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IN the tirsC section of this paper (1.932) an accmmC of the somatic chromo- 
seines of. the section E'u-sorgh'wm of the genus ~9o'rghu~n Pets. was pre- 
senl,ed. In this section meiosis in pollen mother cells of some of the 
species will be described. The material is the same. Spikelets from the 
plants grown at the Jo]m Imms HorCiculCm:al Institution, l\ferton, in 
1.930, under th.e conditions described in t~he preceding section, were 
fixed for 1 rain. in Carnoy's 6: 3 : 1  fluid attd then for 2~i hours in La 
Cour's 2Bd, the end of the glumes having previously been dipped off to 
facilitate penetration. After embeddhlg in paraffin, sections were cuC at 
I6b~, and stMned by Newtmfs iodine gentian-violet method. Drawings 
were made at  the same magnification as those in Cite preceding section 
bug are ,'educed to 3000"< in reproduction. 

O~SI~IWA'rlONS. 

i~Ieiosis has been studied in practicMly all of the species and[ varieties 
from which observations of mitosis have been recorded in the preceding 
section, but  since many of them exhibit no distinctive features, only a 
few are here illustrated[. 

In B'. hedej)Gnse there are most commonly from 10 to 1Li bivMenCs, and 
the remainder of the 40 du'omosomes are in quadrivMent or higher 
assodations. In Fig. i there are 12n-t- 4iv; in Fig. 2 10ix + 2,v; in Fig. 3 
llii d- 3~v d- iv> 

In all the diploid forms of Sorghum examined, I0 bivalents are most 
commonly formed[, but  quadrivMent associations are also common and 
sexivalents are found[ occasionally. Fig. d: represents a diaphase in £'. 
a'udc~,nense, in which there are 10 distinct bivalents: and Fig. 5, a, meta- 
phase of ,5'. csr'nuu'm, also having 10 distinct bivalence. Fig. 6 is a 10- 
bivMmr~ mebaphase of £'. ce,,rg~,~tu~, seen in side view. Fig. 7 is a polar view 
of a heterotypic anaphase of ;S. vi,rge~a~,m. (The slide was moved after the 
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upper I£h~te ]~'~d been dra,wn so theft ~he lower plate should not~ be 
superimposed upon it.) A hom0eotypic division in S. s'uda,'ncnsc is show:a 
in Fig. 8, one of the daughter cells being at  tim metaphase and the other 
at  late ana,]?l]ase. 
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Figs .  1-8. 

Figs .  ] -3 .  S. halepense. Figs.  -1 and  8. £'. a.nda~cn~c. Figs.  5 a n d  6. ,5'. cer~t'H,,um. 
Fig.  7. £', vi,rgalu,m. 

Figs. 9-20 illustrate multiple configurations in pollen mother cells of 
dil)loid species. In Figs. 9 and 10, polar metuphase views of 5. ,ma.,Jycwiti- 
~rum,  the 20 chromosomes are seen to be associated as 8i~ ÷ lxv and as 
7xx ÷ l w  respecfiively. Fig. 11 represents a side metaphase view of the 
same species, in which there are 8iI q- ]:I.v. The associations found at late 
diapha.se in one cell of S. cernuum, shown in Fig. ]2, are 5xz + ]sv -[- ]v> 
Figs. 13, 1,l: and 15 are from S. subgl(~b'rescens. In ~he middle dia.pha, se celt 
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shown in Fig. 1.3 f, h ere are 82]:-I- 12v; in the side view a,na.phase of :Fig. :1.6 
(the chromosomes being spaced out for  the sake of tier,mess) there are 
82,-I- Ix:E-t- 1,; and in the ]?olaf view metapha,se of Fig. 15 there are 
92:[ + 2:[. Fig. ] 6 shows 8:E-I- l:l:v in a polar metaphase view of N. md,~,- 
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:Figs. 9-20. 

