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1 TROUHOTION

In & previous report concerning the chromosome number in Glediolus
(3) and a later one (&) showing the relation of this factor to the hy~
wpridization of various specios and varieties, one of thoe important
objects in view has eon the origin of the present~dsy comrerclal vatd-
eties. That certain of the gpecies of this genug were concerned in dw
formation of these types has long been recognized (&), and, as Yelean
(8l) pointed out some time ago, certain characters in the commercisl
types must have come from the South African species. In terms of chrow
mosome mamier, this moang that certedn cheracters of the cormercial
totraploids have ecn derived from the South African diplold speciese
“hether this transfer waos by mesns of amphidiploids, which might have
been formed spontanesouply after hy ridization and then cressod again
with other totrapleids, or whether triplolids were involved, is a Quage
tione In the {irst study (3) it wes apperent that triploids did ocour
among the commercial types and later (4) that the proveile origin of
these was {rom either a dipleid-tetrapleoid or reciprocal cross, since
over fifty per cent of such atitempbts wers successfule Perhaps the most
important oteervation in the rocent study (4), however, was that such
tripleids wore partially fertile when used as tihe seed parent in further

crosses with either of the original parents or with other dipleid and

tetraploid forms.

Althoush the thought still persiste among many that tripleids are
storils, an examination of the literature reveals that such is not the
cagice Progeny have beon produced from crogscs involving triploids,
nostly ae thwe secd parents, with dipleids in apple (11) (34) (15),
Petunia (16), fregaris (48), Cenothera (12), Populus (10) (22),



Tulips (5) (19) (45), Zes (30), Impatiens (42), ;lliws (28), Dstura (©)
(89), Iilivm (40), Crepis (33), tomato (27), and petato (86). It hes
also becu reported that progeny have been produced from crosees Lebvsen
triploids and tetraploids in Petunie (16), Phleur (35) (18), and others.
It would sppesr then that Gladioclus is not unusual in this ragpecte
Preliminsry investigabtions (26) showed that not only did these
cladiolns tripleids, when used as the secd parents, behave in a fashion
gimiler $o those already reported in the litsrature {5, 15, 19, 80, 54,

39, 48), hut that some othor type of chromosome behavicur wes teldng
place. This yeport presents the occurrence and frequency of these Obm

gorvations.
VATERIALS ACD BETHOLE

with the exceptdon of the previcusly reported tripleid veriety
Charm (3), the triploids used in this study were produced through recip—
rocel crosses bebwsen various tetreploid comvercial vardeties and dipleid
species. Using the triploids as the female parent, seeds were obtained
after crossing thege with dlplold species or sowe dipleid hybrids, and
also with tetrapleid commercilal varieties, 28 well as some tetraploid
hy.rids produced as the result of previcus hybdridization. Some examples

illugtrating the parventage of thess progeny are:
(Prof. Donders (60) x G.hirputus (30)) x [C.tristis (30))

(g‘m (50) x Prof. Ionders (60) )x (G.tristis (50) x G.alatus
(iss "loomington (60) x Q.angugbus (30) ) x (Tr. doody (60))
(Prof. Donders (60) x. Getrigtis (50)) x (Geprim]
Princeps (60)]
in 813,
sitle to ovtain ohromosome counts from 470.

Limue (60) x

spproximately 500 plants were obtained, and of these it was pos-



A3l work was done in the greenhouss during the wintwmw. Seeds
from the triploids were gathered in the late spring and planted in pods’
the follewing fall. The corms produced from these souds were gemerszlly
planted the pext fall, if large enough, in separate pots and vool tipe
collected frem each. These tips were fixed in Nevashin's golution
prepsred for gectioning by the short butyl alcohol method. Tissus-med
was nsaed for the embedding process, snd all sections were cut 12 miero:
thick. BStaining was sccomplished Ly the crystal viclet-iodine technigue.
Obgervetions were made with the aid of & 90x, 1.6 sprochromatic cbjee-
tives Drawings wore nade with & camera Jucida. All magnifications are
listed with the plates.

