-

sudah penyinaran,

-81s pada chromosom
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X-RAY SE
CULTII}ISEDMPT(;{ OF METAPHASE CHROMOSOMES IN
LLEN TUBES OF TRADESCANTIA
by S
" Djoko I . )
| sbandi
RINGKASAN
hkan

4 TeEEZ% Zi;l Tﬁadescantza paludosa Anderson & Woodson dikecamba
ada g€-> & s obyek yang telah dilapisi dengan medium lactose agar.
Untuk setlap percobaa? digunakan &4 kelompok yang masing-masing terdiri
atas 8 gelas obyek. Tiga kelompok, masing-masing gelas obyek diletakkan
mendatar di dalam kotak plastik dengan pengaturan sedemikian rupa  Sse-~
hingga bagian-bagian yang mengandung kecambah-kecambah tepung sari

berada tepat pada daerah-sasaran-penyinaran (kiranira seluas 100 cm?2)
sinar-X. Dalam kotak plastik telah ditempatkan kertas Kleenex yang lem-
bab dengan maksud untuk memberikan keadaan pertumbuhan yang optimum ba-
gi perkecambahan tepung gari. Kelompok pertama, kedua dan ketiga ma-
sing-masing mendapatkan dosis penyinaran total 310 r (155 r/menit)- ia-
lah penyinaran terhadap chromosoma-chromosoma interphase (semenit sesu=
dah penaburan tepung sari), chromosoma-chromosoma prophase (8 jam sesu-
dah penaburan) dan chromosoma-chromosoma metaphase (18 jam sesudah pe-
naburan dan semenit sebelum fiksasi). Kelompok keempat, sebagai kontrol
tak mendapatkan penyinaran. Alat sinar-X (Sta?dard X-ray Co., Model E)
digunakan pada kekuatan 80 kv, 5 ma, dengan filter aluminium setebal

1.2 mm, sedang jarak penyinaran 13 cm. Tepung gsari, sebelum maupun Seé=
X dikecambahkan'di dalam tabung perkecambahan yang di-

an dimasukkan dalam incubator dengan suhu 23 *= 2°C.

n ulanganrmenunjukkan bahwa chromosoma-
n terendah terhadap penyinaran

hadap chromosoma—chromo-

bungkus plastik d

Hasil dari tiga percobadr
yai kepekaa

chromosoma metaphaseé mempun )
ama metos a dibandingkan ter

bil
ég;ﬁ patahan pe§3120 Z:i&an per 100 sel) dan chromosoma-chromosoma in-
prophase (33.% P er 100 sel) di dalam siklus mitosis yang ber-
P berikan 4.2 patahan per,100

terphase (139.7 patahan
samaan; sedangkan kelompok ko

sel. _ .
' inar-X bagi chromosoma—-chromosoma

.r??dah_t.u S k adanya penukaran—chromatida.
illzzszgiig jbat terlalu jauhnya jarak antara  po-
tongan-pot n chro;osoma.Yang tak sejents dgn %eildat zgwpua: Pzzro-
matida-po onga bersangkutan untuk membentu rekombinasi. no-
chromatida yané 1a hanya tampak pada perlakuan kelompok
a'Chgzm;2$1akuan relompok-kelompok interphase dan me-
pa

kkan gejala tersebut.

ntrol hanya me

Kepekaan yang
metaphase tersebut
Kenyataan ini mungk

Prophase, sedangkan
taphase tak menunju

—_—
*

lture, Gadjah Mada University, Yogyakarta, In-

s £ Agricu
Department of Agromonis Faculty ©
donesia,
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. paZudosa Anderson and Woodson Sax'

ar medium coated on the micros,lideS
wn pollen and pollen tubes, various ty o
pserved : chromatid and isochromatzzs
and the rare occurrence of Chmmatid

t
by ated freshly 80

errations were o
id exchanges,

c
d centromere breaks .

found in all irradiated stages but they were not in-

Gaps were atid aberrations. Result of there repeated experi~
cluded as ChrOmchat metaphase chromosomes have the lowest radiogengi-
ments indiga;ieaks per 100 cells) when compared to prophase (33.4
tivity (8. 100 cells) and interphase chromosomes (139.7 breaks per 100
breaks per me mitotic cycle. The low radiosemsitivity of meta-

a
cells) of the S 1ined by absence of chromatid exchange i

a
chromosomes was accomp: : .
e e treated groups. The lack of chromatid exchange indicates,

presumably the changes in’ spatial rela-atior.lsl}ip among the broken ends
of the non-homologous chromatids and inability of these chromatids tq
form recombinants. Pycnosis, or stickness of chromosomes, was observed
‘in considerable numbers of cells irradiated at prophase 'stage but not
in those chromosomes treated at interphase and metaphase .stages.

