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Instability of the Maize B Chromosome' 
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Summary. The B 9 chromosome of maize exhibits a very ordered type  of ins tabi l i ty  at  the second pollen mitosis, 
when nondisjunction may reach a level of 95~o. Much less commonly the chromosome is unstable during early devel- 
opment  of the kernel. Ins tabi l i ty  in the kernel produces recessive sectors in either the endosperm or the sporophyte,  
reflecting the absence of dominant  markers  carried by the B a. The causes of B 9 loss in the endosperm and the sporo- 
phyte  were invest igated for the two observable classes of sectoring: fractional loss (single event) and multiple loss 
(mosaic pattern) .  The fractional class represents isochromosome formation by the B 9 (Carlson, 1970, 197t). Data  pre- 
sented here suggest tha t  the isochromosome is a by-product  of telocentric formation at  the second pollen mitosis, and 
does not  arise direct ly from the B 9 chromosome. The chromosomal basis for the mosaic pa t te rn  of B 9 loss is not  com- 
pletely known. However, one class of mosaic kernels displays a heritable instabi l i ty  of the B 9 chromosome which appa- 
rent ly  results from ring chromosome formation by the B 9. The t ime of origin of the ring B 9 chromosome is prior  to the 
second pollen mitosis, since the unstable chromosome generated in the male parent  is t ransmi t ted  to both the endo- 
sperm and the sporophyte.  Finally,  a genetic factor controlling B 9 s tabi l i ty  in the developing endosperm has been 
found. A single p lan t  (t 818-1), crossed as a female parent  to a Bg-containing stock, induced a mosaic pa t t e rn  of B 9 
loss in the endosperm at a very high rate.  The characterist ics of this p lant  are being investigated. 

Introduct ion  
The  B ch romosome  of maize  is a small ,  acrocent r ic ,  

s u p e r n u m e r a r y  ch romosome  wi th  no essent ia l  func- 
t ion  in the  p lan t .  R e t e n t i o n  of the  B ch romosome  in 
maize  popu la t i ons  m a y  d e p e n d  upon  i ts  a b i l i t y  to  
unde rgo  n o n d i s j u n c t i o n  at  the  second pol len  mi tos is  
(Roman,  t947;  1948). Whi l e  the  B ch romosome  is 
r e l a t i v e l y  s tab le  a t  al l  o the r  divis ions,  the  r a t e  of 
n o n d i s j u n c t i o n  a t  the  second pol len  mi tos i s  can reach  
95% (Roman,  t948;  Carlson,  1969a).  In  p l an t s  wi th  
smal l  numbe r s  of B 's ,  nond i s junc t i on  is coupled  wi th  
p re fe ren t i a l  fe r t i l i za t ion  of the  egg b y  the  spe rm car-  
ry ing  e x t r a  B ' s  (Roman,  t948).  The  c o m b i n a t i o n  of 
nond i s junc t i on  and  p re fe ren t i a l  f e r t i hza t ion  acts  to  
increase  the  n u m b e r  of B chromosomes  in a popu la -  
t ion.  However ,  p re fe ren t i a l  fe r t i l i za t ion  b r eaks  down 
in p l an t s  w i th  more  t h a n  a few B's ,  t hus  se t t ing  an 
u p p e r  l imi t  to  the  accumula t i on  of B's in a popu l a t i on  
(Carlson, t969a) .  

The  above  concept  of B ch romosome  behav io r  was 
de r ived  f rom e x p e r i m e n t s  invo lv ing  t r ans loca t ions  
be tween  the  B ch romosome  and  m e m b e r s  of the  
regu la r  (A) complemen t .  A d d i t i o n a l  work  wi th  the  
A - -  B t r ans loca t i ons  has  r evea led  t h a t  the  cent ro-  
mer ic  region of the  B (B a chromosome)  undergoes  
n o n d i s j u n c t i o n  at  t he  second pol len  mitosis ,  while 
t he  d i s t a l  region (AB) does not .  However ,  the  d i s t a l  
region p a r t i c i p a t e s  in nond i s junc t ion ,  since the  pre-  
sence of the  A B ch romosome  is r equ i red  for nondis -  
j unc t ion  of the  B A (Roman,  t950;  Longley ,  t956;  
Ghidoni ,  t968 ;  Carlson,  t 9 6 9 b ;  W a r d ,  t972).  A 
sma l l  a m o u n t  of B ch romosome  i n s t a b i l i t y  can be 

1 Dedicated with much appreciat ion and respect to 
Dr. M. M. Rhoades on the occasion of his 70th bir thday.  

d e t e c t e d  a t  d ivis ions  o the r  t h a n  the  second pol len  
mi tos i s  (Bianchi  et al., t961).  The  i n s t a b i l i t y  occurs  
dur ing  ea r ly  d e v e l o p m e n t  of the  kernel ,  and  resul t s  
in a loss of d o m i n a n t  genes (carr ied b y  B d chromoso-  
mes) in sectors  of the  e n d o s p e r m  or spo rophy te .  I n  
th is  pape r  and  a p rev ious  one (Carlson, t970) the  
ch romosoma l  mechan i sms  of sec tor  f o rma t ion  are  
discussed.  

