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INTI¢ODUCTION 

OYTOLO~ZCm~ observations on hybrids have revealed inversion as an 
important mechanism in distinguishing related species (~{iintzhtg, 193~; 
Richardson, 1938; Upeott, 19.37). The ooeurz'ence of inversions, however, 
is not confined to species hybrids cr to derivatives from X-ray treatment 
(3{e@linteok, 1931, 19.33). They have been found in species of wild grass- 
hoppers (Darlington, 19.36 b) and of asexually propagated plants (Smith, 
1935; ]Richardson, 1936; Upccfit, 1937; Doughty, 1936). Dr Darlington's 
collection of slides comprising nearly ~hi.rty species of i%'iti~'ic~, which 
was kindly made available for this investigation, encouraged a systematic 
search fc~ evidence of inversions in this genus, pa.rticularl][ since structural 
hybridity due to translocations had been hfferred in several species 
(Darlington, 1936 c~.). 

t~{et]]ods of £xation have been described previously (Darlin~on, 
1936c@ All preparations were made by Mr L. La Cour. Illustrations 
were made at bench level with a camera ].ueida at a mag~dtlcagion of 
3300 and reduced to 1100, except in Text-figs. g0-~6, which were made at 
1650 and }educed to 550. 

• I am indebted to Nr L. La Cour and to Nr H. O. Osterstoek for the 
photographs. 

OCJCU~E~CE oF Ca~O~ATID Bm~s 

}for most  cf the ,species listed below material available allowed.re- 
liable conclusions on the presence or absence of ehromatid bridges at 
meiosis and on the fz-equenoy of their occurrence. In genera], at ]east one 
hundred ceils between anaphs,se I and teloph.ase II ]~ave beei]_ studied. 
An asterisk in the followfl~g list indicates a scarcity of material. 
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Inve~'s ions  i~~, ]?r i t i l la r ia  

No eh¢'o.mal, id b,ri@es ,we,re found i,)~. the./bZt.o'wing speoies 

F. i'm~)e~'iaJ,fs le'. obliqua 
ff¢". Mdea.gris F, ,'eeug'va 2:c 
F. ?cd,~id@o,ra 1< o~'c~ne~sis 
F. ao~)w~)em, h~, F. g~'aciZis 
P. po)~,tiea F. his~)e~,ice 
~. Ehoesii F. lal,,~bZia 2z 
F. ])lu~'~lo'rW ~: F,%t, ijblia 3x 
17. Egge.ri F. Im,,radctghensis 
IT. ve,rticiZlata F. ,me'.eats'video 
F. Th.u~zbergii F, lanoeolam, 
~.  ?hencmt/wrc~ F. ~uthen'icc6 

Ckromatid bric~yes we,re ]bu¢l.d i,~7, the foIlow~;~g s]Jecies 

F.  pudiea 3x F. ch~syphy~a 3:z,' 
~,. cit,rina 2z F. ~'ee,~'va 3~: 
]~. cZas?]l)]tylta 2z 

~NVI~R.SIONS IN FJ~ITgLL~IRIA D~4S~rPHIrLLA 9'X 

P. dasyphyl, ga., like many other species of 2Fribg, Ia,r4a (Darlington, 
1936a) and Lilium (~iclmrdson, ]936), has two pairs of chromosomes 
with submedian oentromeres (M) and ten pMrs with subterminM centre- 
meres (S) (Text-fig. 1). 

In meiosis, pMring as a rule is normM :for the large majority of the 
bivahnts.  The mean chic.sins Dequen.ey of 3"5 per bivMent is similar to 
that of other species of _~rit£Za'ric~ with free chiasmat~. Disjunction in 
anap]]ase I is also n.ormM, with the exception of a very high Deriuency of 
one and re.rely two "ohroma,~id bridges" per nucleus (P1. XV, fig. ]). No 
univalents trove been seen in the hm~dreds of cells studied, at anaphase 
or at metaphase. 

J~iohardson (1936) l~a,s analysed the expected consequences of 
crossing-over in sh-uoturatly differentiated bivMents. I t  is evident ~ha, g 
-the aria, phase bshaviour of 5iva, lents possessing an invsrfed ssgmen~ 
fa,eilitstes a direct cytological determination of the interrehtions of 
successive d~iasmata where crossing~over is t~igla in the inversion or 
both in the inverfied and in the proximal regions. 