In meking the chromesome counts, it was lmpossible in a few cases
to otain a congistent number for some Sndividuals. In recording these,
it was pecessary to list them as * the mumber which was found met fre-
graphs, while the more variavle ones were entirely sliminated from cone
siderstion.

REBULTE AND DISCUSSION

resomed in all cases that the dipleid male parent contribw
mostes, because in all other crosses, such s diploid-diplodd,
diplofid-tetreploid, tetraploid-diplodd, and tetraploid~tetraploid, ne
irregularitisg in gsmetic chromoscome contribution have been ebserved
from & atudy of the resultent hybrids.
After the clromoscme mmber of the tripleid progeny hed Leen detedw
mined, the contributiom of the triplodd seed parent, when crossod with

the diploid, was sscertained by subtracting the haploid mumber of the



pelion parendt. Thie 1s sbhown graphlically in Plate T, while the contidie
bation of the tripleld, when crossed with the tetrsploid as the pollen
parent, is shown in Plate I7. In Plate IIT the tetal contriimtien In
all ceses iz phown, thus combindng the bwo provious graphs, sincs the
trisloid perent was common to both types of crosses.

Theeushout the course of the irwestigatdion, mbmm paa ware made
to determing whethsr certain triploids might have rescted dfferently
vhen arogsed with various dipleids and tetraplodds; hut there was no
indication of this in the bohavioar of any of the triploids in crvsaen
with sy one individual variety or species. For this rossen, sll
triploid-diploid or triploid-tetrapleid crosses were treated as & group
rether than as individuals.

Txiploid~tipleid Progeny. It is quite otwious fyom Plate I thed
there is a great variance in regerd to the chromosome mmber of the

fanctional gamotes of the tripleid. From 18 to 55 chromoscmes wers cone
tribubsd one or meors times. Despite tids wide distrivation and vorie-
tion an showm in the charts, it is possivle to note three obvicus fro-
quencien, which protably indicates three different possible types of

g in the triploid. The freguent
contriiution of aspproximetely 24 indicsics the melosis must have been
nearly normal, the frequency at 50 indicates gomebtes like those of tetrae
ploids, and 45 the contrimtion of the full triploid chromosane complow

wr most freguently occurri

moenbe

In Plate I, which shows the conbrimtdon in the tripleoid-diploid
crosses, it is obvious that the 5n/R number, or approximately that, wose
centriouted in only a small par cend of the cases. One might expect it
to e that of grestest frequency in view of the resulte provicusly re-
ported in gome other plants. In Tulipa (n-12) Tamford et al (5),



Hall (18), and Upcott (45) have found that a tripleid, used as the fo=
mele parent and crossed with a2 diploid, contributed from 12 to 2R
es and in most cases from 15 to 18, which would be asout the

8n/2 mumer. Hebel ($4) has shown in a Bn x 2n cross in apple (n=17)
that the chromosome mmber of the progeny ranged from 55 to 4B with the

mode at 40,5, which would indicate thet in most cases the tripleoid
tribution would be somewhere near the Sn/2 mmier. Cspinpin (12) in

hera {(n=7) in a similar cross found the ranze to be 14 to 21 with
the mode at 18, which sgain spproximates the Sn/R numher from the
triploids. Rergstrom (10) and Johnsson (22) in Populus, Dermen (15) in
apple, and levan (28) in Allium all found similer results, with the
progeny from 8n x 2n orosses having somatic chromosome mmbere ranging
from the diplold to the triploid. In all these instances, howewver,
practically all of the tripleid progeny fell within this group. In
Gladiolna it must Lo emp
a snall portion of the cases, and only a small portion of the progeny
would have somatic
triploide