phas !
the metaphas

I. INTRODUCTION AND LITERATURE REVIEW

Early in this century two French physicians, Bergonie and Tri-
bondeau, investigated the biological effects of the newly discovered
X-rays. They found that tissues containing cells that were relatively
immature or cells that were in an active state of division were 'more
sensitive to radiation than were other tissues. They proposed an hypo-
thesis that all cells of relatively undifferentiated tissue which ' are
actively dividing are semsitive to radiation. This was known as  the
law of Bergonie and Tribondeau'. o

sensif:liOWing this d::Lscovery, many investigators have studied radio-
wide raX ty of cells in different stages of mitosis and meiosis in h:'
dffects 3? ;f pPlant and animal species. They attempted to describe t .

of -rays, ultraviolet rays and other types of radiatiom %

cells

radiztzgi ppooentify the most sensitive stage of the cell cycle -::
e + The definition of sensitive stage varied. Such criteria
s : 11 division

0
°r survival value, delay or retardation of ce

the pr ,
change:dlilst;(): of aberrations or fragmentation of the chromosof;:’
etabolism, ang other cytochemical changes, have -been"’

to
Judge the effects of radiation

In th : ‘ to
the ChangitelglaSt ‘.lO.yearS’ considerable attention has been Blve R gell
divigion, LS Sensitivity of cells to X-rays during the course Omosonial

Pec1a11y as evidenced by chromosomal damage ‘0T chrolt s ¢
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jsperrations. Althoul i
mOS

itive par
s?féslof thl; irtwo‘f the ceyy . SVery stage g X 263
gensitive one, ThesgatOrs agreeq by dlfferent claimed as ‘the most

; e inves ;
cases, to differep. d%fferenCes { at the metant ! tigators, the majo-

. €S in ¢ N oping 3Phage 8tage was the most
experimental metpq xpe"'im‘?.nta]_ °n could be ascribed, in some

. ds a 0
present during the couiziiid’ a5 wel:] a:gzgﬁms used or the type of

f vexPerimentat' tional modifying factors

Koller (1946) showed ip hi; ity (Sparrow, 1951).“,"“? early prophase

. st
Tradescantia that the higheg oY Of Pollen mitotic chromosomes of

t 2. e .
terphase, when the chrOmOSomesszr}s%glnty is reached at the end of in-
chromatids. Propha 1vide longitudinally into two sister
by a number of Iianvz:thizzt f Ieported to be the most sensitive stage
lington and La Cour (194501-8. Sax (1940), Sax and Swanson (1941), Dar-
Tradescantia microspores )1,7 Delczmg, Egorov and Antipov (1966) used
. o . « pa ' -
ing the sensitivity Chanée thli udosa Anderson and Woodson, for study

) ough the mitotic cycle. The earlier stu-
dies OfLSax (1940) demonstrated prophase to be the most sensitive
stage. Later, Sax and Swanson (1941) found that maximum sensitivity’ ;

occurred just before mid-prophase and then decreased as metaphase was
approached. Darlington and La Cour (1945) and Delone, Egorov and Anti-
pov (1966) reported similar results. Bishop (1950) using the same ma-
terial but applying the so-called "double scoring method" as described
by Sparrow (1951), found metaphase to be most sensitive stage. Singh
(1963), after irradiation of premeiotic inflorescence of tomato, re-
ported highest sensitivity in prophase I with a second sensitivity

peak in metaphase II.

bee

i many investigators have found metaphase to be’ the
e Stl}dles o : 11 cycle. Whiting (1945) indicated  in_
most sensitive stage of the ce y / . L
. 1aid eggs of waap, that metaphase I of meiosis was
her studies on un ?1 diation. Hatchability, interpreted as dominant
most sensitive to irractd sed to determine the change in
lethal d by fragment:loss, W8 © from his studies
et e he meiotic cycle. Sparrow (1951) from his stu
sensitivity during the £ Tpillium grectum L. showed metaphase I
on irradiated flower buds ?tivity- Conger (1947) found metaphase to be
to be a stage of high sensLt- interphase in onion root-tip
a i 1y 37 times. as gensitive as P Pavidson (1958) in  his
pproximate ¥ 1ts have been reportec . (1966) in their
cells, Similar resu roots. Sidorov and Sokolov oty
studies on Vieia fabd L. 77y Wallr. showed high radiosznsm: vity
. ra—
studies on Crepts cii;hase and late prophase chromosomes, and a g
of the anaphase, M€

. hase, Gy (period between -
in early propP _
dua]_ decrease of SGHSi;i\s’igyand especially G (periOd between telo
nd prOP .

