differing in one site is not excluded, but must be much more diffi-
cult to find, since complementation tests are necessary. In a diploid organism like
Arabidopsis a corplementing allele is selected for in the presence of ite parent
allele, end will show up immediately after mutagenic treatment. - The work is being
continued.
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Temperzture-sensitive, thiamine-reguiring mutants in Arabidopsis
S.L. LI and G.P. REDEI
(Department of Genetics, University of Kissouri, Columbia, Mo., U.S.A.)

LAKGRIDGE (1955) isolated first one temperature-sensitive, thiamine-requiring
mutant of Arabidopsis thaliana. Its phenotype is not distinguishable from that of the
wild type &t temperature above 279C. At lower temperature (18-23°C) the mutant plants
fail to grow normally and become characteristically chlorotic. - The majority of our
thiamine mutante are obligate auxotrophs that live only with an exogenous supply of
thiamine. A few can grow to variable extent without thiamine under certain ranges of
temperature and zre said to be temperature-sensitive,.

Three types of pyrimidine mutents show different responses to temperatiure. One
mutant type (L—2~2§ obtained through X-ray induction on unmarked background is lethal
at higher temperature (28°C), but at lower temperature (15°C) its growth approaches
that of wild type after a lag period. Another mutant (I~13-412) produced by EES on
al (white seed) background shows just the opposite response to temperature, lethal
2t lower tempersture yet normal at higher temperature. The third pyrimidine mutant
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[(L-12-59), EMS induced on gl (hairless) background], is gquite similar to the second
type described sbove. This third is lethal et lower temperature, but sub-~vital at
higher temperature. All of these three types are allelic and belong to the same Jocus
a8 several tempersture insensitive pyrimidine-requiring mutants. These pyrimidine
mutants, though allelic, have opposite responses to temperature indicating that
they represent different genetic sites of the pyrimidine locus.

Table: Temperature-sensitive, thiamine-requiring mutants in Arabidopsia. The plants
were grown on minimal agar media (2% glucose and mineTrals) in aseptic test
tubes. The light intensity was about 450 foot candles. The experiment at higher
temperature was terminated after 28 days, at lower temperature after 56 days.
The fresh weight is the average of arouni 18 ( 16 - 20) plants.

Mutants Requirement Avergggcfresh we}%gg (mg) l 1500/289¢C
wild type none 37.39 73.69 1.97
L-2-2 pyrimidine 2.10 16.43 7.82
L-13~412 pyrimidine 2%.29 1.20 0.05
L-12-59 pyrimidine 16.40 4,02 | 0.24
L-12-107 thiamine 29.40 11.3%6 ! 0.39
1018-16 thiamine 40.10 g.16 ] 0.23

Another thiamine mutant [(L—12—107) induced by EMS on gl (hairless) background]
shows similar response to temperature as one of the pyrimidine mutents. This mutant
is semi-lethal at lower temperature but grows almost like a wild type at higher
temperature. This thiamine mutant is allelic to LANGRIDGEs thiamine mutant %1018-16).
Reference:

LANGRIDGE, J.: Nature 176, 260 (1955)

Functionally different, allelic im mutants
_ G. RUBBELEN
(Institute of Agronomy and Plant Breeding, University of Gottingen, Germany)

The variegated mutent im (im!) was obtained by REDEI (cf. 1965, 1967) after X-irra-
diation of presosked seeds zs a_rare event. Just so in our mutation experiments with
{-rays only a single im type im28) within eabout 50,000 Mo families was found. After
treatment of seeds or pollen wi alkylating agents (ZMS, ethylene imine or ethylene
oxide), however, 64 new im mutanis were observed in 22,347 M% families, i.e,, over

100 times more than after the use of radiations. No im mutant ever appeared spon-
“aneously.

0f the total number of iz mutants (some of which were sterile or otherwise impaired)
31 separate lines could be established. These can easily be grouped according to their
light sensitivity (cf. RVBBILER, 1968) into at least three classes g§ phenotypes: the
first class, includ%ng 2% mutants is characterized by the mutant im-’%, the second
with & types by im2%, while the third with the prototype im24 contalgs the remaining
2 mutents. The table demonstrates that undeg the same illumination im rosettes are
almost white, while simultaneously grown im 45 plants are rather green and im>b indi-
viduals intermediate. Thouz: all of our mutants originated from the same genetic line

Leaf colour 5f different im mutants under identical culture conditions

% seedlings with colour of cotyledons | 4 chlorophyll
utant per g fresh-weight
white |[550% white!>50% greenI green  |in full grown rosettes
im! 75.5 18. 4 6.1 0 189.3
im52 89.0 7.7 3.3 0 162.8
im26 10.6 59.6 28.7 1.1 348.2
im45 5.7 27.3 46.6 20.4 529, 4

(En-2) and proved to be allelic without exception, it now needs to be tested, whether
their functional differences are due to a change of different "mutons" within the
same gene or to different extragenic modifyers.
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Many thanks are due to Dr. G.P. RﬁDEI, who generously supported these investiga-
tions in his laboratory during the tenure of a Visiting Professorship of the
author at the University of lissouri, Columbiz, Mo., U.S.A.



vyic analyeis of induced mutations for flowering time and leaf number
1n Arabldopsie tnallang
H.4.5. HUSSEIN* 2nd J.HE. Van Der VEEN

(Department of Genetics, University of Agriculture, Wageningen, The Ketherlands)

. The very early variety "erects", which is an X-ray mutant from Landsberg (by
REDEI), flowers after 22-25 deys with 6-7 rosette leaves. From this 'line C', an
EMS mutant was derived by BHATIA and Van Der VEEN (1964), which flowers 5-6 days
later znd has 6-7 more rosette leaves. This 'line 51' hes now been found to differ
from 'line C' in a single partially recessive gene., After seed vernalization, 'line 51
(9381) closely resembles 'line C' (E1E4), which does not respond (HUSSEIN and Van Der
VEEN, 1965). Both lines were subjected to large scale selection experiments after EMS-~

or X~ray treatments. No selections earlier than line C could be obtained. This is in
accordance with BHATIA and Van Der VEEN (1664).

The folowing groups of mutants were obtained. All these mutants were identified as
single gene mutants, but tests of linkage or allelism have been only done withbhin
groups (4, B, etc.). It should be noted that only fully fertile and vigorous mutant
lines were selectéd, and that these were only crossed after Mg:

(4) Late mutants with large effect, i.e., flowering at least 10 days later and
having =2t least 10 rosette leaves more than the parent of origin: These are 3 about
completely recessive Ell-mutants (e3e2 from line C; e4e4 and egeg from line 51) and
1 BMS-putant with an intermediate heterozygote (e3e3, from line 51). A 6 x 6 Fp-diallel
{and backcrosses), including lines C and 51, showéd that all mutant genes are at dif-
ferent loci and only Esz-ez and Eg-e4 are rather closely linked. It is interesting to
note that these latter two mufants show relatively little response to seed-vernaliza-
tion, and show the szme t:re of genotype-season interaction. All other mutants men-
tioned in this paper (except 1slsz; see later), give complete or nearly complete
response tc vernalization.

(B) Late mutants with relstively small effect from line C: These are 3 partially
or sbout completely recessive EMS-mutants (1 1., 1212, 1313), and 3 partially dominant
or nearly completely dominant X-ray mutants }11X1, XoXp, XzXz). A 7T x 7 Fp-diallel
(including line 51) 8howed that among these Ej~eq (the C~5? Eocus) and Xp-xp are
closely linked, znd that 13-13 is probably loosely linked to these two.

(C) Late mutants with relatively small effect from line 51: In this group we have
1 partizlly recessive EiS-zutant (egeg) and 1 completely recessive X-ray mutant (eze ).
Tnese two loci are probably closely linked, but no linkage to E;-eqy could be detec ez.

(D) Barly mutants from line 51: None of these is 2s early as line C. These are
artielly or almost completely recessive ElS-mutants (v1v1, v2V2, vivsz, ¥ v4) and
artielly recessive i-ray mutants (vgvs, vgvg). 4 7 x 7 Fp-diallel %incluging line )
evealed that, gf'Fhese loci, Vg-vg is either very closely linked to Ej-eq, or vg is
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(E) L second-cycle selection programme (after ZlS- or X-ray ireatment) was started
with one late mutent from line C (viz., @*82). 0f the 2 early EX¥S-mutants obtained,
one (R4Rq) is dominant towards early and has a relatively small effect, the other
(RpRp) shows an intermediste heterozygote and nas a large effect (halfway between
line C and esealR1~r1 end Ro=-I2 gre linked to each other but not linked to Ep~ep. It

should be nofed that R4 is the only dominant ENS-mutation (which in this case is
towards early).

One of tre muin objectives of this study was to identify single gene segregations
and lirkaze relationships for a character which often appears to show typical gquan-
titative inheritarce. Further details can be found elsewhere (HUISEIN, H.A.S., Pn.D.
thesis, .Jageringer, in prepcration).
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* On lesve from the University of Cairo

Detection of induced lete mutants in the early race Dijon
J. ¥ulErs
~ . N . Yo s _ .
(Derertirert of jenetics, lurkyne-University, Brno, Czechoslowakia)

lizetion requirement were induczd in the early race Dijon
{1365), In our experiments Mp-populations of this race
with N-methyl-l-nitrosourea (XU) and g -irradiation

under continucus illumination (1250 Lux). These con-

the detection of induced vernalization requirement.
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g to 13 daye gfter germination all of the untreated control plants showed rosettes
with 4 leaves and flower primordia. In Mpo-populations, however, many plants were

found with a considerably longer vegetative
leaves. As the time until the appearance of
with the number of rosette leaves, only the

Lfter g ~irradiation 73 late Mo-plants (=
Mi-progenies. After MU-treatment 124 out of

phase and a higher number of rosette
flower primordia was strictly correlated
latter was evaluated.

7.1%) were registered in 44 out of 100
624 Mp-plants (19.9%) were definitely

later. The number of plants with one or more additionsl leaves is given in the
following table:

Total | Additional leaves [Total late
Treatment‘ ¥y-plants +1 +2 +3 i VfSO-__I"plants
f -Tays 1031 | 65 ( 6.3% 6 (5.8%) | O b2 (0.2%)] 73 (7.1%
624 88 (14.1%3 28 24.5%3 8 (1.3%) | 0 124 €19.9%3

A1l together & slight developmental delay - egqual to the middle early natural
races - was induced in 195 plants (11.8%), while 2 plants (0.1%) were drastically
changed and similar to late races with vernalization reguirement.

The progenies of the selected late Mo~-plants were investigated under the same cul-
ture conditions. Because of this cultivation technique, however, the number of seeds
harvested in Mo was comparatively low. Therefore, only 81 progenies with 6 or more
plents could be evaluated in the Kz-generation. In 13 progenies (16:!) the recorded
developmental delay of the Mg~plan% proved not to be genetically fixed; but in 68
progenies the changed phenotype reappeared. 58 progenies of the latter group segre-
gated in respect to lateness, while 8 progenies (9.9%) were uniform. In the segre-
gating group, besides the phenotype of the Mp-plants, there were (a) plants identical
with the control in 43 progenies (53.0%) and (b) plants with larger developmental
delay than in K, in 7 progenies (8.6%), while (c) 8 progenies (9.9%) were highly
variable including the original Mo-types and later plants as well. (d) In 2 progenies
(2.5%) all of the M3 plants were iater compared toc the Mo. - The correctness of the
classification in Mz was examined in a Mj-generation cultlvated under the same con-
ditions. The high number of segregating progenies in the Mz points towards the com-
plexity of the genetic control of the number of rosette leaves and the possibility
of verious types of mutation in this typically developmental feature.
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On radiostimulation of flowering in Arabidopsis thaliana
J. SANUEL and C.Z. ZANRA
(Laboratory cf Radiation Biology, Dalhousie University, Helifex, N. S., Canadsa)

In an earlier report JEFFREY (1966) reported sjignificant gtimulation of flowering
in Arabidopsis thaliana after incerporation of sr90 and Cs 137, Tre stimulation was
considered =8 & radiation effect since it was also induced by acute exposure of dry
seeds to gamme rays.
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In & prelimingr riment invelving acute gamrma Irradistion of wvegetative atages
1t nas been found ot on flowering is sti ed but it seems to be of a higher
megnitude than wi seed irradiation. - Geeds wore planted in test tubes on VELE-
KINSYY s medium an “r under constant ;Llan¢naticn of 40 W cool white fluorescent
lomps a2t 25 L 16¢g lanted seeds were given a ¢ day cold ‘”ﬁatment at 4°C before
transfering to the growih room. A4 doge of 1000 rads from a Cs '~/! gamma beam was used
and the material was irradiated at the same time on different days of growth:

(1) Dry seed irrséiation on agar medium, (2) seeds irradiated on '0' day of growth,

i.e., after the cold treatment, (3) young seedlings irradiated on the 4th day of
growtn, (4) seedlings irradiated on the 7th day of growth, (5) seedlings irradiated
on the 9th day of growth. The growth and flowering of the treated plants was compared
with that of controls and is presented in Pigure 1.

There appears to be a pronounced stimulation in flowering zfter radiation exposure.
Purthermore, the stimulation in floweriub is apparently greater when seedlings are
irrazdizted as compared %o dry seed irradiation. In ithis experiment the most effective
treatment was an irradiztion of 4 day old seedlings. The totazl time required for 100%
flowering in this treatment (3 days) also appears to be very short. - This preliminary
ekpe*lEEHt is being repeated at present. But positive radiostimulation of flowering
seemz tc be of rather general occurrence in A. thaliana.

Keference:
JEFFREY, D.P.: Arabid.Inf.Serv. 3, 11 (1966). For details cf. L.Sec. thesis, Dalhousie
University, Halifax, X.S5., Canada, 1966

Liutations induced with z bzse analog
Y. HIRONO and H.H. SKITH
(Ficlogy Department, Brookihaven liational Laboratory, Upton, L.I., N.Y., U.5.4.)

3

An effort was rode to induce umutations in nr°bidopsis thaliana with a DNA base
snalog by growing plants in a medium (mineral nutrients + dexirose + agar) inte which
5-bromoieox —CJtlulnE was incorporated. Wild type seeds were sterilized with calcium
nrpocrlorite, sown sinzly on the agar medium in a fest tube, and the plants (¥i-gene-
rztion) were grown under well-controlled conditiong in a growth chamber. Mature seeds
were hzrvested frox each plant, whose progeny (Mo-zeneration) was then tested with
avout o ¢ ‘n on s0il in a pet kert in the greenhouse. For progeny tests of the
next su generatiocn, se=z narvested from plants grown in the pots were used.

Ir Zor about 1000 plants of the ¥y-generation.
ATONZ for albino lethal mutants and one for yellow-~
green ratios of wild type : mutant in each of
these 3:1, thus Lndlcatlnz that the h}»blantb were

., ey
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¥

LI - LT I Lo, Tano TTngony tel
ticn snowed that each xnece mutzants is C“nt”Oll“d by a s“nale mendellan ‘fecessive
gene. lkore plant ;rogen*es are being tested and several additional families have
recenily been found which searebate for other mutants in the Mo—gene*atlon. Mx-progeny
tests have not yet boen completed For these families. - As conirols about 1008 plants
were grown in test tubes containing the agar medium without base analog added. These

were progeny tested and no mutants were found.
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Some slowi-growing ("laggari") plants were observed fto occur in both the lip-genera-
tiorn and corresrnornding ccntrol families, though their frequency was much higher in
tne Forzer. Preliminary progeny tesis inlicate that the laggaris were at least not
due to single mutations. It seems likely that they developed from abnormal seeds which
f.ad been physiologica l‘" affected by the bzse analog or particular environmental
condition under which the parental plant had been grown.

Xeseazrch curried ocut at Brookhaven legtional Labtoratory under the auspices of

tne T. S, Atomic Energy Commission.

Presumptive eviidence the extrachrowosomal nature of lzzzard mutants induced

oy 5-bremodeoxyuridine
¥. JACCBS

(Latoratory of Jenetics of Higher Ilants, Free University c¢f Brussels, Belgium)

Ir z rrevious note [arabid.Inf.Serv. To. 4) = hypothesis of an extrachromosomal
basis oI S-bromodeoxyuridine zetivity tazs been expresse*. based on the high fregquency
and specificity o°f induced riants. Tor teasting the validity cof this hypothesis, re-
ciprocel crosses hetween viable laggardes obtained in a ?4—pro:ang from plants ireated
by B-bromodeoxyuridine ntrol plants have beer made. Laggzrd plants chosen as
parents are issued Iror ieg tnet inciude a high freguency of lethal and viable
loeggeri seedlings.