The evidence which shows ~hat inversions may be responsible for the 
ctroma,tJd bridges ~n F, dasypItyZfc~ is similar to tha,~ obtaining for the 
}lybrid L'it, hmz M~,,rm,yon x 25. tis~soTzii (R,icha, rdson, 1936) ; 

]reversions have since been found in a,nothea" form of IC r'u, fho~.icct, c.D. DhItLIIgO"rON. 



(~,) Inversion loops have been oIbsol'v~( ~. ilt paohytene (Text-flgs. 2 
and 3). 

(b) Wherever accurate observation has been possible, the chroma.tids 
o:[ the bivMents concerned, apart from the bridge, showed symmetrical 
dish:ibution (Text-figs. 4-7). 

(c) Aeentme fragments, associated with a loop chroma, tid in one 
daughter complement a~ snaphase t, as well as second division ])ridges 
oootu" (Text-figs. 9 11). Their frequencies are of comparable magnitude 
(Table I C). 

I t  is therefore concluded that  the chromatid bridges in _F~r{t.{gcn'{o, 
ggsFl~t~gg are due to czossing-over in one or most inversions which do 
not include the oentromere. 

The fo]lowmg evidence is adduced to show that  the majority of 
chroma{id bridges are caused by one terminal or l~carly termhlal inver- 

Text-fig. I. 2 ,  g~ff2JTW~l~ 2x. 2map}Ja.s~ II.  22]*/and 105 ~ chromosomes 0remarked). 
Text-figs. 9: 3. /L ga.s~./l~l~yl},~, 2¢. Pachytene loop. 

sion in the long arm of one S-chromosome, whilst a small number are 
caused by a subtermina] inversion in the long arm of anotlam-, possibly 
shorter, iS-chromosome : 

(a.) One dicentric ohromatid in an £' bivMen~ is %nnd associated, with 
one short acentric fragment in the preponderant number of cells with 
cln:omatid bridges (Text-figs. 3 6). The lengths of chromatid arms in 
comparable cells show good correspondence. The acentrio fragmen~ 
without a dicentrio ohs'omatid which is frequently seen in anaphase I is of 
a length similar to that  of the fragment associated with the chromatid 
bridges referred to above. The ~early terminal posJ.tJon of the pachytene 
loops (Text-figs. 2 and 3), the high frequency of erossh~g-over in the 
inversion (see TaBle I), the occurrence of double ohsomatid bridges 
(Text figs. 16-19), and, perhap% of two second-division bridges (Text- 
fig. 90), a~id the absence of evidence of crossing~over dis%a] to %he in- 
ve~,sion, indicate tha t  the inversion is tezminat or closely termh~M and 
that therefore the il>ver¢ed region is as large, or nearly a,s large, as the 
fragment, tha t  is, M~ou.t one-third of the size of the long arm of the 
bivalent. 

g9-2 
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(b) An:o:ngs~ t h e  m a n y  hm~dreds  of  cel ls  s t u d i e d  M: a,napka,se and 

telopha,se I ~::d ln~erp]m,se, not one ]:as been o b s e r v e d  exhibit.h~g l~wo 

5 6 7 
4 

Tex~-figs. 4-S. ft. da~jphyfb. 2~. Anapha.se I. C!hromM, id bridge wi~h "shin'S," fragment 
{inversion ~4. ), 

Tex~-figs. 9, tO. F. d~s~/ph.glla 2x. Loop chromabid wid: "shm'i," fragment. 
Texbfig. 11. F. dasyl~lagiic~ 2x. Anapha.se II, second-division bridge. 

TABLE i 

F~'e~ue~mies 7)e~ ~ ?ol~e~ ~nothe~' cd~ oj" c~a2J}~ase oo~Tfigu~caio~:s i~ 
~}~e 8iva,~e~.t cm"ryi~ N hwersio~.  A 

Firsg-division Second-division 

Canfiguratio.n Absotu~e Pereen~c~ge Absolute Percentage @onfigura~aio~ 
A B: ~ +f:  52 47-7 59 41 "2 B: z +f~. 
2~ B~_; + f .  2. 1"8 - -  - -  Bx I + f ~  
6' No ~, .[~ 21 19.2 33 23.2 2fi I +f:  
2) No B, ,f, - -  ~-- 1 0.7 221 +.f: 
E . . . .  3* 2"1" No B,f~ 

