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INTRODUCTION

The cytogenetic literature is full of instances where species relation-
ships have been clarified by cytological evidence. In many plant groups,
chromosome number has been shown to be the barrier separating species and
information on chromosome number alone has solved these problems for the
plant breeder and taxonomist. However, in other cases chromosome numbers
have been found to be so widely variable that such knowledge alone merely
serves to add confusion or the numbers are all the same and they furnish
po new evidence. The germs 1ilium has been investigated by numerous workers
and all species are reported as having a somatic number of twenty four (Sato,
1932; Sunsome and LaCour, 1934 lMather, 1985; Beal, 1942 and Stewart, 1943)
with the exceptions of the triploid species L. tigrinum (Takenaka and Nagamatsu,
1930) and several species in which aneuploids are found (Sansome and LaCour,
19343 Mather, 1988; Beal, 1942 and Stewart, 1948). A similar situation ob=
tains in many other genera and in these cases useful information can be ob-
tained from a comparative study of the chromosome morphology of the nembers
of the groupe Other cybogenetic methods available have been utilizéd in the
work recently reviewed on Crepis (Babcock et al, 1942; Babcock, and Jenkins,
19433 Babcock, 1944), Nicotiana (Goodspeed, 1945), and in the great mass of
material on Zea and Drosophillas It is recognized that the new systematics
utilizes taxonomy, morphology, cytology, genetics, physiology, ecology, paleo=
botany and all other divisions of plant science.

The earlier reports of chromosome number in Iilium were based on obser—
vations of sectioned material. The limitations of this method are obvious
when dealing with chromosomes which are as much as twenty eight microns in

length at their most contracted stage, above the optimum thickness of sections



to obtain satisfactory staining snd enable thorough examination. Cooper
(1955-19%6) utilized pollen grain divisions in L. Henryi and L. regale,
but his illustrations show neither primary nor secondary constrictionse

In recent investigations utiliszation of the propriono or aceto carmine
smear technique and excised pretreatment with colchicine (Stewart and Bame
ford, 1945; Emsweller and Stewart, 1944) has given clear flat figures of
the very long chromosomes of Lilium and allow a critical study of their
morphologzye This is a report of such a study to serve as a base for more
extensive investigations of the phylogeny of the genus and allow a more

efficient as well as a more frultful breeding programe.

MATERTALS ANL ¥BTHODS

Root tips were used exclusively for this study and these were taken
from bulbs which were obtained from reliable commercial dealers in the United
‘States. Those species native to this country were obtained from dealers
specializing in native plants on both the east and west coasts. A few col-
lections were made of native species and garden escapes in the vicinity of
College Park. TFew of the plants used in previcus studies (Stewart and Rame
ford, 19433 3tewart, 1945) survived the interval and plants reported here
represent additional data on the occurrence of aneuploids in Lilium (Stewart,
1943). This cocllection represents a large majority of the specles, varieties
and horticultural forms now available., Identification has been checked with
the following sources: BElwes (1880), Wilson (1925), Woodcock and Coutbs
(1935), Slate (1939), and various articles in the Foyal Horticultural Soci-
ety Iily Year Books.

Hoot tips were fixed in 3:1 absolute alecohol - glacial acetic acid for



twenty four hours, then rinsed and stored in &0 percent alcohol until used.
Smears were made by the propriono-carmine techniquee. The omission of acid
hydrolysis and the use of glass tools throughout to eliminate any trace of
iron in the stain resulted in the nucleoli staining a bright red color from
twenty four to forty eight hours after the preparation of the slide. The
roots prepared in this way showed cells at the critical stages of mitosis
for the classification of constrictions as shown in Plate 7.

The morphology of thse chromosomes at somatic metaphase was detemined
from divisions in root tips given excised pretreatment for thirty minutes
in a .2 percent agueous solution of coclchicine followed by washing in water
for ninety minutese. This is & slight meodification of previous methods
(Burrell, 1939; Oiarra, 1939; Stewart and Bamford, 1943; Stewart, 19433
Emsweller and Stewart, 1944). DBuds and mature pollen have been collected
and preserved for future work,

Observations were made with the aid of 43x and 90x apochromatic oil
immersion cbjectives and 15x compensating oculars. Camera lucida draw=—
ings at table level (approximately 2000x) were made of all the metaphase
chromosomes separately in from one to three cells of each plant of a species
or variety. These were cut out and for sach cell arranged in pairs on the
basis of total length, position of primary constriction, nmumber and position
of nucleolar secondary constrictions. The idiograms (Plates 8-13) are these
drawings of a haploid set from a typical cell which was the least distorted
in preparation and traced so that the primary constrictions appear on a
horizontal line. The order left to right in each case is of increasing arm
length ratio (long, short) rising from approximate unity. letters are as-
signed to the chromosomes according to their order in this scheme. DIoth
chromosomes oif pairs which are heteromorphic in the position of the secondary

constrictions are shown and designated by a letter and its prime. The centric



fragments and extra chromosomes which are not duplications of one of the
normal complement are placed on the right regardless of the length of its
short arm and are designated by the letter M. In those cases where the
heteromorphic pairs differ by a measurable amount of chromatin, they are
also placed at the far right but given the letter of the position they would
occupy in the idiogram assuming loss of material from the smaller member of
the pair.

In addition to the camera lucida idiograms a series of photoidiograms

of representatives of the divisions of the genus Lilium; subgenus Cardiocrinum

(L. giganteum) and the four sections of subgenus BEulirion; Leucolirion (L.

Brownii), Archelirion (L. auratum), Isolirion (L. concoler), and Hartagon

(L. monadelphum)e These photoidiograms sre constructed in exactly the same
way as the other idiograms except that photomicrographs are used in place of
cemera lucida drawings. Plates 2 and 3 are photomicrographs of somatic meba-
phases in roots of L. concolor and I, Brownii respectively from which enlargew
ments were made to construct the photolidiograms.

Table 1 presents the percentage of the total length of all the chromoe
somes in the idiograms represented by each of the chromosomes. Pairs hetero-
morphic for secondary constrictions shown twice in the idiograms are figured
only once in the table. For pairs heteromorphic for a measurable amocunt of
chromatin, the average is used. Plants having extra chromosomes are figured
twice, with and without the extra chromoscmes.

The idiograms thus constructed present an exact picture of the hapleid
set of chromosomes from a typical cell of the species. However, from an ex=
amination of these idiograms glone, no conclusions as to the variation in
size of karyotypes can be drawn. There is no indication that there is more
chromatin in cells of any one species of Lilium than in any othere. There is

as great difference in cell and chromosome mass between adjacent cells in the



same root as between cells from different species. The idiograums,
being camera lucida drawings all at the same magnification, reflect
only the latter variation. None of the gradual curves or spirals in
the chromosomes shown are characteristic of the morphology of the
chromosomes. They represent only the chance result of all the forces
of coiling, movement, and smearing pressure. Howsver, the indenta-
tions or %incomplete® comstrictions such as thal in the short arm of
the C and i chromosomes of auratum, in the short arm of the G chromo-
some of gizanteum, and in many others are constant morphological dee
tails as characteristic and definite as any other feature.