The second most obvious comtribution of the triploid femals in
triploidwdiploid hytrids of (ladiolus was that of thirty chromoaomes,
which would make the resulting progeny full triploids with :;'eggarti to

esizod that such a contrimation occurs in only

hromosome numbers renglng from the dipleid to the

chromosome mmier. A few such progeny have becn found by MeClinteok (50)

and TLongley (29) in Zea, Ieven (28) in Alldum, and Sate (40) in Lilium
in cresses involving a triploid parente Bergzstronm (10) in Popul

Dermen (15) in apple also found evidence of pimiler pametes from the
tripleide Navashin (38) in Crepis, in crossing & triploid Fj inter se
and with other sister diploid plants, found that approximately twentye
eight por cent of the progerny were triploids. Then this type of bLehaviour



is not urusual in the case of triploids.
jolus of the full tripleoid mumber would

geen %o be the most common type of behaviour. This would then mean that
the progeny recelving this mmber would be tetrsploid in nature. This
is not in gemeral accord with the literature, although occapionsl tetre-
ploid progeny from triploids have teen reported. In Solamm (86),
Tulips (46), and Populus (10) (22) infrequent progeny have eppesred with
the fNull tetreploid chromesome mmber. This unusual behavieur of Glade
dolng would make it possible to see how diploid choracters could be
trensmitted to the tebtrapleids if this hes heen common in the past do=
velopment of comerciesl Gladiolus.

Triplold] aploid Progeny. Upon examining the contrilution of
the triploid (Plate II) in the triploid-tetraploid crossee, it is again
obvicusg that the previous three types of ehaviour, as found in the
triploide-diploid crogses, still exist. This indicates that the triploid,

regardless of the pollen parent used, is consistent in the types

of g
etes nogt frequently produced.

The twenty~-four and the thirty chromosome contributions again gppeax
in spproximetely the same proportions ss in the triploid-diplold crosses,
although the gomatic chromosume mmber of the progeny would be higher bew
cauge of the thirty chromosome contribution from the pollen parente Only
8 limited mmier of Bn x 4n croeses have besn previsusly reported; mt
Iongley (29) in Zea, Dermen (16) in Petunia, snd Gregor and Sanscme (18)
in Phlegun found that the triploid cemtrituted approximately the diploid

number when used in such & cross,

The full triploid scmatic mmber acain was contrimuted in most of
the cases. This would indicate that the progeny receiving this contribue
tion would be pentapleid with regerd 0 chromosome number. Uormen (16)



; , in a Bn x 4n cross, found one plant with the full pentaploid
mmoer of chromosomesy end Nordenskiocld (85), using Phleum in such &

cross, found some of the progeny to be pentapleid. In nelther of these
cases, however, was the full tripleid contritution a general feature of
such a crogs. This indicates that in Glsdiolus, the triplold, re/arde
less of tho nmale pavent, most generally contributes the full tripledd
chrompecre numbere This is particularly true when, out of 470 progeny
ohgerved (Plate ITI), 129 apparently rosulted from such behaviours
Instences of higher chromosome contribution than forty-five are
alsc shcun. This is comparable to the results shown by Nerdenskiold (88)

7o aexplain the resulis presented ghove, it is only neceapary o re~

momuer that fallure of palring, umequal divisions, lag ing chramopomes,

and the formetion of restitution muclei have repeatedly been described
Capinpin (1%)
in Qenmpthera, bermen (15) in the Daldwin apple, lLevan (28) in pllium,
HeClintock (B0) in Zea, Satina and Plakeslee (58) in Datura, Sato (40) in
Iidium tigrium, Delling (7) in Hyscinthus, and Skovsted (41) in cotton,
and many others hsve observed these phenomena. Although no extensive

yo sac behavicur in tripleid
Glsdiclus, those of Wastfall (47), Jellows (9), and Satina and Flakeslee

ag characteristic of triploids. Stoul (48) in Hemeroce)