=synthesis). Murakami
DNA-synthesis 2 ding cell cycle and DNA=-synth
Phase of the prece :
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d telophase were
d that metaphase an '
(19675 1963)8 Eﬁzoéziotib cycle of)silkworm. SlTilar results
stages durin and Cole (1969) in Chinese hamster celilg,
: by Zermeno .
reported

1111 (1963) have used Artemia, an organisp

Ballardi:nﬂnng;;?isis;is facilitated by synchronous development
which the tim geach stage having its characteristic positiop withip
of the °°°yt:§;Ct. The criterion of X-ray damage was hatchability in-
the genita} terpreted as dominant lethality, a criterion €stabligheq
hibit%o?' 1?1942)'1n her e:pioriments on Habrobracon. They found that
by Whlé%Tgt o lowest when eggé were irradiated at the earliest pry..
hatcha t 1eyand increased throughout prophase to a maximum at
szzz STﬁis is in direct contrast to the data in Harbrobracon.
P : :

Seénsitiye
have beep

in

Meta-

From the available references, it was shown that the
the former investigators found metaphase to be t@e most VS?nSitiVe
stage to radiation. Those results have been obtained by analyz;ng ?hr0-
mosomal aberrations at metaphase of the second post—treatm?nt' leﬁsi_
on cycle. However, very few studies have been ‘done concerning the "di-
rect" hits of radiation on the metaphase chromosomes. This lack of ip-
formation was due either to the relative briefness of this stage or to
the complications resulting from physiological effects. Pycnosis,
stickiness of metaphase chromosomes occurred imm
diation in most of the plant materials used. -

majorityv of -

or
ediately after irra-

The pollengrains of Tradescantia have six large chromosomes and

the mitotic stages of the developing grains are more or less synchro-
nized. The. technique of culturing pollen tubes in artificial medium
makes it possible to obtain.a monolayered distribution of grains and
also provides planar distribution of chromosomes to the slide. This
system, then, provides a suitable material for observations of radia-
tion effects on chromosomes. ' ' '

The present study deals with breakage of metaphase chromosomes
in cultured pollen tubes induced by X-irradiation. Metaphase chromo-
Somes can be readily studied since they to do not become pycnotic
immediately after irradiation as sho |

T wn in other cytological materials.
Colchicine was used to accumulate a large number of metaphase. chromo- -
Somes for observation. | '

LI, MATERIAL AND ‘METHODS
» Pollen .

of ;
Clone-3’ s adeseantiq

used in th Palu@osa Anderson and WOOdSOH’_'Séx'S‘h
son of 1970 ;Se eéxperiments which were conducted during the
~blown £] * The pollen wag collected at 11 : 00 a.m. from
el grown plants. Pollen from se-
esiccator containing calcium
ark before sowing. It was germiuatei
12 per cent''lactose and 1.5 per cen
lementeq with 0,04 Per cent colchicine in order £o
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gecure a large Number of _— : 265
¢he pollen tubes, Phase figures 1
i | N the generative nuclei of
Sowing the pollep 3
. nto th
's hair brush, € culty
nex (free from ita?dard stain ngrzimﬁdium eoqoome by means of @
Klee £ At Chemicals apq P Shes containing two pieces of
jiters of distilled water wore yq0q
ided an‘environ { g
provide ment in the
o 1 f ’ Chamber
Immediately after sowing, the s1ides We::ariy saturated with moisture.
chamber, wrapped with Sary Placed in the . germinating

Il Wr
the incubator at 23 & 2°¢ ¢ ig’hsﬁg allowed to germinate.and grow in
S. b

X-rays were ge
y generated grgm a m?del—E X-ray unit (Standard X-ray
ma with a 1,2 mm aluminum filter.

S obtained. The dosage was determined
r-at 24 + 1°C at a barometeric pres-
sure of 752 * 10 mm Hg. A total dose of 310 r was administered by ex-
posing slides to X-irradiation for two minutes in a plexiglass chamber
(treatment chamber) as shown in Figure I, The treatment chamber con-
tained two pieces of Kleenex moistened with eight milliliters of dis-
tilled water and the chamber was wrapped with Saran wrap at the time
- of treatment. The slides were placed in two rows of four slides each
lying side by side, and were so arranged that culture-bearing portions
of these slides would coincide with the radiation field. ’

Four groups of eight slides were used in each experiment. One
group represented the control group and the three other groups were
treated at three different stages of the m1tot1c‘cycle.

in this study are : Group A - esta-

The four groups referred to 1n | ‘

blished by irrgdiating freshly sown pollen, and' then returning them to

tinue the 18 hour growth period. Group

= ollen had been sown fcr eight hours; after
; tsFadiaced, atecs. L0 pdure as in Group A was followed. Group C -

. . e
1:;:gizzignazh:hza2§dng618 hours of groﬁth. Group D - control without

irradiation. K

four
All the slides of the
fixative immediately after Group

the germination chamber to con

different groups were fixed in Gates'
¢ had been irradiated at the end of

0 hours after sowing
e Ladiated interphase (

the 18 hour growth per;oi;dlgrophase (8 hours.after s9wing)hil chzomo-
- Or freshly sown pollen “nd 10 hours after irradiation, while irra-
z?mes were fixed 13 hgz:2mes were fixed 1.5 minutes after irradiation,
lated metaphase chr0©