RESULTS

The results are presented almost completely by the idiograms
(Plates 8 — 135). There are no large variations in chromosome morph-
ology in the gemus, all species having two long pairs of chromosomes
with submedian centromeres and ten pairs with subterminal centromeres.
The 2n mumber of all species reported here is 24 and, although indi=-
viduals were found in L. auratum, L. igingtsuense, L. Sargentise, and
Le pumilum with 2n = 25 and one plant in ], Henryi with 2n = 26, the
additional chromoscmes are, with two exceptions, centric fragments and
in all cases are unlike any of the normsal complemente However, the
variations in the length of the chromosomes and the variation in posi-
tion and function of the constrictions differentiate the species into
two groupse

The following is a detailed classification of the constrictions

under each of the species and varieties observed. (Plates 8 — 1B).



L. concolors Seven plants were examined and the karyotype of five of
these (type 1 in Table 1) is represented by the idiogram in figure l.
Both chromosomes ¢f pairs A, B, F, I, and ¥ were asscciated with nuce
leoli at their secondsry constrictions in prophase. A maximum of ten
maclecli were observed in resting cells., The constrictions in the short
arms of pairse ¢ and T were non-mucleolar. In the gixth plant the chromoe
somes were the same except that the secondary constrictien in the 1 pair
of chromoscmes was absent. The I pair was not associated with mucleoli
at prophase and a maximum of eight nucleoli were observed in resting
cells. The seventh plant (type 2 in table 1) differed from the first
five in that the secondary constriction in one of the B pair of cliromo=
somes was nearer the end of the short arm {(fig. 2 and photoidiogram

Le Browniis Three plants were examined and their karyotype is repre-
sented by the idiogram in figure 3 and the photoidiogram in Plate 1.
The secondary constrictions in the chromosomes U, F, and G were nucleo-
lar, having been observed attached to mucleoli in prophsse. A maximum
of six nuclecli were observed in resting cells. The constrictions in

the short amms of chromosome pairs C and E were non-nucleolar.

Le candidume Three plants were examined and their karyotype is repre-—
sented by the idiogram in figure 4. The I pair was heteromorphic for
the secondary constriction in the short arme The satellite was so small
that it was impossible to determine whether or not it was present but

it seemed probable that it was fused with the short arm of the I chromo-
somee. Anobher lrregularity was the presence of three K chromosomes and

only one J chromoscme. This is one of very few cases where a pair is



heteromorphic for a measurable amount of chromatine The secondary cop=
strictions in the D and ¥ pairs, and the I chromosoue are nucleclar. 4
maximm of five mucleoli were observed in resting cells. The secondary

constrictions in C and B were non=nucleoclar.

L. callogsum: (fige 5) All five plants were alike having six pairs
with nucleolar secondary constrictions;y A, C, F, G, and 1 and also the
distal constriction in short arm of the B chromosomes. The proximal
secondary constriction in the short arm of the B pair and the secondary

constriction in the short arm of D were non-nucleclar.

Le Davidiis (fige 6) Three plants had four pairs of nucleolar seconde
ary constrictions in chromosome pairs A, U, ¥, and G. The constriction

in the short arm of C was nonenucleclare

L. speciosum: The karyotypes of two plants of var. album, two of var.
represented by the idiogram in figure 7. The distal constriction in

the short arm of A and those in C, £, snd X were nucleolar. 7The proxi-
mal constriction in the short armm of A is nonenucleolar. Figure & repre=
sents the karyotype found in two plants of var. punctatum. It differs
from the cother three varieties only in the A pair of chromoscomes where
one secondary constriction in each was in the long arm and was mucleolare

The maximum nucleolar count in all varieties was eight.

L. monadelphum: (fig. 9 and Plate 1) The three plants all had eleven
nucleolar secondary constrictions; distal in the short arm of bobth of
the T pair, in both of the D, E, and G pairs, one in the long arm of it

and two in the long arm of the ¥ chromosome. The ¥ chromosome was the



only opne observed in Lilium with two mucleolar comstrictions. In almost
every prophase observed, both constrictions were associsted with nucleoli.
The proximal constriction in the short arm of the 4 and C palrs were non~
nucleolare. The length of the short am of the C pair was much greater

than that of any but the A and B pairs in any of the other species.

L. auratums In seven plants of this species that were examined, three
karyotypes were found (figs. 10, 11, 12). 4All were identical in the
first ten pairs, A through J« The A, B, and D pairs had nucleolar
secondary constrictions in their long arms and non-mucleclar secondary
constrictions in their short arms. The C pair had nucleolar secondary
constrictions proximal and non-nucleoclar secondary constrictiens distal
in their short arms. The E pair had nen-nucleclar secondary constrictions
in their short arms. Four plants (type 1 in table 1) are represented in
figure 10 and Plste 1l The L pair had a nucleolar secondary constriction
in the long arm and there was a twenty fifth chromosome, or centric frage-
ment, designated M. One plant (type 2 in tsble 1) is similar except that
it did not have the centric fragment (fig. 11). Two plants (type 3 in
table 1) were like type 2 except that there was a mucleolar secondary
constriction in the long arm of both of the K pair in the same position
as in the L pair, from which they could not be distinguished (fig. 12).
It is possible that the first two types are heteromorphic for secondary
constrictions in the K and L pairs as no evidence of genetic or pairing
hemology has been obtained and, except for the secondary comstrictions,
the K and L pairs are indistinguishable.

L. gigapteums (fig. 13 and Plate 1). All three plants examined were
alike having B, C, and D pairs with nucleolar and G with non-nucleolar
secondary constrictionse.



L. tsingtauenses The two plants (type 1 in table 1) represented in
figure 14 and the one plant (type 2 in table 1) represented in figure

15 were identical except for the chromosome M which was an exira chromo-
some present only in the single plant. Both types had nucleolar second-
ary consirictions in the long arms of chromoscme pairs C, D, F, and J
and nen-nucleclar secondary constrictions in the short arm of pairs G
and De

L. Grayis (fige 18) The two plants examined were identical and had
nucleolar secondary comstrictions in the long arm of pairs C and K.and

non-nucleolar secondary constrictions in the short arm of C and D.

L. Japonicums (fig. 17) The two plants examined were alike with nu=
cleolar secondary constrictions in pairs B, proximal in the short zom
of D, and in L. There were non-mucleolar secondary constrictions in
A, C, distal in the short arm of D, and in F.

L. Ieichtlinii var. Maximowicsiji: (fige 18) Thres plants examined
were alike, having nucleclar secondary constrictions in pairs 4, B,

and G and a non=nucleolar secondary constriction in C.