Total A.-E 68+7 67.] 
F :No B t~erf 34 31"3 47 32"9 No ~ ~m:f 

109 I00'0 143 I00"0 
~' :Presumably to be added te B: ~ +f:. 

(sepa,r~4e) ohromatid bridges with Swo slhort fragments. Since, on She 

of, her  h a n d ,  d : e  r a r e l y  c r o s s i n g - o v e r  Invers im~ B (nee be]ow)  has  in th ree  

i n s t a n c e s  been  seen  h:  c o m b i n a t i o n  w i th  t he  s h o r t  f r~gmen~ invers ion ,  i~ 

is c o n d a d e d  tha,g one s ing le  invers ioia  is r e s p o n s i b l e  :for all ,  or n e a r l y  alI, 
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ohromatid bridges with a short tl'agment. This in.version will henceforth 
be c~lled "Inversion ~-'t." 

(c) A small numbe~ of ch~'omatid bridges with a characteristically 
larger aeentrie 5:ag:menb 5ave been c bse~:ved ( i  extoilgs. 12-15). S nee the 
width of the ehromatid bridge is inversely correlated with the size of 
the fs, agment (][~iehardson, I996), the dieentric chromatid is distinctly 
nam'ower and at corresponding stages shorter than that of Inversion ~1 
(Text~fig. 1~), In consequence it tends to break more easily in interphase 
(Text-fig. 15). The low fz'equen.oy of ehiasma formation in this inve~"sion, 
the ~bsenee of doable bridges, and the indication of distal crossing-over 
(Textofig. 1'1), poinl~ to ~ small immersion at some considerable distance 
f'~:om ~he d:istal end. of an S bivalent. This inversion will be called "L~- 
~rersidfl ~ ~', 

Text-figs. 12, 1,3. J~. ~lc~s~y2)h~yg[~ 2.¢. Chromafiid bridge wish ~'long" fragment (Inversion B), 
Text-fig. 14. ~. &ts~ypI~flgc~ 2~. A_r~aphase I, Inversions X a.nd Y. 
Text-fig. 15. F. das~yf)]~yllc* 2z. [[ngerphase, Inversions ~ and ~. 

All types of disjunction to .be expected in a bivalent wRh a terminal or 
nearly terminal inverted region have been found. 

In morphology and behaviour this configuration is simila~ to those 
described in L~i~'~t (P~ichardson, 1936). The beha.viour between telophase I 
and the tetr~d eta,go shows a. large anaoun5 of variation (Text-~gs. 21- 
28). The bridge frequently shows a point o:f weakness about the centre 

Ply (Tex~b-n.~. 21). t t  may break there or a.t some other place, presumably 
owing to the formation of the cell wail across the bridge (Text-tlgs. 22- 
2.3). I t  may, however, terns.in intact to the second ~elophase (Text~figs. 
24 and 27). The uncoiling is a]so subject to wide variations (Text~figs. 
22 and 23). 

(2) ~1,)'~ ace,)~t'r4,c f~'~g~ze~t ct~ ~.~c~2)hc~se [,  ~a:tl~ a, ~oo/p ch,rovzc~t~d 4~ o~e of 
the dct~ghter/~eZves (Text-figs. 9 and t0). This oonfiguratior~ gives rise to 
a chromatid bridge in the second a,~)aphase (Text-fig. 1i). The loop 
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chromagid ~ssoei~ted wigh a f'ra, gment has been seen in many instances. 
In .Text-fig. 9 the position of the p~:oximM ehiasma can st, i~l 5e seen. 
Correspondence of' ~hese configurations i~z both divisions is satisfi'~etory 
(.Table I C). 

(3) T~o eh,rom~id bridges i~z the same bivale~t ~dth t~vo sho,rt frag,me~,ts 
(Text-flgs. 16-i9 and P1. XV, figs. 2 and 3) have been seen infew cells. This 

Tex~-figs. 16 18. F. dasy2hylla 2x, Te]oph~se I. Doub]~ chrom~id bridge. 
Text~fig. 1.9. ~. dasyphy~la 2x. Inter:phase. ~roM~b]y double ehromatid bridge. 

