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INITRCDUCTION

The cytologicel literature of the past twenty-five yeuars Lot e
flected an increased interest in the subject of the nucleoclus. i3
shown in Gabtes' (1942) recent review of all phases of this subjett,
the majority of the evidence regarding the origin of the mucleolus
supporte the work of Heity (1981). He found that mcleoli arise et
each of the satellite chromosomese. This has been confirmed many bimes
since, {lesende 1987, Stewart 1842), and now the secondary constric-
tions are considered of equal rank, for as lates (1942, pe. 372) says,
“this appears to mean simply that the puelselar organizer with ite
accompanying consiriction is sltusted farther back from the end of
the chromosie.” Varmke (1941) slse hes expressed the same thought
when he pointed out that there is "a definite mnd constant relatione
ship betwesn secondayry constrictioms, including nstellite constrige
tions, mmd the formation of nuclecli.®

Pespite all this confirming evidence the inclusion of all seconde
ary constrictions as nucleolsr organisers is debstable. Sato (1088,
1987, 1858) reports the presence of nonemicleclar sscondary constrice
tions in seven geners of the Amaryllidaceae. Jscob (1940) in Cassia
found nep~mucleclar secondary canstrictions. iesende (1937 a, b),
Fermandes (1088}, Bushnell (1986), and Ckuno (1537) heve alsc reported
non-ficleclar secondary constrictions snd satellitese.

¥hile eobserving the mumber, merphology, and behavicr of the
chropogsomes of some species of the genus Iillum the number and pogie
tion of the secondary constrictions were determined. Some of these
(Stewart and Barford 1843) in the tripleid species, L. tigripun, wore
found to be copnected with mucleolsr formation (fig. 17). This report
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from these drewings were reduced 3/4 in reproduction.
HESULIG AL LILCUSSION

The frequencies of the nucleoler mumbers found in 500 root tip
cells from eaoh form sre given in Table I. These data show that the
maximem nuelgelar mmber i net freguent, although the some number of
organising vegions mast Le present in each cell. A eimilar range of
mcleclsr aumbers has been presented by lNstsuurs (1988). ¥Woods (1857)
gives freguency distributions from root tip cells of Tulips ranging
from 1 to 8 and frow 8 to 185. The grestest freguencies are st the
centers of the curves. Since Van Campts (1924) study there has been
1ittle doubt that reduction in numbers occurs through fusion of
soveral rmucleoli intc one. Vermmen (1938) referring to the globulss
of mooleclar substance present on the telophsse chrompsomes of roob
tip cells of Jallisis states, ®"These globules collect, undeubtedly by
fusion, inte two and NMnally ons body and, a5 more plobulses are PO-
duced and added together, the mucleclus grows very rapidly and becomes
constant in size doring further dovelogment of the chromosomes.”

Begause in the resting nuclei fusion had reduced the mumber of
necleoli in wost of the cells the meximum number cbserved was the besd
indication of the mumber of atiaschment reglons present. In prophsse

more than one of the chromopomas are frequently attached to one muclow
olus (Flate VI, fig. 54, Plate VII, figs. 58 and 59, and Plate IV,
fig. 60). Ls many as eipht chromoscmes have been oblserved atbached

to 8 single nucleoclus. The higher the mumber of orgenising regions
the greater 1s the chance that rucleoli will fuse and consseguently
the lower is the frequency of the cecurrence of the maximun marber of

nucleoli,.