") fixed 18 hours after sowing. The  slides
The control groups were ot preparati_ons were made according to the

Vere stained and the per??gg67). An outline of thef’teQEniQue is shown
tehnique described by Malications (one per wgek) of eac experiment
In Appendix I. Three r€P procedures it

Vere made following the 8amg
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Hlgure 1, Disgram showing th. arrangement of tbe slides 10
Plexiglass chamber during irradiation.
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- The rate of . aberration was calcu-

: nventio . |
;sochromatid breaks as one-hit events, e et Ehepmdkid and

: 8l and chromatid exchanges as
two-hit events, and the data were ex ' '
phase figures or cells. Pressed as breaks per 100 meta-
III. OBSERVATIONS 'AND RESULTS ' s

The mature pollen grains of Tradescantia paludosa were shed as
binucleate Cﬁlls; each had a generative nucleus and a vegetative or
"pollen tube” nucleus. Their chromosomes were effectively ~doubled

,within two days (Newcombe, 1942) or three days (Bishop, 1950) prior to
anthesis, as far as their vulnerability to X-radiation is concerned.

At this stage the generative nucleus was considered to be in the late
interphase or very early prophase (Brewbaker and Emery, 1962), prophase
(Iwanami and Matsumura, 1963), G, (Savage, Preston and Neary, 1968) or
early G» (Ma, Snope and Chang, 1671) as designated by the former in-

vestigators.

During germination or pollen tube development the vegetative nu-

cleus became diffuse and degenerate, while the generative nuFleus un-
derwent the second division of pollen mitosis. The average time requ-
ired for the generative nucleus to reach metaphase was 16 ?ours gMa,
1967). Cultures of this study did not procged‘beyogdbnorﬁa bmetap aig
stage at the end of 18 hours of growth as indicated by the absence

ski-shaped, late c-metaphase chromosomes. f
i d at the time o
i re effectively double
treatSln:e'thelih;gTizgmgzrwshich data were obtained, chromosomal aber-
ment in a

i se figures.
rations were rarely observed in me tapha g | |
tions were observed during the mi-

tid aberra - » .
_ Three types of ChroTien tube : chromatid breaks, isochromatid
sotic division in the PO The rare occurrence of centromere |

breaks and chromatid exchanges b
breaks, which were considered ti ¢
Scored ags chromatid breaks: Inc(uon
(sister chromatid unions), NUP nd
lon-union in ‘distal portionS) an

e produced by single hits, were l

ed as jsochromatid breaks are : Su

-union in proximal portions), NuUd

NUpd (non-union in proxim:l and g;s-
ve : e

o es of chronatid exchanﬁesthgetEZereXChanges

s Portions). Two tYP rrical interchanges. MO0S D e oo aec

wYmmetrical and astmSOth symmetrical and asymme e e

were symmetrical, and <changes. The very rare

®Te scored as chromatid o hit aberrations.

two-
Ratiq rings was considered to b: perrations in the three experiments
of a
a The number and fre%uegﬁzomatid and isOChro$::idczgizi:§:gnZs Z:;f
c:i Presented in stlek ovents, while exhanges
Culated as one-bred

Teak events.
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used 'to prove that' the'three experimenta]
" ‘ hromosome breakage' events 1
consistent. Interphase ¢C : : nts had prg-
resul;i Ws:iues in the range of 0.30 to 0.70, prophase breakage events
pabil zange of 0,30 to 0.70, and metaphase breakagg events in the i
in ;;Zeof 0.30 to 0.90. The analyzed data are presented in Table II,
ran 2 )

A chi-square tes

The Students' t-test was

t was used for the analysis of variance. The = re-
sults are presented in Table III. ;t'was found that there is a signifi-
cant difference at the 0.05 probability ]_eve?l befween Lrgatments,

By using the Duncan's multiple range test, 1t was Lound,that there ;is
1o significant difference between the control and metaphase  treatment
at 0.05 probability level (degrees of 'freedom = 6). The results '  are
presented in Table IV. From thesedata it was shown that ‘there are- sig-
nificant differences in the other treatments (metaphase,:prophase, in-

terphase) . VY 3
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_____________________________ ff‘fnd Metaphase Stages
Expt. No. & o
ser- Stages abberrations Noi of Aber.freq. Net freq, Recombi-
jos treated  Cd* Tso* Exch* oo ls  aber./100 aber./100 nation
____________________________S scored cells cells index
Intef L0 o 060 Gvg o mee
Pro hz X% 92 385 58 400 148.3 ~ 145.8 0.122
phase 10 62 10 214 4 0.139
Metaphase 44 . 0 0 400 :&'8 Ag.g 0
CQntrol 3 7 0 400 9.5 - =
Interphase 75 352 39 400 - 126.3 125.0 0.091
Prophase** 16 78 2 320 30,6 29.3 0.021
Metaphase 30 2 0 400 8.0 6.7 0
Control, 0 5 0 400 1.3 - =
Interphase 61 478 45 400 157,3 lgg 2 8.083
- 3 114 0 324 39.2 :
ppp Crophase i 0 400 20.0 11.2 0
Metaphase 67 13 3.8 _ -
Control 4 31 0 400_________; _________________________
d III
M ments I, II, am
ean of experi y o 143.9 139.7 0.099
Interphase : 37.6 33.4 0.053
Prophase 13.0 8.8 0
Metaphase — 4.2 - =

