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ABSTRACT =
Rediobiologicel Studies of Plants Orbited in Biosstellite IT.
L. A. Schairer, A. H. Sparrow end K. M. Marimuthu. Biology Departmernt
Brookhaven Netionel Leborstory, Upton, New York 11973 U.S.A.

The Biosatellite IT Tradescantia experiment probed the effects of
the spece environment on sponteneous znd radisztion-induced mutetion rates
and on cytologicel changes in Tradescantia clone 02. Thirty-two young flow-
ering plants were arranged in a plastic housing with the roots immersed in
nutrient solution, were exposed to garma radiation from en on boerd 85 Strontium
source during the two-day orbital flight. Unirrediated plents were flown
in a package in the spacecraft behind a turngsten radistion shield and identicel
nonflight control pascksges (wlt'n 2nd without irradiation) were meintained et
the launch site. After retrieval of the spacecraft neer Hewaii, ssmples of
root tip, ovary end stemen tissx.xes were collected. These end the intact
}ianis were flown tc; Brookhaven for ovservations on the following endpoints:
sometic mutation, cell size, loss of reproductive integrity resulting in
stunted stazea hairs, pollen grain mortality, frequercy of micronuclei in
pollen, disturbed mitotic spindle function and chromosone aberrations.
Analysis of dzta on scmetic mutation, cell size and chromosome aberraticn
endpoints showed no significant differences between flight and nonflight
sazples. However, pollen gbortion, frequency of micronuclei in pollen and
loss cf reproductive integrity (stamen hair stunting) showed increases
assceiated with weightlessness in irradiated material. Root tip and miero-
spore cells showed effects of disturbed mitotic spindle function in orbited
Plants both with and without irradiation. Clearly differences exist between
flignt and nonflight materiel end the significance end possible mechenisms
for these effects are being studied in continuing -nonflight tests. (Research
supported by NASA (Purchase Order .OL-T) and by USHEC.)
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Spaceflight fectors acting alone or with ionizing radiation have
been shown io induce both synergistic and antegonistic effects as we]; as no
significant differences, depending on the organism and assay system used.

Tnis paper discusses the current status of the experiments with the flowering

plant Tredescantis and summarizes briefly the final results of the experiment

with the bread mold Neurospora crassa in the Biosatellite II mission.
MATERIALS AND METHODS

The Tradescentia experiment on board Biosatellite II(l) was designed
to determine the effects of weightlessness and other spacecraft environmental
conditions on sponteneous end radiation-induced mutetion rates and on various
cytological changes in a special clone of the higher plant, Tredescentia.

This hybrid clone ofA Tradescentia has e chromosome number of 12; it is heter-
ozygous for flower célor; end it has a high mutation rete at the locus deter-
mining fiower color (scorable in both petal and steren hair cells). During
the 45 hr Biosatellite tligixt » 32 young plants were— arranged in a plastic
housing so that the flower buds were exposed to about 220 R of gamma reys
while the roots, immersed in nutrient, were exposed to known radiation levels
from about 125 to 285 R. Thirty-two flight control plants were flown in &n
identical packege in the spacecraft benind & tungsten radietion shield and
similer unflown control peckeges (with and without irradiation) were maintained
at the lsunch site. The internal spacecreft environment was rigorously con-
trolled end ;:onditions monitored throughout the flight. The temperatures were
meinteined between 65 and_70° F in the Tradesczntia packages, the atmospheres

beld et sbout 55% relative humidity and the gravitetional force at about 10'55

_the effects of irradiation, vibration, biocompetibility of the spacecraft, etc.’
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during the irradiation phase of the flight. Telemetered end on-bozrd records
were made of vibration, shock, acceleraticn, etc. for use in subcequent tests.
Immediately after retrieval of the spacecraft near Hawaii, root-tip, overy end ‘
stemen tissues were collected. These and the intact plants were flown to
Brookhaven for observations on the following end points: somatic mutetion, ‘
cell size, loss of reproductive integrity (celi death and stunting in stemen
hair growth), pollen grain mortality, spindle malfunction end chromosome sber-
rations.'

