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A IWCRIFTION OF TUMORS ON IPOMOEA TUBA FROM THE A-BOMB TEST SITES—— ON ENIWEI!OKATOLL

Appendixto RadiobiologicalSurvey of Bikini,
Eniwetok,and Likiep Atolls-=July-August1949

By Susann F. Biddulph and Orlin Biddulph

Tumors on plsnts of Ipomoeatuba were found on Engebi Island duringthe

radiobiologicalsurvey of July and August, 1949. At this time (17 months from

the test shot on Engebi Island)msny of the Ipomoeatuba plants louated in an

area 400 to 600 yards frcm the bomb orater showed tumorousgrowths of various

sizes. The t~orous plmts were found in disjunctareas of grass whioh had

not been fully ooveredby the dense growth of Ipcnnoeawhich surroundedthem

(Figure 1).

This speoies of Ipomoea is

stem whioh grows prostrate on the

a vine with large heart-shaped

ground to a length of some ten

leaves and a

meter$ (Figure2).

The tumorous deformationson the plant varied from

at the nodes on the basal portions of the stem (F’igure 3)

tumorousmasses completelyowering a stem which had been

small warty out-growths

to huge, convoluted

reduoed to aly a few

centimeters in height. The ability of the plants to reoover from the deforma-

tionwas indicatedby the faot that the tumors were confinedto the basal nodes

in the

nozmal

and on

report

first ease nmntioned above, and that even in the most severe oases

leaveswere occasionallyproduced from tumorousmasses (Figure 4).

Morphologicaland physiologicalabnormalitieswere found in otherplants

some of the other islsmds surveyed. These were noted in the original

by both Biddulph and St. John (30) and inoluded twisted stems and

leaves, reduoed leaves, abnormal fruits, double flowers,oolor ohanges,eto~

So far as observed,Ipomoeatuba was the omly plant to show tumorous growths.

Time and facilitiesdid not permit a study of the tumors during the sur-

vey, but dried end preservedmaterialswere brought baok for study.

Since the problem of what oauses abnormalplant growth end how it is

maintained is one of the most fundamentalin biology,we have made a survey of

the literatureon plant galls, or tumors, in an attempt to oompare the tumors
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described in this study with

Plsnt galls or tumors

inseots, chemioal substances

AECD-3446(APP. )

some of those alreadyknown.

may be oausedby fungi,bacteria,viruses, nematode$,

and genetic faotors. They are as varied and numerous

as the number of incitingagentswould indicate.

The most intenselystudiedplant gall is known as Crown-Gall,whioh is

incitedby Agrobacteriuntumefaciens. It has been observed on plants belonging

to widely separatedbotanical fsmiliesand it has been desoribedon almost all

organs of susceptibleplsnts (10). The family Convolvulaoea~ofwhioh the genus

=%is amember is not found on this list, however. Croun gall baoteria are

widely distributedand are apparentlynative in many soilswhere they lead an

independentlife or persist in old galls (16). It is umertainwhether the bao-

teria are intercellularor intracellular,but the baoteriamust be introduced

through a wound; end the size of the wound determinesto some extent the size of

the gall (9). Apparentlythe baoteriaproduoe somethingwhioh transfoms no+mal

tissue into tumor tissue. After this, the galls mm oontinueto grow without

the incitingprinoiple,but the nature of the incitingprincipleend its mode

of action are unknown. Crown-gallis not a systemicdisease,however, and the

relative size of the tumor apparentlydepends on the amount of transformingprin-

ciple available at the time of the oellular alteration. There is a considerable

histologicalvariation in reactionto the crown-gallorgenismreported in the

literature. In general,the tissues are more distortedthan normal, end giant

oells with many nuclei may be present (9). It has been reportedby Braun (4)

that cells whioh have undergonethe transformationinducedby the orown-gall

orgenisxncan ohange baok into normal oells and give rise to organs. “

The host renges of other gall.-induoingbaoteria are quite limitedand are

not applicableto this study (27).

Inseotsare probably the most common oause of galls in plants. In the

case of a great many inseots there is no meohenioal tijury,but in all oases

..,,!: ,
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there is a stimulator effeot on oells in a meris%ematioor plastic oondition

(11). As a result,there is oell enlargementor oell division or both, and the

affectedparts fail to differentiateinto the characteristictissues of’the normal

plant organ on which the

secretionsof the larvae

althoughRahn (26) makes

have

ment

what

some effeot. There

gall is formed. The view is generallyheld that ohemical

are primarily responsiblefor the proliferations(6)

a novel suggestionthat radiationfrom the larvaemay

is a close snalogybetween the insectgall and the develop-

of adventitiousbuds (7). On red currants,one of the mites produces a some-

swollenbud, or a dense growth of buds which do not develop normally (l).