Control = ommemmmmmTTTTTTT

* cd, Iso, Exch., T€P

exchange, P Jtickiness:

*% presence of chr omosome
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y for t
[T and III (after subtracting
) ;s Analyzed with the t-test,
at 0.05 Level of Probability
——————————————————————————— Experiment 3
tment —_— R
Treatme - . = =
T . ‘ ' d 50
0.50 - 0.70 - 0,30 .
i 0,30 - 0,50 0.50 = 0.70 0.50 - 0.70
e Shags 0.90 0.30 - 0.50 0.30 - 0.50
Table IIL

Table II.
he Three Individual Treatments

The Analysis of Variance of the Four Treatments
Within the Three Experiments

Exp é_r i

me n:t

Treatment .Treatment Treatment
I 1T ITT Total Mean
Control 2.5 1'3. 8.8 12}6 4.2
Interphase 148.3 126.3 157.3 \ 431.9 143.9
Prophase 43.0 30.6 39.2 112.8 37.6
Metaphase 11.0 - 8.0 20.0 "39.0 13.0
Expt.total  204.8  166.2 255.3 596.3 49.7
‘S,g:;ce of Degrees Sum of Mean s
ance of Square  Square Observ, Required
Freedom F F
______________ .£. 88 MS 0.05 0.01
Total 11 T e e e S S S A S S s e m Sl S TR
, 38049,11
?’r‘zzil“}e“t 2 450,25 225.12
ment ' . .
Error ’ 37349.26 12449.75  299.7%  4.76 9.78
249,60 41,60

- — -
——— — - — —— —— — —— —_————--_——-—--"_
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Tabel 1y
1
Puncan’g Multiple Range Tegt at 0,05 1,
_____ (degrees of freedon = 65 evel

"‘ . Relative et
Treatmen . Ortest T

mpare ean 1n Ra A . evel o
Comp the Array. ‘ nge Difference Significance)

= * -----
I-C g 13.5 139.7 I larger than C
I-M 13.3 130.9 r " "M
I-P 2 12.9 106.3 I " " P
P-C 3 13.3 33_4 P " " C
P-M 2 12.9 24,6 P " "M
M-C 2 12.9 8.8*%*

Insignificant

e e . e e e e e e —— i ————
—— —-————————-——-_._____——————_—-..-.-.———_——.——————-—

* 1 = interphase; P = Prophase; M = metaphase; C = Control.
Insignificant difference.

Treatment Control Metaphase' Prophase Interphase
Mean 4,2 13.0 37.6 143.9

Chromosomal lesion or gaps were not recorded as induced aberrations
or breaks, although they did occur. It was not always easy to disti-
nguish between some of the chromatid deletions and lesions, especially
on cells from irradiated prophase. If there were any connections or con-
tinuity along the axis of the damaged chromatid or centromere (long,
thread-like connections between the "separated" chromatids, for example)
the aberration was classified as a gap and was not included in the
Score for chromatid aberrations or breaks. Such gaps have been

found in
Considerable numbers.

On rare occasions, some cells with ragged or shattered chromosomes
have been observed in cells irradicated at prophase and interphase.
he unusual damage shown in these cells makes the damage impossible to

SCore in terms of the usual chromatid aberrations. These abnormal cells

have been studied by Neary, Savage and Evans (1964) in Tradescantia pol-
len tubes Such conditions were not found in irradiated metaphase,

Pycnosis, or stickiness of chromosomes, was observed in cons%dera—
ble numbers OE cells irradiated at prophasg. Pycnotic metaphase figures
of thig group were not included as éberratlons in the data. Aberrations
Dight have occurred in these pycnotic metaphase figures but they w:;e
ot observable. Consequently the aberration_rates of this 3r°9§ o igee;
Cated in the data, were considerably reduced, This phenomenon ha

Observed earlier by a number of investigators. No pycnosis was observed

1
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stages.
treated at interphase and metaphase g
in cells

Some observe ;
kiness are presente

4 types of chromatid'aberraﬁions and chromosome stic-
yP

{n Figure IL.