L. Benryi: Three plants were examined. Two had twenty four chromo-
somes (fige 19 and type 1 in table 1) and one had twenty four plus

two centric fragments (fig. 20 and type 2 in table 1). Except for the
fragments they were alike. There wers mucleolar secondary constrictions
in the A and ¥ pairs and nen-nucleeclar secondary constrictions in the ¢
paire.

L. martagon var. album:s (fig. 21) Three plants were all alike, having
nucleolar secondary constrictions in A, B, long arm of C, F, and K.
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There were non=nucleoclar secondary constrictions in the short arms of

the C znd D pairse

L. longiflorum Creole, Estate, and Slocums Ace: (fig. 22) TFive plants
of Creole, two of Hstate, and three of Slocums Ace were alike, having

nucleolsr secondary constrictions in U, G, and the long arm of C. Hone

micleolar constrictions were present in the short arm of C and E.

(fig. 22) Three plants proved tc be exactly iike I.

L. ragale: (fige 24) Seven plants examined were alike, having nucleolar
secondary consirictions in the short arms of pairs A and C, and in the
long arms of B, U, and Es There were non-nucleolar secondary constric-

tions in the short arms of B, D, and E.

L. myriophyllums (fige 25) Two plants examined were exactly like L.
mgala.

L. Sargentisps (fig. 26 and type 1 in table 1) Three plants examined

were exactly like l. regale.

L. Sargentiase Horsford: (fige 27 and type 2 in table 1) One plant
available was exactly like the type and like L. regale but with one addie
tional centric fragment labellsd ¥ in the idiogram.

Lo leucanthum vare. chlorasters (fig. 28) Three plants examined were

sxactly like L. regale.

L. dauricum: (fige R%9) Four plants of L. dauricum were alike. There

were nucleolar secondary constrictions in the A, B, and G pairs and none



nucleolar secondary constrictions in the short arm of the C paire. The
secondary constrictions in the long arms of both the ¢ and F pairs behaved
in the same way. At metaphase the constriction always appeared in one

and ocassicnally in both chromoscomes of a pair. In a smaller number of
observations of prophase cells, one chromosome &f each was usually associe
ated with & nucleolus, but never both chromosomes of either paire It was
impossible to determine if it was always the same member of the pair.

The secondary constriction in the member of each pair not associated with
the nucleolus was usually visible in these prophase cells., A maximum of
eight nucleoli were observed in resting cells. Three plants of L. dauri=
cum vare Hilsoni were examined and were identical with the type except
that the secondary constrictions in the long arms of the C and ¥ pairs
appeared very rarely and none were ever seen associabted with micleoli

in prophase. The maximum nucleolar count in the resting cells of the

varieby was aixe

L. pDuchartreis (fig. 30) Two plants examined were alike, having nucleolar
secondary constrictions distal in the short arm of the B pair, and in the

C and G peirs. There were non-nucleclar secondary consirictions proximal
in the short armm of the B paire.

Le Wardii: (fige 31) Only one plant was available. There were nucleclar
secondary constrictions in the A and D pairs.

L. gmabile: (fige 32) Three plants of smabile and two of var. lubeunm
were all alikee. There were nucleolar secoudary constrictions in the 4,

F, and G pairs and non-nucleolar secondary constrictions in ¢ and D.



L. pumilume (figs. 33, 54, and 35) Ten plants of L. pumilum (fig. 35
and type 1 in table 1) and six plante of L. pumilum Golden Gleam (fige
34 and type 2 in table 1) were alike., A seventh plant of L. pumilum
Golden Gleam {fige. 35 and type 5 in table 1) had the same twelve pairs
plus one extra chromosome labelled ¥ (fige 35). All seventeen plants
had nucleolar secondary constrictions in the A, B, I, and F pairs and
in the leng arm of C. There were non-nucleclar secondary constrictiens

in the short arms of C and E.

Le superbums Twe karyotypes were found in collections of L. superbum
from a very small area in a swamp near (ollege Park. Two plants are
shown in figure 36 (type 1 in table 1) and five more from the collec—
tion and three plants from a commercial dealer are shown in figure 37
(type 2 in table 1l)e Type 1 had nmucleolar secondary constrictions in
pairs ( J, and X end non=pnucleclar secondary constrictions in the short
arm of L. Type 2 had nucleolar secondary comstrictions in the long amms
of C, D, and K and nonwmacleclar secondary constrictions in the short
ams of the U paire. The two types were very similar in the distribution
of chromatin (tabls 1) and the only difference is the pesition of one of

the three pairs of secondary constrictions in sache

(fige. 58) Three plants examined were alike, having
nucleolar secondary constrictions in pairs D, F, K, and 1L and non~-

nucleolar secondary constrictions in C.

L. Catesvaeis (fig. 39) Only one plant was available. letaphases were
abundant and it was possible to determine the position of the constrice

tions and from anaphase figures it was possible teo classify them as



primary or secondary. LDowever, there were many nucleoli and many chromoe
somes abbtached to them in prophase and the nucleolar activity of some of
the constrictions could not be determined. Poth secondary constrictions
in B, C, X, I, and the distal ones in the long arm of the F pair were

all identified in prephase as assocliated with nucleeli. In those pro-
phases where the distal consiriction in the long arm of an F chromosome
was seen assoclated with a nucleolus it was determined that the proximal
constriction was not and it is probable that it is non-nucleolar. Al
least two and probably all four of the secondary constrictions in the

D and E pairs were nucleolar, but no clear cut case of association of

all four was found,

Le carolinianums {fig. 40) Four plants examined were alike, having
nucleolar seccndary constrictions in the ¥ and L pairs and non-mucleolar

secondary constrictions in the C, £, and G pairs.

(fige. 41) Five plants were alike, having nucleolar

-

secondary constrictions in chromosome pairs E and G and non-nucleolar

secondary constrictions in C and L.

L._canadenses (fig. 42) Five plants of L. canadense, two of L. canadense
vare. rubrum and two of L. canadenge var. flavum all possessed identical
karyobypes and all were indistinguishable from L. michizapense.

(fig. 45) Three plants examined had

identical karyoiypese There were mucleolar secondary constrictions in
the long arms of pairs H, I, and K and non-nucleclar secondary constrice
tions in the short arms of € and U and in the long arms of C and T. The

¥ peir is hetermorphic for a measurable amount of chromatin. They are
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lettered ¥, and loss of material from F' presumed, because they differ
only in that way from the species type and the other Western Horth

Americen species to which this variety is obvicusly closely relateds

L. Roezlils (fig. 44) Twe plants were examined and were alike, having
nucleolar secondary constrictions in the long arms of pairs H, 1, and K
and non-nucleolar secondary constrictions in the short arms of C and D
and in the long arms of C and L. The karyotype appears identical +to

that of L. pardalinum var. giganteum except for the F' chromosome.

L. pardalinmms (fige. 45) Three plants were examined and were found

to have karyotypes identical with that of L. Roegzlii.

L. Parryis (fige. 46) Three plants were found to have identical karyo—
types and zll were similar to that of L. Roeglii except that the long

arm of the G pair of chromosomes is measurably shorter.

