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Tim cgrtological literature of the past t*enty~fiwe jmmm has re­
flected ail increased interest in tbs subject of tbs nacleelas* A® 

shown: 3a dates* {1942} recent retriew of all phase® of this subject* 
th© sMjfcsltsr of tb» evidence regarding the origin of the imeleoXiis 
supports the work o f limits {1951} * II© found that nucleoli aria© at 
each of the satellite ehromososae®* this has boon oenflmed mmw tines 
®ine©# (Rasende 19S7# Stewart 1942)# and now the eeeondeary censtirlo- 
tlons arc amsidered of @%ual rank* for ms dates (1942, p, Wf2) esgrv*
11 this appears 'to moan slstply that the aneleolar organiser with Its 

eoaetrletlon is situated farther bask from the end of 
the eftreno«D»e** fajrafce (1941) also hm expressed the sane thought 
when he pointed out that there is **a definite and constant relation-* 
ship between mmrnMm^ inelnding satellite constric­
tions* and the formation of nucleoli *K

teapite all this confirming evidence th© inclusion of all second* 
mr/ constrictions a© nucleolar organisers is debatable* Sato (19WB$ 

1957* 1956) report® the presence of nca>*mcleol&r secondary eonstrie- 
tdene in. seven genera of 'the- iuaaxyllideeeee* Jacob (1940) in Sasajji 
found xioiiMrmeleolar eeeondsxy oonetrlotions • itasende (1957 a, b)* 
feraande® (2956)* Bushnell (1956), end Okano (1957) hm® also reported 
non-csueleolar secondary constrictions and. satellites*

'SMI© obronrifig tee number, aerpholeigy* and behavior of trie 
ohwwwwew of sow specie® of the genes lilien the mmber and posi­
tion of the secondaiy constrictions w®r® determined * Seme of these 
(Stewart aid Sanford 1945) in the triploicl species, L. tigylnum*. were 
found to be coxmected with nucleolar femotion (fig* X?)* This report
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fro® these drewing® were reduced. 3/4. iii reproduction*

INSULTS AMli DISCUSSION

Has frequencies o f the nucleolar number© found in 500 root tip 
c e lls  frets each fern ere given 'in Table 1 * these data show that the 
naadanm nucleolar number la not frequent, although the &mm number o f  

orgm lm M g region® m at be present in, om b  cell* A similar rmi§m o f 

i&acleoXaar istatere b m  been presented %  Hstsuura (X9$P)* leods (195?) 
gives frec&MUMy distribution® fro® root tip ©ell® of Tulip® ranging 
from 1 to  8 and fro® S to IS* The greatest frequencies are at tbm 

m n to m  o f the curves* Since Von Coop's ( 1924) study there hm  been 

little dcHftbt that reduction In master® eeeorn threads fusion of 
several nucleoli into one# Hereon ( 1933) referring to the global** 

o f sxooloolor oabotonoo present on the telophase ttbitommomm of root 
tip cell® o f CalHsla states, "These gl©fettle* collect, fmdcnib&odly fe@r 

ftoaioa, into too and fin a lly  one body and, m  asore globules are pro­
duced oad added together, the m cleolato gremi v@iy rapidly and beecm s 

constant in sis® during further dtamlejnocit of the ehrc®os©a©©*w
Seeoooe in the resting nuclei fusion had reduced the number of 

m teleeH  in most of the ©ell® the a»ds®»; wamtmr observed was the best 
Indication o f the number o f attachment regions present* In prephase 
acre then one of the Gtsrcnmanee are frequently attached to one uncle- 
©ins (Plate VI, fig* 5 4, Plate VII, figs* 58 and 5 9, and Plate II, 
fig* 8 0)# Am many as eight chromosomes have boon observed attached 
to a ain gl# nucleolus* The higher the ouster of organising region* 

the greater is th® chance that m c l e o M  will fuse and consequently 
the lower is thm frequency of the occurrence of the maximum mutter of 