TASIE I
NUCLEGLAR WUMBEN FREQUENCISS IF Iilfwm SPECIES
i 2 2 4 2 £ 1 8 2R
SUBGENUS = CARLIOCRINUM
coydatun 18 96 189 1836 57 4
SUBGENUS = EULIRION

158 210 135 16 1

12 108 219 124 20 1

62 208 174 88 B

108 220 157 BS

92 223 180 BB 2

8 77 124 182 87 5 IO

19 188 236 115 10 2

10 185 230 115 28 2

154 266 302 6

6 79211 151 48 5

§ 24 96 151 185 57 B1 8
9 BF 185 149 84 10
€ 101 182 164 48 4

€ 48 113 169 112 45 14

4 42 145 175 94 31 9

16 115 197 141 27 4
114 288 1268 22




TABIE I - Contimmed
NUGIEOIAR NUMBE® FROQUENCIES IN 1ildum SPECIES
1 28 3 4 58 8 1 8

42 166 200 T8 7
20 104 184 139 48 7
38 160 200 80 20 2
1 18 77125152 87 52 10
84 171 190 55
25 278 183 16
321 179
266 254
167 245 92 6
15 85157157 78 9 1
19 148 238 97 S

114 250 118 19
pardslivye: smgustifolium 75 %34 162 28 1
pardalimoe giganteum 324 228 132 21
parvan ige 216 1351 30 1
pusd o 8 S5 981585140 41 21 B 2
Roeslii 114 228 186 21 1
speciosum album 4% 202 710 43 2
speciosum sltwm Erastserd 72 234 165 351
speciosum punctatum B4 175 198 71 &
speciseun rabrom $5 140 188 108 28 2
supsriom 8105 225 119 38 &
F1illmettdan 12 81 177 156 64 10



NUCIECTAR FUNBEE FRIQUENCTES IN Iiliw

BEYDRTUS
Taysottiae
Prildanricum
Scottine
Elegans ¥shogamy
tigrinom flere plsno
tigrime fortunel
tigriresm melwo

TABIE I « (Contimed

12 3 &£ 5§ 8
4 59 208177 51 6
22 86 187 188 67
5 72 226 156 57 4

17 148 215 100 17 3

35 1857 1821 108 41
13 77 162 144 87 17
9 50135 180 o8 22

m DPECTES

i 8
11
5

2 2



7

meleolar sizes farthor indicate this fusion of muclecli for
within 2 single specles muclecll ars larger where they are lewer inp
munber, This has boen shown in othsr soners by de Vol (1628), Woods

{1987}, end Gates (1942), Cstes and his students have used telophase

mwelel in their studies where the nuclecli were not yet fused and come
sequently have presented thelr ohservations ss & single mumber of e
cleold for each fom studied. Thelr methed is not sulted to Iilium
where the nucleclar attachments are not meinly terminal and the chiroe
moponss loge thelr individuality early in the telophase stage.

Tuelsolar sttechments are presented dlagremmatically as idiogrsms
in Plates T-T, figs. 1-82, The nrimary constrictions are represented
as hresks snd sre arranged in & horisentsl line. The secondary cone
strictiens are represented ss breaske above or below that line. A1l
of the chromosomes represented in one figure are from a sincle cell
and include all of the mucleclar attachments of that cell bul none of
the non=rmeleclar chrumopomes. Compasrisons sre limited by the fact
that at this prophase stsge the chremosomes ars rapidly centracting
end differences between cells may be doe morely te differences in the
stoge of division. Veristion within any one palr may be the resulld
of the digstortion that is unsveidable when the chromosomes are epread.
Wide waristion in the positions of the muicleclsr stiacghmwents is evie
dent in splte of these limitations.

The lengbh of the achrometic region is wvarisble; the distal end
is frequently separated from the rest of the chromosome even before
the chromosomes sxe smresd by prassure in the prepareticn of the slide.
¥ucleell have generally disappearsd before the chromegsomes anproach
the metaphess olate but do persist longer then in meny gesnera (Stewart

and Tanford 1943%),
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taken to be the exceptional cases of supernumeral nucleolil in somatic
cells.” The low {requency in the cases obsarved here sesus to support
his conclusion thet these mambers are the result of some exceptional
beheviors YeClintoek (1934) in Zea and atsuura (1985) in Trillium
have denonstrated thaet esch of the nonetuclsolar chrovosomes is capable
of forming ope or more nucleoll when separated frow the nucleolus
forming regions. Yost observers of melotic behavior in interspecific
hybrids are well acqualinted with the fact thaet lagping chromosomes,
regardless of the type, will form mucleosli when isolated in microe
nuclel.