Le occidentales (fige. 47) Twe plants were found to have identical karyo-

typese The & pair was heterozygous for a2 nucleolar secondary constrice
tion in the short arm and there were also nucleolar secordary conshrice
tions in the long ams of pairs H, I, K, and L. There were non-nucleolar
secondary constrictions in the short arms of ¢ and U and in the long am

of Ce

L. columbiamms (fige 48) Three plants were found to have identical
karyotypes similar to that of L. occidentale except that the B pair of
chromosomes was homozygous for the nucleolar secondary cenmstriction in

the short ame.
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somes with only two constrictions, the other can be classed as a prime—
ary constriction or centromere. The » chromoscme at prophase shows
that the two constrictions which are unassociated cannot be differenti-
ated and additional evidence is necessary. In one particular cell, none
of the three constrictions in either of the I pair of chromosomes was
associated with a nucleolus. However, in approximately eighty percent
of the prophases examined, both chromosomes of the pair, and, in approxi-
rately eighteen percent of the cells, only one of the chromosomes of the
pailr were associated with nucleoli at the constriction classified as
nucleolar. This failure of constrictions which are usu2lly nucleclar
to be associated with nuecleoli (variation in micleolar activity between
members of a pair) is typical of all the nuclsolar constrictions of
which a large mumber of observ:ztions were made. In this species the
frequency of fallure to associate with nucleoli in prophase was very
low in the nucleolar secondary constrictions of the A, B, and C pairs
and gignificantly higher in the D and E pairs. The variation in mi-
cleolar activity (between pairs) is common throughout the genus. The
difference in the frequency of mucleolar association of the secondary
constrictions in the C and F pairs between L. dauricum and L. dauricum
vare. Uilsoni was the only difference in their karyotypes. This indi-
cates the need of examining large numbers of prophases. In this report,
thoae secondary constrictions which were definitely associated with
nucleoll in more than one of the prophases examined, were classified as
nucleolar. Those never associsted with mucleoli were classified as non=
nucleolar. From 15 to 20 prophases were analyzed in every species and
as many as 30 in several.

The primery comstriction or centromere can be identified in late

metaphase (plate 9). The chromosomes appear double and at the very
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beginning of anaphase movement, the centromeres can be seen separating
while the remainder of each chromosome, including the secondary conm
striction, has not separatede.

At anaphase the centromere can be distinguished by its orientation
towards the pole. The attenuation of the secondary constrictions as
seen in chromosomes A, B, and D is related toc the mass of chromosome
distal to the secondary constriction. ©Secondary constrictions in the
short arms of the ten pairs of chromosomes with subterminal centrousres
are never attenuated at anaphase while those in the long arms near the
centromere are almost always attenuated (H, I, and K chromosomes of the
west coast species, fig. 43-48).

It is of interest ito note, while examining the anaphase chromo=
somes, that it is not necessary to set an arbitrary arm length ratio
to separate the I type and J type chromesomes in the karyotype. In
chromosomes with very short arms the short arm does not bend back dure
ing anaphase movement (the K chromosome alongside the A chromosome and
the L chromosome next to E in the anaphase in plate 7 ). The other chromo-
somes, U through J, which are not illustrated, also appear as I type chro-
mosomes at anaphase. The short arms of chromosomes A through I bend back
during anaphase movement (anaphase in plate 7 ) and they appear as J type
chromosonese

All the chromosomes of & species can be identified in prophasc and
their mucleolar attachments determined. In the prophases of root cells
which had not received colchicine pretreatment (plates 4 and 5 are a
camera lucida drawing and photomicrograph respectively of an untreated
prophase cell in L. callosum wnose idiogram is presented in fige. 5), it

is evident that the large numbers of secondary constrictions found in
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ILiliwm are not artifacts resulting from the colechicine treatment used

to obtain la?ge mumbers of metaphases. Confirmation of the constricitions
observed in colchicine treated metaphasss was obtained in uantreated metaw
phases in several species and in untreated prophases in all species. In
L. callosum (plates 4 and 5), both chromosomes of pairs A, G, and K and
one of pair ¢ are almost invariably attached to macleoli, Howsver, in
some prophases both of the F pair, one or both of the C pair, and one or
both of the B pair at the distal constriction in the short arm are also
attached to nucleoli, The proximal constriction in the short arm of the

B pair is typical of the three cases of constrictions which always appear
as full constrictions at metaphase but are never attached to mucleoli.

The indent&@i@n or "incomplete® secondary constriction in the short am
of the D pair is typical of those of that type which are, with the exceps
tion of the U pair in L. Jjaponicum never associated with mucleoli but are
constant morphological features of the chromosome. L. callosum shows
marked variation in frequency in the association of nucleolsar secondary
constrictions with nucleoli at prophase. The ' chromosomes display dife
ferences within a pair, Difference in frequency betwsen pairs distinguishes
the secondary constrictions of the A, ¥, G, and K pairs, which are associ-
ated with nucleoli in over ninety-five percent of the prophases from the
secondary constriction in the C pair and the distal secondary consgtriction
in the B pair which are associated in approximately twenty-five percent

of the prophases. These, in turn, are distinguished from the secondary
constrictions proximal in the B pair and in the U pair which are never
asscciated and are classified as non-nucleolar. It is probable that the
frequent observation in resting cells of fewer nucleoli than nucleolar

secondary constrictions is due not only to fusien of nucleoli, but also



to failure of nucleolar secondary constrictions to form nucleoli.

Variation in nucleolar activity between a pair of nuclsolar second~
ary constrictions is alsc found in L. giganteum (plate 6). The secondary
constriction of one B chromosome illustrated is not associated with nu-
cleoli in this particular cell. However, it is associated in a large
percentage of the prophases observed and is therefore classified as nu=
cleolar,

This data confirms the association of secondary constrictions and
nucleoli reported by Heitz (1951), Resende (1937), Stewart and Bamford
(1942), and the immumerable cases mentioped in Gates' review (1942),
Previous reports of non-nucleolar secondary constrictions (Fernandes,
1936; Resende, 18373 Sato, 19383 Jacob, 1940; Stewart and Bamford, 1943,
etc.) are supplemented. However, the failure of normally nucleolar sece
ondary constrictions to be associated with nucleoll and the measurable
variability of this feature has not been previously reported. Enough
reports of non-micleolar secondary constrictions have found their way
inte the literature to make it necessary to differentiate between sec=
ondary constrictions or satellite constrictions and the nucleoclar attache
ment regionse Statements as to the correspondence of attachment regions
and nucleolar rumbers are meaningless (Gates 1942). The maximum number
of nmucleoll in resting cells was determined for all the species of ILilium
reported, and was in all cases equal to the maximum number of chromosomes
observed associated with nucleoli at secondary constrictions in prophases.
In all but one species of Lilium of over forty examined there were addie
tional non-nucleolar secondary constrictionse

Van Camp (1924); Dermen (1983), Woods (1937), and Hatsurra (1938)

give reduction of number by fusion as the cause of the high frequency of



less than the maximum number of nucleoli observed in resting cells.
Fallure of mmcleolar constrictions to form npuclecli must be recognized
28 an additional factor.