Following preliminary &nalysis of the engineering and biological
data, several post-flight Earth-based exreriments were performed under condi-
tions as close &s possible to those of the flight. These tests, run in the

serme Tlizht herdware, were designed to establish or recheck base-line date on

RESULIS: . ) |
The somatic mutation rates were deteminéd for pigment chenges from
the dominent blue to pink in both petals and stamen hairs end to colorless in
in generel
only the stamen heirs (see Table 1). The mutation rates/showed tne expected
increese duc to the gamma exposure but the flight end nonflight szmples
showed no differences attributable to flight factors. Although the peak
then e'xpected
mutation rate for the pink stamen hair cells was lower / in the flight semple,
little significance was attached to this reduced rate because a similar resuit
wss observed in a postflight test. All unirradiated plants had consistently
low mutation rates and showed no differences between flight and nonflight

samples.
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The frequency of dwarf and giant cells increcased following germa
exposure, but there were no significant differences in the pesk velues of
flight end nonflight irradiated samples. ‘

Tne loss or partial loss of reproductive integrity of terminal or
subterminal stamen hair cells results in a short or stunted hair. Hair
lengths normelly vary somewhet, but the incidence of stunted hairs increases
with increasing exposure and postirradiation time. The percentage of stunted
hairs generally was higher in the flight-irrediated than in nonflight-irradi-
gted samples and average values for the period between 9 ‘end 17 days after
retrievel ere given in Teble 1. Meny more very short hairs (5 cells or less)
were observed in the flight ssmple then in the comparable non-flight sample,
indicating that the same rediation exposure produced a greater deleterious
effect on cell -_ivision. in the biosatellite then in the Earth-based plants.

Mature pollen was collected daily, and‘, efter staining with cotton
blue, the percentages of' aborted pollen were detex-;nined for all four treat-
ments (see Tabdble 1). It should be emphesized that this clene of Tredescantia
is characterized by en abnormally hi;gh rate of sponteneous pollen ebortion
(average control levels were gg and irz,o for flight and ground controls,
respectively). The data, however, indicate that there was generally a higher
gbortion rate in the flight-radiation sample than in the nonflight-radiation
semple with some points being significantly different &t about the one percent
level. These results were further supported by the data on the frequency of
micronuclei observed after steining with propiono cermine (see Table 1).

The 2-fold increase on certain days in frequency of micronuclei in
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the irradiated flight sample reflects an enhanced effect of flight factors
and irradiation on cells treated during the sensitive stasges of meiosis
(14-18 days before anthesis).

Collections of young microcpores mede after flight chowed an unex-
pectedly high death rate in both flight samples. All of the microspores in
buds treated during microspore mitosis had an sbortion rate of more tnan 95%.
Subsequent Earth-based tests in the flight vehicle (301) produced similer
microspore death to thet of the orbited material. This effect may therefore
be due to some environmental variable in the vehicle rather then to flight
conditions. Preliminery experiments indicate that ethylene mzy be one of
the factors toniriduting to this cell death.

In the surviving fraction (<5%) of the microspores, ebnormalities
reflecting disturvances in the spindle mechsnism were observed at a much
higher frequency in the flight control (27.54%) then in the nonflight control
(0.18%). -

Evidence of a disturbance in the spindle mechanism also was seen in
root tips of flight materi‘ai in the form of multinucleate cells end in pecu-
lierly-shaved nuclei. Tadbie 1 gives the percentzge of such cells in nonflight
and flight m:{eriels. The percentages are small when expressed as a per cent
of all cells scored but would be much larger if only cells et metaphase to
late telophase steges were scored. However, it is apparent thet not all cells
in division showed evidence of a spindle inhibition or malfunction.

Chroxosoze sberrations were scored at metaphase in root-tip cells in

materiel froz}x 211 treatments. No significant differences were found between
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data from the respective control aend irradiated flight and nonflight samples.

Other post-flight tests included studies of the effects of vibration
and the clinostat on the various end points used. Work with the zlinostat
(2 revolutions per minute) with end without irradistion can be quickly sum-
marized 2s having had no effect on any of theend points scored. Flight-simulated
vibration tests on both the entire capsule and individual packages also failed
1o show any significent effect on the Tradescantia plants.