In the single case of L. longiflorum 2 maximie nuelsclar number
of slx is recorded but only four attachments are presented in the 1di0e
gras (Plate I, fig. 8). Small chromosome fragments are visible on the
nucleclug at esrly prophssa. Later prepheses where the individusl
chromosones can be distingulshed in their entirety show no nucleclar
fregments of this size. In anaphase a palr of short I chrombsomes
showa minor gsecondary constrictions in the short amm, as described

by Stewart end Bemford (1948) in L. tiprinum. These mucleclar orpsnie

zers are very difficult to locete because they show no pronounced
schromatic &res in the later stages.

An excess of attaohment points over the raximun number of nucelee
oll is present in each of the remeining fourteen forms studied. ure
ther search failed tc show the presence of any mmcleclar numbers grester
than the maxima of the firast 500 cells studled. Although no geparate
nuelacll are evident for some of these gecondary constrictions the evtra
consirictions are indlstinguishable on the nucleclus in the prophsase
stage (Plate VIT, fige 56 and Plate VIIY, figs. 58 and 52). Thoe cazes

of nonermcleclar secondary constrictionse previcusly cited (Sasto 1988,
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The Jastern dmerdean Xilies show greaber differences in the

attaohments of the mucleoli. Three of Lhe species are sindlac to the

%estern jmerican species. The resaining two are so diglinct that
geveral structurel changes es well az reduplication of muclenlar ore
genizers would have to be asmumed to explain this differentiation.
Slate (1959) hes described L. carolinliemss ew sirdlar to L. supsrbusm
but this evidemce clearly shews that the form siudied was more closely

allied with L. ganadense

L. budbdferus subsp. groceum (fiz. 1%}, a surcpesn Isolirion,
shows eight attachments like the American Isolirion. Une palr i3 une

usucl in position, beling close to the primary constriciicn on the

long arm of & V chromcsoms. Guo palr iz in the short arms of the
othex palyr of ¥ chromosones and the remainding bwoe palire are i the
long and gheort arms ef two pairs of I chromesomes. The fAsiatic
isolirion, L. deuricus vere jubeus (flg. 14}, is like L. croceum
except that the secondary constrictlon adjecent Lo the primagy <one
strictlon on & largs V chrowosome iz on the other side of it, aszain
suggesting 8 difference of an inverted region dmcliuding the twe

constylcbions, between the two spociet. irdourm variety Tallacel

(fige 15} sud the horticultural ferm, “legsus Yahopmny, iffer from
imteun in lecking the fourih palr of consitrictions. The aucleolar
attaciments found in L. gomeolor {(fig. 15) are wost nesarly 1ike those
of L. deuricun varieby luteun but differ in the poaltion of ous
secondeary coasbtriction whisch is on the othey side ol g prinary GOl

striction and considerably further sway from it.

(fige 17) shoms four palrs of I chrozosomes abiached io the nucleolus

at secondary constrictions in the long asrs.



The sinilerities between widely sepsrated species of this
section sugpest that it may be e good phylogenetic unite L. poilo-
gelphicum (fig. 16) is wore like the Isolirions of ifurope sand asia
than the othsr specles of horth imerica where it ie nstive. The
Buropesn @md the Asiztic Isoliriens show sizilar sttachments in some
cases. L. Leloctenense (iige. 17), described by Slate (1859) as

very sizmilar to L. goncolor, is the most distinct cytolopically of
the groupe.

