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B CHROMOSOMES IN MISCANTHUS
. JAPONICUS ANDERSS s

S  TENG-SHAN WENG(Z,)

(Received  June 6,.1961)

In the fall of 1955, Dr. H. W. Li and his colleagues of the Taiwan Sugar
Experiment - Stat1on collected 197 clones of Miscanthus Japomcus Anderss. from
various parts of its distributing area in Talwan Or1g1nally this was a part ofr :
Dr. Li’s prOJect for looking into the cytogenetlcs of sugarcane and its relatives.
’ 'It happened however, that four: out of the 197 clones had varying number of :

B or accessory, chromosomes m add1t1on to. the normal complement, 2n=38

(Li, et al., 1950)." ‘The collectmn numbers of those clones were:  Wu-lai 1,
Wu:lai 13, Ta-wu 23 and Ta-wu 47. Morphologrcallsr these clones did not drffer
~-from the others. ~

‘ ‘The above-mentroned materlal was put to the present writer’s dlsposal by
Dr.'Li in the summer of 1960. But at that time there were only two clones
available; Ta-wu 47 and Wau- la1 13 Wu-lai 1 had dred out during propagatron,
while Ta-wu 23 was ‘mixed up: with other clones that were free from' B chro-"
mosomes. Therefore, this work is concerned mainly with clones Wu-lai 13 and
Ta-wu 47, with particular emphasis’laid ‘on the latter, though some studies
made by Dr. Li will be reported together. o o g l
" ‘There was found in these clones a rémarkable 1ntra-1nd1v1dual varzatlon in’
- the number of B chromosomes Not only did the number vary from cell to
cell at: me1os1s, but it was also not constant in the root: tip cells. However, the

range of numerical varratmn was by far. greater in the PMC’s than in the

root tip cells as will be reported later. In this connection, cons1derat1ons Were
: made aiming at ascertammg the probable sequence of events: which led to the
numerrcal change of B chromoso'nes as ex1sted in this grass species. '

1) Contrlbutlon from Instltute of Botany, Academca Simia. : i
(2) Research Assistant, Institute of Botany; Academia Sinica, The writer acknowledges
S with gratitude support-of this investigation by a grant from the National Council on
Science Development He is also grateful to his chief, Dr. H.W. Li, for the supplymgl
of materlal and gu1dance, to his former teacher, Dr H. L Oka, for the kindness in
“revising the original manuscrlpt and ‘the helpful suggestions, and to MISS Y. Y.
: HSlaO and Mz P.C. Yang for their techmcal ass1stance during the work.
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Methods

For studying meiosis,” young panicles were fixed with 1:3 acetic-alcohol.
The fixation of root-tips, taken  from " divided - tillers grown in pots, was made
by the modified Wirmke’s method (Li et al, 1955).- In both cases; the fixed
materxals were studied by acetocarmzne squash techmque

- Each splkelet of this spec1es contains three anthers: In the beginning of
thls work, slides were made on- a one-spikelet-to-one-slide basrs, PMC'’s from
the three anthers being mounted together in a slide. Later, in order to find
out the numerical variation of B ‘chromosomes in more detail, the three anthers
in the same spikelet were separated and ‘each mounted on a slide.

- For analysis of variance of the data, formulas were constructed following
. the method of hierarchical classification” (Kempthorne, 1952) with four ranks of '
unequal numbers, i.e.; the panicle, the branch the Splkelet and the anther
, The& are given m the Appenchx

Cytological Obsei'vati‘on

1. The Normdl Chrombsome Complement. Studies ~of ‘root-tip cells in: c]one :
: Ta-Wu ‘47 showed that ‘there were 38 chromosomes mostly. having median or
submedian centromeres (Flgs 1-&2). They formed 19 bivalents at meiosis, all
of- which showed regu1ar disjunction. . Bridge- like structures at.-Al (Fig. -10),
though extremely rare, were the only 1rregular1ty found in this clone