The results of the Bicsatellite II and Gemini XI Neurosrmora experi-
ments of de Serres, et al. of the Oak Ridge National Laboratory (2,3) will oe
summerized only briefly here since this work is essentially complete and has
been reported 2t the last COSPAR ieeting (May, 1958).

Dose response curvec were made from data on cellular inactivetion
end the induction of muteiors (recessive lethal mutations occurring over the
entire genome as well as at two specific loci). | In both the Biosatellite II
and Gemini XI experiments using samples collected t-.m millipore filters, there
were no effects of spaceflight alone or with ionizing radistion on inactivation
or mutation-induction. However, when the Neurospora samples were flown in
suspensicn in the Gemini XI experiment the irrsdiated samples showed a higher
survival rate and significantly lower rate of spacific locus mutations th :
the nonflight samples.

COXCLUSIONS ¥

Thus there are some effects on spontaneous and radiobiological events

in Tradescantia plents which may be attributed to orbitel end simulated flight

eovironments. These effects are rather small but significant and appear to be

T

related to effects on mormal cell division and cell survival. ZEud blasting
and microspore death are probably due to some vehicle envirornmental effects
and not flight factors. .High rates of pollen ebortion, stezmen hzir stunting
and formation of micronuclei are unigue to the irradiated, orbited sarple end
reflect an enhanced interaction between radiation and weightlecisness during
the more sensitive stages (meiosis and mitosis), Nuclear misorlentation
associated with mitotic epindle malfunction in pollen end root tip cells were
increased significently in bota irradiated end unirradiated flight szmples as
compoered with simuleted flight samples. Tnese latter at.aormalities were similar
to those odserved oy the So‘}iei ccientists (h’5) and ere probebly asttrivutzdle
to weightlessness alone but rmey ccnceivably be due to weightlessness preceded
eni/or follcwed by vi‘oration Br other dynemic factors associated with orbital
flight. Clearly difierences exist between £light end nonflight samples both
with and without irradiation. The significence and possible mechznisms for
these effects as well zs developzental studies ir;volvins oroited megaspore
tissues are being invesiigated in continuing nonflight testis.

In the Keurospora experiment the genetic effect of radistion on
nondividirg and metzbolically inective cells was identical for flight &nd
nonflight semples (the samples collectéd. on millipore filters). Differences

were found oetween “light and nonflight samples when metabolically active cells

(the samples in suspension) were used.
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Table 1. Sunmery of Data for Verious Tradescanti

n Blocatellite

la]
e,
o

Endpoints

Flight (301)

Nonflignt (201)

Chromosore aver./cell (Roots) 0.53 .+ 0.091 0.0k + 0.021 0.18 + 0.096 0.02 + 0.CL

Endpoints Irred. Unirrad. Irred. Unirred. .
10 SPACE FLICHT EFFECTS

Mutations (somatic) :
Pirk/petal 20.6 + 2.9 1.4 +o0.2 15.k + 2.9 1.1 + 0.3 ‘

Pink/100 stemen hairs L.2 + 0.8 0.3 + 0.2 8.2 + 1.3 0.2 £ 0.1
Colorless/100 steen hairs 7.6 +1.6 0.1 # 0.1 7.3 + 1.1 0.3 + 0.1 ‘
Dwar® cells/l(‘;()“\:.airs— - 1_2.-3‘;;1&_ #3.—2.7 :_-_(;?_‘1514 * i.’{ 3.0 + 0.7 \‘
Gient cells/i00 hairs 5.18 + 9.67 L.51 + 0.70 i
|

Loss of reprod. integrity

(stunting} /100 heirs 27.0 + 2.6 10.3 + 1.5
" Pollen zvortion (%) 69.8 + 5.7 7.4 + 4.5

M“icronuclei/1G0 cells

Pollen 21.1 k.o
Microspore death# % buds 100% 100%
Disturbed spindles (%cells)

Roots 0.55 + 0.08  0.25 + 0.05

Microspores A1l sbgrted 27.54 + 0.92

2.9 & 3.7 8.2 +1.2

49.6 + 5.8 39.L +5.8
10.5 Q.9
16.7% 33.3%

0.06 +0.03 ©

0.3 +0.09 0.18 + 0.07 :

*>9%; abortion