Materials  and M e t h o d s  

The translocat ion B -- 9 b was used for all experiments.  
I ts  propert ies are discussed in detail  by  Robertson (1967). 
The B 9 chromosome of T B -- 9 b carries the dominant  
alleles C and Yg, while the 9 B is marked by  the Wx 
allele. The W x marker  a!lows identif icat ion of the 
9 B + B 9 balanced pollen class (balanced with respect to 
the tube nucleus) in testcrosses of 9 wx 9 Bw~ B 9 ( +  B 9) 
plants.  Crossing over between Wx and the t ranslocat ion 
break point  occurs less than 0.5 % of the t ime (Robertson, 
1967). Nondisjunction of the B 9 in the 9 B B 9 pollen class 
is shown by the absence of C from the endosperm. 

Genetic Markers 
All genes referred to are located in the short  arm of 

chromosome 9. Gene order from the distal  to proximal  
ends of 9 S is Yg C Wx. The recessive wx allele pro- 
duces an endosperm deficient in amylose, while the Wx 
allele produces normal starch. The waxy (w x) vs normal 
phenotype is determined by the staining propert ies of 
the endosperm in an iodine-potassium iodide solution, 
The recessive c allele inhibits  anthocyanin color produc- 
tion in the endosperm and yg produces a yellow-green 
plant.  

Cytological Techniques 
Root t ips were pre-fixed in a sa turated monobromo- 

naphthalene solution for 3 hours at  room temperature,  
and fixed overnight in 3:1 ethanol/glacial acetic acid. 
The roots were stained by the Feulgen method and fur- 
ther s tained during slide preparat ion with aceto-orcein. 
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R e s u l t s  a n d  D i s c u s s i o n  
Sector format ion  in bo th  the endosperm and  sporo- 

phy te  was s tudied using the t rans loca t ion  B - -  9 b. 
Two general  types  of B 9 loss have been observed 
which produce ei ther  a f ract ional  or a mosaic pa t t e rn  
of sectoring. (Frac t ional  refers to the appearance  of 
a single recessive sector, while mosaic indicates  
a pa t t e rn  of repeated loss.) Among  fract ional  losses, 
a d is t inct ion can be made be tween large sectors 
(covering 1/4--1/2 of the endosperm or plant)  and  
small  sectors. The large sectors occur much more 
f requent ly  t han  expected on the basis of a r a n d o m  
d is t r ibu t ion  of events  dur ing  kernel  deve lopment  
(Bianchi e t a l . ,  1961). However,  the large sectors 
occur only  when the 9 ~ chromosome accompanies  the 
B o, and  only  when the 9 B and  B ~ are t r a n s m i t t e d  
th rough the male parent .  Small  f ract ional  sectors 
occur i ndependen t l y  of the 9 B chromosome and  are not  
inf luenced by  male or female t ransmiss ion.  The large 
fractionals,  therefore, appear  to be a un ique  class of 
events  possibly control led by  the system which re- 
gulates nond i s junc t ion  at the second pollen mitosis 
(Carlson, 1970). One might  expect t ha t  large sectors 
result  from nond i s junc t ion  of the B 9 in the endo- 
sperm or sporophyte.  Surprisingly,  cytological  ana-  
lysis of p lan ts  con ta in ing  large sectors (yellow-green) 
reveals t ha t  the B 9 loss results  from isochromosome 
format ion  ra ther  t han  non-d i s junc t ion  (Carlson, 
t970;  t97 t ) .  Two explana t ions  for isochromosome 
format ion  can be proposed:  1. The nond i s junc t ion  
system is ac t iva ted  at the second pollen mitosis and  