nucleoli*
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TABU! I

WJCliSQUJt Kir dft.l FKi&BKKCZbS Bi TAlUn SHSCXSS

stm m ss  -  G A K c i o c R i B ' i a i

eOKtstun 18 96 189 156 57 4

SU Ki BUS - KHUtaCR

BOUodtal 158 210 155 16 1

Brownii 18 US 21S 124 80 1

em d lta  @2 80S 174 38 5

Som m m am  IX® 280 1ST SS

Gray! 92 225 190 58 2

japonicas 18 77 124 152 87 52 10

loEgl.flonsa 19 188 216 115 10 2

regale 10 135 210 US 26 2

Wmnhfpgfymfff aqvnm pUfpQjmjB, 184 256 108 6

aoretan 8? <0* 144 £1 2

©t,©®e®ai o TO EUL JU>1 48 8

cm celor 5 M 9© 152 255 5? 51

t e t e  0 85 28S 240 64 20

Walla©©! 6 202 1BZ 264 45 4

6 45 125 269 22Z 45 14 

4 4Z 145 2?S 94 52 9

S ectio n .«. wurtawBP

anablle 16 US 19? 141 87 4

GifiÂ hMENtt 1X 1 258 110 ZZ
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TABU I - 3ontinn*J
IWCIEQtA® BUSSES FESftOTHTOXES IS VLDom SPSCJBS

a i  a i  a 7 1  I S

esw lSBSsBitoi 78 7

XM Uft 2® 204 184 38® m 7
ftte-Mfc 4b- .dfcJSkt K̂bMh#Mk13 H P  top 80 m t

M m m m H i ' m  n  i m  n t 87

IfomxfZL a i m M o 55

fteboX at& t ^ m i s i 18

If# sax  m

B * rnm ^k tim m tOS fM

157 M S 8

jn srt^ on 18 88 187 181 78

18 MB H I §7 %

P&ysflULaaffi* njrp® 114 d ®  1M 18 i

psr^s2Jb^®. ***» ĝ aafrA yni 78 .CM- l i t f t i

pai^allianm  gl^aattasu Xt4 I d  l i t t x

ttgW ® i d  t t e  i d m i

M̂pjMtfi lay# 8 35 m  i  s s 140

pepm*tft;44 114 888 %m d i

4$ 8 0 t 210 45 t

j@piSl.<3lS0El® . tift bep®- ETS®%SSldL d  m - im 51

®p®£5j.6Sti®l |3ttXt€£t»&rtS3tt!l $4 178 10S 71 5

*##a4 itilsirfsfflafV rjp iw \tf«M-MmmKm wBHDb 15 1 4 i I d  w $ 25 f

8 105 fSS 118 38 §

W ill* * * !te l I t  81 177 158 64 10

i  f
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tm m  I -  Coatiimed

nmmoiAn m u  f i m  iiiitim stscxss
1 I  i  i  1 * 2 § I  M

m m a m

Tw rnem S,m  4 St 305 177 El 6

F M l t a u l m i  8 8 8 6 187 168 67 1 1

Scotiia# 6 78 886 166 87 4

7A82ST268

E ltgftns IMMflHgr 17 148 H I  100 17 -8

tlgrfmijs flos* piano $5 157 181 106 4 1

tlgrtatti forfcmel IS 77 168 1 4 4 8? 27

tig v ta m  mito© 9 50 15® 180 66 88 S
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?'?u©J©olar s iz e s  farther in d ica te this fusion of n u cleo li for 

w ithin m sin g!*  sp ecies n u cleo li are .larger vhere they am  fewer in  

number* This ha® been shorn in other goners by de Mol (19£8)# Wood® 

(1987)* and Gates (194-2)* Gat®® and Mm students have used telophase 

nuclei in  th e ir  stud ies ashore the sm elaoll w r e  not yat fused rad ecm— 

sequeetly have presented th e ir  observations as a sin g le  number o f i®~ 

e le e l l  fo r  each fom  studied# Their method i s  not su ited  to  X iltoa  

wlmr® the nucleolar attachments are not mainly terssinal rad the ©fer©-* 

1mm th e ir  individuality early' is the telophase stage-* 

Iiuclaolar attachments mm presented d la g rsa sa tlea lly  as idiograss 

In P istes X**?* .figs* 1«*5S* The prtsisry con striction s are represented 

as breaks end are arranged in  m horizontal Una* The secondary ©ra*» 