Tr.e tzble shows that of the progenies cut of 12 crosses between laggard ovules

control pollen, 11 gave laggard plants, lethal or viable. In progenies issued
tre re01n”00“ g all plart yphenotypes ar2 normal. srguments for the exira-
xeredl*" are thus 3 in number: (7) differences observed bheiween
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reciprocal crosses, (2) apecificity and high frequency of variants, (3) persistance

of megregation in the progeny of lagzard types. -~ The physical basis of the phenome~
non is unknown.

Table: Phenotype distribution in the progenies of reciprocal crosses.

Laggard ¢ x normal & Normal ¢ x laggard ¢
No. of Viable Lethal Normal No. of Viable Lethal Normal
crossing laggard laggard crossing laggard laggard
1 1 1 9 1 - - 4
2 - 2 6 2 - - 9
3 - 3 3 3 - - 11
4 - 1 1 4 - - 12
5 4 3 18 5 - - 18
6 4 - 6 6 - - 3
i - - 2
8 - 1 3
g9 2 2 4
10 - 3 4
11 - 1 6
12 1 1 7

Study of the incorporation of 5~bromodeoxyuridine intoc the DNA of Arabidopsis
by neutron activation analysis

S. BONOTTO, M. JACCBS*, M.C. LONI, 5. Van PUYMBROECK and R. KIRCHMANN

(Department of Radiobiology, C.E.N., Mol, and
(*) Laboratory for Genetics of Higher Plants, Pree University of Brussels, Belgium)

In a previous work (JACOBS and BONOTTO, 1967) we have studied the incorporation of
labélled 5-bromodeoxyuridine (3H-BUAR) into the DNA of Arabidopsis, in different ex-
perimental conditions. It was found that a significant amount of radiogctivity is in-
corporated by the plants when the base analogue is applied to the axils and even more
when it is added to the culture medium. Moreover, the results obtained with aminopterin
and FU4R, two inhibitors of pyrimidine synthesis, suggested that BUAR can replace
thymidine even in the presence of a normal pool of thymidilate. The results reported
by BROWE (1967) seem to be in accord with this hypothesis. In fac% BUAR applied to the
axils of the plants, suppressed temporarily the incorporation of “H-thymidine, leading
without any doubt to the formation of an BUdR-substituted DNA. This abnormal DNA may
lead to-the formation in the cells of abnormal proteins by the intermediary of modified
m-RNA molecules (JACOBS, 1967) and consequently to the appearance of particular pheno-
types, as chlorophyll mutants (JACOBS, 1964) or laggard plants (BROWN, BHATIA, and
SMITH, 1965; JACOBS, 1967).

The possibility remains, however, that Arabidopsis, like bacteria, possesses some
biochemical systems capable to restore the asbnormal UNA, by excision of the analogue,
or by removing the halogen from the analogue (HESLOT, 1966). In order to check this
later possibility we have examined the DNA of Arabidopsis, Wil-2, for the presence of
Br by neutron activation analysis, a technique which permits to measure extremely low
amounts of the halogen (KIRCHMANN, 1960). Preliminary results obtained by this tech-
nique, have shown that the DNA extracted from plants cultivated in presence of BUAR,
contains a significant amount of Br., The DNA of the controls does not contain the
halogen. These results enable us to the following conclusion: The BU4R is incorporated
into the DNA and remains unchanged in the macromolecule. We cannct exclude, however,
that in some particular physiological conditions or for some races of Arabidopsis,

a biochemical mechanism restores the abnormal DNA. In this case no mutants w1§I e
expected. - Detailed information about the exiraction and the neutron activation ana-
lysis of Arabidopsis DNA will be reported in a further paper. ’
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Zvaluation of the penetration and incorporation into DNA of triated thymidine
in Arabidopsis seeds

. k. JACOBS and 3. BONOTTO

(Laboratory for Genetics of Higher Flants, Free University of Brussels, and
Section of Fhytobiology-igronomy, Department of Radiobiology, C.E.N., Mol, Belgium)

There is great interest to know the gquantitative evolution of the incorporation
pattern of tritiated thymidine into the DNA of Arabidopsis meristems, among others
to interprei sensitivity of embryo seeds to mutagens an o determine the lenght of
the mitotic ¢ycle and its main phases. Some preliminary results are here reported.

Seeds of Arabidopsis, #il-2, were immersed in a solution of 3H-thymidine (3 curies/mM:
Radiochemical Centre, Amershams at a concentration of 33 mce/ml during increasing times
up to 48 hrs and placed in an environment of continuous light at a temperature of

24 * 1,59C. After washing, the extraction of acido-soluble fractions and acido-insoluble
fractions has been operated and the amount of radioactivity measured in a secintillation
spectrometer. The results are presented in the figure. These data indicate that after

42.100

41.106 .

Radioactivity (d.p.m./ 150 seeds)
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~ Pigure: Kinetics of the penetration of 3H—thymidine in acido-soluble fractions
) and acido-insoluble fracticns (----) of seeds.

soaking of seeds during 25 nhrs, penetration and incorporation suddenly increase and
reach a maximum ¥ 40 hrs after sowing. The peak would represent the firat wave of
cells that go through the first metaphase. These results correspond approximately to
those reported by RUBBELEN (1965) who mentioned the beginning of DFA synthesis

20~35 hrs and the onset of mitosis later than 36 hrs after the soaking of the seeds.

Reference:
ROBBELEN, G.: Beitr.Biol. Iflanzen 41, 323-
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Effects of actinomycin D on macromolecular synthesis and growth in Arsbidopsis plants
k. JACOUBS and S. BOKROTTO ’

(Laboratory for Genetics of Higher Plants, Free University of Brussels, and
Section of ¥nytcbiology-Agronomy, Department of Radiobiology, C.E.N., Mol, Belgium)

Actinomycin D, which is known as an inhibitor of DNA dependent RNA synthesis
(HURWITZ et al., 1962) has proved to be a useful tool for the study of gene action
(REICH and GOLDBERG, 1964). The morphological and biochemical alterations induced by
this antibiotic on the embryonic development of amphibians and on the growth of
Acetabularis have been studied by BRACHET and his collaborators (BRACEET, 1965). In
higher plants, mitosis in root meristem of Allium cepa is blocked and differentiation
of prevagscular tissue disturbed in the presence of acfinomycin (BAL and GROSS, 1963),

In Arabidopsis we have tested the influence of actinomycin D upon the incorporation
of tritiated uridine (specific activity 760 mc/mM; Radiochemical Centre, Amersham) in
seeds immersed in a2 solution which contained 3H-uridine at a eoncentration of 20 ae/ml
in combination with two concentrations of actinomycin, 50 and 100 ug/ml respectively.
The results refer tc the sum of radiocactivity found at intervuls of several hours in






the acido-insoluble fractions
obtained through & modified
scheme of the procedure of
SCHMIDT and THANNHAUSER (1945).
The figure shows the expected
incorporation into the acido~-
insoluble fractions. A depres-
sion of RNA synthesis appeared
only for the highest concen~
tration (100 pg?ml) of actino-
mycin, 25 hrs after sowing
when the rate of incorporation
suddenly increases in the case
of the control seeds. It is
also of interest to note that
actinomycin inhibits not only
the incorporation but also the
penetration of the labelled
riboside into the seeds.

Culture of Arabidopeis on
mineral medium including ac-—
tinomycin in a range of con-
centrations from 30 to 100 mg/ml
shows in relation to these
concentrations, a lot of per-
turbations, e.g., reduction
of leaves surface, delay in
development, partial bleaching
of the leaves specially for
the young ones and mortality.
This inhibition of growth can
be related to the decrease of
RNA synthesis. Studies on the
effects of this antibiotic on
DRA and protein metabolism
are now underway.

Radioactivity (d.p.m./150 seeds)

Figure 1: Kinetics of the 3H-uridine incorporation
by seeds. control,~~-—— 50 mg actinomycin/ml,
--------- 100 mg actinomycin/ml.

Radicactivity: dpm/150 seeds.
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Photoreactivation of UV-irradiated roots of Arabidopsis thaliang
E. AMANO
(National Institute of Genetics, Misima, Japan)

The recovery from irradiation with wltraviolet light (UV) by posttreatment with
visible light was tested. Because of the weak penetrablility of the UV it was intended
to take advantage of the thin root of the Arabidopsis seedling for studying photo-
reactivation in & higher plant. Measurements were taken of the linear growth of the
primary root after the UV irradiation.

The used seeds were a 1967 harvest of the strain "Estland" obtained from the
Brookhaven National Laboratory, U.S.A. through Drs. A.H. SPARROW (BNL), K. YAMAKAWA
(IRB; and T. FUJII (NIG). Seeds were surface-disinfected in 95% ethanol and 3% HpOp
(1:1) for 5 min at room temperature, rinsed twice with sterilized water, and sown
on 0.8% or 1.0% agar in 9 cm Petri dishes. A pipette was found convenient, as sug-
gested by VEILEMINSKY and GICHNER in this newsletter, for placing the seeds on the
sgar media in lines. Then the dishes were stored in a refrigerator for 24 hrs at
3 - 50C., After this cold treatment, the dishes were stacked together and placed on
a support so that the agar plates were held vertically with seeds lined up horizon-
tally, under the illumination of a 400W high pressure mercury fluorescent lamp




e
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(3,000 1lux) at 20 - 25°C. Seversl lavers of glass [Petri disk walls etc.) were
sufficient to filter out the harmful UV component of this light source, After ger-
mination the roots of the seedlings grew on the surface of the agar streight downward.
‘Yhen they were about 5mm long, they were irradiated with UV from four 4% germicidal
lamps, at an intensity of 200 ergs/mm2/sec as measured by = Toshiba germicidal light
meter., Luminescence from the germicidal lamps was *ighu enough that no safety light
wag used. One group of the UV-irrediated plates remsined in the dark room where the
UV trestments were done. The other group was postireated with wieible light by con-
tinuing the culture under the first type of illumineation. After these treatments,

the dishes were agaln placed vertically, but with 90° rotated, so that the roots grew
downward in a right angle to the parts grown befcre the treatment. The length of this
second growth was measured through the bottom of the dish under a 10x binocular mi-
croscope with a miecrometer.

Table: Photoreactivation of UV-irradiated primary roots of Arsbidopsis theliens seedlings

Experiment| Pretreatment|UV dose range| FPosttreatment Time of Photo-
Ho. tested measurement reactivation
(sec) (brs after UV)
1 light 10 - 600 dark 5 hrs 48 ++
2 light 30 - SO dark 5 hrs 20 +t
% dark 1 hr 5 - 150 dark 6 hrs 24, 48 -
4 dark 60 light 1-60 min** 48 A K
5 dark 30 light 1-60 min** 20 +
light 30 light 1-60 min*=* 20 4y HEEX
6 light 30 dark 5 hrs 20 + or +
26 + or -
7 light 10 - 180 dark 5  hrsrrx* 46 pEEE
g light 30, 60 dark 1-3 hrs 24 +4

* i The dark treatment suppressed root growth considerably; but the relative
growth of the UV-irradiated roots to the non-irradisted ones was better
than after light trestment.

** : Apfter this short light period the samples were kept dark for 5 hrs.
**% : (Considerable variation of root length was observed in the material.
**¥%¥ 3 Thig postireatment was followed by 1 hr light of the double intensity.

As snown in tke table, in most of the experiments photoreactivation of root growth
was detected, though the degree of the reactivation was not ls erge. Some of the ex-
perimenis were clsturbed by the retardetion of the root growtk in consequence of the
derk trestment. This interasction mey be one of the reasons that the photoreactivation
effect in our exreriments was nct es aignificant as irn microorganiems (KELNER 1940).
Tre use o?f root growth might be another and probably the mein cause of the smallness
cf the detected photoreactlvatlon. Lege~ or non—aamagea cells can compensate the UV
iomagae dn tarme of moot o lengtioofhls de Yhaomore Jlpelr 2a sirnoest rovnel growih was
regalneo arter tne temporary delay end trne irifisl morphological reaction of UV
irradisted roots. Therefore, cytologlcal methods must be tried to confirm and
further analyze rhotoreactivetion in Arsbidopsis.

Reference:
KELKER, 4.: Proc. Hat.icad,Sei. U.S. 35, 73-7% (1949)

A comperiscn of the sometic effects of X-reye and ethvl methanesulfonate
G.P. REDEI
{(epartment ¢f Genetics, University of Kissouri, Columbia, Ko., U.S5.4.)

The effectiveness and efficiency of the two mutegene in title has been evaluated
by various asuthore in different kinds of experiments. Some datz obtained in our labo-
ratory, by-products of some other studies, may be of interest because of the diffe-
rence in the experimentel technique.

P> seed of the cross i ch! x 12 e (50% heterozygotes) was planted by the agar
suspension technique et =& enaity oT 50 per 5 inch pote. The seed was either presosked
24 hrs before X-irradiation or wes treated directly overnight in an ethyl methanesul-
fonate solution of & given concentretion. The rumber of seeds ireated was about equal
in both series. Within the ranges of these mutagenic treatments, germination was
nearly identical. Survival and fertility were influenced by the environmentgl condi-
tion of the seasons. Becsuse of the presence of the two slleles, gil and g~ deter-
mining late flowering, the rosettes grew fto & large size with exce lent secVors
developing.Many of sectiors irvolved one or more whecle leaves. Very small sectors

were ignored becsguse their clessification is uncertein; distinguishing insect or
fungus damage fror genetic effectes ie not elwayse possible. Sectors extending to at
least a half leaf were cut off, and macerated in 2-% drops of acetone in 8 x 75 mm
test tubes with e glaes rod. The crude extracl wes applled to thin layers of ME 300
cellulose powder on glasa, and the pigmerts were separated in s petrolether-ncetone
(10:1.2 v/v) mixture for 10 minutes. The presence or abeence of chlorophyll b in the
phenotypically ¢k sectors was eesy to obeerve. In less clear cases the use of a Mineralight
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USV-12 provided the required answer. Chlorophyll appears purple or greenish in the
short wave length UV light, while chlorophyll b fluoresces bright red.

Details of the experimental results are represented in the table. The total number
of sectors was larger after EMS treatments in comparison to that in the X-rayed series.
The number of sectors varied greatly from experiment to experiment. The number of
phenotypically ch sectors was larger in the EMS treated series. Chemical anslysis de-
monstrated that with the exception of one experiment EMS did not produce more chloro-
phyll b deficient sectors than X-rays. Observations made in other experiments indicate,
however, that similar EMS trestments produce more thiamine requiring mutents than X-rays.

Table: Classification of somatic sectors in gi1ch1/5122a plants

Exp. No. Dose Population o No. of sectors
phenotypically Ho. of ch
9 ch estimated
2 <
él% 5 g
3819 S w g
-+ ,".1 oo o
(o] ~ O b LY @ —
+ 4 = (] 4] =
F4 4 [
G4 G4 o]
’8 Pl £ 4 R
rg + i ] o G4
-+ n 4 4 +3 =]
o @ o] & o
PRt © [3} + =
381 1%.000 R 1317 18 | 2 0 [16 16 9 561 9 0.68
0.3% EMS 1702 30 1 18 111 11 5 451 5 0.29
386 13.000 R 1434 14 | 1 41 9 8 6 751 7 0.49
0.5% ENS 1056 185 {39 120 (46 19 6 32115 1.42
388 13.000 R 1122 14 ] 0 4110 8 8 100} 10 0.89
0.735% EMS 1316 T4 | 6| 45 2% 11 5 451 10 0.76
394 13,000 R 1795 46 | 2 ) 12 |32 23 23 100} 32 1,78
0.24% EMS 1327 56 | 1 33 112 12 2 171 2 0,15
Totel X-ray 5668 92 | 5 20 {69 55 46 1.02
EMS 5401 345 147 1216 {92 53 18 32 0.59

Somatic sectors in heterozygotes may appear as the result of mutation, deletion,
»ecombination, non-digjunction, etc. Recessive mutants in the second generation of
mutagen treated heterozygotes may appear only as a consequence of mutation or
small deficiency. The frequency of ch sectors in the treated heterozygotes is at
least five times higher than that of the combined frequency of alterstions at the
several thiamine loci and even much higher than the induced mutation rate of the ch
locus itself as established from progeny analysis after similar treatments, Thus The
vast majority of the ch leaf sectors were not produced by mutation or deletion of
the wild gllele at the ch locus. If this had been the case, EMS should have produced
larger numbers of ch sectors than X-rays as observed in other experiments where
thiamine mutants were isolated. (Note that much larger numbers of alterations can be
identified as color sectors than the number of fertil inflorescence in chimeras
bearing mutant sectors.) If X-ray is less efficient in producing mutations or small
deficiencies than EMS, the equal or better efficiency of the first agent in the in-
duction of the somatic ch sectors should be attributed to its effectiveness in
causing recombination and non-disjunction, etc. Considering these data and the inter-
pretation, the conclusion should be drawn that mutagenic efficiency should not be
estimated on the basis of somatic sectoring.