Text~-l~g. 20. F. d~z~yphylta 2z. Telophase Ill. Two second-division bridges, presuma.bly 
axfsing from two eomplemen~wy chiasmaga in ~be inversion~ disparage go one preximaI • 
chi~sm }~. 

tonfiguration is due go two complementary chia,sma~a in %he haversion. 
A similar configuration has been desc ibed  by Smith (1935) in f,rig~iu~ 
erectum (once in many hundreds of cells), by Richardson. (t9.36) in Ligu~n 
u,mbdl<~t~v~ var. e.reo*:u'm, and, probably, by Ntin.tzing (1934, I~ig. 24) i~ 
C~'epis d~w~riec~.ta x dioscori~g'gs. 

( 4~ ) Tzoo bri@es i~'~ ~he second divisio~, ~'ith t'wo acent,ric:./)z~,q'me~ts, are 
due io two complementary chiasmata in. ghe inversion dispara~,e to a 
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third proxhnM to the inversion (D~rli~gton, 1936.@ Text-fig. 20 pre- 
smaabty illustrates this configt/ration. I t  is unlikely tha, t the two bridges 
in telo]?hase II  are due to Inversions A and B, since the latter %rms a 
narrow bridge which brea,ks a.t an early stage. Two inversions, with short 
• fragmeitts which might give rise to this configuration, have not been 
seen in any other cell (see above). 

TABLE II. 
Ez2)ected, coq~s'e~uence~ c /  o~ze o~" t~.vo c;h.ic~.~na, tcl. i9~ the i,nve.r~io~. 

,with O, 1 or 2 chios.mats 2~rozi~na~ to t/~e iq~ve~'sio~ 

A. One ch ia sma  in invers ion  
P r o x i m a l  c h i a s m a t a  

B o 1~} B J  B~ n 7/: n 

(a) 0 -- × ....... 
(5) I : eomparate -- x . . . .  
{c) d i spa ra t e  . . . . .  x - -  
(d) 2 : I compara~e + ] eompara t e  --- x - -  - -  
(e) ] d i spa ra t e  + 1. eenqmra,te - -  - -  - -  × 
(j') 1 e o m g a r a t e  + 1 d i spa ra t e  - -  x - -  --- 
(g) 1 disparage + 1 dispara~e x - -  - -  - -  

~B. Two ohia.sma~a in invers ion  
Ch ia sma ta  in  

P r o x i m a l  chiasma~a invers ion  
(h) 0 .v reeiproca.1 
(i) 1 oompara t e  2 reciproeM 
(j) 1 d i s p a r a t e  9 rec iprocal  
(/d) 0 2 c o m p b m e n t a r y  
(1) 1 complemen ta ry - - -  2 eomplemen~ary  

d i spa ra t e  
(9~t,) 1 eomptemenf l a ry - -  .9 c o m p l e m e n t a r y  

rec iproca l  
(~z) 1 d i s p a r a t e - -  2 eomplemen~ary  

d i s p a r a t e  
(o) 0 2 disparate 
(io) I d i s p a r a t e - -  2 dispa.rM:e 

e o m p a r a t e  

X . . . .  

X . . . . .  

- -  - -  N - -  - -  

- -  - -  X 

- -  R - -  - -  - -  

. . . .  X - -  

The frequencies of the various gnaphase ¢on~gurations (Table I) 
were dete2mined in anaphase I and II  respectively; in both di~dsions 
frequencies are given per p.m.c. Theh: interl?retstion in terms of ehiasma- 
formation can be approached only with a knowledge of the diasma. 
freclu.enoy at  m.etaphase. Since it is not possible, to identify s.t metaphase 
the bivalent which carries Inversion A, the el:dasma frequencies have 
been determined in the long arm of eli S bivalents (Table III). 

TABLE l I I  

69g~s~nc~ y'eT.~e'nc ~ c~t ,m.em,)/~s~ i~, tl~e lo,ng a,,rm o r s  biz, cde~,ts 

~ o .  of No. of No. of bivalen.ts wi th  To~a]. ~mmber Ohia~mata  
nuclei  biva,]ents different  nos. of c h i a s m a t a  of eh[a.smata per  b i v a l e n t  

0 1 ~ 3 4 
6 60 0 0 20 25 15 175 2"9 
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In not one amol~g the many cells il~spected has an S bivMerR been 
observed with a sh-~gle chiasma in the dista] region. I-Ience the possfbilRy 
of one chiasm~ in the inverted region, wit]tout any proximal ehiasmata 
(Table II (a)), cs,n be excluded. The expected consequences of one 
chiasma proximal to the inversion have bee.n explored by -Rid~ardson 
(]936). They are quoted in Table II (b)-(c). Diagra, m 1 and Table II 
(d)-(9) illustrate t]Je expectation on the formation of two proximal 
chiasrnata. 