gombers of the leucolirion section shwe the least sinilarity in

chment reglons. O thospe nabivs in the sasbtern asiastic

region L. ; Tlorupn (fiz. £) shows four sttachments, one pair being
in the loug am of & pair of i chromepopmes and one in the short am
of guother paire A zinor geoondary constrictien is present in the
ghort arm cf an i chromosone. Yucleoler maxima indicate that this
oonstriction is functionsle L. Sreowndi (fiz. &) difiers in having
its third palr of consterdctions located in the long arm of & shorter

striztions nser the poimery camsirictlions in the short arms of the

two pairs of ¥V chiromosomes. wo other peirs of consirictions sre

located in the short and long arms of twe pairs of I chromosomes

9

towr (ige 7) shows one pair of counstrictions loceted in the

ghord arms of a palr of V chromososes, two pairs in the short arus

of I chromosones, and one pelr near the primesry constriction in the
leng axvs of a pair of I chromosomes. The three American leucolirione
provioualy degeribed are distinct from these, showing greater resen-
blance to the other species of the sawe region. L. regale and

gr are digtincet from the other species ol the groupe




4 prest deel of veriebllity is prosent wmiibdn the large group
of Agiatic larbopons. Sach of five ghows tivee palrs of attaclnentse.
Le Zowici (fize 21) ané L. dillmoltise (Uig. ©2) botn show a pair of
abiscizmants near the prizsry constrictics en the sherd erw of a ¥
shroonsene and anobther pelr in the laug exe ol an [ chronocsowms. They

P

fler in the pesition of the third palr of abischments. In L. Lavidd

w——-

13 is nesr w primery censtrietieon on the shord aiw ol an I chrvinoe

somse T Ie Pllluottiee it is near the primssy comstriction en the

long arv of an T shromogeme. Lo geebdle (fig. 18) is similar to Le

v
Davigdi in mueleolar stiachuenic. U is distinct merpholosically

and secrrapiileadly.  I. Luchortred (£is. 22} Las two paicz of abtache
ke In e ghort srms of 1 elxomorones, and one peir in bhe distal
halvos of the short srme of 2 palr of 7V chromoBones.

e gpeciegus ir its verieties Albur lrsetserd (fige 38}, jubrwm
{Plre B0Y, mnd Pupctetre {(fiz. 40}, 42 wodform. Lach veriely Shows
twe pairs of gttachments in the 1 ¢uoogunes, one in the short sam
of on: pely mxd one dn the long are of apobher palr. (ne podr of
Voghyososomes siovs U recelsming eblechmenis I Lhe Soorl avu epe
proxivabedy one third of the distance Sros the prissry cvastriciion

o Ww end of Lhe sime L. ppoclosun veriuty allamm {({ig. $7) shows

svicgnow o6f glmuctural hybridity io fwo ov Lis necleclar ChIumGLOmes,

only one V ghronosors chowing 2 secondary gonstrichion and one palr

of meedadlar T chropesomss wiivering in e lesgth of he long &rmsa

L odoes heave liree chromssonss representing sash of thoe tlse pairs
v the obher veristics.

38} with a oexdoam ol ten hes the highest

Ta

mogher o0 rogleell of say of the specisg studieds 1t alse giows ten

nucleolar strachnents, four being on the shert arse ol the bwo pairs



A7

of V chromoasonos, four on the long arms of tww pairs of I chromoe
somes and twe on the short arme of a peir of I chromosomose Le
il (fize 24) shows the same mumber of sttachments but the

aerxpected mexlmum mumber of macleoll wes pot observed. Une palr of
sttachments is to the short ayms of & pair of V chromosons

i, three
pairs to the long amms of I chy

mucgomen, sd one psir to the ghord

arsme of & pair of

rabum (fig. 11) ia the only specles of the Archelirion

soction. It showe twe pairs of sttachments, both very near the prie

mary constriction in the short arme of 1 chromopomes.

e {fics 1) 48 one of the three speciss of the subgenus

Cardiocerinum Jdistingulshed by thelr heart-shape

Jeaven. It shows eight attschments; one pair in the short srus of a

pair o ¥ ¢hromosomes, and three pairs in the long ams of T chronow

someg. In this, which is considered a primitive apecies, &ll of

the secondary comstrictions are located in the distal halves ol tha
Gf the mcleolar attechments of the verieties of L. i

(figme 51, 52, and 55) little need be said excepd that they do not

differ significently from the secendary constrictions described by

and Banford (1928).