Polyploidy as a source of variation in mucleolar number within a
genus {Gates 1942) is ruled out in the homoploid genus Iilium where,
neverthelsss, maximum nucleclar numbers of species varies from four
to fourteen with several instances of odd numbers resulting from chromoe
some pairs hetercmorphic for secondary constrictions.

The order of the idiograms (plates 8 = 13) is an attempt to arrvange
the species on a basis of similarity of distribution of chromatin within
the karyobype. Sihce the chromosomes in each idieogram are srranged from
A to L on a basis of the decreasing length of the short arms, the curve
formed by connecting the ends of the successive long arms will indicate
relative distribution of chromatin.

All gpecies had two long pairs of chromosomes with submedian centro-
meres, the 4 and B palrs. The small variations in length of these has
been ignored in the arrangement of the speciese. In zll the cther chramo-
somes of the regular complement of all species the centromeres were sube
terminal, The variation of distribution of chromatin among thess chromoe
somes is discontiruous on several levels and first allows separation inte
two groupse In Greoupe 1, the C, D, B, and ¥ pairs are relatively short
with low zarm length ratios, the G, H, and I pairs are long with high amm
length ratios, and the J, K, and L pairs short but still with high arm
length ratiose This relative distribution is very definite in the species
represented in figures 1 through 30. The species represented in figures

31 through 35 differ only in that the increasing length of the J chromosone



23

moves it from the JKI class to the GHI class. Group R consists of the
rest of the species examined (figs. 36 - 48). In L. superbum (figs. 36
and 37) the CDEF class is reduced to three pairs and the GHI class is ine
creased tc Touire In L. philadelphicum the classes are only slightly dif-
ferent but the species represented in figures 39 and 40 are markedly
distinct from these and from each other. The karyotyoe of L. ganadense
(fig. 42) is ideuntical with that of L. michicanense (fig. 41). The varie-
ation is again stabilized in the remaining species (figs. 43 - 48) and
appears identical except for the relative shortness of the G pair in L.
Parryi (fige 4€).

Further subdivision based on variation of chromatin distribution
alone depends on smaller differences and obviously becomes less accurabes
Group 2, however, can easily be cdivided into two sections. First, the
species represented in figures 36 through 42 where there is relatively
large variation in karyotype, and second, the rest of the species in
Group 2 which have almost identical karyotypes. ¥#Within Group 1, the
arrangenent was first made on the basis of similar variation in the length
of the JXI class of chromosomes; J and K relatively shori and L long (figse.
1 - 6), J short and K and L long (figs. 7 = 13), increasing length from
J to L {figs. 14 - 30), decreasing length from J to L (fig. 31), and J
relatively long and XK and L short (figs. 32 - 35). Within these groups
the order in the series was cdetermined on the basis of variations in
length in the GHI class of chromosomes and then, within these, in the varie-
ations in the CODEF classe Group 1 does not readily {all into distinct soge

tions as does Croup R« The karyotypes of L. regale, L. myriophylium, L.

cargentias, and L. leucanthum var. chloraster (figs. 24 - 28) do form



one clear sroup, but among the other species the variation is on about
the same level, and while the scheme used for arrangement seems to give
the most distinct division that is the only indication from evidence
of chromosome morphology that the arrangement is natural.

With the exception of one species, L. Grayl (fig. 16), the position
and distribiution of secondary constrictions supports the separation of
the genus intc two groups. Although there are numerous exceptions, the
secondary congtrictions are found in the chromosomes with very short arms,
nearer the centromere, and in the long arms, more often in Group & than
in Group ly Secondary constrictions are present in the A chromosoms pair
of all the species of Group 1 except L. Grayi, L. Duchartrei, L. longi-

florum, L. formosanum, L. giganteum, L. tsingtauense, L. candidum, and

L. Brownii, and in the A chromosome of none of Group 2. Secondary con-
strictions are present in the B chromosomes of approximately twe thirds
of Group 1 and in less than one fifth of the B chromosomes in Group Re
One type of chromosome is peculiar to Group 2 and L. Grayi (fige 1€}
These chromogomes have very small short arms and the occurrence of sec—
ondary constrictions in the long arms, very close to the centromeres,
make eighty Tive percent or more of each chromosome a satellibe.

That these divisions represent natural groups could be determined
by cytological methods only if the structural changes in the chromosgoues,
few of which result in changes in chromosome morphology, are not so cowm=
plex as to preclude analysis. The groups rmst be closely enough related
that hybrids can be obtained for analysis. From the cytological analysis
of two hybrid forms as reported by Richardson (1935) and stewart and Bam—

ford (1943) it can be inferred that the structural differences between



species are mmercus and complex. Thus any thorough analysis is prob=-
ably impossible. Infermation from other sources commonly used ic evalu-
ate natural relationships consists of geographical distribution, inter-
fertility or sterility, morphological structure, and physiological and
growth characteristics. Information on these features gathered from
the literature is considered in relation to the groups arrived at on the
bagis of chromesome morphologye.

Lilies are indigenous to the Northern hemisphere. Elwes (1880)
gives maps showlng their distributions in three general areas. In North
America, 8 species are found in the Eastern Unlted States and Canada, two
or three of them extending to the Central States. Thirteen or fourteen
species are found along the Pacific Coast. L. philadelphicum has the
widest range of the eastern lilies probably extending to the range of
those on the Pacific Coast. In Burope and Western Asla, eight or nine
species seem to be native. The range of L. ¥artagon extends across Si-
beria and probably to the areas occupied by the East Asiatic groupe L
candidum has been cultivated for so many centuries that its origin is in
doubt but it is probably from far east of its present concentration in
South-Eastern Eurcpe. The third area of distribution is Eastern Asia
where by far the largest number of species are found, at least forty-
five being recogniszed at the present time.