S H ;»"h(is"f‘r
N %’mir"‘#’-

Ty Kl
L w

A ..— r 58> Yy s ”"’Vﬁf*ﬁ:j.?‘w—A—f—r~<_ T

Figure II: X-ray induced chromatid aberrations and osis
A. Ring (upper arrow) and chromatid break (1owerpZ::ow).'
B, Symmetrical interchange (arrow), ¢, Chr omos ome
nosis (treated at prophase), D, Normal chr omos ome s 5
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D an art | |
CYtOIOgiZ::i:%fmedium offer an  excellent
) ects of radiati

i " polle ation, The mo-
PESZ;dgoszgégéallg suitable materia; ;gge:hOH the lactose agar medium
e radiati ; e stud ,
tion cannot be used onO;u}lnaYlng low penetration; Zuf:’l'fl g:;:viglet dand
sion of only six large ch tilayered tissues satisfactorily ;he 58 ia:
aberration in Sax's clonefgmpsomes’ a low percentage of . sponizzzsis
regard to mitotic stage, areazgva,fairly synchronized population ' with
tative analysis of chromatid abeigzifsisfor'the.quantitative and quali-

The types . X - , ,
bes by X—rzgs agi Chri¢atl? aberrations induced in pollen or pollen tu-
e ner fonizing or ult itatively indistinguishable from those induces by

g or ultraviolet irradiation. Kirby-Smith, Sheppard, and

Craig- (1954) using fast neutrons, X-rays and 60 Co gamma rays, and
the irradiation of

Bailey (1963) using X-rays and ultraviolet rays for
isochromatid aberra-

Tyadescantia paludosa pollen found chromatid and i
tions and chromatid exchanges. Evans, Neary, and Preston (1968) ‘from
their studies with 7. bracteata Small. pollen found chromoseme rings
matid aberrations, whereas Swanson

besides those three types of chro
(1940) reported only chromatid and isochromatid breaks from his X- and
ultraviolet radiation studies on pollen and pollen tubes of Tradescan-

tia paludosas .
emonstrate that cells irradiated at interphase-Gjp

£ chromatid aberaations and chromatid

f the provious studies. Swanson
ons form his pollen studies,
single-stranded at a rela-
1d not be found in my

My observations d
stage resulted in three types ©
rings, which are similar to those 0 :
(1940) 'reported some chromosome aberratlons
indicating that some of the chromosomes We€re
tively earlier stage: This type of aberFatlon cou

-y e 13 : r desiccation all of -the chromosomes of
studies, indicatin . vely doubled at the time of - irra-

ains were affectively
the mature pollen &% s on irradiated prophase
diation. The presence rted by Neary, Savage,
chromosomes. in pollen . tors reviewed by Brew-
and Evans (1964) and WOT J d axchanges had been
baker and Emery This could be interpteted
found in irradiate s chromatids are closer
as meazgn;rzhat in interPh This condition re=
to each other'in comparlson w id exchanges in in;erphase in ;om—
sulted in a higher . In methaphase, owever, no chro-
parison with tgose found in propha?rom‘my studies. The repelling forces
mati : could be observe stage might have prevented intra=
atid exchanges at this g
' tid strands on of the individual chromosomes as the

be roma
aréween the ch and the separad be in a c-metaphase reduced the proba-
exchangess:a ¢ e ndn‘homologous chromatids.  Thus,

nucleus passes own th
bility for recombinatlon

also been Tepo
ious investiga
per of chromatl

n-homologou
hase.
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274 ound only in irradiated metaphase, Th
ns in irradiated metaphase might b:

jons occurtring earlier, since most

ould be £

ions C
aberratl d aberratio

id
chromat” f isochromati

resence O tanenous aberrat 2 1

the result % Spgnin the baseline control werziofithis type. This inter-

aberration® fo;;msed on the assumption that radlation COUldfonly break

pretation b Ia:romatid at a time. The rare occurrencie P ChrOmatid

15 metaphalsiwri in Figure II, would result fr_01c111 (t;w? . ndipendent hitg

rings, as sh of the doublestranded interphase chromg-
hromosome arm A 0

in the sameé c

omes. ' . .

® ble I, the frequency of "aberrations produceq by

icated in Ta
As indzcsf X-rays depends upon the stage of the cell cycle irra-

d on the total number-of breaks (aberration frequency)

within the individual treatment (interphase, pz.:ophase, or  metaphase),
it was found from the means of t;her three ‘experiments that interphage
Eas the greatest aberration. = frequency, 139.7  breaks
per 100-cells, followed by prophase with 33.4 breaks per 100 cells, and
metaphase with 8.8 breaks per 100 cells. The mean of the baseline con-
trol yielded 4.2 breaks per 100 cells. A relatively high degree of
breakage was found in the control of experiment III (8.8 breaks per 100
cells). This high degree of breakage in the control might be caused by
some environmental factors, possibly by the presence of pollutants in
the laboratory during the course of experimentation, or some other en-
vironmental factors. A similar discrepancy has also been reported by
Ma, Snope, and Chang (1971) using the same experimental material.