2 The B Chromosomes In the metaphase plate ‘of root-tip cells; the B
chromOSomes appeared as small dots -about" 1/3 times as large as the shortest :
chromosome of the regular complement; and’ were apparently heterochromatic

e (Fxgs 1 & 2). At pachynema, in Ta-wu 47, two types were recogmzed in the B

chromosomes One had a-sub-median centromere, and the other, about half of
the former in length, seemed to have a median centromere (Pigs. 3 & 4).
However, they could hardly be d1st1ngu1shed from each other in the metaphase

lates of root—t1ps (Flgs. 1 & 2). At diakinesis and ML the ma]orlty "of the B
chromosomes “appeared 'as"uniValents,' while the rest ‘formed bivalents In a -
few instances trlvalents or tetravalents were found at diakinesis (Fig. 5 &
: Table n. Neverthe]ess, no h1gher associations than blvalents were observed at
MI,(Flgs 6.& 7). Pa1r1ng of the B chromosoimes W1th members of the normal
'complement was never found at d1ak1nes1s nor at ML The frequencues of
o various. meiotic conﬁguratlons of the B chromosomes are glven in Table 1.
' The B univalents did not usually congress onto the ‘metaphase plate but lay
‘mostly atits perlphery ‘At AT they were as a rule distributed at random ‘into
the polar spheres Wxthout division, and become included 1nto the daughter nuclei.
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;Table 1 Frequencies of PMC’S with varlous conﬁguratmns of
B chromosomes at dzakmesxs {top) or MI (bottom), L
- scored in clone Ta- -wu 47 (1960)

: 'Num. of B ‘un:ivalerit ;('B’,)“T ‘

C19AL* 4o — : =
b e i e g g b 6 | 7| 8

3| 25 |13 o1 |38 |11 | o | 35 | 15 |
| 26 120 |15 1253 | 61 | a4 | 20| 8 |

. Num. of B
~bivalent (By)l

. Num of B
- trlvalent (Bux) '

s

o The 19 regular blvalents to whlch the ‘B umvalent ;/(Bx) and the assoc1ated B's
(Bu, Bur) are to be added from the two directions. For example, the frequency
of ‘the chromosome conﬁguratmn 19A,;+2B,;+5B, is located in the quadrangle '

: where row 2Bu and column 5B meet t.e, 2.

‘However, the me1ot1c el:mmatlon of the B umvalennts was by no means mode-
,rate In Ta-w 47 about one half of the S showed laggards at AI or
k mlcronuclex at 1nterphase (Table 2; ~F1gs 8, The”B bwalents behaved, G
, ~normally at the ﬁrst me1os1 ',ﬂ h t ) tended to d1v1de earher than':f
. ,the members ef ‘the regular complement (F1g v7) ’ ‘

e ;,Num of laggards or m1cronucle1 Lol 12| 3] & 5 | Total -

Num. of PMC’s at mterphase b b b o3 g 11 60

“”,'/,iTQtalj S 1 '
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- In Ta-wu 4’7 efforts were pazd to ascertam Whether or not somatlc non- '
o dlsjunctron of the B chromosomes occurred but no such phenomena were recog- .

o ;mzed

3. Frequency Dzstrzbutzon of B Chromosomes wzthm Clone , Chromosome '

, 'counts were for the most part made at d1akmesxs and ML Only figures that,
'permltted clear recogmtmn of the 19 pairs of normal chromosomes as well as ,

L ‘the B’s Were used Hfor takmg records. The data obtamed showed that the

e mdw:dual

In Wu-la1 13 the PMC’s showed one or no B chromosome (Table 3)
- 'clones Wulai 1, Ta-wu 23 and Ta~wu 47, there were much wider ranges of:f"'
'varlatron in the number of B’s (Tables 3 & 4). Regarding the pattern of varia-

: tlon, these three clones seemed to form another category in contrast to Wu lar
13 - For example, in Ta-Wu 47, the flumber of B’s per PMC var1ed from 0 up
:  to 10, and the mean numbers for anther, spikelet and pranch also var1ed from
. one to another, As shown in Table 4, ‘frequency distributions for anthers
‘were mostly ummodal but sometlmes appeared to be bimodal or multlmodal
The pooled frequiencies of varlous cell classes are listed at the bottom of Table‘
4, Wh1ch show a d1str1but1on shghtly skewed to the left Wlth mode 4 and
. mean=39. ~ :