It is to be noted that the speeies of Group 2, second section (figs.
43-48) are all natives of the Pacific Coast of North America. The species
of Group 2 first section (figs. 56 to 42) are all natives of Eastern North
Americae. Only three species of the European-West Asian group are reported
here. As previously noted, the origin of I. candidum is uncertain and the
distribution of L. martagon reaches to the edge of the East Asiatic groupa
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Two features of the karyotype of L. mopadelphum (fig. ¢ and plate 1)
distingnish it from all other species. First the short arm of the C
ghromosome pair is much longer than that of any chromosome in all the
other species except for the A end B pairs. Secondly, the F chromosome
is the only one found with two mucleolar secondary constrictions. How=
ever, lacking more complete representation of the species native to this
region, the three are placed with the East Asiatic group which they re-
semble ;n all characteristiecs much more than they do the North American
groupe. Croup 1 (figs. 1 - 34) includes these three, twenty-five species
native to Eastern Asia, and L. Grayi (fig. 16) found only in a small area
in Southesatern United States. Thus, all the species of Greup 1 except
L. Grayi are indigenous to the Old World and all the species of Group 2
are from the New World, Variation in distribution of chromatin is core
related with geographical distribution,

The situation in L. Grayl is of considersble interest because it
emphasizes how small the variations in chromatin distribution are. If
the F chromoscome suffered a structural rearrangement which resulted in
decreasing the length of its short arm enough to make it intermediate
between the H and 1 chromosomes a karyotype would result almost identical
with that of the L. superbum type represented in figure 357. The idiogram
would then have been placed in with those of Greup 2, section 1. That
the reverse of such a structural rearrangement has occurred is probable
because in every other feature, L. Grayl is common with the species of
Group R L. Grayi has no secondary constrictions in the A and B pairs
of chromesomes which is the usual situation in Group 2. Chromosomes like
its K pair are found elsewhere only in Group 2.: It8 characteristics and
behavior in all the phases of the following discussion are those of &



member of Group 2 and it is hereafter considered one of that groupe

Of approximately sixty named species hybrids listed by Slate
(19%9) and Woodcock and Coutts (1985), fifty-eight were creosses within
Group 1 or Group 2 and only two were betwsen the two groups. Imsweller
(1937) lists the interspecific hybrids reported to that datee. There
were 161 within one of the twe groups and only seven were between groups.
Two of the seven wore the same ones reported by Slate and Woodecock and
Coutts. Simmonds (1939) gives a list of species hybrids of which one of 100
was between groupse. Preston (1233) lists both successful and unsuccesse
ful crosses. Of fiftyweight attempted inter-group crosses, only one
nsucceeded.® She recorded as successful an abtempt which produced Yape
parently good seed.® It was not recorded whether the seeds were hybrids
or apomictic as so many seeds produced in Lilium interspecific crosses
are (Stout 1938).

Slate (19359) lists groups of species he recommends as promising for
the production of new hybrids because a survey of the literature and his

experience has shown relatively high fertility in interspecific crosses

within these groups. The first group includes L. regale, L. sargentiae,
L. myriophyllum, and L. leucantimm. These species are all patives of

Eastern Asia and have identical karyobtypes falling in Group 1, adjacent
in the arrangement within ths groupe. S5late's second group includes L.
candidum, L. ghalcedonicum, and L. testaceum. L. testaceum is a hybrid
between the two species (kmsweller and Stewart 1944) which are both rep-
resentatives of the European~¥iest Asian groupe Only L. candidum was
available for the present study but while the chromosomes of these species
were net presented by Emswellsr and Stewart (1944) in a form directly com=—

parable to the idiograms in this report, it is evident that the L. candidum



of this study has the same karyotype as their Type III which included
all the bulbs they ebtained from commercial scurces. Their L. chal-
cedonicum evidently has the distribmtion of secondary constrictions

and of chromatin characteristic of Group l. Slate's third group in-

clades L. parias i

is probable that the range of L. martsgon extends from Rurope to East
Asia where L. Hansoni is indigenocus. The feurth group includes L. tig-
rinum, L. leichtlinii var. Maximowicsii, L. willmottise, L. suchtuense,
L. dauricum, L. croceum, and L. batemannige. All are natives of East
Asia except L. crocewm which is probably European although this species
is another, cultivated for food since ancient times, whose origin is
doubtfuls L. leichtlinii var. ¥aximowiczii and L. dauricum, the only
two represented in this report, both fall into the third section of
Group 1 although they are rather widely separated within that section
(figs. 18 and 20). L. tigrimam has previously been reported (Stewart
and Bamford, 1943). BRearrangement of the idiograms to the present
order of dscreasing length of the short arms from left to right shows
h}ﬁ,@ﬁ they fit in the fourth section of Group 1. Slate's fourth group
L. parryi, L. bumboldiii, L. washingtonianum,
L. éolmbimum, Le Roezlii, and L. parvuum. All these

includes L. pardalir

are natives of the .?acific Coast of Forth America and the idiograms

of those reported here fall inte the second section of Group 2. Slate's
fifth group includes L. g@ciogg and L. suratum. These are both Asi~-
atic and their idiograms were placed in the second section of Group 1,
separated only by one species, L. monadelphum (figz. 9). Slatets gixth

group adds le Henryi to his first group. This species is also a native
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of East isia and its idiogram fell in the same section of Group 1 as the
L. regale groupe. These data show interspecific sterility to be correlated
with the variation in distribution of chromatin.

Stout (1928) classifies the bulbs and bulb hawvits of Lilium. The
Eurcpean and Asiatic species (Group 1), with few exceptions, have cone
centric bulbs. The bulbs of the North American species (Group 1) are
all rhizomatous. The bulbs of the Pacific Coast species (section 2)
differ from those of the Fastern species (section 1) in that the rhizome
hetween the mother and daughter bulbs is covered with scales. Thus vari-
ation in bulb structure is correlated with variation in the distribution
of chromatine

Lilivm has not been the subject of sclentific researches designed
to elucidate the physiological systems of the species. Slate (1939)
makes the following general statements based on his experience growing
many species and from a survey of the literature. On page 48, he states:
"The Asiatic lilies are rdch in color and diversity of form. They hybri=
dize well among themselves, but poorly with the other lilies.

sifany of this group are fairly easy in gardens and usually flower
- well the first year. As a group, they grow rapidly from seed, although
a few do not come up until the second year. They are mostly stem rooters
and a few have wandering stem bases." On page 49, relative to the spe-

cles native to Europe and Western Asia, he states: "Few are sten—roob—

ing and as 2 group they tend to sulk for a year or twc after removal,

They grow rather slowly from seed % On page 48, relative to the
species native to Eastern America and the Central Statess 7"These are
slow from seeds, which come up the second year, mostly base-rooting or

with weak stem roots, and have stoloniferous bulbs and pendulous flowers
except L. philadelphicum and L. Catesbsel. Except for L. philadelphicum,




30

ther do not hybridize with other lilies.® On page 50, concerning the
species native to Western America: "The Pacific Coast lilies, except
for L. pardalimm and L. Humboldtii, are usually more or less difficult
garden subjects, slow from seed, and have rhizomatous or sub-rhizomatous
bulbs. The bulbs of some do not handle well and are not easily estabe
lished. GSome have jointed scales. They are a clannish lot and hybri-
dize only =mmong themselves (®

T+ is probable that physielogical and growth reactions to cultural
conditions are correlated with geozraphical distribution ;nd thus with
distribution of chromatine.