Inseot galls are not systemic,althoughevidenoe of systemiodisturbancedue to a

multiplicityof inseotbites has been presented in one case (25). Even izIthis

instance,the effeat did not extend for more than one or two internodes.

Aznnnbetrofwurkers have reportedtumors on plants followingthe applica-

tion of indoleaceticaoid (5, 8, 31). When the histologyof such tumors was

studiedby Kraus, Brown and Hemner (21) it was fouud that the cells of the endo-

dermis were especiallyresponsive. Root histogensdevelopedend later gave rise

to adventitiousroots. Over the vasaularbundles long proliferatingstrandsof

vasoular tissues developedfrom endodermalderivatives. These frequentlyen-

larged sufficientlyto rupturethe tissues exteriorto than. Cambium, ray paren-

ohyma, and xylem proliferatedgreatly. The responsesreported for other phUlt6

have been muohthe seine.Some investigatorsolaim that the galla produoedby

indoleaoetioaoid and other orgenioacids are similarto those brought about by

aotual infeotionwith the orown-gallorganism (5, 22, 23). In all oases of tumors

‘endovergrowthsproducedby growth substances,there is a marked proliferation

of tissues which have already differentiated. The reports of adventitious shoots

in cabbage (12), in Niootianahybrids (14), and in Geranium (30) indioatethat

somewhatnomal reoovery from growth substancesis possible. The histological
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responses induced by 2j 6D and Zs 4, 5-T are very similar to those of the other

growth substances,except that they are more marked in degree. In some cases,

there

other

xylem

is stimulatedoell proliferationand lateral root production,while in

oases, there is greater cambial activity and the formation of thick-walled

cells (29).

Viruses in plants usually do not affeot the meristematicregions. “The

continuednormal functioningof the meristem of the growing points and oambium

regions of most virus-affeotedplants indioatesthat if viruses are present in

the meristem th~ rarely oause appreciabledirect injury to this type cf tissue’t

(2). An exoeptionto this statementis the virus-producedtumor reportedby

Kelly and Black (20). This tumor arose ohiefly in the pericyclioregion of roots

~d stems and ocmsisted of groups of distortedtracheids surroundedby meristema-

tic oells and parenchyma interspersedwith phloem.

Descriptionof Tumors on Ipomoeatuba. -

The tuners varied from smallwart-like tuberclesat the nodes to large

oontortedmasses 5-6 centimetersin oircumferenoe(Figures5a and 5b). The tumors

were yellowish-greenin oolor, but the leaves produced on the newer growth above

were normal in oolor. As has alreadybeen stated, leaves sometimesarose from

at least partial recovery.the tumorous masses themselves,indicating

Histology.-

Whole tumors were brought to the laboratoryin FM. Pieces of the tumor

tissue were dehydratedand cleared in sn alcohol-chloroformseries and inbedded

in “Tissuemat.ttThey were seotionedserially at 15u and stainedby Connantls

Quadruple stain schedule. Sections of the stem of normal plants grown from

seed in the greenhousewere fixed in FAA and either stained and sectionedas

above or sectionedat 2Cluon a freezingmicrotome and stainedwith safraninand

fast green.

.,,..
,., .4. ,’ J :.d
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I A cross-sectionof the normal mature stem of Ipomoeatuba just below the

I first true leaf shows a phellogenproduoinga thin-walledphellem severalcells

1 in depth on the periphery. Progressingtoward the center of the stem from this

I is locatedthe collenchyma,four or five cells in depth; considerableassimi-
1

I latory parenchyma containinglactiferouaducts and seoretorysells; a uniseri-

! ate layer which may be an endodermi~but cannot be strictlyidentifiedas suoh

I since it lacks Casparianstrips and is not a starch sheath;a pericycle;external

phloem groups; the cambillm,several cells in thiclmess;a ring of seoondary

~lem traversedby pith rays; radial rows of primary ~lem; and a centralpith
*

containinglactiferousducts and strandsof internalphloem (Figure 6). Both

internaland externalphloem containwell developed sieve tubes and cmnpanicn

cells. The cortex aud oentralparenchyma containabundant starch and there are

many cluster orystals. Bands of fibers occur in the xylem of the older stem.

Younger portions of the stem are much the same as to tissues and organization,

except that there are no ~lem fibers and no phellogen,the stem being cwered

by a uuiseriateepidermis.