The fom~ation of ehromatid bridges in anaphase is modified by 
chiasrnata proximal to the inversion in the following manner: 

(I) An], number of comparate (i.e, reciprocal and comp]emel~tary) 
chiasmata proximM to one chiasma in the inversion give a fi~'st-division 
bridge. 

(2) One (proximal) disparate chiasma, irrespeofiive of the number of 
temperate ehiasmata formed distal to it, will cause the formation of a 
second-division bridge. 

(2) Any chiasma formed proximal to the disparate chiasma referred 
to under (2) causes the formation of ~ fn-st-d.hdsion bridge, i.e. :' cancels 
out"  the second-division bridge. 

('~) One fhrfiher proximal comparate, or two further praximM dis- 
parate chiasmata, however, restore the second-division bridge. 

It  remains to discuss the expectation on the formation of two 
chiasmata J~l the inversion, with or without the formation of proximal 
ekiasmata (Table I t  (?z)-(2)). The effect of several proxima] ehiasma, ta 
can be determhled by applying the prhaciples set out above. From ~he 
bivalent contigurations in metaphase it can be concluded that two 
chiasmata in the inversion are in more than half the cells associated Mth 
one or more proximal ehiasmata. 

Two reciprocal, chiasma.ta in the inversion, irrespective of the forma~ 
tion of proximal chiasmata, form no bridge, thus being indisthaguishabIe 
from the absence of chiasma,ta in the inversio~ altogether. Two disparate 
chiasma,ta give one bridge either ~1 the first or in the second division, 
dependh~_g on the ehi.asma formation in the proximal region. Two 
compleme.n.tary chiasmata, give rise to two bridges from one bivalent, a 
double &romatid bridge at the first division, or one bridge in each cell at 
the second. The latter configuration arises from one proximal chiasma 
disparate in relation tobot]~ chiasmata in the inversion, or from any other 
proxima,] ehiasma, combined with a disparate second proximal ehiasma. 
Th.ence it is possible to estimate directly the proportion of bivaJents 
forming two complementary chiasmata in the inversion. 
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Applying 611ese expectations to the freqL~encies listed in Tal~le ][, the 
fol]o~:ing conclusion can be d.i'awn for the bivMent carryiug Inversion A : 

(1) Double c~:ossh~g-over i~.1 the inversion is rare, Two complementary 
ehiasma,ta have a, frequency of about 2.5 per eclat (Table IB  m~.d D), 

(2) k]boue, 33-3¢ per cent of cells contain no bridge. Hence 30-:31 per 
cent form no ehiasma in inversion i assuming that the frequency of two 

Text-fig. 28. 21. dasyphylla 2z. Teti'~d. 

reciprocal ch.iasm~ta in the inversion (Table II (h)--(j)) is similar b that 
of two complementary ohi~smata (see (I)) (Table If), 

(3) Two disp~.r~te ohiasmata hi the inversion (Table II (o)-(~)) 
presumably amount to no more tl]an a, bou[ 5 per cent, J.e. twice the 
freqLxency of tm-o complementa.ry chiasmata., Thus, since the tote] 
number of single bridges in .fn-st and second division is 65 per cent 
(Table I A and C) ~l~d since at lea, st two and not more than four chiasmata 
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are formed in the long arm of S biv~£ent.s at metal)ha.so, the biwdent 
carrying L~version A forms one ohiasma in the inversio~t and from one to 
three ehiasmaga proximal to i~ in abor{~ 60 per cent of cells. Of this 
amount the number of first-division bridges (aboui 40 pe.r cent) is twice 
as large as that  of second-division, bridges (about 20 per cent). This can 
be explained at least pad, ially by the f~,ct t h ~  asecond disparate chiasma 
proximal to a (9,rsb) disparate ohiasma "cancels out"  the second- 
division bridge (Table I i  (g)), and that  shnilar relations obtain also for 
three proximal chiasmata. It is doubtful whether this flJly explains flhe 
preponderance of first-division bridges, to that  there is m~ indication of a 
preponderance of compara,t,e over disparate chiasma~a. 