Reference:
HIRONO, Y., and G.P. REDEI: Arabid.Inf,Serv. 1, 21 (1964)

Lack of adaptation to Deuterium by Arabidopsis thaliane
M.K. BHANDARKAR and B.K. GAUR
{Biology Division, Bhabha Atomic Research Centre, Trombay, Bombay, India)

Adaptation to higher D20 concentrations by certain genotypes of bacteriz, zlgeae,
yeast, molds, etc., is one of seversl interesting observations recently summarised
by KATZ and CRESPI (1966). An improved capacity of the microorgenisms to divide in
higher Dp0 concentrations than in lower ones was recognised by these authors as an
expression of adaptation. The term 'adaptation' or 'hebitustion' in higher plants
was first used by STEIN and FORRESTER (1963) for explaining the overcoming of low
levels of tolerance to high concentrations of D,0 by pea roots. They expressed
adaptation in terms of improved rate of growth gue to stepwise rise of Do0 level
in the growth medium. DOBBINS (1967) observed an initial decrease in the growth




rate of mesccootyL of ZLes mavs in BO% D-0 foll onea by & gradual rise in the growth
rate with paossage of time, (ur stuiies (BHAKDAREAK, 19€7) on bﬂvxex seedlinge grown an
S0% D~0 for 9 dave elsc shnowsd a decrease in Ds0-induced retardation of shoot-slongsation
rate ®ith time. These observations illustrate Ihe 'adaptation' of the tissue to D30.

An innibition of growth in Arabidopeis thelisna by D,0 has been reported earlier
(REATIA and SMITH 1966, BHAFDAREEY and GAUK 1057). ¥e haVe now investigated the possi-
©ility of adeptation ta deuteriur by this plent through stepwise increase in DZO
content in the media.

The culturing technigques, in the present study, were similar to those described
earlier (BHANDARKAR and GAUR, 1967). The experiment consisted of six treatments as
follows:

D1(O) = first generation of deuterium experiment:
material grown on media with water.

first generation of deuterium experiment:
material grown on 25 and 37.5% Dy0 respectively.

second generation of deuterium experiment:
material grown on Hp0 and 25% D0 respectively.

D,{1,25 + 1,37.5)* = second generation of deuterium experiment:
< zaterial from D, (25) grown on 37.5% Dy0.

* (Seeds obtained from D4 (0) and Dq(25) treatments were utilized in second generation).

i

D, (25) and D4 (37.5)

L}

D,(0)* &nd D, (25)*

Table 1: Days teken for the germination, growth and development of A. thaliana
cultured on 0, 25 end 37.5% D0 levels in the first and second generation.

D4(0)  Dy(25) Dy(37.5) D2(0) Dy(25) Dp(1, 25 + 1,37.5)

Organogenetic
development (a) (b} (c) (8) (e) (£)
100% germination 4.0 5.0 7.0 7.0 7.0 13.0

is observed in 50%
of the population

Tst leaf pair 2.0 3.0 5.0 2.7 6.8 10.0
2nd leat peir 4.0 4.0 6.0 5.5 9.8 11.0
3rd leaf peir 5.0 5.0 8.0 §.3 12.0 17.0
4th lez? peir 8.0 5.0 13.0 12.3 13.5 20.4
5th leaf pair 10.0 13.0 14.5 16.4 1.7 27.3
Florzl initial 12.0 17.0 20.0 1e.0 27.8 32.0
18t open flower 2.0 22.0 23.0 25.7 32.0 39.0
The 2ata in Teble 1 rep (as time tazaken to attain various

regent the growth rates

growth and develcpmental stiages) of plants grown in different deuteriated medis and
from seeds with and without any deuterium content. As reportec earlier (BHANDARKAR
Ard LR I0E7) ““f+“w*ame** in the orqanopenetlc JGV“ apment *s nbnerved when pro-~
RS RIS W A P4 [ifed FRiatch M.I;b L) O S 3 Tl E Ly G
and ¢). The seeds used in E,\g) and Dg(O) were obtained from soil and agar ‘culture
respectively. This may perhaps account for the relstively earlier growth of plantis
in D1(0) than in Dp(0).

Table 2: Dp0-induced delay {daye) in germination, growth end development of
A. thaliana by differentisgl deuteriation of seeds in Dy generation
{a, b, ¢, d, & and £ are the same as in Table 1).

RPN GRS 5 ¢S SR S - A TPUR b PR W)

Organogenetic b-~a c-a e~d f-d ¢-b f-e
development (&) (B) (c) (o) () ()
100% germination 1.0 3.0 ¢.0 6.0 .0 6,0

AS obse*vei in SOV
of the populiation

Tet leaf pair 1.0 3.0 4,1 7.3 2,0 3.2
2nd lesf pair 2.0 2.0 4.3 5.5 2.0 1.2
2rd lea? pair 0.0 2.0 2.7 7.7 3.0 5.0
4th leaf pair 1.0 5.0 1.2 8.1 4.0 6.9
£th leaf peir 3.0 4.5 3.3 10.9 1.5 7.6
Floral initial 4,0 7.0 g.2 14.0 3.0 4.2
1st open flower 2.0 3.0 6.3 13.3 1.0 7.0

Tatle 2 containe the dats on the extent of delay due to various Dp0 treatments.
It car be seen from cclumne £ snd B  that there is g grester delay in organogenesis
{or decregse in growth rate) with incressing deuterium concentration in the culture
nedia., The same is found to be true when partially deuteriated seeds, secured from
D4 (25) tresiment, are grown on 25% and 37.5% D20 media (columns C and D)., Teking into
consideration their reecpective controls, plants from Dn(25) showed a more retarded
Erowth rat than those frow Dy (25) {(columne 4 and Cl Similarly, the delay in growth
induced by an uniform rise c? 12.5% Dp0 appeers to be greater in second generation than
in the first (columns L and ¥j. Trie is very eignificent yet contrary to expectation
on the premise that prisr culturing giving riee to partisl deuteriation of seeds does

t8.

impart sdaptation in p;a
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Taking improvement in growth rate leading to faster organogenetic development as
a criterion-of adeptation, our results show that under the experimental conditions
followed here, Arebidopsis thalisna does not exhibit the phenomenon of adaptation
to deuterium reported in some other higher plants.
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Pflenzen mit viaterlichen Eigenschaften nach Rontgenbestrahlung
C.G. ARROLD und D. CRUSE

Kastrierte Bliuten von Arabidopsis thaliana wurden nach einer Rontgenbestrahlung
mit unbehandeltem Pollen best&ubt. Die Befruchtung sowie die darauf folgende Embryo-
entwicklung wurde an 10 m dicken Paraffinschnitten (mit Himatéin nsch HANSEN gefdarbi)
verfolgt. Dabei fanden sich - neben Entwicklungsverzdgerungen in der Embryoentwicklung -
Fdlle von dispermer Befruchtung der Eizelle sowie Embryonen, die Bezirke mit viterli-
chem und mit miitterlichem XKernmaterial nebeneinander enthielten. Dieses war in der
frilhen Embryoentwicklung aus der unterschiedlichen KerngrtBe sowie der Lage der Kerne
bzw. der Zellen zueinander zu folgern. Zellgruppen, welche die kleinen, offensichtlich
mi#nnlichen Kerne enthielten, fanden sich in allen Teilen des Embryos und auch im Sus~
pensor. Sofern solche Bezirke mit mdnnlichen Kernen an der Bildung des Keimlings bzw.
der Pflanze teilnehmen, ktnnen Pflanzen entstehen, die nur zus viterlichem Kernmate-
riel hervorgehen. - Um dieses zu priifen, wurden kastrierte bestrahlte Bliiten mit re-
zessivem FPollen bestiubt. Als '‘marker' bot sich die Mutante co hy an (REDEI and HIRONO,
1964), die schon im Keimlingsstadium erkannt werden kann. Tatsdchlich wurden in der

Fq einige Pflanzen erhalten, die mit dem Vater identisch waren und nach Selbstung
konstant blieben.

Reference:
REDEI, G.P., and Y. HIRONO: Arabid.Inf.Serv. 1, 9-10 (1964)

Changes in sensitivity of seeds to fast neutrons in the course of germination
R.B. CONTARNT

(Institute for Atomic Sciences in Agriculiure, Association Euratom - Itel,
e e . o _Wageningen, Fetherlands)

Experiments are in progress to determine the changes in sensitivity to fast neu-
trons, of tomato and Arabidopsis seeds in the course of germination. A summary of
preliminary results on tne AraBidogsis experiment is presented below. The data will
be further processed by elecironic computer.

The first ex periment. included dry seeds and seeds imbibed at
279C for 1/3, 1, 3 and 6 hours before irradiation; fast neutron exposures, in reactor
'BARK', at a dose rate of 2.5 krad/hr in water (+6% gamma contamination), ranged from
0 - 180 minutes with an extra treatment of 300 minutes for dry seeds. After a total
incubation of 10 hours at 279C (including the irradiation time), the seeds of all
treatments were kepi on agar at 29C for 6 days, after which they were returned to 27°C
and continuous light for germination. Subsequent treatment was as in the second ex-
periment. - In the s econd experiment, seeds were laid out on agar
in petri-dishes, imbibed for 6 days st 29°C and then incubated under continuous illumina-
tion at 27°C, for periods of 1/3, 3, 6, 12 and 24 hours respectively, after which they
were immediately irradiated for periods ranging from O - 112 minutes. Temperature and
light remained unchanged during irradiation and throughout germinastion, for e period
of 7 days. The seedlings were then transplanted into soil and grown to maturity at
24 / 20°C (16 hour day / 8 hour night). - The first experiment dealt with changes in
sensitivity during the period of water absorption. The second experiment was meant to
study changes in neutron sensitivity after imbibition was complete. The 6-day treatment
at 209C was necessary in both cases to induce even germination, but constituted to some
extent a complicating factor in the design of these trials.

IS IoRmES T

markedly increesed with increasing pre-irrsdiation hydration time, mainly during the
first 1/3 hour (tatle). For reduction in the percentage of ovules fertilised, sensiti-
vity continued to increese slowly beyond six hours of hydration. With regard to the
percentage of ovules fertilised, meximum sensitivity was reached zfter less than 3 hours
of hydraztion (dose reduction factor approximately 3?. Similarly, sensitivity to the
induction of exzbryocnic lethals rose sharply during the first 1/3 - 1 hour of hydration
but not greatly thereafter.

First results: Experiment 1 : Por all criteria studied neutron sensitivity
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Teble : EIxposures (minutes) rroducing an eflect hinlfwzy Letween *he control
and the sublethsl dose, for different criteria
Experiment 1 txperiment 2
Criterinme Yeriod of hydration at Average of all incubation
279C starting from dry | treatments at 27°C, preceded
seed (hours) by cold imbibition

Dry  1/3-1 3 6

éb% reduction in number

of ovules per silique 300 143 113 a8 53
50% reduction of percentage

of ovules fertilised 195 77 63 6% 67
155 embryonic lethals 265 86 g5 80 74

Experiment 2 : For almost all criteria analysed so far there was no
consistent difference in seneitivity between the incubation treatments. The percentage
of ovules fertilised (average of first 5 siliques on the main stem) was 64% in the un-
irrediated control and decreased with dose to reach 17% at the B2 nminutes exposure.
The number of ovules per silique, expressed as s percentage cf the control, was reduced
to 72%, at the 82 minutes exposure. Flowering was slightly delayed at the higher ex-
posures, but somewhat advanced at low and intermediete exposures, a faet which has not
yet been adequately interpreted. The period from flowering to ripening of the siligques
increased slightly but consistently with dose, leading to a2 meximum delay of 2/3 day
at the sublethal exposure. - The frequency of embryonic lethals (cf. MULLER, 1963) was
highly variable, though there was z high correlation with radiation exposure time; no
significant differences were noted between the incubation trestments.

The data suggest that the main 'sensitivity' increase in germinating Arabidopsis
seeds is associated with the actual uptake of water and only slightly wilh subseguent
metabolic processes. Water uptake causes swelling of the seeds, an increase in their
weight and a change in the elementary composition and the total amount of E and O
atoms. A preliminary calculation permits the conclusion that the energy absorbed per
seed, or per cell, from fast neutrons is more than doubled when irbibition is complete.
This means that at least 704 of the so-called increase in sensitivity may be explained
by the increase in energy absorbed. Further calculations zllow a more accurate evalu-
tion of true sensitisation.

Reference:
MULIER, 4.J.: Biol. Zbl. B2, 133-163 (1963)
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R.B. CONTANT ard H. DANKERT

{Institute for Atomic Sciences in aigriculture, issociation Zuratom - Ital,
Yageningen, Ketherlands)

Fast neutron treated dry irabidopsis seeds were stored at -20°C for periods of
0 - 11 hours (1 rour intervels) an € ~3%2 hours (1 or 2 hours intervals); gamma
treated seeds were stored at the same temperature for periods of 24 - 34 hours (2 hour
intervals) and 42 - 53 hours (lhour intervzls). For each dose of both kinds of radia-
tion, the regression was calculsted betweer storzge time (x) znd the number of hours
needed to attain 50% germination (y), and between sicrage timne and average root length
100 hours after germination (z). The results are tabulated below.

Type cf Y survival bxy confidence limits by
radiation efter 24 hrs rate - for bxy (P = 0.05)
and dose of storage (%)
Control 19.5 100 -0.007 ng* +0.040 ns
Fast neutrons
10 krad 20.0 61 -0.042 ns -0.007 ns
17.5 krad 21.1 g -0.007 ne ~0.008 1ns
25 krad 22.3 0 ~-0.070 ns -0.068 =ns
Gamma rays
50 krad 27.8 51 -0.,1€1 ~C.0E and -0.22 ~-0.12 ns
100 kred 31.0 21 ~0.190 -C.11 and ~0.23% -0.03% ns
150 krad 33.8 e -0.228 ~C.12 and ~C.29 -0.12 ns

* ns = not significantly different from O

Germination delay was ccnsiderably lower after neutron irrsdiztion than following
gamma irradiation, when doses are compared con the basis of egqusl survivel rate. With
fa8t neutrons no significant storage effect occurred within the range of storage times
involved, at -20°C., With gamcma-rays, radiation effecis on germiration were slightly
but significantly reduced by storazge (i.e. more rapid germination); although the re-
gression coefficients 4id not differ gignificantly, there was z terdency towards a
greater stcrage effect with increasing dose. This same trend was arparent after
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neutron irradiation, though not very consistently. With regerd to radiation induced
root-length reduction there was, especially after gammes irradiation, & slight enhance-
ment with storage (negative regression) but none of the effects were significant.
These data are in agreement with the fact that neutron effects are less modified by
secondary factors than the effecte due to radiations of low linear energy transfer
(IET), and with the fact that the modification of radiation effects ie very slight at
very low temperatures. One notes, however, that germination is slightly advanced
whereas root-growth is slightly reduced ; this suggests that processes of cell
elongation {germination) may more readily recover than those involving cell division.
This question requires more detailed study, in which slso storage periods of 0O - 24
hours should be included in the case of gamma treated seeds.

Absence of a relation between early root growth and date of flowering
1in seed-lrradiated Arabidopsis

R.B. CONTANT and R. DAKKERT

(Institute for Atomic Sciences in Agriculture, Association Euratom - Ital,
#ageningen, Netherlands)

In the experiment described by CONTANT and DANKERT (1968), root length was measured
100 hours after germination of each of the 345% individuals studied; subsequently, the
date of first anthesis was determined. These plants constituted a mixture of 120 Fq-
femilies, derived from crosses between neutron irradiated Mq-individuals and control
plants. The plants were classified into 'normal' and 'extremely thin' according to
their root thickness at the time of measuring, and according to the degree of fertility
(*normal', 'weak' or ‘sterile') or heavily mutated appearance. The normal appearing
plants represented approximately 90% of the total number. For each group of plants,

Table 1: Relation between root-length (x) the correlation and regres-

and number of days to flowering (y) iégglgggfglgignﬁugizgezﬁ

Plant category Tyy (corr.) byy (regr.) days to flowering is shown

Forsel ferwility / pomel Toot| 079 | -0.00 i febe. B resreseion

normal fertility / thin root -0.14 ~0.11 and very low; only those of

weak fertility / normal root -0.17 -0.09 the severely mutated plants

weak fertility / thin root ~0.16 -0.12 differed significantly from
O (¥ = 0.05). These results

-0.2 -0.08 Dot
:Eziiiz ? ?ﬁiﬁaiOE%Ot -0 gg —0.11 indicate only a very slight
* * correspondence between re-

mutated / normal root -0.18 0. 40% duced root growth in the

mutated / thin root -0.,14 ~0.33* very early seedling stage

¥ significantly different from O at P = 0,05 . and delayed flowering.