The genus Iillum is at present divided into two subgenera. Cardo-
cripum includes the species with netted veined, heart-shaped lesaves
witﬁ long petivles. The flowers are leng, narrow, funnel-shaped, and
horizental in pesition. The only three species included are Asiatbics
namely, Le catha s Lo cordstum, and L. giganteum. The subgenus,
Bulirion, contains all the other 1ilies and is divided into four sece
tions on the basis of shape and positicn of the flower. Isucolirion
has funnelw-shzped flowers usually horizontal in pesition and represenw—
tatives of this section are found in Forth America, Europe, and Eastern
Asise. Archelirion has horizontal bowl-shaped flowers and the one rep-
sentative of this section, L. suratum, is Asiatic, Isoliriop has erect,
bowl~shaped flowers and representatives are found ir all thres geogra~
phical areas of distribution. Yartagon has nedding flewers with strongly
recurved perianth segments. Representatives of this section are found
in all the areas of distribution.

Endlicher (18368) proposed the present classification snd it has been
accepted with small modifications by Baker (1874), Wilson (1925), and
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others., However, evidence of new intermediate species and breeding
behavior has indicated need for revision of the genus into more nabural
groups. LElwes {1880) was probably the first to suggest this. Hore rec—
ently, ¥eodcock and Coutts (1955) have stated on page 71: %It is obvious
that too much attention has been paid to a single feature = the curving
and poise of the perianth-segments (i.s., the sepals and petals)e Prob—
ably this rather artificial and by no meams satisfactory system will be
considerably revised in the future, and we may expect Lo see the elabor-
atien of & new and more natural classificatlon based on a greater range
of characters, including the form of the bulb and its mode of develop-
ment and increasej the American species now referred to Martagon and
Ieucolirion will bes recognized as having no close affinity with the 01d
Torld representatives of these groups.®

Plate 1 consists of photoidiograms of ona‘species from each of the
sections in Eulirion and one species from Jardocrimum. It is evident
that all five species have very similar idiograms. The distribution
of chrematin in all is characteristic of CGroup l. Shape and position
of flower, the basis for the present classification, is negatively core
related with chromosome morphology, interspecific sterilities, geogra~
phical distribution, bulb structure and growth, and physiological and
growth characteristics expressed in reaction to cultursal conditions.
The latter are pesitively correlated and are suggested as a basis for
revision of the genuse.

There is no direct evidence to be obtained from a study of somatic
chromosome norphology as to the method of origin of tne variation between
karyotynese Indiract evidence was secured from a conaideration of the

lower levels of the variation evident within a species type and between



a species and its varietiese There was variation of two kinds. First,
there was the presence of extra chromosoves in L. guratum (fige 10), Le
tsingtauense (fig. 15), L. Henryi (fige 20), L. Sargentiae Horsford (fige
27). smd L. pusilum Golden Gleam (fig. 35)e These centric fragments and
chromosomes appear very much like those reported by Stewart (1943). Ix=
smination of meiosis at that time revealed evidence of non-homology with
any and all of the normal complement and no indication of their origine.
The second type of variation is in the number, pesition, and activity

of secondary consirictions with no change in chromatin distribution.

This was found in L. concoler (figs. 1 and 2), L. speciogum varieties
(figs. 7 and 8), L. guratum (figs. 10, 11 and 12), L. dauricum and L.

dauricum vare Uilsoni (fige. 29), and L. superbum (figs. 36 and 37).

- %

Two cases seem particularly significant. Examination of the karyo-
types of two groups of individuals in L. guperbum, represented by the
idiograms in figures 36 and 37 and of the idiograms of the West Coast
species in fipures 43 - 48, reveals the fact that, if the change were
from the idiogram presented in figure 87 to the idicgram in figure 56,
it would be toward the karyotypes found in the West Coast species. This
change could have been accomplished by a change in the nucleolar organie
gzation of the karyotype only, which has been shown to be the most vari-
able feature of the karyotype in Iilium.

Examination of the metaphase and anaphase figures in L. dauricum
and L. dauricum vare. Wilsoni (fig. 29) showed identical chromatin distri-
bution as well as the same number and distribution of secondary constrice
tions. The two karyotypes were found to differ only in thse micleolar zce
tivity of the secondary constrictions in the long arms of the £ and ¥

pairse. In the type, one chromosore of each pair was always associzted



with a mcleolus at prophase or always showed the secondary constric-
tion at metaphase. The other members of the pairs rarely showed the

constriction at metephase and were not seen associated with muclecli

in approximately thirty prophases examined. In the variety, the con—

strictions showed very rarely at metaphase and were not observed assocli-

ated with the nmucleoli at prophase. It is probable that examination of

large nunbers of prophases would have revealed the rare associations

indiceted by the egqually rars appearance of the constrictions at metaw

phase.

A possible case of difference within a species in a measurable amount

of chromatin is indicated by the examination 0f the F pair of chromosocmes
of L. pardalivum (fige. 45) and of the F and F' pair of L. pardalimum vare
giganteum (fige 43). The origin of L. pardalimum var. giganteum is doubt~
ful and many consider it a hybrid of the L. pardalinum type with some
other Pacific (oast specles. HNone of the Pacific Coast species reported
here has a chromcsome or chromosome pair corresponding to the F' chromo=
some of L. pardalimmm var. gizanteum, and no critical evidence has ap-
peareds

Emsweller and Stewart (1944) found three types of variation within

species. In L. candidum the plants were ¢ither heterozygous or homozygous
for the secondary constriction in their C chromosome pair. In one clone,
the distribution of chromatin was markedly altered by the translocation

of a large part of the long arm of a X chromosome to an A chromosomes.
Their type III, similar to the three plants here reported, and type IV
differed from the rest in that one of the I pair of chromosomes had
measurably less chromatin in its short arm giving one I chremosome and

three J chromosomes in contrast to two of each for types I and II. Five
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L. chalcedonicum plants showed high frequencles of several different
sets of hetermorphic pairs but a comparison of length showed the dif-
ference to be only in the presence or zbsence of secondary constrictions.
Hags (1943) reports a plant of L. Hansonij heterozygous for a reciprocal
translocation. His figure 10, ppe. 22 indicates the plant is also heter—
ozygous for btwo inversions, one in a chromesome with & submedian cantro=
mere and one in a chromosome with a subterminal centromere.

The chromosomnes of lilium species hybrids are known to maintain the
arm lengtl: ratics and constrictions of the chromosomes of the parent
species (llaney 1943; fmsweller and Stewart 1944). This knowledge of the
karyotypes of the parent species would allew selection of gesxual hybrids
from the predominantly apomictic progenies usually resulting from inter-
specific crosses in Ijliums, This should be especially valuable in plant
groups which require several years to flowering and selection on the usual
morphological basis.