this ac t iv i ty  is t r a n s m i t t e d  through the sperm to the 
egg or polar nuclei.  The nond i s junc t ion  mechan i sm 
remains  active, at  a reduced rate, for the first few di- 
visions of the developing endosperm and  sporophyte.  
Separat ion of the B 9 centromere  is occasionally pre- 
ven ted  dur ing  early development ,  bu t  the envi ron-  
men t  of the sporophyte  (and perhaps the endosperm) 
prevents  migra t ion  of both  chromat ids  to one pole. 
Ins tead  misdivision of the centromere  and  isochro- 
mosome format ion  occur. 2. Al ternate ly ,  the iso- 
chromosome could be formed in a two-step process, 
with the in i t i a l  event  occurr ing at the second pollen 
mitosis. The B 9 chromosome might  occasionally 
undergo misdivis ion at the second pollen mitosis, 
forming an uns tab le  telocentr ic  (Darl ington,  1939, 
1940; Rhoades,  t 940). This telocentr ic  could give rise 
to an isochromosome dur ing  early divisions of the 
sporophyte.  A th i rd  possibili ty,  t ha t  B ~ ins tab i l i ty  
develops prior to the second pollen mitosis, can be 
ruled out. Such a hypothesis  would allow for sector 
format ion  by  the uns tab le  B 9 in bo th  the endosperm 
and  sporophyte  of a single kernel,  a p h e n o m e n o n  
which is not  found.  To decide between hypotheses  1. 
and  2., crosses were made  in which a homogeneous 
F 1 l ine carrying the B - -  9 b t rans loca t ion  was cros- 
sed as a female pa ren t  to two lines tha t  are isogenic 
except for the presence or absence of B chromosomes. 
The exper iment  de termines  whether  the t ransmiss ion  
of no rma l  B chromosomes to the progeny by  the 
male pa ren t  has a ny  effect on the s tab i l i ty  of the B D 
chromosome from the female parent .  If ac t iva t ion  

Table 1. In f luence  of  B chromosomes on stabil i ty o f  the B 9 chromosome 

Type of cross Male parents y g  Large fractional (1/4 - -  1/2 of plant) Small fractional 

9vgwx 9 Bwx B9 rg B9 re ~ No B chromosomes 
• 9 Ygwx 9 vgwx ~ 1805 A 5,290 0 12 

1805 B 4,995 1 13 
1805-2 4,380 o 15 
1805-4 5,299 0 8 

9vgwx 9 Bw* B9 ~'~ B91*g 9 
• 9Yg Wx 9vg*x + B ' s  r 

19,964 1 48 
Corrected percent of large fractionals = .01% 

Two to four 
B chromosomes 
1806-1 (2 B's)  5,698 0 13 
1806-4 (2 B's)  5,929 0 26 
1806-8 (4 B's) 6,089 0 12 
t 840-3 (2 B's)  4,793 I 9 

22,509 1 60 
Corrected percent of large fractionals = .009% 

The experimental design places the B9 rg chromosome in a yg background so that sporophytic losses of the B 9 produce yellow- 
green sectors on the plant. The female parent in the crosses given in the table is a genetically uniform F 1 derived from a yg wx 
stock and an inbred TB-9b line. The male parent is also a genetically uniform F1, obtained by crossing the yg wx stock to two 
inbred Black Mexican lines. The Black Mexican lines are isogenic except for the presence of B chromosomes in one line, and 
absence of B's in the other. Almost all the progeny of these crosses receive from the female parent either a 9Yg wx B9 ~g gamete 
or a 9 Bwx B9 Ya gamete (Robertson, 1967). In both cases, only the B ~ chromosome carries the Yg allele and a test of B" sta- 
bility is possible. However, the male parent contributes the yg allele to only 1/2 the progeny, reducing the effective size of the 
test population. Data are therefore adjusted as a "corrected percent" value for the frequency of B" instability. Classification 
of the progeny was performed by growing the seeds on a sand bench and classifying the first two leaves of seedlings for large yg 
sectors (covering 1/2--1/, of the plant) and small sectors (less than l/4 of the plant, but extending the length if one leaf). 
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of genes controlling nondisjunction is all that  is re- 
quired for subsequent formation of fractionals, the 
activation of normal B's in the pollen is expected to 
induce instability in the B s from the female parent. 
However, if telocentric formation at the second pollen 
mitosis is a prerequisite for isochromosome formation, 
the B s should be stable in all crosses. Results are 
given in Table 1. The plant marker yg was used as 
an indicator of sectors and both large sectors (co- 
vering 1/2--1/4 of the plant) and smaller sectors were 
classified. According to hypothesis 1., the number of 
large fractionals should increase in the crosses invol- 
ving extra B chromosomes. However, large sectors 
are almost absent from both the experimental and 
the control groups, and no change in B s stability can 
be detected. In addition, the relative frequencies of 
large fractionals to small fractionals show that  no 
preference for large sectors is occurring in either group. 
Such a preference is expected for instability caused 
by the nondisjunction system (Carlson, t970). The 
two large fractionals found in the present study were 
probably not produced by the nondisjunction system, 
but by a random distribution among cell divisions of 
the event that  usually produces small sectors. The 
B 9 chromosome appears to be considerably more 
stable in the present set of data than in a previous 
experiment (Carlson, 1970 table 2). The reason for 
the greater stability is not known, but it is probably 
not relevant to the present experiment, since it in- 
volves the formation of small fractionals. The data 
suggest that  the B s isochromosome is produced by 
telocentric formation at the second pollen mitosis, 
followed by isochromosome formation. One can still 
argue that  a gene product of the nondisjunction sy- 
stem is transmitted through the pollen and is active 
during kernel development, but that  the activity is 
chromosome limited. However, the previously cited 
ability of the A B chromosome to influence nondis- 
junction of the /~a demonstrates that  at least some 
gene activity controlling nondisjunction is trans- 
missable between chromosomes. 