Figs. 9-t t. £', ,m.a.rgarit~/'er~cm,. :Fig. 12. ,S'. co'~-~wm, ]rigs. ] ,%]5. £L aTlbgla,1)~'e.~em,.. 
]Pig. 16. R. ,m.elalc.uc.u.~< Figs. 17-19. £'. d,u.rra. ]Pig. 20. H. s'udo,'uc'usc. 

le,u,o~l,~,. In Fig. 17, a, very ]ak, e diaphase of £'. &~,~:ra,, there a,re 7zz+ Izv-F 9]:. 
]in ]Pig. 18, a polar metaphase of another strain of N. &~,r,ra,, i;here are 
62z q- 2zv, and in Fig. 19, a h eterotypic ana,phase of a third strain of 
S .  (bu,,r,r~, eight chromosomes have reached each pole, ~nd a quadrivalent 
is j~tst dividing at blm equator. In Fig. 20 a, middle diapha.se of S. 
sv, da,,;ze'~zse, there are 6:[z-I-2~v, l,he eonst, i tuent  el~romosomes of one 
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of the two quadrivalen~,s being loosely, a,nd those of the other closely 
~ssociated. 

.Figs. 2].-4 are a,ll from Da,kota, Amber Serge, Figs. 21.-3 behlg 
h.ete:rotypic metal?bases and Fig. 24 a hetm'otypio a,nap]m,se. In all. of 
these :t"om: figm:es, tl.m chromosomes h'~ve been spaced in drawing. In. 
Fig. 21. l~here aa:e 7z]:-t-li~i-l-3t. In Fig. 22 there are definitely 
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]Pig,q. 21-24. Dakot,~ A m b e r  ,qorgo. ]?igs. 25-27. J5 ~, ver~ieilg'tl/tor-u,m. 

QI-I- 2~i1:-]- 2i. In addition there is possibly a quadrivMent, since there 
~]?pears %0 be a connec~i on b egween ~he two pairs o:[ chromosomes on the left,. 
But  we do not, think this is a real ration and consider tha t  the eomplemen.b 
o:[ th is  cell is almost certainly 6]:i -f- 2]::i:~ -I- 2i, not 411 -I- ]Iv-I- 2]:ii + 2> 
In Fig. 23 t]mre are 7:[i + ] Iv -I- 2i, a,nd in Fig. 2,t: there are 6 chromosomes 
in. each anaphase plate a,nd 8 univalents dividing at  tlhe equator. 

In this plant o:[ Dakota Amber Serge t~hm:e arc uniw:~lents in a.t least 
20 per cent. of tim ceils, their numbers :ranging f.rom 1-]6, the mode 
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being about ~i, and the mu]tiva]ents are ranch more common than in any 
other variety. I~ is dillie~dt to sgate even an approximate percenbage of 
occurrence, since in many cells there are apparent nmltivalents which 
cannot positively be identified as such, but per]m,ps 10 per cen.t, of. all 
cells clearly seen. would be a reason able estimate of the proportion showing 
m ultival ents. 

Figs. 25-7 are from a plant of N. ee~'t,'ieiZl/~i/l,o'r'wm having an additional 
pair of fragments. Fig. 25 is a polar view of the heterotypic metaphase 
showing 6]:]: + 2~v. The fragments could not be seen N this cell. Fig. 26 is 
a ta~e diaplhase in. which there are 10ii + ]i~ t~. The paired fragments, 
though lying against a bivalent in the drawing, are actually well away 
from it hi a different focal, plane. Figs. 27 a,, b and c are bivalents from 
~hree different hetero~ypic mefiaphase plates, each having the pair of 
fragments attached. In Fig. 27~ one fragment is attached to each 
member of the bivalent. In Figs. 27b and 27c the fragments are paired 
and only one of them attached directly to the bivalent. 

Secondary associations are very common in all the species, but since i~ 
is always dit:n~cult to distinguish real secondary pairing from accidental 
juxtapositions, and definite mu.ltivalents are relatively so common in 
Soz~qh,u,,m,, only the latter have here received serious consideration. 

])ISCUSSION. 

The occurrence of multivatent chromosome associations in all the 
"diploid" species of J,%~'gh~m studied, and of associations higher than 
quadrivatent in the "tetraploid" N. h~depe~z,~c, obviously raises many 
points of genetic ~nterest. These have significance for other genera also, 
since ten has commonly been considered the basic chromosome number of 
the Andropogoneae and Maydeae. Th.ey must especially be considered in 
relation to Zsa. Mc~ys, since it has been so extensively investigated cyto- 
genetically and is in so many respects similar ~o ~o~'gh'wm (of. Karl?m: 
]93]. and Karper and Conner, 1931). 

In maize, nmItivalents have been reported only in cases where cyt;o- 
genetic evidence showed them to result from either reciprocal segmental 
granslocation or simple translocaf, ion :followed by duplication. But 
Beadle (1931) shows occasional pairing in the ]m,pioid pollen grain 
divisions of polymito~ic maize. 