s tr ie tto a s  are represented as hrseke abow or bolow that lin e  • 111 

of the chreeoseaee represented .in cm® figure are free a single c o l l  

rad include all of t ho nucleolar attachments of that cell bat non© of 

the sioiM nelselar ®b,rammcm®& • Comparisons are lim ited  by the fe e t  

that at th is  prophase stage the chromosomes are rapidly contracting 

and d lffsrsciess between ©ells .way be dm® nerely to  d ifferen ces in the 

stage o f division.# Variation w ithin ray erne pair say be the resu lt  

o f the d istortion  that is tmsvoldabla whew the mhrmmmmmm® arc spread* 

Wide variation in  t h® p osition s of the nucleolar attachments is mt*» 

drat in spite of these limitations•

The length o f  the aehroneil© region i s  variable j the d is ta l  end 

i s  frequently separated fro® the rest o f the even before

the ohrowosowes ate spread by pressure in  the preparation o f the slid#*  

?hieleoll haw generally disappeared 'before the chromosomes approach 

the wstaphas© plat# but do p ersist longer than in  many genera (Stmrnrt 

rad Watford 194S)•
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taken to  b© tIs# exceptional cases o f mip&nmimral n u cleo li in  ©©matte 

cells**  The low frequency in  the cases obB&jnmd hero seems to rapport 

h is e«clut.0iofi that the## xxsatexv arc the r e m it o f ©cm #»c#ptt«i#l 

beharior* BeClintook (1954) in  Zmm mad &©&«ts(ir© (1958) in  T r illtm  

have dmBrnm%rmb@d that mmeh o f tho zsooHcmcloelar ©hroMMne© is: eape&l© 

o f fo ilin g  on© ©r ©ore n u cleo li when ©epar&ted from, the jsocleolxt© 

forming regions* Most observer© o f maloti© behavior in  in te r sp e c ific  

hybrid# an® W ill acquainted with the fa c t that lagging akrmx>mwms$ 

rmgmrdlmms o f the type# w ill  form m c lo o ll when i s o la t e  in  micro— 

nuclei*

In the single case of 1* londflonae a ssaadUaam nucleolar number 

o f six is recorded but only four attachments are presented in  the idle— 

grass (PIat# I , fig* S). Small cfmmmmm fragments ar® 'risible cm the 

nucleolus at early pro phase* la te r  prophese© where tha individual 

ehraa&seeie© can be distinguished in ttseir en tirety  show no mcXeedtar 

fragrant© of this sise* In an&phaae a pair of short I chrtsaosGm&s 

©hows miner secondary constriction©  in the short am# m  described  

by Stewart and Ba&fard (1041) in L* ti& riwarn.# ■flies® nucleolar or ®S~ 

sors ®r# very difficult to locate beeaase they show no pronounced 

©ehroBftiie ©re© in the later stages*

An excess o f attachanat point# over the .maadsm® number of imele** 

o il  i s  present in  each of the- renalni&g fourteen forms studied* fu r­

ther search fa ile d  t© show the presence o f any nucleolar number© greater 

than the maxima o f the f ir s t  500 c e ll#  studied* Although no separate 

m aoled i are evident for ©one of the#® secondary constriction©  the mastoem 

constriction# are indi#tinguiah able on the nucleolus in  the prophas© 

stag® (F lat# ? n *  f ig* 56 and P late TOT, fig®* 58 ami 59)* ftm  ©as#® 

of ncsfr-mcleclar secondary constriction®  previously c ited  (Sato 1956#
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f!m Mmtmm taerleaa lilies shxm greater la tte

a lteatean ts of tte nucleoli* fteoe of tte apeelea mm similar to  t£» 