A longitudinalsectionof the normal primordiumshows a uniseriatetunioa

ooveringthe central,homogeneouscorpus. Just back of the corpus region is

an area of oell elongationand pronouncedprocembialdevelopment. Phloem is dif-

ficult to distinguishin the longitudinalsection,but xylem elementsare easily

recognizedcm to two mme back of the apex. The origins of laotiferousduets in

both the central and oorticelregionsmay be distinguishedat about the same

level end many of the parenchymacells contain large clustercrystals (Figure7).

The tumors consist largely of parenchymatous tissue with relatively small

and, it would seems inadequateamounts of ~lem and phloem. The parenchymacells

are about the same size as those occurringin the centralpith of the normal

cells. The xylem Ud phloem cells, on the other hand, are extremely small and

there is apparentlyno cambialaotivity. The phloem varies frcm almost com-
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pletely undifferentiated but elongated cells, which must serve as conducting

~
,:

tissue, to phloem with an apparent organization(in cross section)into sieve

tubes and companion cells. However, no sieve plates were observed. The xylem

elements are very much shortened with reticulate or spiral thickenings. !Che

conductingtissues are rather regularlyarranged in a oylinderaround a central

pith in each individualswelling of the multiple tuner. An internalpMo~

differentiates. The available material was not well fixed for cytological pur-

poses, but the nuclei appeared normal. The parenchyma contains oluster crystals

especially near the lactiferous
8

dant in the outermostlayers of

developedas in the normal stem

oells.

duot8 and starchgrains are particularlyabun-

parenchyma. The lactiferous ducts are not well

and there appearto be no functioningsecretory

Aside fra the proportionatelysmall amount of conductive tissue, the

tumors appear histologically surprisingly normal. ‘I’hereare no giant oells, the

tissuesmaintain a regular arrangement,and there is no excessiveproliferation

of sny one

relatively

The

tissue. There is simply a general ‘groundmassn of parenchymawith
.

little xylm and phloem.

strikinghistologicalfeature of the tumors is the largenumber of

growing points or primordia most of which fail to oontinue development. These

primordia show a wide range from normali~. In normal primordia,apical growth

is retardedearly and ensuing developmentand growth is due to intercal~

activity in additionto some unlooalizedcell division (15). In the tumor pri-

mrdia, this htercalary growth seems to fail. The procembial strandsdiffer-

entiate into some semblanceof a conductivetissue, but no new tissue seems to

develop. The meristematiccells enlarge and become parenchymatous(Figures8a

md 8b). A phellogen must differentiate in some cases near the surface,but

very often the tissue it produces is sloughedoff. The surfacesof the pri-

mordia often appear to be suberizedand some peripheral tissue sloughs off
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(Figure9b).

It would seem that the tumors are formed beoause the prooesses of oell

1 elongationand intercalarygrowth which would normally cause a stem to inorease

in length are somehowstopped.

f
that the growingpoints in the

(Figure 10).

It is interestingto note in this oonneotion

tumor tissue develop in a phyllotactiosequenoe

A reoent paper on radiation injury in barley from absorbedP32 is of

particular interesthere (24). It was found that when a meristematioregion

such as that of the root or ~tem tip was subjectedto a constant,relatively

high level of radiationfrom absorbedP32, oell division ceased and the oells
/

enlargedand took on an abnormallymature appearance.

Smith and Kersten (28) workingwith seedlingsof Vicia faba grown from——

x-irradiateddry seeds found that there WSM little elongationin the root end

that meristematiotissue such as oambium and pericycle aotuallydegenerated.

h their study of ionizingradiationson the broad bean root, Gray and

Soholes (13) found that after high dosages of x-irradiation(three-quarters

of a mean lethal dose of x-rays) there was a slowingdowm of both mitosis and

interkinesisin the meristematio region so that the rate of elongationwas only

about one-fourthnormal. However, in the proximal half of the meristematio

region oells oontinuedto differentiateat roughlythe normal rate but fresh

oells were not formed in the distal half to maintain the oonstant total number

of meristasatiooells. The effectwas ‘in the main one of mitotic inhibition

oombinedwith continueddifferentiation.w

Other workera have observed inju~ to the meristematioregions in

x-irradiatedplants. Johnson (18) noted a ohange in the general aspeot of

the entire plant as a result of the greater developmentof lateralbranches.

This developmentof the lateralswould indioatethat the terminalmeristem

had been injured. h another artiole (19), she also states that a oonstant
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effeot of x-rays on seeds and seedlings of Helienthus annuus is the production— .

of fascination in stems, leaves and flowers.