The hybedd lily, Davmottise, (fig. 48) shows six attschments es
does each of its parents (figs. 42 and 44). The clromcsomes of each
parent are distinguishable in the hybrid.

hildauricum (fig. 46) is a hybrid between L. phi

{(£ise 45) and L. deuricum produced by F. L. Skinner 4n 1921. The

miclecler chromosomes of L. ¢ cum (fize 47) are fully distinmuighe

able from those of the other parent. The mucleolar V chromosome fronm
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two to ten.
Fusion of nucleoli resulte in sn approximstely normal distribetion

of macleolar numsber frequencies in resting cell nucledl.
widmum rucleoclar mumbers equal the mmber of attachment reglous

in 25 of the forms studied.

of meolsoll exceeds the mmber
nded to be a result of irregular

rbion of nucleolar organizing regions is shown to be
independent of polypleidy for most of these species of Iilium.
Similarity of the atiachment regioms in Lilium ecclincides neither
with the taxonordc divisions of the germs nor with the natural geow

Gach of the secondary comstirictions previocusly reported in L.
nm 1s found to be a mucleclus organising region.

3. & o



kS o o ey s
S ATy i3 TRETRYE

sonnary coanstriablions are the polnts of origin of the

rmelecll«

1 a - s T Cm e pogmem
ul bhe sesondary oconslrletliong havs Doen

ohaoread commectad with the mclecll ipn provhase althoueh io fourbesn

E e o Y —_— il s 2 O SO AT LT s B oy TV fmng
cagen b s Sxeesgss of atitschuent podnits over Sho nacdrma tnmaher

placo -
tlon 4o

£ the whole ochronogone complawnts  Tarige

ey gt

" rmelesolar gbloclhnonte is evidand wi

in esch of thoe tewenonic secblons and naburel pecorephic Tousse

sribdes of nucleclar attochmenis are discussed &8 2 OG-

tlon to the evidence on the phvlecenetic =elotions witim




© Lo

(2

Se

sluau: ke W R ;A;-yj;ﬁ(
Eﬁ%ﬁ%m:{, La ey e Tie fﬁ‘iﬁ&@ﬁt:lm% m,m Je ba Jenkins. 1842, et io
evolutiongry processes in Crepis. imr. Hiabe ?&a*"“—bﬁ

i;i‘maml&, Lo e 1986, Cytology of the Ilablabac. Dobte Gaze
DR BEOB02

Vanwen, Y. 1833. Urigin and behevior of the mucleclus in ;almmﬁ.
ou s £I0e Arhe 143203888

Fornendes, be 1858e. leos satellites ches les Narcisses 17 les
satelllites pendant la mitose. iote Soce Proteriana 11987140

Goteg, Pe Te 1ME, Nucleoll and relsted mucleclar sitructures.
Dobte Beve E38E7-d00

Hgliey e 158le Lie Ursache der geseismassigen Zahl, lage,
Torm und Crosse pflanzlicher Mukleclens Plents 123775044,

danob, Ve Te 1940, Chromosome mumbers and the relaticnship bew
tvoer: satellites and muclecld in Cagsis and certain other
Tooodinosst. Anne Tobs NeBe £3801-82€.