shservations have een made of the emle

(38) in other gonsra demonstrate that the meiotic and subsequent divie
glons gimilear to the M behavicar so often descrited, slthouch
Jensen (21) obsorvod that they ere mot apt to show such violent irrerue
larities. Ono of these phenomsna, or & comidnation of them, is all that
is necessary to asccount for the varieby and extent of chronosoms mmmbors
present in the female gometes produced by the triploid. The mmber
tuenty=-four could be the resulit of nearly ncrmal meiosis, while the



munber thiprty would indicate the conbriution of a dipleid pamets,
which ig no% wneommon in such hybridse The mmbers 1928 and 25-87,
g3 well se thome from 28 to 29 and 81 to 35 eould hove resulied fyrom
lorrine of ohromosomes or unecual division of chromesomss durine the
medotic and gubeasquent dlvisions.

¥t 1ig arporent thet the most frequent mebthod of behaviowr in
triploid Gladiolus, in contrast te mery other obgorvations, is nonw
rodnction or the formation of & regtituticn mucleuna, This iz slse boroe
out by Derlinston (14) whe states, "Wenrly all tripleide that have heon
exmined, for examwle, form restitultion muclel vhetlsr they are the
product of hybridization of two species or of sclf-fertilizing a dipleid.w
This ig pot an uncommon behaviour hecause it has been observed Lrge
quently in triploids and in other hytrids by Kostoff (24) in Triticun,
Crane end Darlington (13) in Rubus, Andermeon end Gairdner (1) in
Disntimg, webber (46} in Nicotliana, Tawrence (RS) in pelpbinium, Creus
(17) in Veronica, and memy others. However, the total rence frem 38 to

55 4s due to other phenomene in addition to the formation of rastitution

miclei. Iszying and unequal division of chromosomes after nonepeduchion
could account for - amebes with chromosome mmbers from 36 to 44 apd from
44 to0 B6s Tt is also possible thet lack of palring, with the resulband
irresuler beheviovr of univelents, mi-ht produce a mmete with grester
than the diploid or triploid number of chromosomes, az hes been su-cooded
by Xarpechenko (28). When those progeny receiving the mmbers 3¢ to 44
and 44 %o 55 are added to the 129 which recelved the full 45 chromosonss,
it showe that over fifty per cent of 21l the progeny fell within this
group, which basiecelly are the result of the formation of resbtitublon
mcled .



Prom all this evidence of high chromosome number in the functlonal
gemetes of the tripleids, it seems entirely possible that the charactore
igtics of the diploids may have been transmitted to the tetrapleids
throuh the medium of hybridigation which involved the formation of
tripledd hyleids. Naveshdn (33) hes spoken of "... the tendency of
triploids to produce polypleid intervepecific hybrids....” during his

;vepis, end Crane (20) in a recent srticle states, "We ere often
unable to may how a particular polyploid arose, but it is clesar that the

ing of unreduced germ cells is & frequent method and that in
eonjunction with hytridizetion it has played an important part, bHoth 4n
nature and in cultivation, in the origin of new forme and species.®

2§

Gladiclng, beceuse of its extensive cultivation and hybridization, might
well have followed this pattern.

Yepides the possibllity of amleyo sac behavicur determining the
chyomegome mumber of these triploid progeny, enothor OoCUrIENCE BAY Gl
plain some minor chanses. These are the irrepularities in somatic call
division 1llustrated in Plate VI, That these concerned tdlasues, as
well as individual cells, is obvious, becouse in some cases certain
arecas in the rooct tipe were found te have different chromosome

mmbers
from that of the surrounding tlssue. In one instsnce the epidermis
within a limited ares gave = consistent chromosome count of 86, while
the area of the cortex betweon that end the stele contelned only 76
chrompgomese In another case the epldermis and cortex contimually dife
fered in mmier throughout the observable portion of the reot. There
wers alse instences of single cells which possessed chromosome mmmbers
well over 100, In addition to these irregularities, a persistent
micleolus was found in some cells, as shown in Plate VI. The presence
of such a micleolus has previously been reported in Gladiolus (52)e