Table 5 Frequenc1es of B chromosomes n the ﬂoral
g parts of clones Wu-la1 13 (1958), Wu-la1 1 ”
(1956) and Ta wu 23 (1956)

S L o Num. of PMC’s w1th,respectiVe num. of B's :
- Clone No. Spﬂgelet No. e e o ~ Total

 BlideNo) | o110 l3|a|5|6|7]|8]09]10
Wulai 13 e
e Total jetlss| | L | | 4 1 | 1 ) 9%
 Welit | | 1|s|olw.|5l2|8 7|2 |4 @&
s 1l 4] olizinnl 7i10) 24 81| e
1 g igzsplss|20] 508} 1) | | | | 139
| Toml |8 |] 8[10] 4] 3| 1] =

H"number of B chromosomes per PMC was not constant Wlthln a clone or an
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Table 4. Frequency dxstrlbutlon of B ,chromosomes‘ in the
- floral parts of clone Ta wu 47 (1960)

Panicle No. | v
i ﬁrahch No. -

Num of PMC’s with respectxve num of B’

Anther No. ‘
Slide No:)

| ‘Spikelet No, |

PMC's
Anther
kelet ‘méan o

mean**

g
SO

g Total' ‘ num.. 6f
’ Branch mean]
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Chromosome countmg was by far mote dlfﬁcult in the root-trps than in ,’

_the PMC’s, because the chromosomes were usually clustered The only record '
, obtamed from Ta-wu 47 1s glven below. :

Table 5 Numbers of B chromosomes scored in the

“root- t1p cells of clone Ta-wu 47

- Num of cells. with resp num ~of B’ :

'Totai o

6

4 |

12

Agam, there was an

somes
that for PMC’

inter-cell variation:

- somes in root-tlp cells ranged from one to four

%

Results of Variance Analys1s

in the number of B _chromo-
HOWever, the range of variation was much limited “as compared with
As recogmzable from Table 5 the number: ‘of ‘B chromo-

The rsults of var1ance analyszs for clone Ta Wi 47 carrred out accordmg to

-a hzerarchlcal classrﬁca‘aon (see Appendlx), are shown in Table 6. The table shows -
that “between anthers within- sp:kelets ‘variance is highly srgmﬁcant Whl]e all

~ the others are not Thrs indicates that there are real d1fferences between anthers

TabIe 6 The results of varlance anaIySIs for the numerical varxatron

k of B chromosomes in. the ﬂoral parts of clone Ta- wu 47

oot

o Sourc"ef;of raatron Di'«‘ . SS k; MS’ Expectatlon of MS | Test of hypothes1s k
Bewen st | 2| 1001 sas| oS ot e
- j B;E&ii“piii‘é‘éh L 5 1¥168-796'7:779114':"‘”:93;‘5’5‘2::”59 904“_ | F’Df»}f‘i‘é ms,' 1z
Y 12| s oo s | T8
i H 711049016 47583 G . | F'ﬁ;?EggQ*SF,.J 779 o
Wit in anthers - 779 2,383 547 1340 \

E Total L

** Significant at 1% level.

Dlscussmn and Conclusmn

The most strlkmg fact featurmg the B chromosomes found in the present

mater1al of M ]apomcus is the occurrence of B's .in varymg numbers both o
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‘ (1941) reported that ‘there was a certain degree of varlatlon in the number of',f .

B chromosomes, wh1ch ‘was considered to be due to a certain Weakness i

centromere of the B's. Also in the root:tips of Centaurea scabiosa ost 1956y

- found that the standard B chromosomes showed a shght varratlon 1n numb -

: thhm the plant, and he believed that the numerzcal variation ‘was vy
' stxckmess, which might sometimes prevent the separatlon of the daughter chrom .
somes. In four plants of Poa alpma, Muntzmg (1948) found that the number of