The average root lengths of the different fertility groups did not differ signi-
ficantly (21 - 24 mm). However, the roots of the heavily mutated plants were very
significantly shorter (11 mm). The proportion of plantlets with extremely thin roots
ranged from 0.8 to 1.3% in the three fertility classes while reaching 2.8% in the
heavely mutated plants; none of the differences were significant.

Reference:
CONTANT, R.B., and R. DAKKERT: Arabid.Inf.Serv. 5, 40-41 (1968)

Comparison of effectis on quantitative characters in the M4, _of Arabidopsis
after seed ireatments with fast neutrons, gamma-rays and BMS

R.B. CONTANT and R. DANKERT

(Institute for Atomic Sciences in Agriculture, Association Euratom ~ Ital,
Wageningen, Netherlands)

Dry seeds cf Arabidopsis thaliana, race Li-2, moisture content 6.8%, 10%9—seed
weight 4.09 , were treated in air with: (a) 50, 100 and 150 krad of Cs 1 gamma-—
rays (GR) at 230C, at a rate of 200 krad/hr; (b) 10, 17.5 and 25 krad of fast neutrons
(FN) at 210C in reactor 'BARN', Wageningen, at a rate of 2.5 krad/hr plus & gamma-
contamination of 154 rad/hr; (c) 0.01 N unbuffered ENS-solution, submers (anaerobic),
for a period of 24 hours at 250C, fcllowed by washing on a filter for 15 winutes. -
Each treatment consisted of 18 x 25 seeds. There was a control of 10 x 25 seeds for
treatments (a) and (b), z2nd a separate control for treatment (c) consisting of

4 x 25 seeds treated according to the same procedure but with water instead of ENS.
The method of culturing has been described by CONTAXT (1966). During growth, various
characteristics of the vegetative and the reproductive stage were studied of which

the results are summarised in Table 1.




Table 1: Mean + 5.D.* of: (1) number of hours incubetion needed to ettein 75% germina-
tion; (2} finel percentage of germinetion; (3) percentage survival after
100 hours of germinated individualse; (4) root-length 100 hours after germina-
tion in mm; (5) number of leaves on main stem at beginning of anthesis;

(6) length of longest leaf st anthesis in mm; (7) number of daye from ger-
mination to first flowering

Treatment M (2) (3) (4) (5) (6) (1) {n=*)
Dry control 23.5 99 100 15.641.7 16.2+42.3 49.0+ 4.1 35.0+3.2 138
FN 10 krad| 24.7 98 61  3.3+0.4 16.6+4.6 38.0+ 9.8 35.6+4,7 174
17.5 krad | 25.0 97 9  1.9%0.2 14.3%2.6 34.1%15.6 45.2%7.0 21
25 krad 27.0 g8 0 1.5+0.2 - - - - - - -
GR 50 krad 29.9 g5 51 3.540.8 16.044.7 37.9x12.0 40.0%5.0 115
100 krad | 32.9 87 21  2.6%0.6 14.6%5.6 31.9%15.0 43.0%5.8 24
150  krad | 34.0 94 9  2.0%0.3 15.4%2.7 32.4314.1 46.9%5.6 14
ENS control 16.5 98 97 9.9+1.5 15.8+42.6 4B.5+ G.4 37.7+3.5 32
ENS 0.01 K. 21.2 98 85 9.0%x1.7 14.642.7 41.9% 3.7 38.5%4.3 156

* each row-gverage was regarded as one observation (cf. ¥ULLER, 1964)
*¥ 1 = number of d.f. used for columns 5, 6 and 7

With regard to speed cf germination (1), all differences except NF 0 / WP17.5 were
significant (¥ = 0.05); for germination capacity (2), none were eigni%lcant. %he rapid
germination of the EKS treatment and its control was due to prior imbibition for 24
hours; the fact that this advance in germination was only 6.6 hours (in the control)
illustrates the blockage of the germination process by the anaerobic conditions of

soaking. Germination delzy was much greater following GR than after even a lethal dose
of FN.

A1l differences in survival (3) between treatments and their control were signifi-
cant; the EMS treatment was least affected. The survival curve for neutrons had a
steeper slope than for gamma-rays; the LDSD'S were approximately 50 krad of GR and
approximately 11.5 krad of FN.

Rootlength (4) was severely reduced even at the lowest radistion doses used. Except
for the comparisons EMS-control / EMS, FNqg / GRsp and Fli7, 5 / GRi50, all differences
were significant (F = 0.05). The EKS treatment was only af%ected by 10% compared to
its control. Their reletively low values suggest a detrimental effect of prolonged
submersion or an uncontrolled factor. The coefficient of veriation was much greater
in the ELS treatment and its contrcl than in the dry control; it was hardly increased
by FN but doubled after GR, which probably meinly reflectes the large physioclogicel
variability usually resulting from GR.

Y norrelation [ro= 0,01) exigted hetweesn survivel.ond roctlengih, which wae

= e LA

Gue ai LY U e ICTISEPOLLUNIE e TwLses Deotiengths e loen 2 -~ 3 mm oand the
unability to survive. A more detailed anelysis, on the FN,5 treatment only, confirmed
this finding (Table 2). The ‘critical' root-length, which is probably assocciated with
complete inhibition of mitosis, seemed to be closer to 2 mm in the case of FN, and
closer to 3 mm in the case of GR (Table 3). Or, for a given root-length, survivel is
glightly greater after FX treatment than after GR; this agzain supports the existence
of more pronounced thysioclogical effects after GR.

Table 2: Root-length and survival in the FNTO treatment

Root-lensth category (mm) | 1 - 2.5 2,5 -3,5 3.5 - 4,5 4.5 - 6.5
Fercentage survival | 0 32 68 72

Table 3: Eelation between root-length after 100 hours and survival

Treatment % roots >2 mm % gsurvival % roots >3 mm
Dry control 100 100 100
10 krad 75 61 40
17.5 krad 10 9 [¢]
25 krad 0 0 0
GR 50 krad £4 61 45
100 krad 40 21 17
150 krad 19 o] 6
=LS centrol 100 g7 100
EMS 06.01 1 100 B85 100

The number of leaves azt the beginning of anthesis (5) is a very insensitive criterion
of radiation damage. Few differences were significant st F = 0.05 (control and FEio/FE17, 5.
FN1g /GRip0; GReg / EMS). Even so, there was a tendency tcwards a reduction in average !
leal nunber with dose. Except for some irregulsrities, variation coefficients increased
with dose, more strongly in the case of GR than with FH.

For leaf-length (€}, all treatments differed significantly from their control; the
difference between the two controls wes insignificant. The other significant differences
were Flijq / GRqpg oT GRygg; FN17.5 / GRgg (P = 0.05). Variation coefficients increased
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very markedly with dose. The EXS treatment had g reletively high lesf-length &nd s
low varietion.

With regard to flowering date (7) all treaitments differed significantly from their
control except EMS and FNqp. Kean, standard deviation and variation coefficient =11
increased with dose (except GRyg 5; the ENS-control was 2.5 days later than the dry
control. For & given survival ra%e, the delay seeme to be somewhat greater with GR
than with FI.

All sterile individuals were handcrossed with pollen from control plents, in order
to study any genetic or plasmatic male sterility that might be involved. This is
reported separately (DANKERT and CONTANT, 1968).

References:

CONTANT, R.B.: Arabid.Inf.Serv. 3, 35-36 (1966)

DANKERT, R., aznd R.B. CONTANT: ATabid.Inf.Serv. 5,46-47 (1968)
MULIER, 4.J.: Kulturpflanze 12, 235-255 (1964)

Correlations withipn ard between M4 and M-, znd genetic segregation, for various
guantitative traiis after neutron irradistion oZ Arabidopsis seeds

R.B. CONTANT ané R. DANEERT

(Institute for Atonic Sciences in Agriculture, Association Buratom - Ital,
Wageningen, Fetherlands)

Irn the course of a study on the sensitivity of Arsbidopsis seeds, race Li-2, to
fast neutrons the selfed progeny was grown of 125 visibiy avberrant M, plante which
differed significantly from tke control in respect of (a) length of 1ongest leaf at
anthesis; (b) number of days to flowering and (c) number of days from flowering to
harvesting. Twenty five of these M, plants, which were clearly chimeric, were re-
presented by 2 - 4 Mo seedlots each. For all 3 charzcters the frequency distributions
of the selected Mq plants were skewed towards the lower values, in contrast to the
control; those of the original M4 population were much less skewed or not at =l1l.

.Fifty seeds were sown per progeny whereas the control consisted of 1500 seeds.
Methods of culturing were desecribed earlier (CONTANT, 1966 &). Germination was recorded
6, 18, 24, 30, 42 and 54 hours after sowing. Root length was determined by taking
photographs of the petridishes at 12 hour intervals; the negatives were projected on
a smooth white wall on which the roots were measured with a curvimeter, which con-
stitutes an improvement over the earlier method (CONTANT, 1966 b). Purthermore, the
following parazmeters were recorded: (1) plant diameter at 1 - 1.5 week intervels;

(2) number of leaves and length of the longest leaf at the Bg stage of the first
flowers . (cf. MULIER, 1961); (3) the number of days to the Bg stage of the first
Zflowers; (4) segregztion of morphclogical end colour sberrazfions. Pertility was
only determined on the early flowering individuals. ’

M segregation of non-gernoinsaiing mutations
Thir%y six M, lines (out of 150) segregated for germinating and non-germinating seeds,
in frequencies ranging from 1/16 to over 1/2, and consistent with 1/4 in 29 cases. In
% out of the 25 visible chimeras there was o significant difference in germiration
speed between the progenies of the two plant parts harvested.

Ko segregation cf visible muteations : Fourty five
progenies segregated for visible mutations in proportions ranging from less than 1/16
to over 1/2. Kost did not differ significantly from a 3 : 1 ratio, Five types of
phenotypic abnormalities occured in several progenies, in approximately the same pro-
portion: (a) tiny yellowiesh plantlet, dying after 3 - 4 weeks; in 6 M, lines, in pro-
portions ranging from 0.05 - 0.10; (b) very compact tiny plantlet witg darkgreen
leaves; in 3 Mo lines, in proportions ranging from 0.04 - 0.08; (c) darkgreen plant
with small leaves, and short petioles; in 4 ¥, lines, ir proportions ranging from
0.17 - 0.30; (d) plant with open growth hebit“and long petioles; in 2 M, lines, in
proportions 0.06 and 0.08; (e) plant with mosaic leaves; in 3 Mo families, in pro-
portions ranging from 0.04 - 0.07 {znother mosaic, occuring in part of a visibly
chimeric M, rlant, segregated 3 : 1). = The first categories are such drastic ab-
normalities that small phenotypic differences cannot be detected; however, the less
severe mutations within categories (d) and (e) were in several quantitative respects
almost identical (Table 1). Altbough the phenotypes suggest a certain degree of

Table 1: Mutant type Code Mean leaf Kean length Mean number of days
number number longest lesf to flowering
(mm)

(@) 37 24 31 56
25 A 23 28 54

(e) 44 26 24 58
109 24 24 58
135 27 2€ 58

specificity in mutation induciion, most of these mutations may be due to more or less
unspecific deletions or other chromosomal disturbances, instead of gene wmutations.
Their genetics will be further studied.



0f the 52 visible mutants found, & had & greater leasf number and 5 & greater length
of the longest leaf, whereas € mutants were eamrlier flowering than the control; 7 lines
were retained for certain positive characteristice of their mutant segregants and examined
in more detail (Table 2). - Mutant number 3 is of immediaste interest because of its marker-
gene which behaves a8 a single recessive, and its otherwise normal appearance and behaviour.

Table 2: Characteristics of 7 Mp mutants

¥utent|Main feature(s) Fercentage | Kumber of Leaf length | Number of days| Fertility
code cccurrence legves to flowering jrelative to
number in Mo (ay (b¥ (c)* | (a) (v) (c) (a) (b) (e) control Li-2
3 yellow green 0.20 31 30 35 52 50 54 44 45 46 |normal
12 compact, distorted 0.05 30 29 30 33 43 8 54 48 39 |15%
21 | derEErecn, antho- 0.25 3131 16 45 42 14 44 49 45 |30 - 40%
53 glossy, compact 0.21 30 29 30 42 45 41 46 49 41 normal
sg |deTk, Small, nerrow)  g.03 |31 31 22 42 45 30 52 50 36 |50%
56 small, very early 0.17 30 29 17 48 47 18 47 42 23 |15%
84 emell, very early 0.03% 31 31 15 40 39 22 50 50 22 206

* (a) control; (b) non-mutated Mo plants; (c) mutant K, plants.

Except for number 53 all mutants had a very low fertility which offset the advantage
of earliness. Nutant number 12 had a much more rapid succession of leaves (number of
days to flowering / number of leaves) than the corresponding control; to a lesser
extent this was slsoc the case in no.'s 84, 56 and possibly 53. The inheritance of
these phenomens will be studied. The search for similar mutants with full fertility
will be continued.

Length of longest 1 eaf : The variation coefficient (CV %) of
the M, families was greater than of the control; only 3 out of 110 families had a
signi%icantly (F = 0.05) smaller CV % than the control. A comparison of leaf lengths,
relative to the control, of the ¥; plants and tEeir Mo offspring revealed that selection
for shorter leaves is not possible in the M4 (X< for correspondence between ¥, and
Ms 2 78.8; 3 d.f.). On the other hand, selection for longer leaves in the M, seems
possible (X’z = 0.11); as physiclogicsel disturbances only very rarely lead to leaf
enlargement this result is not unexpected.

Number of days flowering: Also with regard tc flowering date,
most Mo lines had a greater variation than the control; only 3 progenies out of 110
had a significantly smaller CV %. Several progenies significantly earlier than the
control thus still contained significantly leter individnale pnd vire —evwasn, There
coacared to be VIrtusllylaor s rna s e e i i v UL e pd Ty LAewWL iy, Seeative
to the respective controls (+ or - values), between the M, plants and their M, lines.
Consequently, no selection for earliness or lateness woula be possible in the M4
generation. This shows that the differences in flowering date in the M, are of physio-
logical origin. This is also demonstrated by the relationship between leaf length (x)
and the number of days to flowering (y), for which the regression coefficients were:

b = -0.51 in the Mq; +0.08 in the Mo, and +0.11 in the control. This indicates a
ggﬁeral weakness in the M4, expressed as reduced leaf length combined with late
flowering.

In the M, (72 lines and their control) no significant correlation was found between
the number of days to flowering on the one hand and germinastion speed or length of the
longest leaf on the other hand. As expected, there was only a slight and statistically
insignificant correspondence between the variation coefficients of the Hp relative to
their control (CWE Mo / CV% control) for leaf length and number of days to flowering,
respectively. Although there was a marked regression between average root length
100 hours after germination end the number of days to flowering (b = 0.54), the correla-
tion was too wezk to allow selection for flowering date on the basis of the root-length
measurements; furthermore, the control showed a very similar regression (b = 0.68).

Chimevrism: Twenty five M4 plants were visibly chimeric for fertility or
for some morphological or colour change; these were partly dominsnt mutations or chromo-
some aberrations and partly plasmatic mutations. 0f these plants, 2 - 4 parts were har-
vested separately. The offspring of 14 of these was tested for significent differences
in respect of (a) speed of germination; (b) segregation of non~germinators; (c) Toot
length after 100 hours; (d) leaf length, and (e) number of days to flowering.

Two My plants appeared to be chimeric in respect of one of these quantitative traits,
3 Mq's were chimeric for 2 traits, 3 M;'s were chimeric for 3 traits and 1 K, was chim-
eric for 4 of these traits. In the two li; plants of which 4 parts were mmrvested, 3
parts proved to be of different i1diotype. This illustrates that seed irradiation may
induce significant chimerism for various quantitetive characters.
References:
CONTANT, R.B.: Arazbid.Inf.Serv. 3, 35-36 (1366 a)

~ : Proc. 3rd Int. Congress Radiation Resezrch, Cortina d4'Ampezzo,
Abstract No. 226, 58 (1966 b)

MULIER, A.J.: Xulturpflanze §, 364-395 (1961)



ir vitro germination of Arabidopsis pollen
R. DANKERT and R.B. CONTART

(Institute for Atomic Sciences in Agriculture, Association EBuratom - Ital,
Yageningen, Netherlands)

Optimel conditions for the germination of Arebidopsis pollen are unknown. In order
to approach this problem and furthermore to defect differences in germination and
pollen tube growth between pollen from control plants and from certain mutants, the
following experiment was carried out.