Invers';ons in F. dasyphylla 3x, F. pudica 3x, 
F. recu.rva 3x and F. ci{,rina, 

In F. da, syplzyZZa, a sms,tl number of ohromatid bridget were retard at 
anaphase I. Owing to ~he presence of univalents dicentric ckromatids 

~ 3 3  34 " 
Text-figs. -99-31. 7C dasypIWlk~. 3x. Anapha.se I. 
Tex~-figs. 32, 38. F. cib'in~. I~terphase. 
TexL-figs. 54, 35, F. 2udico, 3~. Telophase I and in~er]?hsse, 

only have been counted. Tl~eir frequency is 3-4 per cent. In type f, hey 
mosdy resemble Inversion A of the diploid form of t]le same species 
(Text-figs. 29-30), but  one was found resembling h~version B (Text,- 
fig. 28). 
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In .lt 2ud~icr~ three bridges were found in Jbrty-three cells (Text- 
figs, 34 ~nd 35). They are associated with short fragments. The frequen.cyin 
F. eit~'i~za is considerably lower: only two bridges were found in 150 cells 
(Text-figs. 32 and 33). Two bridges were seen in F. ~'eeuv~oa 3x. 

~ELL-WALL I~OI~MATION .IN ~T{ITILLAPdA DJASYPHYLLA 

Univalents or fl'agments, la.ggk, g in the first or second meiotic 
divisions, are usually excluded from the daughter nuclei, either lying hx 
the plashes of one of these (micronuclei), or forming separate ceRs 
(mieroeytes). 1 They have been frequently described in triploid hybrids 
and species (e.g. cf. Darlh~gton, ].929). The formation oi' a separate cell 

\ 

~L 

Text-£g. 36.,2~. dasyphyZla 3z. Interphase. Micronuclsi. 
Text-~g. 37. F. da~yphy~a 3x. Telophase I. ~'Iicroey~e, bi'idge and fl'agment. 

wall may be due to the chance position of the univalent or fragment in 
relation to the daughter nuclei, to the reaction between its cengromere 
(missing in a.eengric fragments) and the poles (Darlington, 1936a), to its 
relative size, or to a combination of several of these elements. 

The frequent occurrence of both lagging univalents and aeentric 
fragments in/~. c~asgp]@k~ fa.eiEta.tes the analysis of cell-wall formation 
in microspores. In the triploid~ they occur side by side; but  since chias~ 
mate in the inversion are rare, and. further since bridges can as a rule be 
recogaized as far as the tetrad stage, there is little danger of confounding 
centric and acentric units (Text-hg. 37). in the diploid, on the other 
hand, univalents have never been seen, either a,t metaph~se or at ana~ 
phase. All i/'agments therefore can be assumed to be eccentric. 

In the text-figures the former are dr~vn in black, the ]artier bgxred. 
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F. d(~,s~pa~Zl.a ,3a,, 

Wliea a cell wall is formed at telol?hase 1[, the majority of lagging 
mlivalents are h~cIuded in one of the daughter cells, k separate ceil wall--. 
with a frequency of about 9 per cent at interphase--is formed oMy when 
a univalent is situs,ted i~l the dividing p]ane between the daughter cells 

*\ 

Text-fig. 38. d?L dactyl}by[& 3:c. 2Ie~aphase II. ~iioroeyte. 
Textdhg. 39. ]C ga, syld~,yl, hl 2x, )~ie{,aphase ~(i. Microeyf:e. 

dose to the periphery. The microeyte receives a wedge like form (Text- 
figs. 37 and 38). Differentiation is sharply defined: univalents lying in 
closest proximity to the newly formed cell wall, but not in its plan% arc 
always included (Text-fig. 36). In several instances a miorocyte was 
observed containing one half of a, divided univalent, whilst the other half, 
connected 50 it, but ]ying off the equator of the cell, was excluded from 
the microcyte. 