‘B chromosomes in the PMC’s varied Wrthm the mdlwdual not only in d1fferent,,j o

veats and in drfferent parucles but also within the same anther loculus

ever, he did not elaborate upon the explanatlon of this phenomenon Bo ‘markm ,"'
- (1957) found that in three plants of Poa trwmlzs there was a marked numencal .
variation of B chromosomes not only among flowers but also within flowers

and md1v1dual anthers ‘He suggested that ‘the varratron n‘ught result fromt'

- loss or non-disjunction of the B chromosomes at some stage of the early deve- -

~'~/lopment of the panicles combined Wlth szmllar events in pre me1ot1c mltoses‘

o in the anthers More recently Evans (1961) reported th t in some 1nd1vxduals
S of Helzx pomaz‘za sampled from two w11d populat1ons, the number of B chro-, o
*mosomes varred among primary. spermatocytes w1th1n the mdrv1dual Such

mtra-md’“ dual varlatzon, accordlng to Evans, seemed to ari e throug

;,_attrtbuted solely to somatrc el1m1nat10n,
© not found at the somatxc anaphase

most amazmg fact observed in the present in esugat 1 is the 1ntra 1nd1v1dua1;" -

- variation of B. chromoSome number in the oral parts of ones Wu lai 1, Ta-

 wu 23 and Ta-wu 47, the B's being Present in varying numbers in the PMCs
within a clone (Tables 3 & 4) and even the mean numbers of B’s of the three o

. ';anthers in the same splkelet also d1ffer1ng from one another very s1gn1ﬁcant1yf

(Table 6). Presumably this is caused. by the non- d1s1unct10n of B chromosomesff .

at some stage prior to the advent of meiosis, as will be d1scussed in the fol
by using the "data available from clone Ta-wu 47. L .
Assuming that 'ﬁhromosome elrmmatron and cell selectron do not occur, 1t~g




. complement ‘This assumption is based on the following reasons:

1 natxon and 1nter cell competltlon, non- d1s3unct1on cannot change the mean, ,

- 1n Ta wu 47 was also 4, The mode w1ll show the original number, so Iong as

. largest number of B’s may be con51dered as retammg all- the B chromosomes :

- ,",mg by b the probab111ty that a B chromosome undergoes ‘non- dlsjunc'uon, and o

i
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| may be 1nferred for Ta Wi 47 that 38A-|—4B mlght be the or1g1nal chromosome .

(1) The mean number of B chromosomes per PMC in Ta-wu 47 was 396Q. -
is very closely approxrmate to 4. In the ahsence of chromosome elum-

. ‘:'number of B’s for a grven individual. . If we had, for 1nstance, an initial cell
with 4 B cliromosomes whlch would undergo non- d1s1unct10n at a certain rate,
'there Would be after n cycles of cell division 2n cells w1th varying numbers of,’, .

"fB chromosomes However, the mean number of B’s per cell would be still 4
{= Z1'2"/2") In the case of Ta-wu 47, therefore, the mean 3.96 may be rounded

’, up to represent its original number of B’s, that is 4., Here the devratlon d=4 N
=396 is not statlstlcally significant (=1, 026, P>30/ ) Therefore, 1t may be
regarded as falling within the limits of ‘sampling error o

A 2 The modal number of B’s in the pooled frequency d13t11but10n of B’ '

the ,ch‘omosomes undergomg non- d1SJunct10n are distributed to the daughter .

- cel s at random. This will be borne out later by a theoretlcal cons1deratron o
hyon the sequence of non: d1s1unct10n e : L

(3) The largest number of B chromosomes found in root-tzp cells was also. -

4 As non- d1s1unct10n ‘was not found in the root tip cells, the cell with the

' or1g1na11y present in the embryo The plaus1b111ty of th1s 1nterpretat1on may
be sustamed by the two reasomngs aforegrven , .
38A+4B can be estabhshed as the original chromosome complement for'

'~c ne::Ta -wu 47, the varzatlon, from 0 to 10" n the PMC’s Would be accounted o '

t10n of Bs among MC’s Wzthm the same anther k(TabIe 4)