Anthers were taken from healthy Arabidopsis plants, grown in polystyrene dishes in
& growth chamber under standard conditiones (CONTANT, 1966), and squashed in Van Tieghem
cells to mske hmgzing drop preparations of a salt solution (BRE¥BAKER and KWACK, 1963)
with a range of saccharose concentrations (10, 15, 17.5, 20, 25 or 30%) amd with or
without the addition of one detached and thoroughly squashed stigmas (from the same
plant) per preparation. Zach treatment was done in duplicate. BREWBAEKER's solution
consists of: 300 ppm Ca(lNO=z)2, 200 ppm 1igS04. THR0, 100 ppm KMNO5 and 100 ppm HzBO=z.

The preparations were incubated at 20°C in continuous light frém Philips TLBBRS
fluorescent tubes (12000 lux), and inspected at 5-hour intervals.

y 5 &
100 1% oy Dotted lines: with stignma
60 4 - L7 N, Tull lines : without stigma
I’ \\
60 4 5 / AN
R \
¢ \\
40 2 q4 S \
'l .,_~‘~
. ..
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w15 20 25 3 4% ' 5 20 25 30 %
Figure 1: Saccharose con- Figure 2: Saccharose concentra-
certration (x); percent- tion (x); average pollen tube
age germinated pollen length of germinsted pollen
after 20 hours (y) in arbitrary units (y)

Fizure 1 shows the germination percentage for easch treatment after 20 hours of
ingubetion. Germinated were considered to be all pollen grains in which plasma exudes
Irof tThe germination pore(s), i.e. alse the grains wunich ‘burst at or shurily after
germinztion. The low osmoiic pressure of the 10 and 15% sugar solutions permitted
rapid water uptazke and germination but zlso led to g high percentage of dbursting
pollen. The adidition of 2 sguashed stigma to the medium induced more rapid pollen
germination while also leading to a higher percentage of germinsting pollen bursting.
This effect caused by the stigma is probably associated with activity or concentra-
tion ¢Z enzymes; this is supported by the very marked effect on pollen tube growth,
shown in Figure 2. The data demonstrate that for both pollen germination and pollen
tube growth a saccharose concentration of 17.5 - 20% is optimal. More study is needed
to estzblish whether further improvements can be made by changing the salt composi-
tion and/or totael concentration, and whether this would affect the optimum sugar
concentration.

The second part of the experiment, conducted at & sugar concentration of 20% with
or without the addition of z stigms, simed at a comparison of pollen tube growth from
control plants and from 9 different mutants. All comparisons were made in duplicate,
with independent control samples; in each preparation, 90 - 160 pollen tubes were
measured. In the preparztions without z stigma tube length after 20 hours ranged
from 0.3 - 0.6 units; none of the differences were significant. In those with a stigma
growth had been very much faster (3.9 - 4.8 units), except for mutant no. 7 (1.4 unitss
which was also the only mutant significantly different from the control (P < 0.001).
The variation between the 18 control samples is a measure of the reproducibility of
the method: x = 4.7 + 0.6 units. It is suggested that mutant no.7 possesses a mutation
which prohibits the reaction of its pollen to stimulatory substences from the squashed
stigma, Also in pollinations in vivo such pollen greins may have 2 much slower tube

growth, leading to certation of normel pollen were present. Experimentation with this

mutant will be continued, using UV-fluorescence microscopy to study the growth of
pollern tubes within the style.

References:
CONTAIZ, R.B.: Arubid.Inf.Serv. 3, 35-36 (1966)
BREWBAIZR, J.L., and B.H. KVACK: Amer. J. Botany 50, 859-865 (1963)
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¥ele steriiity dnduced by gsmme-reve, fast neutrons anéd ENS
K. DAREERT and R.B. CONTART

(Institute for itomic Sciences in Agriculture, kesociation Buratom - Ital,
Wageningen, Netherlends)

Dry Arabidopeis seeds were treated with a range of doses of gamme-raye end fast
neutrons, and with EMS. The ¥q plants were screened for male sterility; 11% plants
or shoots without any normelly developing siliques were retasined for examinstion
under the binocular end for crossing with unirradisted plants.

¥icroscopically, four types of male sterility were found: (&) thecae filled with
pollen, but not dehiscent and ultimately shriveling (91 cases); (b) thecme of normel
appearance but with only few pollen grains; shriveling st s later stage without
dehiscence (20 cases); (¢) thecae smeller, devoid of pollen and not dehiscent (1 case);
(@) thecae shriveling at s very early stage (1 case). In all plants, the filaments
and connective tissue of the anthers were normal.

As z preliminary to crossing studies the degree of successful emassculation was
determined; 200 flowers on control plants were emasculeted and isolated without polli-
nation. Fourteen flowers (7%) produced =z fertile eilique. In these cases the emascula-
tion was assumed to have failed; the confidence limits for this percentage were O and
12%, respectively (P = 0.05).

Kele sterile My plants were rather easily detected by absence of normel siligues,
but elso by the fact that & large proportion of the male sterile individuasls possessed
wegk thin stems (50 - 80%, dependent on radiaztion dose); this wealmess is probably
chiefly the reswult rather than the cause of the sterility. The aberrant growth habit
of the plante wae itself not prohibitive to normzl fruit development, as crossing
with normal pollen led to normel silicues. There was no relation between sterility
in the Mq and the date of flowering. The length of the longest leaf at the beginning
of snthesis was slightly greater in the mele sterile plants than in the fertile plante;
The differences were 1.6% in the neutron irredizated plants, B8.7% after gamme-rays and
7.5% after EMS; however, none of these differences were significant.

The occurence of male sterility was verified by using anthers of the suspected plante
for pollineting emasculated control flowers, 10 - 15 such pollinations were carried out
per suspected plant; 97 plents were confirmed to be male sterile. There was only cne
doubtful case, yielding 2 siliques (wore than the 12% zllowed for errors in castration);
it was discarded. The table showe that the incidence of male sterility incressed with dose;

Table: Kele sterility after irradiation and ENS

Treatment Total KNumber and percent- Lumber of en- Number of ¥, familiesg*¥
nunber age of male sterile <firely fertile segregating for slight
of plants plants throughogt F, families*¥ fertility or (sterility)

Control 170 o 0% - -

Fast neuntrons

10 krad* 174 43 24 41 1+ (1)
17.5 krad* 21 g 42 g 0
Gamme Tays
50  kred 115 25 21 24 (1)
100  ¥rad 24 9 27 7 2
180 krad 14 5 E 5 0
ENS 0.C1 ¥ 156 & & 0

* with 5% g-contamination
** crogs of male sterile x normal

on the basis of compareble survival rate (lowest doses of both types of radiation
approximately eguivalent) there was no relieble difference between fast neutrons and
gamma~rays; the EMS treatment produced a much lower percentage of male sterile plants.

'f each mele sterile plent, 10 - 15 flowers were subsequently crossed with pollen
frow control plents; gll ¥, plants proved to be fertile, indiceting that no femsale
sterility had oceurred. Only two families (Fq) segregated for very slight fertility
(teble); one, from 1C krad of fast neutrons, segregated 16 fertile: 14 slightly
fertile, while the other, frowm 50 krad of germe-reys, segregeted § : 10. Although
severzl alternstive explansztions are possible and will have to be tested, these cases
are tentetively thought to represent intermedigry inheritance of z mutated gene for
weaxr fertility or sterility, the slightly fertile plants being heterozygous; the
sterility of the wether plents () may have been cecused by additionsl physioclogicel
effects, Furthermcre, 3 Fq families segregated 3 fertile : 1 fully sterile; these nay
be czseg of recessi fions ixn wkich the K. plents have been selfed sccidentally

- i ; ; NPl IR fub - A
after unsuccessfu masculetion. 4slternatively, thie segregetion might heve been
ceuged bty & chizme situetion for plesmatic mele sterility and physiological or

ic

chrozosomel male sterility in the flowering k¢ shoct. This will be further tested in
the Fp. There were no fully sterile Fq families, which shows that, except for the
poesibtility just wentioned, no plasmatic masle sterility had been induced; this agrees
with J.E. van der VEEL (personzl communication) who so far failed to find plasmatic

M th b b
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male sterility after EMS treatment. The selfed progenies of eall Fy families will be
tested for segregation of infertility, to allow e distinction between genetic male
sterility and phyeiological radiation effecte in the M,; in the first case, the off-
spring of 50% of the plants in each Fq family will con%ain male sterile individuals,
while in the latter case all progenies will be (alwost) fully fertile on selfing.
Finally, the selfed seed of several hundred fertile Ky plants has aleo been
harvested and will be screened for segregation of genetic male sterility.

Biological effectiveness of heavy ionizing particles relative to X-rays
Y. HIRONO, E.H. SMITH and J. LYNAN

(Biology Department, Brookhaven National Laboratory, Upton, N.Y.,
and Donner Laboratory, University of California, Berkeley, California, U.S.4.)

¥, seeds of a genetic stock of Arabidopsis thasliana heteroczygous for the yellow-
green locus, Ch/ch, were used in &1l experiments on induced genetic change. The
recessive gene, ch, gives a yellow-green color in the leaves when homozygous or
hemizygous, and the presence of the dominant gene, Ch, produces full green color, so
that the Fy heterozygote has normal green leaves. Loss of the Ch allele (deletion)
or change in its function (mutation) in heterozygotes gives a yVellowish green pheno-
type in leaf cells in which the phenomenon occurs and in cell lineages of the altered
genotypes. The frequency of Fl plants, grown from irradiated seeds, that show yellow-
green leaves (sectored or entire) was used as a measure of the frequency of radiation
induced genetic change or damage.

Irradiation with hLeavy ionizing particles was carried out at the HILAC machine
(University of California, Berkeley). The X-ray treatments were made with =z machine
operated at 250 kVp. Since the penetrating distances of the heavy ionizing particles
are very short it was necessary to determine the precise internal geometry of the
embryo and to position the seed consistently in order to be able to compute exact
dogimetries and to make gquantitative comparisons.

Experiments are in progress using He4, Li7, 012, 076, Neeo and Ar4o—ions. Although
final results with somatic mutations are not yet available it is clear that in $om—
p?gison w%gh XZ-rzys the lowest RBE'!s are cloge to ¥ and that those for Ee4, Lif,

c and O are higher than for Ne?C gnd ar40-ions.

In separate experiments the effects of these same heavy ionigzing particles on plant
growth are being investigated, using both Fq and wild type seeds. The plants are grown
on a nutrient medium singly in test tubes and under well controlled environmental
conditions (cf. HIKONO and ShITH, this volume). The dry weight of the plant is used as
an indicator of growth and of radistion effects. The results with dry weight are con-
sistent with those obtained from the mutation experimenis-describzd above in, that the
RBE's show the same genersl relationships.

Reference: ,
HIRONO, Y., and G.F. REDEI: Genetics 51, 519-526 (1965)

Research carried out at Brookhaven National Laboratory under the auspices of the
U. S. Atomic Energy Commission and at Donner Leboratory.

Killing efficiency of neutrons in irabidopsis seeds
Taro FUJII
(National Institute of Genetics, Misima, Japan)

The killing effects of gamma-rays and thermal neutrons on seeds soaked in water
for 48 hours hiave been compared, and drastic effecis of neutrons were observed (FUJII,
1967). The aim of the present experiment was to determine whether the damage of high
LET radiations is modified by the water content of the treated materizl. For these
studies irradiations with fast neutron were zlso included.

Dry and 24 hrs presoaked seeds were used. Thermal neutron exposures were done with
the pneumatic tube which was provided in the reactor of the Kyoto University; the
irradiation time was 10-150 sec with an out put of 50 kW; the total neutron flux,
therefore, was 3.9 x 1072 in minimum and 7.1 z 1013 in maximum. The neutron beam of
the pneumatic tube consisted of about 90 % thermal neutrons and 10 % fast neutrons,
with a high gamma-ray contamination. Equal ssmples were also exposed to monoenergetic
14 KeV neutrons from the de,n) reac¥%on neutron generator in our instifute. Its total
neutron flux was 3.8 x 10'7-1.8 x 10'° with the average intensity of 10° neutrons/ssc;
here the gamma-ray contamination was less than 10 %. Thue the neutron effect is ex-
pected to mask over the effect of the conteminating gamma-rays because of its high REE.

The ¢zcrease of the surVival rates after the neutron irradiation is shown in the
table together with the results of the previous gomma-ray experiment, for comparison.
In the experiment with thermsegl neutrons s severe killing was again
observed: almost zll plants died after a flux of 71,5x10'¢ neutrons on dry seeds and
similar survival rates were observed after 35.6x1072 on wet seeds while 37.5 kR of
gamma-rays alone had no effect on dry seeds and 16.% kR might only slightly affect
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wet seeds. Thus the killing effect of thermzl neutrons ig very high, and it seems to
result from the high LET of the radiation modified by the water content of the materiasl.

Gamme-rays* Thermel neutrons Fast neutrons
Dosage Dry Yet Total neutron Dry Wet Total neutron Dry Wet
(kR% seeds segds Flux** 10 seeds seeds Tlux* ** seeds seeds
(<) () (x1072) (1) (1) (x1011) (%) (%)
10 1.6 52.7 3.9 2.5) 80.7 76.7 3.8 85.8 83.9
30 90.8 75.6 15.4 7.5 85.2 39.7 4.6 80.6 78.€
50 92.8 21.7 26.6 (12.5 72.5 6.0 15.5 73.9 51.0
70 3.3 0.0 35.6 (16.5 72.5 2.1 19.0 66.2 32.4
100 82.4 0.0 43.0 (22.5 56.% 0.0 35.0 64.2  34.6
53.1 (27.5 40.9 0.0 176.0 Ta1 0.0
60.8 (32.5 14.1 0.0
71.5 (37.5 1.9 0.0

* After FUJII (1967)
** Dosage was estimated from the activation of Au-foil. The figures in parentheses
show the contamineting gamma-rays in kR.
*»% Dosage was estimated from the S,F reaction.

But, the assessment of thermal neutrons' RBE is much compliceted because of iis multi-
energetic condition and the abundance of contaminazted gamma-rays. The survival rates
in the neutron series are rather high compared to those of the gamma series, both in
dry and wet seeds. Moreover, 48 hrs of sosking were used in the gamma-Tay experiment
while only 24 hrs in the neutron samples. This difference may also influence the
intensity of cell or tissue killing.

Fast neutron irrediagtions of dry and wet seeds also showed an effect
of the water content. The survival rates in wet seeds after 19 or 35x10'! neutrons
were about half of those in dry seeds. The fast neutron doses which the seeds received,
were calculated from the first collision dose converted from the given tissue dose by
using chemical seed analyses; ghe dosage in rad unit is reckoned from t?S multiplied
total neutron flux by 5.,98x1077. Prom the calculations, 3.8 and 35.0x10 neutrons are
equivalent to 2.27 and 20.93 krad, respectively. When the results are compared with
those after gamma-irradiation, the neutrons prove to be nearly 10 times more effective
in dry and about 5 times in wet seeds at the LD5O level. Modifications of radiation
damege by the water content are known in 14 KeV 'heutron exposures. But nevertheless,
the modification factor is too large in the present experiment, though the environ-
mental modification of radistion effects 18 generally very small in high LET radiation.
Further study is now underway.

wravin s InilVsesvy &, Dy ige’,

Reference:

LI

Preliminary data on effects of various ionizing radiations on Arabidopsis
V.I. IVANOV, A.V. SANIFA, and H.A. TINOFEEFF-RESSOVSEY
(Institute of kedical Radiclogy, Obninsk, U.S.S.R3.)

The data presented here comprise a brief summary of results of experiments carried
out in collaboration with Dr. H. ABEL and his colleagues from the Zentralinstitut fiir
Xernforschung, Dresden, The results will be published in detsil elsewhere.

Dry seeds of A. thaliana (L.) HEYNH., race Enkheim, about z year old, were irradiated
with 200 kV X-reys (mean energy about 1 MeV, mean LET along the track = 1.6 keV/mem),
6,% eV H ions (IET = 6.7 keV/mecr), and 25.1 MeV He ions (LET = 26 keV/mem) at doses
ranging from about 0.9 to about 40 krad. For H and He ions the energy values were
calculated at the seed surface level, and IET for the matter of unit density.