The limitations of somatic chromcsome morphology as a tool in tracing
phylogenetic relationships has been emphasized by many geneticists who
peint out that ¥ihe similarity or dissimilarity of the chromosomes as
seen at the metaphase plate stage is not at all necessarily proportional
to the similarity of their gene arrangements®™ (Dobzhansky, ppe. 133, 1941),
Several types of structural changes, such as inversions and reciprocal
translocations where exchange is equal, may occur within chromosomes and
not affect their external morphologyl These changes can be detected only
at meiosis and a cytological study of hybrids is indicated azs necessary
to delermine species relationships and differentiation. Very few gene

mtaticns have been shown to affect chromosome morphology. However, the
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sccumulation of mutations has been accepted as a2 more important facltor
in speciation than structural rearrangement cf chromosomes. Thus, genebic
gstudies are the most critical means of evaluating relaticnshipse

The data on chromosome morphology of Lilium hes shown that it is not
critical evidence at a speciss levels 1In three instances, groups ¢i
plants recognized as containing several distinct speciss have proved to
possess identical karyotypes. (n the other hand, closely related species
and even different individuals of a single species have shown variation
in karyotypees It is at this level that cytology and genebics of hybrids
will give the best evidence of phylogeny. The similar karyotypes will
probably reveal hidden inversions, lranslocations, and gene differences.
The wvariable karyotypes of singlle species or closely related species will
probably be shown to differ by relatively simple chremosome rearrangements
an¢ small chances in genomes. It is at the higher levels of differenti-
ation that chromosoms morphology must replace those toolse. Vnen the sterile-
ity barriers between groups become complete chromosome morphology and nume
bers are the most critical evidence “hat can be obtained. At thess nigher

levels chromosome morpholegy has indicated natural relationships in ILilium.

SUIZARY

The karyotypes of forty-eight species and varieties of Iilium have
been determined. The idiograms presented represent the hapleoid complement
of a somatic metaphase arrangzed witp centromeres along a horizontal line
and with the chromosomes in order éf decreasing length of short arms. The
activity of all conmstrictions was determined. The mucleolar activity of
secondary constrictions classed as nucleolar was found to be variahle and

in one case this variation was the only difference between the karyolypes
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of a species and ts veariet¥e 1 3i7ure OF normally macleolar secondary
constrictions to form mucleoli was found to be a cause, aleng with ‘usion,
of the frequent reduction. from the maxirmum in the mumber of muclecli in
restiny cells. The maxirum mumber of micleoli in Idlium species was found
to vary from four to fourteen. The maximmn rnumber of micleoli in resbting
cells was determined for all the species of 1ilium reported.s It was ir
all cases equal bo the maximum mumber of chromosomes observed associated
with nucleoll at secondary constrictions in prophases. In all bui one
specles of over forty examined, there were additional secondary constrice
tions which were non-nucleolar. Variation in position of secondary cone
strictions was found to be correlated with differencas in geographical
digtributione

The variation of distribubtion of chromatin witihin specicg was the
basis for arranging them inbo related groups. These groups are considered
natural because Lhe same groups are reached on the basis of geographical
distribution, interspecific fertility and sterility, bulb structurs and
physiological and growih respomsss to culbural conditions. The present
clasgification provides entirely different groupings and revision is suge
gesteds ‘inile chromos ome morphology has indicated natural groups within
the zemas Idlium, ite usefulness in differentiation of species is limited
by the independent occurrence of karyotype variation and gene mutation.
The accurmlation of gene differences is recognized as the wost important

factor in speciatione
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LIST GF SPECIES NAMES

'

concolor Salisbury

Brownii ¥. Ee. Brown
candidum Linnaeus

LY

e |
)

callosum Siebold and Zuccarini

Iy

Davidii Duchartre

L. speciosum var. album Masters

L. speciosum van rubrum Masters

Le speciosum var. magnificum Masters
Le gpeciosum var. punctatum Courtois
L. monadelphum Bieberstein

L. suratum Lindley

up Wallich
Le tgingtauense Gilg

Le Grayi S. Watsen

Baker

L partagon Ilinnaeus

L. lopgiflormun Thunberg, Horticultural forms Creole, Estate and
Sleocum's Ace.

Le forpmosanum ¥allace

L. regale Wilson

L nyriophyllum Franchet

L. Sargeptise Vilson

L. Sargentige ¥ilson, Hort. form Horsford
L. leucantimm var. ghloraster Wilson



L. dauricup Ker-Gawler

L. dauricum subsp. Thunbergianum f._Alice Wilson Wilson
L. Duchartrei Franchet

L. Bardii Stapf

L. zmabile Palibin

L. pumilum De Candole

L. punilim De Candole Hort. vare. Golden Gleasm

L. superbum linnseus

L. philadelphicup Iinnaeus

L+ Caetesbael Walter

L. Parryi S. Gatson
L. gccidentale Purdy
L. columbianum Hanson



PIATE I
Photomicrographs of representatives of subgenera
and sections of gems Lilium.
Subgemus Bulirion, Section Isolirion. » « L. concolor
Subgenus Bulirion, Section Isucolirion. « L. Brownii
Subgerms Cardiocrinume ¢ ¢« ¢ o o ¢ o o o oLe giganteum
Subgenus Euliriom, Section Martagon. . « L. monadelphum
Subgerms BEulirion, Section Archelirion . L. suratum
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PIATE 2

Photomicrograph of somatic metaphase plate from root tip of
L. concolor (type 2) pre-treated with colchicine. Photo-
graphs of the chromosomes from this cell were used in the
photoidiogram in Plate 1. X2300.
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PLATE §

Photomicrograph of somatic metaphase plate from root tip of
L. Brownii pre~treated with colchicine. Photographs of the
chromosomes from this cell were used in the photoidiogram in
Plate l. XR000.






PIATE 4

Camera lusids drawing of prophsse cell from root tip of
L+ gallosum shewing attachment of the chromosomes to
mclecll at secondary constrictions. Both chromosomes
a!pﬁd.m.&,&,mdxmﬂ‘mchrmmefpﬁrFm
shown attached to nuecleoli. X2300.
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PIAIE §

Photomierograph ef prophase cell of L. gallosug drawn in
Flate 4. XR300.
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PIATE 6
Photauicregraph of prophsse cell frem root tip of J.
gigsatens showing mucleclar sttechmsnt of both chromo-
somes of the ¢ snd D pairs and one chromosome of the ¥
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PIATE 7

Photomicrographs and camera lucida drawings of the nucleclar
chromosomes of L. Sargentiae f. Horsford. The constrictions

of the five chromosomes pictured st metaphase are classified
utilizing information from the other mitotic phases shown.

Po® primary comstriction or centromere. 8y *= secondary con-
striction, nucleolns forminge S * secondary comstriction, non-
nucleolus ferming. Prophase shows nucleoli st the nucleolar
secondary constrictions except in the I pair, neither of which

were attached ito mucleoll in this particular cell.

The non-rmcleolar constrictions are never found attached to
nucleoli. The late metaphase chromosomes show the beginning

of separation at the primary constrictions while secondary con~
strictions still lie together. Anaphase chromoscmes show the
positions of the primary constrictions oriented toward the poles

and secondary constrictions usually attenuated if they cut off
& large mass of the chromosome. XR600.



LATE METAPHASE

ANAPHASE



PIATES 8, 9, 10, 11, 12, 1S5.

Idlogranms of species and varieties of lLilium. Varie
stions within species are shomm separately. X2000,
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