a given dos
diated. Base

From the t-test analysis it could be demonstrated that the three
experiments were fairly consistant, since individual treatments . showed
normal deviations.from the mean in these three experiments. The inter-
phase breakage events had probability values in the range of 0.30 to
0.70, prophase in the range of 0.30 to 0.70 and metaphase breakage
events in the range of 0,30 to 0.90. ‘

o Based on the aberrations frequency, it was found that metaphase
ingog(lfiogle}s shoved the least radiosensitivity. Similar results follow-
Darling:o;a;;gnl,hag ‘also been reported by Sax and Swanson '(1941) and
mcroseores a Cour. (1945) based upon experiments using Tradescantia
i | ox and Swanson (1941) suggested that the high concentra-
etaphase chromosg ° has a protective effect in preventing)
: t chromosomes j S e SNeTEHE Darlington and La Cour (1945
able by X-rays, or, if b km the condensed state are "either unbreak-
In this conneCtion’it c r(])_ en always undergo prompt restitution'.

ould be assumed that nucleoproteins would  Pro~
Based on the studies of Mirsky and ‘I}is

_Suggested also the possible fungtions
2ing the DNA'double helix.’ This vari~
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b kinds of' histones .and

roteinaceousd?heath which enclOSEdPrOteins‘would form
pNA as the radiation targey . Proposthe DNA doubie helix
(1965) andNRean,iet al. (1969), thie pigtby Bauer, Loring, 5
e e tationns fecack of fl orece
tﬁz ot el Rpnrtons frzugeizgg, et al, (1962) iIewradicalg formed by
destruction and breakage of tpe
crudies using soluble nucleoprot
found that the presence of Prote
the radiation damage by as much
pNA. In this relation,
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residual

the protectiyve

» in partq
P}}OSPhodiester backbone.pFrOmcular base
®in prepared frop . their

s . ! alf thymus
iIn in DNA- ] they
as 90 per Portein complexes reduced

und b
Dean, et al. (1969). The low number of breakage thus found in the relaZ

tively Fesistant metaphase chromosomes could be related to greater

protection afforded the DNA against radiation, since at this stage the

chromosomes are most compact and contain more protein (residual pro-

teins) in comparison with the other stages. At interphase Gy, the chro-

mosomes attained their minor coils, whereas in metaphase the chromosomes
attained their minor and major coils and compacted together by the in-

. crease of proteins. In this relation, Swanson, Mertz, and Young (1967)

stated that the residual protein content of metaphase chromosomes is

about eight times that of their interphase counterparts. This condition
was reflected in more resistant metaphase chromosomes, as compared  to

earlier stages.

Interphase with its extended chromosomes and less res%dua%l éz;o:
teins would give more breaks, since at this stage the DNA 15 morzo prz-
protected. The more contracted prophase Vthh w?uli cagzziizn o
o Would therefore obtain more protEEtion Egalgieszavarious’ degrees

ber o reaks. s
would a lower a lower num : S . e i gbir
of prozzzizgi would therefore have resulted in various I:

ration induced by X-irradiation.

. srival
Kihlman (1966) related the peak Sznf,}l,it;e 'yreSUlt in
the physiological changes in this stag

f division. -
‘ nd the onset ©
elkalibat i and contTER tudies of Wolff and Luippold (1964) and
' h the s

. sity in interphase=Gp
f gensitivity 1D : 2
o zizka;errations as metaphase was  ap-
f chroma

of interphase-G; - to
chromosome

; My resﬁlts'agree wit
Ma and Wolff (1965), who
and a decreasing number O . : | X

. Z_

Proached. ts on Crepis capt
ed (1966) with their exPﬁ:i:ezo be the stages of
Sidorov and SikolovV and late pr;pthrough early prophase,

. ase A

lgh sensitivity to radlatiofs . .j¢e might be - sed to judge  the
G2 and ntradictory 4 and criteria use 8 mosome
as‘t; Gy. Thesz Cg different methoh sed asymmetrical chr

e result of the dies they ‘

a stu
Tadiosengitivity. In thelr

’__‘
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phase of the second post-treatment mitogjg

ency at meta cells My results are also in 'dj
rration frequ tetraploid ce . lsa~- .
a?ecolchlcine-induceddies of Reynolds (1940) on fungus fly cocytes,
reement With the stu Conger (1947) using onion root-tip

s
(1945) on wasp °°°ytesing Tpi 1 11um pollen mother cells, Bishop

. 1951) u )
cells, Sparrov (lgﬁaf'p;desc):antia microspores, Davidson (1958) using y;-
(1950) working wit (1967; 1969) with his studies on silkworp

tmed metaphase to be a stage of hi
oggs. These investlilgzgo;slewggugiz e s mathod for analyzing the rit:
radiosensitivitYsThe aberratiOﬁ frequency OT other criteria for mea-
dia=io Effecdgi’c.asensitivity vere analyzed at metaphase of the second
suring the rat mitosis or meiosis, or after the Ch.romosomes'had . been
POSt_tregt;njnh the intervening interphase. In this relation Sparrow
pa;;i? tC;ouge (1954) Davidson (1958) and Grosh (1965) statc?_d that no
lsieaks,were visible immediately after irradiation and the high poten-
tial breaks in metaphase chromosomes would be recovered during the next
division. : _ .
In the present studies, however, this double scoring -method. ?01.11(1
not be applied since the material used did not undergo further division.