The multivalents of No'~]qh,wm can scarcely be due to transloca~ion, 
unless, as is extremely improbable, all the translocations necessary to 
explain ~,he observations have been adwmtageous ones, for jS'o~'flh'U,~~, is 
~bou[ 94: per cent. self-ferti[ised (I(.arper and Conner, :1.931) and t:hey 
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would therefore continually be eliminated from bhe population (ot:., 
Brink and Burn].lara, 1929). 

The observation of additional ]?aired fragments in one plant o:~ £'. 
ve'rticill'i/lor'tvm, also bears on ~he general problem, since tetrasomy 
commonly has a greater ei-~ect in diploids than. polyploids. There were no 
obvious differences h~ either the morphology or :[ertility of this plant. 
Variations in chromosome number attd supernumerary fragments occur 
likewise in maize. 

The occurrence o:1! duplicate or polymeric {actors, as defined by 
Bateson (et!. Tjebbes, ]931) may, with certain reservations, be taken as aa~ 
indieabion o:f polyploidy. Sprague (1932) cites ten cases o:f duplicate gen.es 
and three o1! triplicate in maize. [['hough relatively t:.ew studies have yet 
been ran, de o~ £'o'~9]~.'u,'m,, duplicate genes for peduncle shape are know~l 
(Hayes and Garber, 1927), and Karper and. Conner (1.931) have found 
indi.eati.ons of polymeric genes g~overning chlorophyll development it1 
N. stda,,,ze,~,se. Though, as shown by Sprague, ~he ''~ residual genet~ie mass" 
may debermine whether a pair of faeLors will produce 9 : 7 or I5 : I ratios, 
the relative frequency of dN?tieate factors in maize and Norgh,~,,m, agrees 
with the cytological, evidence t~hat 10 is not their basic chromosome 
number. In No'rgh.'u,,m, there is more direct evidence in the discovery by 
Karper (1930) of a 5-chromosome spedes, N. ,versicolor, though, he states 
that its chromosomes appear like "te~rasomes rather than. disomes." 

Fewer than 7 units of association were not found in our No','ghq,~,~z 
material. [['his, together with tim frequency with whiclt the chromosome 
num.ber 7 and its multiples occurs in the C4ramineae, raises the possibility 
o:f it, rather titan 5, being tlm basic number. Ig may be noted that in 
O,rgzc~ .sc#ti, va,, having 12 ]?airs of chromosomes, 5 independent groups of 
polymeric factors are known (0hao, 1928), and. that  ill it~ Knwada (1910) 
has recorded "secondary pat:ing" at metaphase II, a,nd we have observed 
multivalents at metapha.se I. Again, though multiples o{ 10 are ehara.eter- 
istic of £'a, cctl.a,r~,~~., as o{ the Andropogoneae in genera,l, Bremer (]932) 
has found a Java done of ,~a, coh~,r't~'~, sl)O~.ta,~,e~,~,,m, and also N. b~Jlo,r~,~,~z 
from Norbh Africa to have 56 chromosomes. 

The multivalent formation in ,%rgl~m~, , though not frequent enough 
seriously to disturb most gm~etie st, udies, would be expected to produce 
chromosome mutations. Where these involve only small segments of 
chromosomes they will o:{ten, in tim absence of detailed analyses by 
linkage tests, pass for gene mutations, The mutation r~te for a certain 
"gene" in Norgh't~m'~, is eonsidm:ably higher than in any in maize (Karper, 
1932), and there is evidence bhag [;his app]ies to ~, number of "genes" 
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(Karper and Conner, ].93].). This would be expected from ore' observations, 
ff they arc really duplications or de[[oiencies, or reverse changes from such 
conditions. The di:ffm:ences in linka.ge va.lucs fmmd in different strains of 
maize by St;adle:F (11926) and Collins and Kempton (1927), and especially 
t,hc lal,tcr's observation of lower crossing-over in plants hcl~erozygous for 
}.~, are, goget, her with observations of pairing within -bhe haploid chromo- 
some set of maize, in accord with the suggestion t;hat in. it also many 
mu[ations may be quantitative rather than qualitative changes. As a 
corollary, the evidence of polyploidy supplies an. alternative explanation 
to that of Brink (1.932) for the fact which he cites of translocagions 
(:r,-n.ormals) being the same as o-normals in. m~,ize but  non-viable in. 
D'roso?)hila,. In the former they may result from crossing-over between 
"homoeologous" chromosomes and therefore not involve any abnormal 
process. Further, ,~my dupli.eation or deficiency that might be involved 
would have less effect in a polyploid. 