’Theoretlca Conﬂderatlons on the Numencal
' Varmtlon of B Chromosomes

. Let us cons1der a group of initial cells with four B chromosomes Denot- F

by q¢= 1-—17 ‘the probab111ty of normal d1s1unct10n, and assummg that after no -
o f'd1s1unct10n the s1ster chromosomes are d1str1buted mto the daughter cells by e
- ,chance, the frequen 1es of cells with various numbers of B chromosomes produced‘ ;

"f fat the end of the ﬁrst cycle of cell d1v1s10n are expected as follows
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Num of B’ k , - ~,Re1ative 'frequency o k
' Dercell . E S e

p3

LT

A Pz-—p4 quZ_

P3q+21>q

S p'+30% ”+q

4 e s s P4—-

Th1s indicates that the ﬁrst cycle of non: dlSJunctxon cannot give rise to cells, -
: with more than 8 B chromoesomes (Cf. Table 4, 17th column) On the completlon L o
“of the second cycle, however, we have

Num. of Bs o Relatwe frequen‘cy‘* ‘
per cell : s

.
3 DR H'R, S
. PR HeReA (R,

3R+ 28R+ ¢Rs
1 P3R3 + 3

quZRH;"Ez)"; pa 'R0

1?361R4+ P2 3R5+3pq5R6+q7R7 ,

t8‘ ’ : ,‘ 16 pR4+ 4 ps 2R5+ pz 4Re+'——1746R7+qus

g 16 5 PRt 2 p3q3R6+ L g “Ri+40q'Rs

o 10 ‘ 32 p5R5+ 16 p‘-* 2R.~,+ p3q4R7+7p2 GRs W

ot 15 L 15 1’4 3R7+7p3 Ry

:12‘;’ P* 4‘Ra ,

pGR6+ 32 pE 2R7

13 : ;y. ‘ ’ 64 pch'('l‘ P5 3Rs

5 Pquc

‘,16’: o ;.;”:1[256?8135 -
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+( 8 p3 2 p5)P3+ 16 p P4

.R 6 p6P0+ 32 j)5P1+(1+ 16 Pi)Pz‘l'( 2 S ps)P3+—P P4

Ry=— "PsPH‘ 1—61’41) i+ TP?’Pz + (1 + pz)Ps + ZPP4

R=-2 p4P0+ PPy p2P2+ 5 SPAP,

‘ R5_'p3P0+ P2P1+31’P2+P3
RB=7p2P0+ 2 PP1+P2

- Re=4pPo+P;
R8=P0 :

' NOW the range of ‘variation has been - deened coverlng from 0 through 16
(Cf Table: 4 5th—15th columns) By using Flshers scormg method (cxted by -

: Mather, 1951; p. 86), the value of p was est1mated to be 0.338. It was found, .

00} -
450

400 |

 Number of PMC's
| i

Y,

(&3

20, 6114.
0k

R
Al
o

P L N . . g S Spege 6 __ oA N i ]
0 1.2 23 .4 5::6 7 8 9 710 21112013 M 15 16
L : k : Number of B’S'pér PMC :

Flg 12 THeoretical and: observed frequency dlstnbutlons of PMC’
thh varlous numbers of B chromosomes in clone Ta-wu 47.
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as shown in Fig. 12, that the observed and the theoretical distributions appeared
to be similar, though X? test showed that the difference was significant. It may
be due to a certain degree of somatic elimination of the B chromosomes, or
. differences in the mitotic rate among various cell types.

Summary

(1) Accessory or B chromosomes were found in four out of some 200 clones
of Miscanthus japonicus Anderss. collected from various sites in Taiwan. ‘The
morphology and meiotic behavior of these B chromosomes were in general
similar to those reported in other grass species by various workers.

(2) One of these clones, Wu-Lai 13, was found to have in the PMC’s only
one B chromosome or none. The PMC's without B chromosome might arise
through somatic elimination prior to meiosis.