Tesleyy, Ve He 18304 The reletlion beiween mmmm sﬁ 2 ] amﬁ

micloclus in three reces of Sodavis dy
282 400-L05

vabsoura, Ye 1888. Chromosome studles in
ralle Vie On the mucleclus chramcgoms
G2 5577 e

; Yo 1884, The relstion of a particulsr chromosomel
ament to the development of the macleoll in Zsa npave.
i&ﬂ'&%n iallfe R1:804-328.

de Hol, W Le 1988. Hucleolar pumber and alsze in diploid, trie
ploid, and eneuplois Hyacinths. La Jelluls 30e7-64.

o 1837. Ltun hybrdde dtespces de Harcissus et de

s mutation somaticue & la duplicetion du nombre des ohromoe
somes ot des miclacleg. Cytologlas Fulii Vol, GBE-E40.

#avashin, Y. 1984. Chromcsome alterations caused by hybridlisse
tion and their bearing vpon cerbsin general genetic probless.
Cybologlia 53160201

sy Se 1887 Karyological situdies on some species of
Cybolopia Fujil Vol. 896-002.

Patheak, Cs He 1940. OStudies in the cytology of Croguse Amne "obe
L3 2R 7256



16, ‘fmooende, F. 1987. Uber die Ubiquitat der SATeChromosomen el
den PMlutenpflanzen. Planta 263757807,

17, EHesende, F. 1837. HKariclogische Studlen bei den Aloines. 713
sgg Aufitreten von gpontanen Mutationen und die Entstehung der
SAT-Typene. Bol. Soce Broterisns 12:119-137,

bhande, C. He 1887, The consequences of structural hybridity
at meiesis in Lilium X isstaceus. Journ. Cenets 351124,

¢ 1D :ﬁiﬁzmm;; e Yo 19886¢ Strustaral h‘:ﬁfﬁﬁﬁt&’ in M martasin
allmm X u}f_{c hmw;&- Journ. Genets B2110-i4.

20. B2sto, L. 18858, Chromosome studies in 3 IITe SAT—chronoe
senes and the karyolype enalysis in Sg , and other genoraes

Crvtologias 715281520,

21, « 1887, FEaryotype alteration snd phylogeny, I Analysis
of karyotypes in Aloinse with special refevence Lo the 547w
chromosone. Oytologie Majil Vel.sB0-D5.

22, e 1988, Faryotype alterstion end phylogeny. IVe
Yaryotypes in Amaryllidscose with special reference to the Silw
ehronosone. Svtologlie 9205242,

28, Sikka, S. Yo 1840. Study of the somatic chrowosones in Haroiswe
SuSe InNte Pot, 41487404,

24. Slato, Ge Lo 1858, Iilies for dmexicen Cardens. Yew York.

25. Stewmart, He %o and He Gamford. 1942. The chroncsomes and muoloO-
1i of ledeola yirginisna. Amere. Journ. HSot. 20:301-308.

26. and « 184%, The nature of polypleidy
in Iftiwe derimem. 4dmer. Journ. Dote 50:l-7.

74 and « 184%, lhe occurrence of angupiodds
in 1iiium. ZHot. Dom. 104: In press.

20+ Van Teup, Ge Ye 19244 Ie role du rmeleocle ding lz caryocinese
sometigue. La Celluls 54:1-50.

20, VWerwke, He L. 1941. Chrovosoms continuity end indlviduelity.
Cold Spring Harbor Svwposiur on (usle Flel. Z1l-6,

- 50 Vioods, M. Ve 1957. The mucleoclus in Tullpa. Amer. Joume Tote
24 ¢ 52056 o



Sabgerms Cardiocrinum
Pigare 1.

Subgenus Eulirion
Section Tsucolirion
Figure 2.
Figure Be

Plore 9.
Figure 10.
Section Aychelirion
Figure 11.

Section ¥solirien
Figure 12.

Flgurs 14.