Texbfigs. 4G 41. F. gc~ypl~y~ga, 2x. Te]ophase I2 

In the second division the mechallism of cell-wall formation is similar 
Only units lying in one of the dividing planes receive separate ceil walls. 
Thtls some %etrads contain both micronuolei and microcytes, others only 
the one or the other (Text figs. 42-44). Up to six units have been observed 
in one teti'ad cell. The potlen grains contain from 0 to 3 micronuclei 
(Text-fig. 45). A mioroeyte is illustrated in Text~:hg. 46, with a nucleus no 
laxger than the neig]~boaring miero:~ueleus presum.ab]y derived from tl,e 
same tetrad cell 
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In the diploid, m~cronuclsi are due .to the presence of acentrie fra.g- 
me~'lts. Their t'rsqueney accordingly is much lower than in the triploid. 
At interphase, metaphase II and tel.Ol?h.ase II, mierocytes have been 
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Text-fig. 4Z. &. d~syl)hyl[a 3,~. Tstrad with microqyte and mierenudsi, 
Text fig. 43. iq dasF2)hyT,~s, 3x. Tetrad with micromletei only. 
Text-fig. 44. F, dasyyhyff~ 3.~. T~trad with microoytes tufty, 
Text-fig. 45, .P. gas~#hylla 9x. Pollm~ grain with micronudei. 
Text-fig. 46, 1% dasgphylta 3x, Pollen gr~ins ~nd mieree3,-te. 

observed in several instances (Text-figs. 39-¢1). Tetrad material was in- 
suff~.dent for accurate observation. The mechanism of cell<vail formation 
is analogous to that described for the triploid: only units in the dividing 
planes receive a separate cell wall. 

~ISCUSSIO~ 

t n  view of the fact that aoentric fragments may give rise to the 
formation of separate cells, it, c~nnot be maintained that the presence of 
a centromere is a necessary requh'ement for sell-wall format:ton. The 
e~ddenee for cell-wall formation by acentric fragments as wall as by 
univalents suggests that .it is chiefly or entirely the position of the taggh~g 
unit in the cell welch determines the formation of a separate cell wall, 
Unless it ranges in the equator of the seE, i.e. in a position of balance 
relative to the major nndear units, it fails to form m~ indspendc.nt cell 
wall. Furthermore, it is only those fragments or univaJents attaining the 
maximum distance from the daughter nuclei which form microcytes. It 
may be concluded t].,at only the maximum satisfaction of repulsion 
between nuclear units secures the formadov of a cell wall. 
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Su~i~k~y 

1. In  twenty-two species of F~'iglla~'i~ no evidence of inversions has 
been found. 

2. In the following species, Viz. F. &~sy2hyfla 2z, F. dasySl, yff,~ 3.% 
Y.  2)udica. 3x, Y .  oit~'4ou~ and 17. ~'ecurva 3~:, the results of crossing-over in 
inversions have been observed. 

3, Inversion A in/~. dasyffhy~a 2x, located at, or near, the distal end 
of s,n S bivalent, has a frequency of about  70 per een~ of one or two chias- 
ma~a, in the inversion. 

~. TLe expecfied configura,~ions for more than one chiasma proximal 
to the inversion are anQysed, 

5. Chiasma formation in the bivalent carrying inversion A has been 
s~udJed. TI~E frequEnciEs of ~he various eonfigurahions indicate a slight 
preponderance of eomparate ehia, smata. 

6. CelPwalI formation by anent, rio fragmenf, s an(] univalents has 
been studied in F. dasypf~.y~,~, Th.e formation of a. separate cell wM] 
requires a posRion of the lagging unit  satisfyh~g the maximum repulsion 
fi'om bo~h daughter nuclei. The possession of a centromere by  the micro- 
n~cteus is not  apparent ly  indispensable. 

The greater par t  of ~his s tudy has been carried out at 3he John innes 
Hort icuRural  Insti tution, London. I wish to acknowledge m y  gratitude 
to Dr C. D. Darlington for the loal~ of his preparations and for advice and 
criticism during the work, 
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Fig. 1. Y. ~I~?]phyll:,. ~,~. I~:t¢rpl:a.s~, 
Fig. -9. iP. c],a$yld~,~7,la 2~:. Al:::l)ha.se I, doable eI:rom~id bridge. Idcn~foa,: wiCh Tsx~-fig. 16. 
Fig+ 3. ~F, ~a~yl~l~yffo, 2x, A~la.phase I, doub]~ chrom~id bridge. :[d~l~ica,1 wi~h Tzxl, Jig. 17. 
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