Dose-response curves for root growth, survival, flowering date, and sterility grade
were obtained, For root measurements the method elaborated by MULLER (1964) was applied,
and it was found that the effectiveness of radiations increased with LET, zalthough
rather small RBE values were obtained (below 2). The other My effects were studied only
at doses ranging from about 0.9 to about 20 krad. In this dose range no statistically
significant differences between the irradisted and control lots were observed. The
flowering was delayed slightly with inereassing doses, znd no significant differences
between dose-response curves for X, H, and He irradiation were found. However, the
sequence of the curves was the same as that for the root growth. The same was true for
sterility grade estimated as fraction of completely undeveloped embryos among all the
embryos. It seems likely that in these two cases relgtively small differences in REE
values were overlapped by rather high variability of the data. - At present screening
for Ko mutations is being in progress.

Reference:
MULLER, A.J.: Hulturpflanze 12, 237-255 (1964)
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Linear ENS-dose response for induced lethsals,
including meternally conditioned embryonic lethals

J.H. Van der VEEN
(Department of Genetics, University of Agriculture, Wageningen, The Netherlands)

After 5 days on wet filterpaper at 2°C (to break dormency) and redrying on filter-
paper (24 hrs, 240C), seeds of Landsberg-'erecta' were treated with 0.0, 2.5, 5.0,
7.5, 10.0, 12.5, 15.0 and 17.5 m¥ EMS (not-buffered, 24 hrs, 24%¢, darkj. After 5 min
rinsing-off with tapwater, the seeds were put on agar, =nd the seedlings were trested
as described earlier (Van der VEER, 1965, 1967 a).

From & random sample of 100 Mq~plants per item, fruits No. 5 and 6 were used %o
apply MULIER's embryo-test, i.e., to score the fertility (% of ovules fertilized),
embryonic lethals (% of seeds containing lethal embryos%, and chlorophyll mutants
(% among non-lethal embryos). In addition, flowers No. 5 and 6 (or 6 and 7) of a

random semple 0f 40 Mq-plants per item were pollinated with pollen from the untreated
control.

50

Mutant
%

40

L
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5 10 15 mM EMS

The results are given in the Pigure. E.L. refers to embryonic lethals and Chl. to
chlorophyll mutants, both after natural selfing, M.E.L. (i.e., maternally conditioned
E.L.; Bee below) is used for embryonic lethals found after applying control pollen.
The rare chlorophyll mutants found after crossing can be neglected.

It is seen that for each of the three categories (E.L., Chl., ¥.E.L.) the observa-
tions can be represented very well by e straight line, which originates at & point
just left of the dose of 5 mM EMS. It should be noted that the level of this
point coincides with the control level, i.e., 0% chlorophyll mutants, and 1.5%
embryonic lethals (both, E.L. and K.E.L.). It can be added that the fertility after
natural selfing (not given in the graph) drops linearly from precisely the same point
left of & mif, from e level of 92% (which equals the control) to 15% at 17.5 m¥ ENMS.

It is attractive to consider a concentration just below 5 md as a threshold,
under which no EXS-effect becomes manifest.

MULIEZR (196€) concludes from his ENMS-experiments (trestment with 2.5 mh up to
25,0 mi, 18 hrs (!), 220C) that the frequency of both, embryonic lethals and chlioro-
thyll mutants increzses exponentially (n =+ 2), like a two-hit curve
does. His percentage for recessive lethals of 2ll types (m; in Exp. 1, Table 3, l.c.)
ere inserted into our graph with crosses (x). For ease of inspection hls concentration
scale (m) was multiplied by 0.6, i.e., his dose of 25 ml is entered at our 15 mk, etfec.
Except for the three lower doses (including O @M), which are below our “"ithreshold-dose",



rip resulis can be adeguately described by the same straight’ line. ?he notiog of an
exponentisl dose-response curve is mainly besed on the three lower GQBES.W*hlg%ln
turn is due to the fact that MUILLERe mutent frequency goes down to v1rtua;ly O ER
(for O ml), in eontrast to all our experimente which geve a minimum of 1-2%, L 8
gtatement (p. 217, l.c.) that at lower doses a larger fraction of the alkylatigna
might be repesired than a higher doses, seeme not eltogether 1rreconcila§1e witt our
concept of & "threshold-dose". - Nevertheless, the disturbing gact remains tha ning)
GICHNER (1965), wno also studied zn EMS-dose range (18 prs,'24 C, 6 hre post—za:llng '
found & dose-response curve for lethals of all types which is clearly exponenti
throughout the range.

4 finel point regards the non-recessive embryonic lethals (M.E.L.) found after
pollinatingpwith ccitrol (C) pollen. In & previous report (Van der VEEN, 1967b) ghel
percentages of embryonic lethsls after 10 mM’(24 hre, 249C) were 1.1% for the CO? ro %
1.7% for CxEMS, 7.1% (!) for EMSxC and 19.0% for EMS (natural selfing). The differen
hypotheses proposed for this reciprocal difference have now been tested. From thii £)
Mq-materiel 120 CxEES-fruite and 120 EN3xC-fruits were harvested (one fruit ger P %n .
In each Mp-family (from crossing) 2 plants were left t; natural selfing.and plan g p
were pollinated with C-pollen. The embryo-test was again %ppliad on'¢ru1ts No.rS agh ;
The array of genotypes is expected to be the same for CxENS snd EKSxC, except ort os
mutetions which were subject to differentisl selection in mele versus female gaﬁe ez.
Indeed, after natural selfing CxEMS and EMSxC segregated 7.5 end 5.1% chlorophyl S?uc-
ents end 11.2 and 9.1% embryonic lethals respectively. Significant is that (CxEMS)x A
and (EMSxC)xC produced resp. 5.9 end 4.8% embryonic lethals. The latter equallty léa 8
to the conclusion that the non-recessive embryonic lethals are malnly cauaei by ?g er-
nal phyeiclogicel effects (induced by the impeired genotype of the sporophy e)%riba
reader can easily verify that the M,-results exclude substancial cgg tau--
tione of (1) autonomous effecte of %he embryomic cytoplasma, (2) gene-dose e 22 H
in the triploid endosperm, and (3} domirant embryonic lethal mutations transmitte
by the femsle gamete only.

es: B
g§g§§§§f 7,: In “Arabidopsis Research". Rep.Int.Symp. Géttingen, 1965. Pp. 200~206
MULIER, A.J.: Zichter %%, 201-220 (196¢€) )
VEEN, J.H.Van der: Arsbid.Inf.Serv. 2, 31-32 {1965)
- 3 Arabid.Inf,Serv, 4, 63 €1967 8
- : Arabid.Inf.Serv. 4, 45 (1967 b

Decrease of genetic damsge resulting from drv-stiorage of ElS-treated seeds
J.E. Ven der VEEX¥ and C. Van HEELKERT

VLR PATVHER T VI Sene e, e verE vy ot T agr ioul it oy vegeringen, Tus Letherslande,

KULIER (1967) treated presozked seeds of the race Dijon with 50 m EMS (3 hrse, 240C),
then submerged them in wzter (1 hr or 24 hrs), and finglly dry-stored them (silicagel,
240C) during various periods. After 1 hr water-stcorage, the genetic damzge (Mq~sterility,
embryonic lethals and chlorophyll mutanis) graduslly increasedgd during the
dry-~storage, but after 24 hrs weter-storage, the demage remeined constant
during the dry-storage from O hrs to 56 days. In contrast, a drastic decreasase
occurred in experiments of MULLER (19€5, 1967) with MNU and other nitrosamides. This
author argued in favour of reversion of premutetional lesions during dry-storage,
rather than inactivetion of residuel NNU or its reaction products. - Our EMS-results
are at variance with MKULIERs EMS-resulis, but resemble his MNU-results to some extent.
In addition, we included dry-storage at -200C.

Lfter 5 days on wet filterpaper at 29C (& routine procedure used to break dormancy)
and 24 hrs redrying on filterpaper (249C), one year old seeds of Landsberg-'erecta'
were treated with 50 ml EMS (not-buffered, 5hrs, 24°C), followed by 5 min rinsing
with tapwater. Tbe posttrestments were: (1) Water-storage, either (W) or not (=).
Seeds submersed in & lerge quantity of water (dark, 24 hrs, 24°9C, no stirring or
renewal). (2) Dry-storege, either (S) or not (-). Drying for 15 min on filterpaper
(room temperature), followed by further drying and storage (exsiccator, silicagel),
either at +24°C (5+24) or et -20°C (S-20), and during 1, 5 or 14 davs (S+24/1, ete.).
Prior to storage at -20°C 2 vacuur treatment was inserted (30 mm, 2°C, 45 min,
silicagel). - The experiment wae so timed that all item could be simultaneously sown
on agar.

The results are shown ir the following teble, in whieh "Survival" means % of
treated seeds giving flowering plents (soil, greenhouse), "Sterility" means % of
non-fertilized ovulee, and the mutant Zfreguencies are given as % of seeds containing
lethal embryos (E.L.} and ¢ of chlorophyll mutante emong non-lethal embryos (Chl.;
¥ULIERs embryo-test). Fer each item the siliques Ko. 5 and 6 were scored on 35
¥ -plants.

Attentim eéna:ld bte drawn to the fullowing deter (1) No difference beiween (-,-) and (W,-).
Cutdiffueion of EMS on agar and under water st egual retes, or if not, & baslance with
differential change in sensitivity tc residusl EMS. This sbeence of difference is in
agreement with MULILER (196€), who sowed ir soil., - (2) No water-storage prior to dry-
storage (-, S+24/1) gives an immediste sherp increase in genetic damage, as compared
with (-,-). In MULLERs (1967} 1 hr weter-stcrage itfem, this incresse during dry-storage
was gradual. - (3] Even after 24 hre wetver-ctcrage (W, S$+24/1) the damage increases
(though *to & lesser extent), indicating residusl ES. Here, FULIER found no increase. -
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(4) Both with~ (W, S+24) and without (-, S+24) water-storage, sll three types of
damage d e creas e during dry-storage (1 to 14 days). MULIER found constancy
reep. increase in his EMS-experiment. The decreese of the three types of damage, from

{~, S+24/1) to (W, S+24/14) has
igzzgments Survival Sterility - %utangil relative proportions which can be
vl M- precisely mimicked by & range of de-
- - 85 46 26 10 creasing EMS-concentrations. -
W, - 88 48 25 12 (5) Dry-storsge at =-200C (w% 8-20/1)
shows & spectrum shift relative to
T g:giﬁ; Si g? gi ;? (?) +249C (W, S+24/1), characterized by
o S+24/14 88 56 20 16 decreased sterility and incressed
4 number of embryonic lethals (the
W, 5+24/1 g2 56 29 14 chlorophyll mutants remain constant).
W, S+24/14 88 43 18 g This shift arises within one day dry-
_ storage and shows no further increase.
g: §_§8§14 Zg 28 gi 13 It could be due to the inserted vecuum

treatment. - (6) Most surprisingly,
the decrease of all three types of
damage is of the same order of magnitude during dry-siorage at -200C and at 24°C.
Repair of already induced lesions or prevention of damage to be induced (e.g., by
residual ENMS after sowing) thus resembles a physical process.

In extensive posttreatment experiments with barley seeds GAUL (1966) used a very
high EES-dose (290 mM, 3 hrs, 240C), so that without postwashing (-,-) all seeds were
killed, and no amount of washing could prevent 100% seed-killing when dry-stored for
14 days at 240C. The only items which were left and which can be tentatively compared
with our Arsbidopsis experiment are 24 hrs washing (running tapwater, 24°C) and either
directly sown in the field (W,~-) or first dried (vacuum, 18 hrs, 40°C) and dry-stored
at -20°C for 42 days (¥, 5-20/42). These ireatments gave resp. 11.8 and 16.5 % Mq~
seedset and resp. 21.4 and 21.0 % chlorophyll mutants. This trend is roughly similar
to that found by us for (W,-) versus (W, S~20/14). - It is obvious that several points
of divergence remain to be clarified. Further experiments ere being planned.

References:
GAUL, H., et al.: In "Mutetions in plant breeding". Symp. IAEA/FAQ, Vienna
"7 Pp. 63-84. (See also Radiat. Bot. 6, 505-518, 1366; 7, 289-301, 1967)
MULLER, A.J.: Biol. Zbl. 84, 759-762 (1965)
- : Ziichter %6, 201-220 (1966)
- : Arabid.Inf.Serv. 4, 43-44 (1967)

1966.

Absence of correlation between the frequency of mutations in Mo
SR erd+some Jevelopmental charachars in k. zeneration.

J. VELEMINSKY, V. POKORNY, and T. GICHNER
(Institute of Experimental Botany, Prague, Czechoslovakia)

In order to test the relations between some characters of the first (¥,) generation
and the frequency of mutations in the second (Mp) generation after the mu%agenic treat-
ment, we combined tke technique of CETL (1965, and pers. communic.) for the measurement
of developmental characters and of MULIER (1963) for the detection of recessive em-—
bryonic and chlorophyll lethals. The seeds were treated with 0.2 mM and 0.3 mM methyl-
nitroscurea for 24 hrs and sown in constant distances and depth in the soil. One part

Table 1 Treatment Conditions Fumber of X 8z ¥ 8= m,
: ' plants y
Control growth chamber 1€9 41.2 0.20 12.5 0.21 0.07
" greenhouse 173 30.0 0.18 7.5 0.17 2.08
MNU, 0.2 mM | growth chamber 156 39,6 0.15 14.5 0.19 20.86
¥NU, 0.2 mi greenhouse 177 28.8 0.09 10.6 0.16 21.65
MNU, C.% mh| growth chamber 170 40.1 0.16 12.9 0.18 34.33
ENU, C.3 mM greenhouse 169 28.1 0.16 7.9 0.15 %4.04
Table 2 Concentration Conditions Kumber of T
of MNU plants
0.2 mM growth chamber 148 ~0.148
im 0.3% mM " " 160 0.024
yimg 0.2 mM greenhouse 129 -0.048
0.3 mM " 132 0.005
0.2 mM growth chamber 116 -0,041
. 0.3 mk " " 105 -0.086
*ikg 0.2 mM greenhouse 121 -0.021
0.% mM " 123 0.068

r = coefficient of correlation
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o? plants wae then cultivated during the whole life cycle ir the greenhouse {in June

and July) and %he second part in e growth chember with constant humidity (75 %) and

temperature (18%10C). In the first month the plants grew under an 8 hrs day, lather

under & long day (16 hrs). On each plant the number of leaves in the rosettes (y),

the number of deys between the emergence and the appearance of flower primordis (x)

and the number of mutant seeds in all siliquae (mc§ were determined. Under greenhouse

conditions the mean number of rosetie leaves was significantly lower and the length

of vegetative phase significantly shorter then under the conditions in the growth

chamber. This did not, however, influence the frequency of recessive lethals (Table 1).

We also d4id not find any correlation between the frequency of mutations and the number

of rosette leaves (y:my) or number of days to the appearance of flower primordia

(x:m,) (Table 2).

References:

CETL, I.: Arabid.Inf.Serv. 2, 3-4 (196%)
1 1

MULIER, A.J.: Biol. Ztbl. 82, 133-163 (1963)

The influence of pH on the mutagenic activity of nitroso-compounds on Arabidopsis
T. GICHNER and J. VELEMINSKY
{Institute of Experimental Boteny, Prague, Czechoslovakia)
The release of diazoalkanes is a condition for the activity of nitrosoamides and
nitroscamines. In the case of nitrosoamides, e.g.,, F-ethyl-N-nitro~-K-
nitrosoguanidine (ENG) and N-ethyl-N-nitrosoures (ENH) the release of diazoslkanes

is & result of a hydrolytic decomposition. Diazoalkanes are, however, very labile and
if the decomposition takes place outside the seeds, they do not probably reach the

. R mutable sites in the meristem~
Table: The frequency of segregating ¥, siliquae atic cells. The rate of hydro-

pH| 2.4 mM ENG 1.4 mM EFE 12 mM MBNA 25 mM EVNA lysis depends on the tempera-

3 94.1 55.0 84.1 ture and on the pH of the solu-
z Gg 5 85‘1 o o tion. At pH 3 to pH 6 1t is

5 54.8 85'9 53,1 61.0 relatively slow, but at pE 7

& $4.8 81.8 o e and in alksline solutions it

7 12’3 1‘3 02 1 72.1 steeply increases. For ERH at

8 -t _ o o PE 7 the half-life is about

g - - 32.2 65.5 1.5 hr (see DRUCKREY et al.,

1967) and as a consequence

only & small amount of unhydro-
lyzed nitrosocamides is taken up in the seeds during the 24 hrs treatment. This can
perhaps exzplain, why ENH and ENG are very acitive at pH 3 to pE 6 and why their activit
is lowered at pH 7. ~ N it rosocoamines, e.g., methylbenzylnitrosoamine (MBNA
Sl athylvinyloisressanine JDVEA vare oy sveERI ey eTen AN thonltae s nlwil e, inedr
decomposition takes only place in the seeds after the action of specific enzymes. They
are mutagenic, therefore, regardless of the pH of the mutagenic solution, at least in
the range of the pH-solutions tested.