Cases of premature division of the chromosomes at metaphase also vere
found, In such cases gome of the chromsmé preceded the others in
moving toward tie poles. Observations of such mitotdc lrregularities
have een made previously by ¥ensinkad (32) in Cladiolus, habu (2) in
Greundnut, Steut (44) in Hemerocallis, and othersy wut no special
gismificance seems to be atbached to the phenomens. These irresulari-
ties may indicate a certain degree of unbelonce, either in
number or in the rhythm of cell divisione.
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Sumery

Four hundred and sevenbty progeny were obbtained from soversl iripledd
ulpdiolus, whe: these were used ss the seasd pare ts i: crosses with
diploids and tetrasploids. The somatic chromosome mubers of these
progeny were deternined to find the contri ution of the triploids,

The triploids contrituted every chromosome couplement freom 18 to

B8 and other sporadic mumbers up to 8. The majority of the tripleid
progeny fell inte three mein jroups, the ;"“.mm important beling thet
where the wripleid seed parent conbriuted its full chromosome
complement of 48,

This beheviour could have come about throush the foymation of
restitution muclel during melosis or suiseqguent divisiong, with the
accompenying unequal distriution ef chromopomes, oth of these btypes
of behaviour are characteristic of triploids.

Such Lehaviour in the tripleld Tollows! v hyiridization offers one
explonation for the transmission of charscters from the diploid species
to the tebrepleid Terme in Clgdiolus.

irregulerities 1 mitotde cell divisioe: were ovserved i» the rooi tips

of seversl of ‘he triploid progeny.
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Plate IV

Chromosomes from Triploid—Fetraploid Progeny

Fig. 1. (Edith Mason (60) x G. cuspidatus (30)) x (Edith Mason (60)),
55 chromosomes*

Fig. 2. (Prof* Ponders (60) x G. hirsuing (30)) x (br. Moody (60)),
71 chromosomes.

Fig. 3. (Prof. Ponders (60) x G* tristis var. concolor (50)) x (Prof*
Ponders (60)), 74 chromosomes*

Fig. 4. (Prof* Ponders (60) x G* undulatus (30)) x (Mrs* Francis King
(60) x self (60)), 75 chromosomes*

Fig* 5* (Edith Mason (60) x G* angustus (30)) x (Prof. Bonders (60)),
77 chromosomes.

Fig. 6. (?rof. Bonders (60) x G* tristis var* concolor (50)) x (pr. Moody
(60)), 78 chromosomes.

W Mag. Approximately 2500
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Chromosomes from Triploid—Piploid Progeny

Fig. 1. CJoost Vondel (60) x (G. tristis var* ccrioolcr (50) x G* hirsutus (30))) :
C. tristis var* concolor (50) x G* hirsutus (50)),42 chromosomes*

Fig. £. ( *of« Donders (60) x (G. tristis var* concolor (50) x 1* callistus (50)))
x (G* *ristis var* concolor (50) x self (30)),48 chromosome

o 5% £Prof* -rs (60) x 3. nndulatus (30)) x ( «tristis var. ecu (SO)
* watsonius (50)), 55 chroriosores.
5. ( . tristis var. concolor (50) x Prof* Donders ) C - tristis var.
concolor (50) x G* alatus (30)),57 chromosomes
Fig. 5. (Prof# Donders . tristis var* concolor (30)) x Co. tristis var.
corcolor (30) x self (30V), 60 chromosomes.
*6. (G. trii * concolo; x Prof. Ponders (60)) x (3. tristis var.

concolor (50))* 60 chromosomes*
Hag. Approximately 2500
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Plate VI

Irregular mitotic division from the root tip of a triploid-
tetraploid hybrid*

Irregular mitotic division from the root tip of a triploid—
diploid hybrid.