(3) The other three clones, namely, Wu- La1 1, Ta-wu 23 and Ta-wu 47,
were found to have varying numbers of B chromosomes in the PMC’s, ranging
from 0 to 10. Such an intra-individual variation was considered to be the outcome
of somatic non-disjunction of the B chromosomes. In the root-tip cells of clone -
Ta-wu 47, however, the number of B chromosomes showed a variation ranging
from 1 to 4. Somatic elimination was assumed to account for such a .variation,
insofar as not a single instance of non-disjunction was found in the dividing
root-tip cells. » _ h

(4) For clone Ta-wu 47, the original number of B chromsomes was assumed
to be four. Variance analysis of the numerical variation of B chromosomes
was made in accordance with a hierarchical classification. The results suggested
that there might be two major cycles of somatic non-disjunction, one responsible
for the significant differences between anthers of the same spikelet and the
other for the variation among PMC’s of the same anther. The numerical
variation caused by non-disjunctional cycles were theoretically investigated.
The probability that a B chromosome undergoes somatic nondisjunction was
estimated ‘to be 0.338.
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; 1 Appendlx. , i
Model of variance analysm for a h1erarch1ca1 clasmﬁcatlon
with: four ‘ranks of unequal numbers

Source of variation| DF | ss ol b o NS

o : S : : Y2 oY SSP - Lo, 4-61&2,1 Fcaos +egolp
tween panicles | a—1 SSP }.:N TNL w1 | et
2, 3B
;Between branches R—e | SSB=3% Y2 g Ly b £ SSB. 6%, opola et oty

© within pamcles P 17 Nygoon GNge oo Roa

" Between' spxkelets  _» med iea Xl Y27 588
’ wathm branches QR 'S$$~§7?N j‘k"’ : %' N,j.,“ Q-R.

02 - car?ghcgos

 Between anthers | p_| Y211 lssa |
thhm Splkelets - BQ i SSA ??%E—“—N‘;j“ - lPa ote Ferota
_ZEZXL
: : : e - i kN7 fr SS = ;
7 Within anthers | N..—=P| SSE=33335y% j11m E o
o Sk - jkIm CNLL=p o
’-'—EZEEZ—L’-H'——
: : . ijkl ”ijkl S .
e ’ : : 2 :
. Total  |Nuu—1 SST~>:zzzzy2, Teim— Y. | SST

Ne. |No-d

o Notes y, ,kzm=number of B chromosomes in the ‘mith PMC of the lth anther of the kth
: : * spikelet of the 7th branch of the ith panlcle :

g jEr=nunm, ‘of PMC'’s in the Ith anther of the kth splkelet of the Jth branch of

L ~the ith pamcle
0 jk-- um, of anthers in the kth splkelet of the Jth branch of the zth pamcle.

vi7=num, of spikelets on the 7th branch of the ith pamcle :
- B;—-num of branches in the ith pamcle .
e num of pamcl& from one and the same plant

n;]kl G
Y:m =’Eyuklm

P 2226”];

Nz
N ); ~ } f-<=4= a‘i r-m
G b3 V
gl {%(";’f;’”’), ‘f(’?ii’ff’“)}? -l {< rany
emd framyBgl QlR{%‘; ’2.’,’5’)*;;\ Ll
-——-~{<>} mglateomE)

: a%; is the variance of random error, Whlle o%y; azs, 02;, and 0%, are variances between
anthers, splkelets, branches and pamcles, respectlvely
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Fig. 1.
Fig. 2.
Fig. 3.

Fig. 4.

Somatic plate from clone Ta-wu 47, 2r=38A+1B.

Somatic plate from Ta-wu 47, 2n=38A+4B.

One B (7 o'clock) with subterminal centromere at pachynema in Ta-wu
47. .

Two B’s at pachynema in Ta-wu 47; one has subterminal centromere
(9 o'clock), the other median centromere (1 o’clock).




Jan., 1962 Weng—B Chromosomes in Miscanthus

33

Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

5. Diakinesis in clone Ta-wu 23, 19A+1Biy+1B;+1B; (the B’s are indi-
cated with arrows).

First metaphase in Ta-wu 47, 19A1+8B;.

1st metaphase in Ta-wu 23, 19A;;+1B;1+3B;.

8. 1st anaphase in Ta-wu 47 showing one laggard.

9. 1st anaphase in Ta-wu 47, 4 laggards.

10. 1st anaphase in Ta-wu 47 showing a chromatid bridge.

11. Interphase in Ta-wu 47 showing 4 micronuclei.
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