7ermeno and Cole (1969) who assumed chromatin as the radiation
target, suggested that the high radiqsensitivity of metapha§e cell lies
in the peripheral distribustion of the radiosensitive material,  while
in radioresistant interphase the distribution of interphase radiosen-
sitive material is diffuse. On the other hand, Dewey and Thompson
(1967) using the same material (Chinese hamster cells) found a peri-
pheral distribution of Radiosensitive chromatin during interphase.

Chromosome pycnosis or stickiness in the irradiated prophase has
also been observed by various investigators. In Tradescantia  studies,
Sax and Swanson (1941) found stickiness between 4-12 hours after irra-
diation, Beatty and Beatty (1954) after 4 hours, Ma and Wolff (1965)
found stickiness before 10 hours. Generalova (1969) using roots of
Crepis capillaris found maximum stickiness 2 hours after irradiation,
and no stickiness could be observed after 4 hours. Casarett (1968)
claimed that this phenomenon, in general, is a result of partial dis-
Sociation.of the nucleoproteins and an alteration in their pattern of
°rganizat1.on. This stickiness is generally assumed to be a recoverable
or reversible process (Beatty and Beatty, 1955;Casarett. 1958; Wolff,

iggiid In the present study, the absence os stickiness in the irra-

met :
aphase chromosomes was an exceptional case, since most of the

former investi

lgators found chromo ¢ 1 . mi-
riat some tia
trospores and Vieig ro stickiness in Tradescan

A ots if the irradiated materi re observe
within 10 hours period after irradiation. aterfals we . D9I
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CONCLUSIONS - "

. an be conclyg ,
eus in mature pollen of Tradesagyss ed that the penerars
;;Sed on the aberration frequenCy,n?a paludo . generative nu-

cells)
) interphase
vity was accompanied by chan_ges in the nu radiosensiti-

jnduced. The absence of exchange in me tap exchanges . \:
{
|
i

Somes. The change in

mber of chromatid

: h
caused by changes in the spatial. relation ase chromosomes ig presumably

. Ship.amon the b
non-homologous chromatids and inability of these cﬁromatizgkez e“dz o
recombinants. Pycnosis was observed in irradiated prophase bu?:'notor?n
?

irradiated interphase or metaphase chromosomes in the pollen tubes
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APPENDIX |
OUTLINE OF SLIDE PREPARATION FOR POLLEN TUBE CHROMOSOMES

1. Collect pollen at 11 : 00 a.m. (summer)

2. Desiccate 11 : 00 - 15 : 00

3. Sow pollen onlactose-agar medium an
3 g, agar - 0.375 8, water 17 ml, co

4, Treatment.
5. Place growth
6, Fix 9:00 - 10:00 a.m.
chromic acid 0.7 8»
60 minutes. - _
7. Vash in cold 1 f HCL: °c - 6 minutes. (heat HCL to 68°C in

. 1 N HCL 60 °
8. Hydrolyze ;2 ?3t60°0 after immersion of the slides).
order to obtad (heat water to 80 °C in order

9. Hot water treatment 65°C - 1 minute.
to obtain 65°C) . -

10. Cold water wash ~ 1 minute.

11, Flush off medium (under run

12, Apply cover glass: — ., .yt 80°C).

d colchicine (+ 39°C) lactose -
lchicine 5 ml (0.2% solution).

chamber in incubator at 23 + 2°C, for 18 hours.

(next day) in :

glacial acetic acid 0.5 ml, water 100 ml :

13, Press on slide drye more) .
14, Dry ice treatment (15 minute® orbl de
with razor ade. .
asses distilled water 5 minutes.

}2- Remove cover 8l
. Wash in tap water - g . utes) .
i7~ Stain in Feulgent(zowgt;rG(Tznminutes). .
. . a .
lg. g??? lnnzzzzzngn Ag% acetic iciieé%o miHUtes?
. e \ .
20, Dehygiate in 70% alcohol (5 min

5 minuteS, followed by
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drate in 957%
92, Mount in Euparal.
23, Press under lead
24, Dry for 4 days.

21. Dehy
block for one day.

kkkkhrkARK

alcohol (15 minutes OT more) .
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