Chromatin bridge found in the root tip of a triploid-tetraploid
hybride

Chromatin bridge found in the root tip of a triploid-tetraploid
hybrid.

Irregular mitotic division from the root tip of a triploid-
diploid hybride

Fig* 6. A persistent nucleus found in a root tip cell of a triploid-

diploid hybrid.
launification aDproximatelv 2500x
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Chromosomes of the triploid-diploid progeny

1. Jj3. tristis var* concolor (30) x Prof. Donders (600 x £c . tristis
var. concolor (30) x G. hirsutus (3 0 3 4 chromosomes.

2. Coost Vondel (60) x (G. tristis var. concolor (30) x G. hirsutus
(50))) x JQ, tristis var. concolor (30) x G. hirsutus (30)/,
42 chromosomes.

5. fProf. Donders (60) x (G. tristis var. concolor (30) x G. callistus
(30 tristis var. concolor (30) x self (50J , 48 chromosomes.

4. £(G. angustus 130) x G. undulatus (50)) X (Prof. Donders (603 x
£6, blandus (50) x G. anrustus (30H, 45 chromosomes.

5. (Dillenberg (60) x G. undulatus (50); X tristis var. concolor
(5021, 43 chromosomes.

6. (G. tristis var. concolor (30) x Prof. Londers (60)} X G. tristis
var. concolor (30)), 45 chromosomes.

7. £Prof. Donders (60) x G. hirsutus (30)J] X £G. tristis var. concolor
(30)Jy 57 eliromusumes *

8. (Prof. Donders D) x G> undulatus ' 0)j X£c . tristis var. concolor
(30) x G. watsonius (sol) r 65 chromosomes.

9. fG. tristis_var. concolor (50) x Prof. Donders (60)} X £G. blandus
(30) x G. angustus (30)J# 60 chromosomes.

10. £Prof. Donder G x G. tristis var.concolor (30)} X £u. tristis
var. concolor (30) x self (50)), 60 chromosomes.

11. (Prof. lenders (60) x G. undulatus (30)J Xfu. tristis var. concolor
(30) x G. watsonius _(501J7 60 chromosomes.

12. fQo tristis var. concolor (30) x Prof. Donders (60)} X £g. tristis
var. concolor (30; x G> watsonius (50)J , 75 chromosomes.
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Chromosomes of the triploid-tetraploid progeny
(I rofe Bonders (00) x (G tristis var. concolor (30) xj}. callistus
(30)))x(1)r. Moody (60)), 60 chromosomes®

(Prof.Bonders (60) x G. tristis var. concolor (30)) x (Br. Moody
(60)), 54 chromosomes.

(Prof. Bonders (60) xJ3. undulatus (50)) x (Dr. Moody (60)) ,
54 chromosomes.

( » tristis var. concolor (30) x Prof. Bonders (60)) x(P. C. Kooft.
(60)Jy 56 chromosomes.

APACE A om2erS, 60N X tristis var. concolor (30) x G. callistus
(30)))x (Edith Mason (60)), 63 chromosomes.

(Profe Bonders (60) x £. undulatus (30)) x(Mrs. Francis King (60)
x self (60)), 80 chromosomes.

(Prof. Bonders (60) x G. tristis var. concolor (30)) x (Profe Bonders
(60)J, 66.chromosomes.

(Prof. Bonders (60) x G. anvustus (30)) x (Joost Vondel (60)),
77 chromosomes.

(Prof. Bonders (60) x G. angustus (30)) x(innamed seedling (60) x
2.. primulinus (60)1, 71 chromosomes.

(Prof. Bonders (60) x G. undulatus (50)) x (Prof. Bonders (60)),
75 chromosomes.

(Prof. Bonders (60) x £.. angustus (50)) x (Prof. Bonders (50)) ,
80 chromosomes.

("Prof. Bonders (60) x G. anaustus (30)) x ( Joost Vondel (60))
75 chromosomes.