The possibilities relative to hybrid vigour which are i.nheren~ particu- 
larly in @oldsehmidt's (1927) quantitative theory of the gene, and i:u 
]risher's (1930) genetieal theory of natural selection, have special signi- 
ficance for maize and So~'ghu~z if they are either primary or secondarily- 
balanced polyptoids. On ~h.ese theories, in any populagion in which 
heterozygotes predominate, the heterozygous state should be the 
optimmn one for many pairs of genes. Obligatory allogamous organisms 
sh.ould therefore exhibit a generalised type of hybrid vigom: in addition 
to a more specific type associated with highly differentiated allelomorphs 
or interacting non-alletomorphs. Hybrid. polyploids have in their 
immediate diploid ancestor hybrid vigour which is presumably due 
chiefly t,o the interaction of a number of such highly differentiated 
allelomorphs. By chromosome doubling these become polymeric genes 
(using this term here in a wide sense). An autogamous allopolyploid 
should retain the specific type of hybrid vigour of its diploid ancestor. 
An allogamous polyploid should come to have in addition a generalised 
type of hybrid vigour, depending upon small differences between many 
atletomorphs. 5laize and ~9o~yh,~r~,, which are respectively largely cross- 
fertilised and largely self-fertilised, appear to fulfil expectation on this 
hypothesis, so far as comparative evidence is available. The argument 
is, of course, distince from the heterosis and dominant gene theories of 
h.ybrid vigour, though it embraces elements of bo[h. If valid, ig indicates 
difficulties, apart from those usually considered, of. ~ichey and Sprague 
(1.931), in the way of obtaining fully vigorous homozygous lines of maize 
and has obvious applications to methods of maize breeding. 

Journ.  of Genetics xxvrrr 26 
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Since t~he cytological work here described was completed, several 
more plants of Dakota, Am.bet Serge have flowered and been fonnd to be 
partially asynaptic. We may conclude, since the seed was from a hand- 
selected ]?]ant, t h a / i t  is a mutan.t type accidentally picked out, which is 
analogous to Beadle's (1930) asynq?t, ic maize. From the present point of 
view, the most interesting feature in the asynap$,ic form is the *requent~ 
formation of multivalents. I t  has been shown (of. Darlingtml, I932) t, hat 
there is competition in chromosome pairing. If film asynapsis is due to 
irregularities in splitting and contraction of bhe leptotene threads, as it 
has been shown to be in asynaptie oat and wheat dwarfs (Huskins and 
I-Iem'ne, 19an), then release from competition in pairing with scrim,in 
segments of ~hdr complete homologues would leave par~,s of chromosomes 
free ~o pair with homologous segments of o~her chromosomes which are 
only"  homoeotogous," or incompletely homologous, wlhen considered as s. 
whole. Pairing in normal 10-chromosome ,5'orga,~,,, species is analogous 
to pairing in pure line hexaptoid wheat and oats, in which the 42 chromo- 
seines ordinarily form 2I bivalen~s and multivalen~s occm" only rarely. 
The asynaptic £'orghum, on the other hand, resembles Zec~ Ma, ys x 
E'ucldaena ~)erennis hybrids (Longlcy, 1924), triploid and pen{aptoid 
whea$,--AegiZoTs hybrids (Kihara and Nishiyama, 1930), and euploid 
wheat and oat, hybrids (Huskins, 1928, strain 26-5¢, and unpublished 
data), in all of which mult~iva,lents occur much more commonly than in 
tlhe parent species. 

Sv~{m~P~Y. 
In "diploid" ~gorghum species, 2n = 20, 10 bivalen~s a.re usually 

found, but quadrivalents and sexivalents occur occasionally. 
In ~he '%etraploid" ,5', hcdepcnse, 2n = 40, quadrivalents, sexivalen~s 

and octavalents sometimes occur. 
A fragmentally tetrasomic plant of S. ve'rticilliJlorum was found which 

was phenotypicalty normal. 
A strain of Dakota Amber Serge was found to be partially asyna.ptic. 

B~ul~ivalen~s, however, occur in it with unusual frequency. 
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