References: .
DRU%KREYs H., R. FREUSSMANN, 3. IVANKOVIC, and D. SCHMkHL: Z.f.Krebsforsch. 69, 103%-201
1967

Mutagenic activity of some nitrosoamines
J. VELEMINSKY and T. GICHNER
(Institute of Experimental Botany, Prague, Czechoslovakia)

12 different nitrosoamines were applicated on seeds of Arabidopsis, Dijon (24 hrs,
250C) and their mutagenic activity was evaluated according to the frequency of siliquae
segregating embryonic and chlorophyll recessive lethals = my (MULIER, 1963). Mutagenic
active (table) were ethylvinylnitrosamine (ZVN) and further nitrosoamines, with at
least one methyl group on the side chains and with at least one hydrogen atom bound on
the alpha-C-atom. EVN is known as an unstable nitrosamine which is able to hydrolyse,
whereas other active nitroscamines are known as stable ones, decomposing only enzym-
atically (see DRUCKREY et al., 1967). It could be assumed that the seeds of Arabidopsis
contain enzymes, specifically decomposing only nitrosamines with a methyl group.

Table: Nitrosoamines sublethal max. Nitrosoamines sublethal max.
conc. my conc. my,

dimethyl- 1.000 ¥ 75.2 ethylvinyl- 0.100 ¥ 73.0
methylethyl- 0.100 M 58.5 ethyl-terc.butyl- 0.125 ¥ 1.3
methylbutyl- 0.075 M 18.6 dibutyl- 0.03%0 M 1.5
methyl-terc.butyl- 0.100 ¥ 0.2 methylphenyl- 0.020 ¥ 2.8
methylbenzyl-~ 0.020 ¥ 81.6 methylpiperazine 1.000 M 0.5
diethyl- 0.225 M 1.2 nitrosomorpholine 1.000 M 0.6

References:
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The mutagenic sctivity of B-hvdroxyethyl methansulfonate (HOENS), B-methoxyethyl
methansulfonate [MOENS) and diethyl 1,3%-propanedisulfonate (DETU) on Arabidopsis
E

T. GICHKNER, L. EHKRENBERG, and C.A. WACHTMEIST

{Institute of Experimental Botany, Prague, Czechoslovakia; - Institute of
Biochemistry and Institute of Organic Chemistry, University, Stockholm, Sweden)

Monofunctional HOEMS and MOENMS as well as bifunctional DEPD induce high freguencies
of embryonic and chlorophyll mutations. The high frequency of mutations induced by
DEYD may be caused by the fact that this compound is not crosslinking but is able to
provoke two independent ethylations. -~ The mutagenic efficiencies of these compounds,
uging mutation rate vs. sterility as a criterion, is approximately on the same level
as that of EMS and much higher than after the X-ray treatment. - The mutagenic effect-
iveness, using molar concentration vs. mutation rate as a criterion, is for HOENS and
MOEMS much lower than for EMS and it is in line with their alkylation rates. The muta-
genic effectiveness of DEFD is lower than the effectiveness of EKS, although the
alkylation rates of DEFD are higher.

i)
R

Abstract of a paper which will appear in "Hereditas"

The mutagenic activity of N NN’ - trimethylnitrosourea (TMNH) and
p-tolylisulfonyl methyvinitrosamide (TokN)

J. VELEMINSKY and T. GICHNER
(Institute of Experimental Botany, Prague, Czechoslovakia)

Two further nitrosoamides have proved to be very strong mutagens for Arabidopsis
thaliana. Only the highest frequencies of induced mutatione are given in %he foflow—
ing table (treatment time 24 hrs, temperature 250C). TMNH had no mutagenic activity
on Saccharomyces cerevisiae (MARQUARDT

Degree Frequency of et al 1964); 1t was, nowever, stro
.y ; ; ) ngly
Treatment stegflit ;egggﬁitigi carcinogenic on rats (IVANKOVIC et al.,
Yy w1 9 1965). TSKN was not mutagenic on Saccharo-
TMNH 75 oM 97.7% 97.4 myces cerevisiae (MARQUARDT et al., 1964)
TSMN 0.75 mi 54.0 82.4 and not carcinogenic on rats (DRUCKREY

et al., 1961).
References: .
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Genic male sterility in Arabidopsis
4.3. KULIER
(Institut fir Kulturpflanzenforschung, Gatersleben, Krs. Aschersleben, Germany)

A recessive mutant ms causing male sterility has been induced by ZX-ray treatment
(12 k¥R on presoaked seeds) of "Dijon G". The M, family segregated inte 12 fertile and
5 sterile plants. Pollination of the sterile p%ants with wild-type pollen resulted
in 96.5 % seed setting (250 ovules studied). 30 Py plants were grown to maturity; all
proved to be fertile. The Fp segregated into 22 fertile and 13 sterile plants. The
result of the backcross "sterile x Fq" was 134 fertile: 146 sterile.

Table: Classification of anthers

Genotype No. 0of pollen grains per anther Total No. of
o] 1-10 11=30 31-70 71-150 151-400 401-460 anthers studied
ms ms 24 g 30 27 36 - - 126
ms ms+ - - ~ - - - 26 26
metmst - - - - - - 24 24
Genotype No. of normel pollen grains per anther Total No. of
0 1-10 11-30 31=-70 T71-150 151-400 4015§SO anthers studied
ms ms 40 38 36 7 5 - - 126
ms ms?t - - - - - - 26 26
mstmet - - - - - - 24 24

The flowers of the ms ms plants contain 6 anthers of + reduced size, which open
somewhat delsyed. 126 anthers (2 per flower) from the basal flowers of 10 sterile
plants were studied microscopically. As shown in the Table, the number of pollen
graine per anther varied from zero to 148 (control: 431+125. Most of the pollen greins
were abortive and of reduced size, but some were stainable with acetocarmin and,
therefore, classified as normal. ¥With respect to the mean number of abortive and
normal pollen grains per anther, there were no significant differences between various
ms mSs plants. After natural selfing 835 seeds from about 280.000 ovules were harvested
{seed setting: 0.3 %). The genotype of these seeds was confirmed as ps ms. In a second
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sowing performed ir winter seed eettipg wae only 0.00% % (7 se
ovules). Thue, it is ¢ifficult 4o propsgete the mutant by netu
sterility is not complete.

eds from about 150.000
rel selfing, although

Growth rate, vegetative charscters and flower morphology are entirely normal. Only
the terminel fiowers of zll inflcremcences sre regularely malformed. They consist
cf + effeminsted orgens. The mergin of the sepale forms smell white ovules end often
e pepillope stigme. The petsls end stamens are partislly sborted.

Lebensfiéhigce und letale fusce-Mutanten bel Arabidopsis thaliana
4.7, MULIER und Ulrike HEIDECKER
(Institut fir Eulturpflenzenforschung, Gatersleben, Krs. Aschersleben, Germany)

Unter der Begzeichnung fusca werden entsprechend der frither vorgeschlagenen Klassi-
fizierung embryonaler Anomaiien alle ¥utanten zusammengefaBt, die sich durch das Auf-
treten von Anthosyan im Emdbyo des unreifen bzw. reifen Samens suszeichnen., Zwel durch
Rontgenstraehlen induzierte rezessive Hutationen dieses Typs sind bereits kurz be-
schrieben worden (MULIER, 14963). Inzwischen konnte durch verschiedene chemische Muta-

ene eine grofe Zanl vor fueca-Nutstionen susgel®st werden (vgl. MULIER, 1964, 1966).
ber die relative Hiufigkeitl ilhres Aufitretens unterrichtet die folgende Tabelle,

Anzzhl der Mutationen
¥utagen fusca Chlorophyll fusca : Chlorophyll

K-Nitroso-N-methyl~K'~nitroguanidin 17 599 11 35,3
K-Ritroso-N-methylharnetoff 8 287 1 35,9
N-Nitroso-KF-methylurethan 23 938 1 : 40,7
Lthylmethensulfonat 14 425 1+ 30,4
iso~-Propylmethansulfonat 6 336 1 : 56,0

totgl 68 2585 1t 38,0

in der unter Zusammenfassung der Ergebnisse verschiedener Versuchsserien (mit im
einzelnen unterschiedlichen Mutetionsfregquenzen) die Anzahl der rezessiven fusca-

© Mutationen der inzahl der gleichzeitig induzierten rezessiven Chlorephyllmufafionen
gegeniibergestellt ist (Chlorophyllmutanten = glbine, Xantha und chlorins, bestimmt
nach der Farbe der EKctyledonen vor Beginn der Samenreiis).

Die Uberwiegende Mehrzahl der bisher verliegenden fuscs-Mutanten 1daB8t%t sich wie folgt
charakterisieren: Die Mutsnten-Embryonen unterscheiden sich vor Beginn der Samenreife
hineichtlich GriBe und Gestalt nicht oder nur geringfigig vom Wildtyp (Dijon G). Die
Eotyledonen weisen Chlorophyll suf, doch ist die Grinferbung in den meisten Fillen von
etwas geringerer Intensitét als bedm Wildtyp. Die Ausbildung des karminroten Farbstof-
~ Fre hepinnt frithestens ip Steodium der Fotyledonenkriimmung und erreicht ihren Maximal-
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besteben deutliche Unterschiede zwischen den einzelnen Nutantenstdammen. ln menchen
FHEllen beschridnkt sich die Farbstoffbildung weitgehend auf die Grenzzone zwischen
Kotyledonen und Bypokotyl; in enderen Féllen sind auBer dieser Zone (die dann besonders
intensiv gefdrbt erscheint) auch die Kotyledonen selbst und die sproBseitige Region des
Hypokotyls karminrot gefirbt. Der Farbstcff weist dle itypischen Charakterisiike eines
Anthozyans auf: Er ist susschlieBlich in den Vskuolen lokalisiert, wird unter dem Ein-
fluB von NH4O0H (oder einer anderen Base) blaugriin und gibt mit FPellxz eine dunkelviolette
Firbung (Phenolregktion). Offensichtlich hendelt es sich um das gleiche Anthozyen, das
in Wildtyp-Eeimpflanzen bei sterker Belichtung bzw. Mineralstoffmangel geblildet wird
und dort gleickhfalls bevorzugt in der Grenzzone zwischen Kotyledonen und Hypokotyl
guftritt. (In den Wildtyp-Embryonen entsteht unter unseren Kulturbedingungen kein Antho-
zyan.) Die Anthozysneinlsgerung bleibt bei der Samenreife erhelten, so daB eine klare
Unterscheidung zwischen Mutente und ¥ildtyp in der Regel zuch an vollreifen Samen mbg-~
lich ist. Bel einew Teil der Mutantenstidmme sind die Samen + geschrumpft, Jjedoch ist -
wie dae Vorkommen vorn fusca-Mutanten mit normal grofien, ungeschrumpften Samen bewelst -
ein derartiges Defizit en Heservestoffen keineswegs obligate Begleiterscheinung der
Anthozysneinlagerung.

Die Eeimung erfolgt meist etwas verzbgert. Bei der Mehrzahl der bisher gepriiften
Mutentenstimme verlieren die Eeimlinge das Anthozyer nicht und sterben suf Erde oder
Minimalmedium vor der Ausbiidung éer Primérblédtter. Bei anderen Mutantenstdmmen bilden
sich sus den Keimlingen unter Verlust des Anthozyans lebensfihige, griine Pflanzen, die
meist in ihrem Wachetum gehemnmt gind. Die Fertilitét ist in der Regel gut.

Xk EE eIy P Ertd LRSI e LE

Auf eine fuscg-Kutente, die guch wegen ilhrer Eignung a2ls genetische Marke Interesse
begnspruent, se: im fclgenden rnhher elingegengen:
fusca (315): Inteneive Rctfirbung der Eotyledoner, Die reifern Samen sind stark ge-
Boorumpft. Das der Schrumpfung zugrunde liegende Defizii an Heservestoffen (Fett!)
beschrénkt sich zuf die Eotyledonen, wihrend das Hypokotyl fest upd rund erscheint.
Voll susgereifte Samen kounten bisher nockh nicht zum Eeimen gebracht werden. Im Gelb-
reife-~Stadium bvefindliche umd daber noch nicht mezrimal geschrumpfte Samen keimen da-
gegern 100%ig ohne Keimruhe. (Aus dsn gieichen Schoter eiammende Wildtyp-Samen keimten
erst nach 2~5 ¥%ochen.) Dass Anthozyen wird innerheld von 3-5 Tagen nach Eeimbeginn
velleténdig zurlickgebildet. Die enitstehenden Pflanzen haben einen v81lig normalen
Habitus und unterscheidsrn sich in Grdfe und Bilhalter nlcht signifikant vom Wildtyp.
Die Fertilitét der Pollen- und Samenanlagen ist normal. Fp-Speltung = 341 wild : 107
fuscs.
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Die Anthozyanbildung stellt ein relativ unspegifisches Indlz fir solche Stoffwechsel-
anomalien dar, die zu einem UberschuB8 an Pyruvat bzw. Acetyl-CoA fithren. Bei Mutanten-
stdmmen mit geschrumpften Samen ist offensichtlich die Synthese von Reservestoffen ge-
hemmt. Der normale Ablauf der postembryonalen Entwicklung von fusca (315) zeigt, deB in
diesem Fall ein susschlieBlich zur Bildung von Speicherfett notwendiger Reaktionsschritt

blockiert ist. - Gensue genetische und biochemische Untersuchungen an fusca-Mutanten
wurden begonnen.

Summarzry : Recessive mutants with anthocyanin in the embryos have been isolated
after various mutagenic treatments. Most strains are lethal in the seedling stage, but
spome sre viable and fertile.
Literatur:
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Chromosome studies in Arabidopsis thaliana
Lotti M. STEINITZ-SEARS and Suzanne LEE-CHEN

(Genetices Department, University of Missouri, Columbia, Missouri, U.S.A.)

On the basis of occasional good pachytene to diplotene figures, it was determined
that trisomic II involves the main nucleolar chromosome (figures 1 a-d). It was re-
ported earlier (CHEN and SEARS 1967) that II carries REDEI's linkage group 4. The
weakest trisomic, which had been lost, wes reobtained among the offspring of 3n material.
It is shown in figures 1 e-h. The linkage group of this chromosome ie not yet known.*

raphs of diplotene nuclei (b and f),
¢ and g), and diagrammatic interpre-

Figure 71: Trisomic plants (& and e), photomicro
drawings of the same diplotene cells %
tation of the same cells (4 and h).

Reference:
LEE-CHYEN, Sugzanne, and Lotti M. STEIFITZ~SEARS: Can.J.Genet.Cytol. g9, 381-384 (1967)

* With these two types the set of 5 trisomics in Arabidopsis is complete. The Editor.
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The Pixation of redistion energy during the development in chlorophyll b deficient
mutante of Arabidopeis

A.R. ERANZ
(Institute of Boteny, University of Frankfurt-M., Germany)

The still unknown function of the chlorophyll b has been discussed in the new
research work about the two sensibilization systems for the light reactione I and II
of the photosynthesis (ARNOK et sl., 1964; WITT, 1966). But certain chlorophyll b

Table 1: Experimental conaitivus in greowth chamber 111

(r66-10)
cht « En-2
Arabidopsis ch] Table 2: Spectral radiation energy (uwatts ° cm-z) distribution
9
thaliana ch” in the piant level ('66-10, 13./14.3.67).
chd = 81 Spectral ligut meter after RUBERTSON and HOLMES (196))
1
8 ) wavelength —-
p. loam -
betrat " . millimicrons 342 437 538 62 742
substrate 2 p. pea
(interference filter no.) 1 2 3 4 8
1 p. sand
1
light 16 0 @5 T2 °c nermal
12 x TLF 65/55 <0.1 4.35 k.00 4.7u 1.12
temperature e/
12 x WU 65/25
dark 8" 5o’ !
vellow
light | 16" 5054 e
humidit 12 x TLF 65,55
umidity
N . 12 x WU 65,25 <0.1 0.43 4.10 L .80 1.12
dark 8 B0 - 3 %
RH-plexiglass 300
normal 32.1 eal cm_2 ) d-l
radiation  yellow 24,1 cal " oem - 7 a7t 12 x TL¥ 65,55
— - . .25 . . .
red 202 cal * ca= 4] 12 x WU 05,26 <0.1 | 0.25 | 0,01 | 4.40 | 1.12
RH-plexiglass 501

Table 3: Hanges of the genotypes, rudiation qualities und ontogenetic stages

in running time. energy ana pigment value.