At Brookhaven National Laboratory it is reported (3) that plants exposed

,.
ti,,,,.,...l.l

/
h

to chronic irradiation in the “gamma field” are often severely stunted or killed.

Others show-growth abnormalities such as the supernumerarybuds in Tradescantia.

While it is well known that plants vary in their response to radiation,

I
we have found no previous record of radiation induced tumors such as the ones .i

described in this paper. However, as has been pointed out, a similar phenomenon ;

.

has been reported, i.e., a retarding of meristematic growth with continued dif- f

ferentiaticin;in the present case the phenomenon was carried to ~uch a degree
ii

that large tumors resulted. The tumorous plants were limited on the test islands

to areas adjacent to the crater site where radioactivity was comparatively high.

A careful examination of stands of this species on several islsmds in each of

I
four atolls revealed no other cases of tumorous Ipomoea plants.

At the time the plants were collected a radiation survey of the collection I
site was made by Seymour and Kellogg (30)0 At this time the survey meters re- 1

corded 50,000 to 100,000 c/rein.at the surfaoe of the soil within the area in
I
I

qugstion. A conservative estimation of the dosage received by the plants would
I

then be somewhere between 0.1 and 10 rep/week* during August of 1949, seventeen
1

months

and of

.
after the actual bomb tests. Records of earlier levels of radioactivity

the time when the plants first reestablished themselves are not available.

The tumors themselves were examined both by means of autoradiography

by direct tissue count for radioactivity within them, but nothing more than

traces of activity were present in the tissue mass. This is to be expected

and

I
as

I
the plant is a deep rooted one absorbing very little in the contaminated surface

* Assuming Eav to be 1 mev~
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layer. From the work of Jacobsenand Werstreeb (17), it is ~cwn that fission

products are absorbed ont~ roots but are not transloc~.tedin significantquanti-

ties to other parts of the plsnt. Thereforethe externalradiationwhich was

receivedwas

the soil.

After

predominantlybeta radiation from the contaminated surfaoe layer Of

oareful considerationof all ~ossiblecausal agents it seems highly

probable that radiation is the cause of the tumorcus grcwths on Ipomoea. HOW-

ever, it must be pointed out that we have not aktempted t~ experimentallyinduce

suoh tumors and that no radiationinducedplant tumors have been previously

reported in the literatureto our knowledge. We feel justified, however, in con-

cluding that the tumorous tissue herein described most nearly resembles radiation

damaged tissue.
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Fig.l— Ipomoea’1’’uba,Engebi Island.Area inwhich abnormal plantswere found.——
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Fig. 2—Norm~ growth habitof Ipornoea tuba. Engebi IsUmd.——
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Fig. S—TumomUs growths at the bad xtodesof the stem of Ipomoe8 tub. EngeM——
Island.

.
* /Lj.
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Fig.4—A tumorous Ipomoea plant, Engebi Island. There was very liffle elonga-
tion of the stz there is evidence of some recovery in the appearance
of regenerated leaves.
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Fig. 5a— Tumorous growths; about twice natural size.
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Fig. 5b— .(1)End of

regenerate

,>. .A.L ...:.> ,,,

t

,,
-7 . .. ,: .--,
. . . . . . . . . . . .. . . .

(2)Tumorous mass showing dead pri-
mordia inthecenterand numerous
livinggrowing tipson eitherside.

●

stem showingtumors and
.onofleavesatthetip.(x2).

. .

. . . . . %
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Fig. 6— Photomicrograph of segment of a cross section of the
normal stem of Ipomoea tuba. (x 175). A, lacteriferous
duct; B, secretory cell; C~arenchyma; D, external
phloem; E, cambium; F, xylem; and G, internal phloem.

Fig. 7—Photomicrograph of normal growing tip. (x 145).
young leaf; B, tunics; and C, corpus.

A,

*

.

.
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Fig: 8— Photomicrographs ofabnormal primortia from tumors.

(x145).Primordia such as thetwo picturedhere were
among the more tgnorm~~ztypefoundinthetumors. A J

c~ Ou= le~~y;c, parenchyma;
suberizedsurfacecells;B, y
and D, conductingtissue.
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Fig. 9a-Photomicqr@ of tumor ~on showing

several primordia which had apparently

ceased growth.

Fig. 9b— Photomicrograph of primordium at “BJ~

above showing A, suberized surface which
is being sloughed off. (x 145).
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Fig. 10—Surfacea cut from tumors eking phyl-
lotactic sequence cd primordia. ,
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