Vasteacm i*n©jri©a» species* tte remaining two are m dlcrtlnct that 

oommX structural ehmgm m eel1 m reduplication of nucleolar «*»■* 

gmlxom mould hmm to be asausate to ê Xaiii this differentiation* 

Slate (XSS9) hm teeerited Jk* ©mroiffiXaiw as similar to I$* qttpeHxac 

but tMi ewldanee ©laarly stew* teat Mis form stestiecl waa move olnaaly 

a llie d  m ite  £ *  S S S ^ E ® *

JU 'mxXb&S&rmi subep* ©roomim (fig* 12}# a imropenss Is&llric®** 

eb on  sig h t lik e  the itaerleaaa Iso lirion *  Ons pair i s  un**

usual in  position* being ©2m® to the primary eotw trletlim  on the 

long cm  o f a V One pair i® in  the abort -mm o f te e

-otter p air o f ¥ ehroneaam* amd t te  mim&MMg two poire are in  the  

long and abort am© o f two pairs of I  s ls r ® s « s s .  The A aiatle 

XaaXtrion* f* 4mri-ctm war* Intama (fig* 14)* i s  lik e  L* crooamai 

ejoeept t t e t  the mosmdmy oooatrlction  adjacent to  t te  prlxmxy eon- 

str te tio n  -on m larg© ¥ ohrmmomm i s  on t te  other aid# o f it*  again 

« ® w M s§  m 4%ffmrmm, o f m  iw e r te i region including t te  two 

eeaatr&ctlQBa* between th© tmo ^ c c t e *  jg* igygisiag variety  TsXlaMi 

( f ig* IS ) ate t t e  ter tie u ltn ra l farm* &lagana Mahogany* d iffe r  from 

Interns i s  lacking tte  fmirth pair ©f co n stric tio n s.  The nucleolar  

attafiteente found in  L* ooneolor (fig* IS ) are meet nearly lik e  tte se  

•‘f  Ja* teMfteap variety Intern but differ .in Mm p osition  o f mm 

moooa&Bxy ©fxaetrieidim. mhleh ia »  t te  other site © fa  pri^mry eon** 

styietiaa ate ©^alterably fterthmr away from it. L* teincctcacpjiia 

(fig* 1?) stems four pairo of I ctecsesoaoisea attached to t te  nucleates 

at CNscoteasy ocaaatriotioisa in t te  long anas*



o f  aoothar paIr* A sjino-r mmmm&my <Haa0t?iet£© a i s  ppaaotst in  tb*  

short*, arm o f  an 1 cturomtmmm* Bmcleolar maxima iiid io s t#  th a t t h is  

c o n s tr ic t io n  i s  funatlimaX* JU Brcanljt I. f ig *  -5) d i f f e r s  In baaing  

i t s  th ird  p a ir  o f  ofinstjrlctlona loca tad  in  tbe long aim o f  a  aborfeer 

I obrotaoeoma* J** formoaamim ( f ig *  $) has throe p a irs o f attaohaacitoj 

lifcs  Xg»gii3jft»ia8» ju  r«ar:&Xe ( f ig *  f )  s t e w  two pai.ru o f  ©on** 

a tr to t ln n s  near the pxina&y ccsis t  r&cfcioriS in  the sh ort arms ©f th e  

two pair© ¥ ahroaaoaan/es • fwo e th er  p a irs o f  sons i r l c t  Iona sr® 

Xeea&ed JUs the abort and long arris o f  two p a irs  o f  1 etewawKHeea* 

i # iapo&laaa ( f ig *  7 ) abee® one p a ir  o f c© astr ietion «  located  in  the  

sh ort 8®w» ©X a p a ir  o f ¥ chxweoaomea, two p a ir s  in  th© sh ort arae 

o f  1 i s w s w t ,  and on© p a ir  near tbs prXstaiy cons t r ic t lo n  in  the  

lon g  asm* o f a  p a ir  o f I ohiwisoaeiaoe* the tiara© American I^ o o lirA on a



m

h gmmt deal oX variab ility  i s  present witMa the large group 

of Ablatio !lart®^ots©# Bach of f iv e  stos® th ree  pairs of attaohconte*

I# f@ i2 f ££!(.;♦ 21) and jU tiXfs&dtla® (fig* 42) both show a pair o f  

sttCBlsMntc mar the priaaay cKSi&lilctian cm the short ana of a f  

ehrroieecsre m& soother pair in  the long art; o.r an 1 ohreBeeoae# tfaggr
d if fe r  in  the position of the third p a ir  of attactoeata* la  1# PaarlM 

i t  i s  near the pr&raeoy com triotion or. the short am of m  I ebro®o» 