Hef.: parenthesis stands for En-2 only. Semple | = young plant, sample 2 = rusette phase,

sample 3 = flowering time, sample &% = ripening husks.
Ontogenetic stages
Genotype (mutant) Haaiation quality (filter) {samples)
llunning time:
9
p.d. ch* < ch®¢ chl¢ e’ (red)» yellow > normal 1 < 2 <3 ¢ 4
Energy value:
9
Cal /pl. chl= cht> ch = ch® {red) » normal > yellow 2 ¢ 3 K4
9 0 2
Cal/dm” chls ch+2 ch™ > ch’ (red)» yellow > normal 2 K31 < 4
[
Cal/g eh¥= ch1> ch™ > ch3 {red) =~ yellaw < normal 203 &b
Pigment value:
5 o
Chl.a, dm” ch™» chl: ch™ > chx (red) < yellow < normal 1 < 2 3% = &4
2] n
Chl.b/dm"” eh®reh” chz> ch! (red)= (yellow) < normal I~ 2 & 3 4
. o =
Carot,/dm” et cn's ch™> ch’ {red) < yellow < normal 1 22 3 < &
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deficient mutants 0f Chlorella have evidentially the ebility of normel photosynthesie
(METZKER et al., 1965 WiLD and EGLE, 1967), slthough there is a defieclency of etarch
produecticn at least in some ceses of Pisum (MULIER, 1964).

Starting from these results we have been irnterested in the problem of the radiation
energy fixation during the ontogenetic dry matter production in three quantitative
chlorophyll b deficient mutants of Arsbidopsis. We are grateful to Frofs. REDEI and
RUOBRBEIEK for seeds of the genetic materi we hgve used.

Qur experiments were carried out under constant climatic conditions gsee table 1)
in the three radiation ranges produced with plexigless filters: normal (~ 300-800 nm)
and red (~ 600-800 nm). This results in & gradual elimination of the radiation energy
within the region of the leaf plgment absorption, whereas at the phytochrome action
peaks (660 and 730 nm) the energy is not changed (see table 2). Thus the phytochrome
system can function normelly (HOCK and MOHR, 1965; RUDOLPH, 1965).

Here the geined results shall be presented briefly in & range comparison statistic~
ally tested by STIEARMAN's range correlation. 4s shown in table 3 all the analyzed
characters - the running time of development, the energy velues of the dry matter,
and the leaf pigments - increase with progressive ontogenesis. During the ripening of
the huske and the flowering only chlorophyll b and carotenold contenis decrease. The
various radistion qualities cause the expected decrease of the developmental time
from red to yellow and to normal, while the energy values are increasing except for
the calories per gram of dry weight and dm€ of leaf area. The pigment values rise as
expected with 1ncreaslng normalizaetion of the radistion quality but there is no essen-
tigl difference in chlorophyll b content under red or yellow light. The three monogenic
mutants of e ch~locus show the known range order in the chlorophvll b content:
chh ))chz.‘ch > ch! (ROBEZILEF and VELEMINSKY, 1965). But there is another order of the
mutants in The 5ix remaining characters. The va%ues of calories per gram, chlorophyll =&
and carotenoids indicate the order ch+ chl, ch® > ch . The otber characters deviate
from this order.

In accordance to HIRONO and REDEI (1963) we have detected an equal amount of assim-
ilation starch in the lezf parenchym chlorcplaste of the mutant ch which shows after
thin layer chromatographic separation under tke UV-lamp absolutely no chlorophyll b
in all ontogenic stages. The apparent radiation energy used as defined by the author
(KRANZ, 1968) runs up to ~1 p.c. like in other annuel higher plants and this character
is positively correlated with the values of the chlorophyll a and the carotenocids.

Summarizing, we may state that there ie no proved genetic and ontogenetic correla-
tior between chlorophyll b and the fixation of the radistion energy in the dry matter.
Whenever the analyzed genotypres would only differ in their alleles within the ch-locus
(IEE-CEEX and STEINITZ-SEARS, 19067) they would cause & specifically pleiotropic action
on the remairing characters Btudied in this peper. Then we could postulate there is on
one hand the main effect of tkhe ch-locus on the chlorophylil 'a -- and the carotencid
synuh851s, the calorie velue p.g. end the time of uevelopment end on the other hand
the secondary effects on the chlorophyll b content and tre other calorie values. The
interaction of the phytochrome system with the studied remctions of characters may
be elimirated on account of the arranged radiation conditions.
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Techniques of artificisl selection
D.G. PEDERSON and D.F. MATZIKGER
(Department of Genetics, Korth Cerolins Stete University, Raleigh, N.C., U.S.4.)

A mess selection study is being carried out on 14-day fresh-weight in several
artificially constructed populatione. The plante are grown in a controlled environ-
ment under aseptic conditions (LAEGRIDGE, 1957), and after being weighed they are
stored prior to selection of the best plante. The storage trays are commercimlly-made
holders for "Diepo® assay trays, each with a sheet of "Plexiglase" laid acroes the top.
A number of 8 mm holes are bored in emch cover so thaet one tray corresponds +to one of
the wooden blocks used to hold test tubes. In use, the trays are filled with water and
plants are placed one to a hole, in which position they will remein visble for 24 hours
or more. If it is kmown that eome plants will not be included in the selected group,
circles are drewn around the holes corresponding to those plants. The time saved may
be important, since one person can welgh and store only about 80 plants per hour. -
The plantes are potted, iritielly on ager blocks, by & technique similar to that of
Van Der VEEF (1966) giving an ultimate survivel rate of close to 100 per cent. An
oversll generstion time of 3 months has been meintsined in the study involving cross-
fertilization of selected plants.

References:
LANGRIDGE, J.: Aust.J.Bilol.Sci. 10, 243-252 (1957)
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L simple technigque for screening thiemine suxotrophs
S.L. LI and G.P. REDEI
(Department of Genetics, University of ¥issouri, Columbia, Mo., U.S.A.)

Seversl years ago a program to isolete nutritionsl nmutasnte was started in our
Jeboretory. Initielly the progenies of single seeds exposed to mutsgen were handled
individuslly. By thie method in approximately six thousand progenies of Z-ray treated
seeds 5 thiamine suxotrophs could be obteined. Similarly handled populations of over
2,000 plants obtained after ethylmethane sulfonate trestments of the seed yielded
6 thiamine deficient mutants. Obviously thie method is too laborious for the isoclstion
of a larger number of mutations at epecific loci.

st LGl ppmeil Freadors e gluee loar el acly Inetaal o plasiuy Wiin, o
forceps only five mutagen treasted seeds per five-inch diameter pots, 50 seeds were
planted to the same. The treated seeds were suspended in 0.12% agar in & conceniration
of 2.5 seeds per ml . This free-flowing liquid was supplied dropwise to the surface
of the soil or distributed a8 s very fine continoous flow from & separatory funnel.
20,000 or more seede can be planted in good distribution within an hour with some
experience, The germination and growth of a materisl plented in this manner is entirely
sgtisfactory. In one experiment 47,415 seed bearing plants were obtained from 88,23%5
seeds treated with 12,000 R X-rays after 24 hours presozking. Another eirilar seed
population exposed to 0.24% ethyl methsne sulfonate produced 48% sursivers.

The plents grown in the ssme pot were harvested in bulk by threshing the seed on a
sheet of paper. Approximately 300-400 seeds from easch bulk progeny were then broadocast
on the surface of soll in five-inch pots again. The mutants were scored severasl times
during the first three weeks sfter germination. Since the great magjority of the thiamine
suxotrophe display & normal or nearly normal transmission, the statistical probability
assures us of about 80% recovery of all the thiamine mutants induced. Most of those
that remain undetected are not very useful for genetic studles because of the poor
penetrance. This new isoletion procedure regquired only about 1/10 the space and labor
reletive to the old technigue.

Tne nutritional mutants are first selected in the second generation gfter the treat-
ment in soil cultures. A "complete medium™ containing vitemins, amino acids, nucleic
scid precursore is applied to the non-growing or poorly develeping seedlings after ger-
ningtion. The exsct requirement, if eny, is verified leter ir mseptic asgar cultures.

To be sure tbat ell new leoletes are reslly mnew occurences rather then mechanical
gseed contaminations from previous experiments, geneticelly merked different stocks of
Columbia ®1ld type background were used for each sryperiment.

So far 62 irpdependent thiamine suxctrcphs have Deen anselyzed in our laboratory.
From these 40 (£4.5%) require only the pyrimidine molety; 9 (14.%F) respond to
"vitamin +thiszolie®; 1% (21%) grow only with inteet thiemine,
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FEERSTRA, W.J.: Genetice 35, 25¢
REDET, G.P.: Genetice 45, S007 (1
- : Genetics 47, 979 (1962)
- 1 tmer.J.Bot., 52, B34 (196%)

(1
g60

Y



- 59 -

Herstellung vorn Totelprépersten gur Darstellung von Embryonen
C.G. ARNOID und D. CRUSE

Fruchtknoten bzw. Schoten von Arsbidopsis thaliens werden ohne vorherige Fixlerung
in Earminessigedure eingelegt, der aul 200 ml je ] ml einer 10%igen FeClz Lbsung gu-
gesetzt wurde. Die Dauer der Elnwirkung schwankt Jje nach dem Entwicklungsstadium der

o Fruchtknoten zwischen 2 und 7 Wochen; bel liéngerer Auf-
bewghrung in der Losung werden die Objekte gu stark maze-
riert. Rech dieser Behandlung mit Kerminessigslure + Fe
bringt man die Objekte auf einen Objekttrdger in einen
Tropfen Karminessigesiure ohne Fe. Die Klappen der Schoten
werden vorsichtig abpripariert, die Plazenten vom Septum
getrennt und beide HElften etwas auseinandergezogen. Dar-
auf wird das Pridperat mit einem Deckglas bedeckt und
einige Male vorsichtig durch eine kleine Flamme gezogen,
ohne es dabel zu kochen. Mikroskopische Kontrolle! Auch
igt jede Druckeinwirkung auf das Deckglas unbedingt zu
vermeiden., Die Préparate sind htichstens einern Tag haltbar. -
Ergebnis : Die dunkelrot gefirbten Embryonen sind

Ovules with embryos durch die junge Samenschale hindurch deutlich 2zu erkennen
steined in carmine (siehe AbD.).

Embryo test without seed loss
G.H. BALEEMA
{(Department of Genetics, Univereity of Agriculture, Wageningen, The Netherlands)

For MULIER's embryo test seeds are scored for mutations 2 or 3 days before the
seedcoat turns brown. I found that seeds of unopened siliques of this age germinate
in sbout 14 days when the siliques are placed on sgar (with & trace of KNO=z, in light,
240C). The seedlings force open the siligues and can then be scored for mutations. -
Green seeds, e.g. seeds from the embryo test, sown straight on the agar (KNO=z, light,
24°C) give over 95% germination. Green seed germinates sfter 11~12 days, whefeas brown
(almost ripe) seed takes 15-16 days. Cold trestment (3 days, 3°C, dark) after sowing
retarded germination in both cases. - Seeds sown in this way after the embryo
test can give additionsl information on chlorophyll mutetions scored at the seedling
stage, and can be used 1o raise M, plants for further studies.

§ - o Further studlies on Arabidqpsis RNA
' ‘ S. BONOTTO and ¥. JACOBS

(Section of Phytobiology-Agronomy, Department of Radiobiology, C.E.K., Mol,
and Laboratory for Genetics of Higher Plants, Free University of Brussels, Belgium)

In Ro.4 of this newsletter, we have described a method of the extraction of
Arsbidopeis RFA (BONOTTO apd JACOBS, 1967). This method has been further improved.
We know from the work of REDEI (1967) that Arsbidopsis possesses enzymes capable o
digest RNA: = neutral ribomuclesse, an acidic ribonuclease and a phosphodiesterase.
It is therefore necessary to protect the RNA during extraction as good as possible
againet the asction of these enzymes.

Although the utilization of naphtalene disulfonate (NDS) and of sodium dodecyl-
sulfate (SDS) has previously provided good results, we have tried polyvinyl sulfate
(PVS) as another inhibitor of ribonuclesse. It was reported that this polyanion,
introduced by FELLIFG and WILEY (1959), protected very well the RNA extracted from
the endosperm of castor bean seeds at pH 5.0 (COCUCCI and STURANI, 1966). The RFA
preparations which we have obtained from Arsbidopsis seedlings with a mixture of EDS
(1 mg/ml), PVS (10C mg/ml) and SDS (1%) seem qulge satisfactory. Besides the utilisa-
tion of PVS, we have introduced in our method the following modificaetions:

After precipitation from the aqueocus phase by the addition of 0.1 vol of 10% NaCl
and 2.5 vol of absolute alcohol, the RN4A, collected by centrifugation, is dissolved
at 0°C in a small volume of C.01 ¥ NaCl, containing 100 mg/ml of PVS. The RNA solution,
adjusted to a NaCl finsl concentration of 2 ¥ with a solution of NaCl 4 M, containing
100 mg/ml of PVS ie then allowed to stand 24 hrs at 40C. In these conditions the ribo-
somal BNA (r-RNA) precipitates, while the soluble RNA (s-RNA) remains in solution,
The r-RNA is collected by centrifugation and washed with cold 2 M NaCl in order to
elimingte the contaminant s~RNA. The s-RNA remained in the supernatant is precipitated
by the addition of 2.5 vol of cold absolute alcohol and collected by centrifugation. -
The r-RKi and s-BNA are then dissolved in 0,3 ml of acetate buffer, layered on the top
of 4.6 ml of 5-20% sucrose gradients, containing 50 mg/ml PVS, and cenitrifuged 15-16
hre at 22.000 rev/min or 5 hre at 37.500 rev/min in the SW 39 rotor of the Spinco
ultracentrifuge. Two drop fractions, collected by puncturing the bottoms of the tubes,
are diluted with 0.9 ml of distilled water and the absorbance at 260 ma measured in
the Cary spectrophotometer.

¢
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Figure: Sedimentation pattern of r-RFA and s-RNA extracted from 1 month old Arabidopsis
plants. hr-RNA = heavy ribosomal RKA, 1r-RFA = light ribosomal RKA,
s-RNA = soluble RNA.

The figure shows the centrifugation pattern of r-RNA and s-RNA extracted from 1 month
0ld Arabidopsis plants. It appears from the figure that our method allows & good Bepare-
tion of r—ﬁEA From s-RNA, without any significant degradation. Moreover, a deoxyribo-
nuclease treatment of the RNA preparation before ultracentrifugation in order to eliminate
contaminant DNA, seems to be unnecessary. Finally, the presence of PV3 in the sucrose
gradients, utilized also by MURPHY and LOVETT (1966) for the RNA of Blastocladiells
emersonii, is avantageous with respect to DS because it does not absorbe at 260 ma.

e %4 of the whole cells and of cellular organelles (chloroplasts and mitochondrie)
is now being studied.
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D. ARNNOUKNKCEMKEUNKTS

¥Yeeting of Scientists interested in Arsbidopsis Resgearch

During the 12th Internationsl Congress of Genetice, held in Tokyo, Japsn, during
August 19~28, 1968 an informal meeting is echeduled to give the possibility for dis-
cusgion of Arabidopsis Research. Dr., Y.HIRORO will be kind enough to Bct &s an or-
ganiger. For details, pleasse, pay attention to the announocement at the boerds of the

i

Chenge of Addresses

BHATIA, C.R., Modular Laboratories, Biology Division, Bhabha Atomic kesearch Centre,
Trombay, Bombay 74, Indie

FEEESTRA, W.J., Genetisch Imstituut, Rijksuniversiteit, Groningen, Rijksstraatweg T€,
Federland

Kateriel

X-ray induced single gene recessive "minieture" (git) mutent from REDEI's very
early rece Landsberg-“erecta": small, roundiskh, yellowlish-green rosette leaves in e
fine regular pattern; flowers only 2 days leter, perfect fertildiy, unimpaired growth
vigour, and reteining all profitis of 'erecta' as an experimentel plent. Worthwhile
trying for teet tube cultures, etc. Aveilsble from: Dr. H.L.5. HUSSEIN, Dept of
Genetics, University of Agriculture, Wageringen, Retrerlands.

Erretum

In Arebid.Inf.Serv. Ko. 4, p. 50, te¥le 7 read AIS,/AS instesd of AS/AIS
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