PLATE I

L+ cordstom

L. Bolanderi

L« Grayi
Le Japonioum
T longiflorum var. Urecle

L. ragale

L Washingtoniapum

I« @uratum

Japan

Festern North America
South China

Formmosa

Esstern Horth Aperica
Japan

Formosa

%estern China

Yestern North dwerica

Japan

L. mlbiferun subsp. croceum

1. ooneolor

Central China

T. Gouricus vars ubens

Sorthesstern Asis



PLATE T

1O

4

P
{.f'd.,’f‘.';;*:
Sy

13

|12



Figare 17.

I-.’: L]

L»
Lo

Le

Le

PLATE 1X

Seation Tsolirion -« Contimmed

Hortheagtern Asie

philadelphicun Eestern North smerica
tazingtanense Korea
amabile Korea
canadense Eastern Horth ‘merica
caroliniamun Eastern North America
Tavidi #estern Chins
Duchartrel Westem Chine
henryl Central China
bansondd Forea
flumboldtil Vestern Horth America
Humboldtil var. Bloomerismum

Western North America
Humboldbtil var. Yagnilicum

Kelloggii

Vestern Horth America
Festern North Americe



PUATE

18

I/

IS

15

1 B SR
§ W IR
1 RN
1 ¥ SR

23

22

2

20

N | I

28

26 27

25

24



Figurs 8l.
Pigure 32.

Figorve 34.
Figure 56.
E‘&M B7
FPigure 58.
;{f&gum 85,

Figore 40.

Figure 41.

Le

7

Le

3,»0

I

PLATE IIX

Jsction Vartazon « Contimmed

martegon vars Album

Europe
laichtlinii vars Hexirowlemili

Japan
parcalinum Yestern North America
pardalinum var. Angustifolinm

ieatern North America
peardalinum ver. Ciganteun

Hestern Yorth America

parvas Yiestorn Borth smerica
pramd Tue Borth China snd Korea
Roeslii Wostorn North America

speciosur vars. Album
Japan
speciosum var. Album Freetzeri
Japan
Japan
spocliogum var. ubrun
Japan

superbun Bagtern North Americas



PLATE II

B |

L as |

N | 3
._|3
B ¥ IR

B I

B | IR
B | I
0 | I
H | RN

32

3l

& | IR
1 | ——
b

30

29

37

1 | EEE——

1 | E——

o | ——— O
1 | ——— ™M
N |

= N E——
N NN
- euamm wan
- e s )
epT——————
e SEEE—
e
SRS N S

1 |
1 0 N
L}
1 | 3
B N R
B & T

41

40

39

38



PLATE JV

Sgetion Martagon - Contimnued
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Figure 48.
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Ssetion ¥artagon -~ Continued
Figare 8l 1. tigrimm ver. Flore Plano
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Pigare 58, L.




PLATE V
|II
'l

i
Il
51

1
!!II::.
i
|
52

H

II-lI!!.

|{LLLLE
53



PLATE VI

Figure f4. L. Drownil. yeophase showing four omcleell
i 8ix chromesomes abttacheds ¥ 1000,

Figure &8« L. “rownile .arly maphase 8howing the dife
ference Lobwsen the prinary and the secondary
constrictions. X 1000.
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Plate VI



Figure 57.

PLATE VIX

Lo Dolanderi. Late prophese showing four
miziscll and six ehromosomes sttechod.
L 600,

Le caroilvianmgis Crophose sbowing fouy
maleolt and bwo of tho chromosomal attache
nenttaes X 1000,
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Figare B58.

Figare 59,

PIATE VII1I

Lo pardalimum vare Glgant FProphase
phowing two mcloeeld and six mclosolar attache

mente. X 1000,

L. Hoexlii. Prophese showing sir nucleoclar
frogmnents on twe mclecli. Two chromosomes
X .
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PLAT: IX

figure 60. Lo punilum. ZLate prophese showing nine
melecll. Some of the chromosomes have
been pulled away {rom the mucleoli.
X ca. 1000,

Tigure Ble Le pomilux. Camere lucida drewing of cell
shown: in fige 60 1 cae 1000,



60

FIGURE 6l

Plate IX