sosmj* 11; 1* T/lllaotti.ae i t  i s  near the primaiy constriction on the 

.lor of sa I ehremMne* L* CBRChtls (fig#  IS) i s  eiiaiXar to- 1# 

I^svidi in  n&eleolar sfctsefcaaeats# I t  5s d is t in c t  i^rphcO^sieaXXf 

and *#* 'T*s- id e a lly , t* buchortral U - * 22) has two pairs of attach- 

masate In the? short anas of 1 ehrcKosesaes*, m d am  pm r in  the d is ta l  

helves of the  short ara& o f a  p a ir  of 2 o!iro3i0S€-®esi#

1* * > i n i t s  v a r ie tie s  i l t e ,  x ree tee ri (fig#  58),. iXsatsm 

? f l t * 30) ,  sad ^onetsta. (fig* 40) ,  i s  ^sadi'em# iacii variety shew  

two pair-is of attacbsasnts in  the I ehrccccecKOs, one 1st the sho rt a m  

of on# p a ir  snd cue in  the loag am  of .aaothsr pair# Ctm p a ir  of 

V ols2t3mso©(@© afors $!&> ranaiaiag eitecLuaeat'S in  the short cm  ap- 

prosdiStAnlp m e th ird  of the d istance frest the prl&®3r/ eoastrietiosa 

to the ©r.ytf. of the  am* L# gpscisetBfa tw i s ty  .albma (fig* 5?) shews 

evidence o f s tru c tu ra l hybrid!ty  in  two o i i t s  nucleolar ohrtaaosoraes* 

only one V ©bowing a secondary © oastristiota end on# p a ir

of BueioeXsr I ofcrtgweonss i i f ia r in g  in  the length  of tb s long sm s*

I t  does iiefn three ©hromsomes representing each e.f the three pair® 

in  the other varieties#

t* pu f̂Jbss (fig* SS) with a. sarin&m o i tan hm  the highest 

im«sbe?! n1" su c leo ll ©: say oi the species studied# I t also shoes ten 

sueleolar s&tesc&aeiits, four being on the short an*s of the t*o pairs?



JU m t t o  (fig* 1 1} is the only mpmim® of the Arotaollrlao 
it shoos two pairs of both soxy osar the |

■mm&f oaeotarlotion in  the short i m  #£ I o£qnmnmmmnb«
T„» im (fig* 1) is one of the three species o f the schgenns

•  11 p a i r  lo  th e  s h o r t  anus n f  a  

o f  ¥ Ohxtmooiiios* and throe pairs iB the long ares o f 1 chreno*

species, a l l  of

thm meossdOKy’ constriction© mm of tl

ottac&mssxta o f tho y sr ieb iss o f L. tiigj

§®« 6X# 5S#

,|F *

Soiafterd (1046)*

lily, Dmsiottlao,

in the 
I* 46} is a

of I*# di

Maoe s i

'L* SldfcnKSF in 1,921* flic

able from these of the other



*.# pfc dd. doea not skim w $  scmsCMxy constriction* I t  i s

rcsogrdsabXo md there can La no doubt that the moond&ry ocx^lr' otlen* 

present in I* p > tla j0l,.f.dm..y# i s  esos ■; in tide hybrid* d* ' nv^ hl'

(19,Til) hm 0 ? oiis’lrnto'l Uie lojis of £cct?m,axy constrictions in ;o,xl3 

hybrid and nataed ‘tbs phoiKnsccicn asaphi;pXaaty# Ha h.m attributed the 
lo ss to eoapetiiioa kxsb^mn abtml'smzit points for tb® uaoloolar 

material*

die third hybrid# Scot Ida® Cfiv - -a 9 has s ' . at ©<d .21: , r ' ’a  

ms dim® each of i t s  pnrenta# L* t ̂ i ia t tJ la t  (fit.- SO) m$S. the horld*- 

cultural variety Elegans 'sho^any (fig* * > * ffas la tter  i s  euppcs ! 

to have arisen m a hybrid between 1* -conoolor accl b* u&u- icu... al*» 
thorp*' the production o f the orig inal I rid i s  not reeoroed* Slate  

(ICS: * hs© stated that seedlings ? lagans tiahogssy are easily 

raised but do pot coese true to the parent type* doottiae Bhmm a il  

of the mcIeoX&r stiaairiante of both i t s  p&msis mbboui v is ib le  

a. Iteration*



m

omGzmzsm
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