In addition to fractional loss of the B o, multiple 
losses can occur, giving a mosaic appearance to the 
plant or endosperm. Contrary to the findings with 
fractional kernels, mosaic kernels can form in the 
absence of the 9 B chromosome. In fact, plants lacking 
the 9 s have been preferentially used in studying 
mosaic kernels, since the complexities of nondisjunc- 
tion and fractional sector formation are absent. The 
B s chromosome can be maintained as a supernumera- 
ry chromosome in plants containing two normal chro- 
mosomes 9. Mosaic kernels were obtained from cros- 
ses of the following types:  

cc? • 9 e 9 ~ B 90 ~. 

The 9 9 B 9 plants were used as male parents because 
identification of mosaics is easier when the unstable 
chromosome is present in one dose (from the male 
parent) rather than two doses (from the female pa- 

Table 2. Classification of plants derived from 31 kernels 
with a C/c mosaic endosperm phenotype 

Ear segregates Ear segregates 
colorless (c) and All kernels colorless (c) and 
mosaic (C -- c) colorless (c) solid-colored (C) 
endosperm (B absent or endosperm 
phenotypes lacking C locus) phenotypes 
(Unstable B ~ (Stable B 9) 

7 ] 2  12 

The mosam kernels were found in crosses of the type cc g] 
• 9 c 9 c B 9e cL Classification of plants was accompIished by 
testcrossing to a cc tester (male) and observing segregation 
on the ears. 

rent) in the triploid endosperm. I t  is not known 
whether the frequency of mosaic kernels differs when 
the B ~ is transmitted through male or female gametes. 
In the above cross, the B 9 chromosome is transmitted 
in a hyperploid pollen grain containing 9 and B 9. The 
colored (C) phenotype identifies progeny receiving 
the B 9, and among these kernels about t - -2~o are 
mosaic for C vs c. Thirty-one mosaic kernels were 
selected, grown, and the plants testcrossed to a c c 
line. In seven of the plants an unstable B 9 chromo- 
some was present, since in the testcrosses virtually 
all colored kernels were mosaic (Column 1, Table 2). 
Therefore, the unstable B 9 in the endosperm of the 
seven selected kernels was also found in the sporo- 
phyte, indicating an origin prior to the second pollen 
mitosis. (Parallel findings with the B 4 chromosome 
are given by A. Ghidoni in this volume.) One un- 
stable B 9 chromosome was transferred into a y g 
background, and mosaicism for Y g  - - y g  in the 
sporophyte was observed. The demonstration of B 9 
mosaicism in both the endosperm and sporophyte, 
and the heritability of that  mosaicism, suggest that  
the unstable Bg's are ring chromosomes (McClintock, 
1938, t941 a). In fact, examination of mitotic root 
tip cells from these plants reveals small, rounded deri- 
vatives of the B 9 chromosome. They are considerably 
smaller than the normal B 9 and are probably ring 
chromosomes, but their small size prevents accurate 
classification. No adequate explanation for the ori- 
gin of ring B 9 chromosomes is known. The two other 
classes of mosaics in Table 2 have not been analyzed. 
They could result from ring chromosome formation, 
a breakage-fusion-bridge cycle, or some other pheno- 
menon (Mcelintock, 1941 b). 

The B 9 instability described thus far usually 
arises at low rates in crosses with a stable B 9. How- 
ever, in one cross, multiple losses of the B 9 chromosome 
were found frequently. A c w x  plant (1818-1) was 
crossed as female to a T B -- 9 b male (18t9 J). The 
female parent occurred in the F 2 generation of a cross 
between two inbred c wx  lines, while the male was 
a hyperploid 9 c '~9 BW~ B 9c B 9e member of an inbred 
T B -- 9 b line. Phenotypic results of the cross are 

Theoret. Appl .  Genetics, Vol. 43, No. 3/4 



t5o  W. R. Carlson: Instabil i ty of the Maize B Chromosome 

as fol lows:  

C W x  = 78 

C/c W x =  35 

C w x  = 27 

C/c w x  = 15 

c W x  = 103 

CWX ~ 5 

The presence of the B" in  the endosperm is ind ica ted  
by  the colored (C) or mosaic (C/c) phenotype .  Of the 
to ta l  colored seeds, 50/t 55 are variegated.  The appe- 
arance of bo th  W x  and  w x  kernels with C/c variega- 
t ion demons t ra t e s  t ha t  the 9 Bw~ chromosome is no t  
required for var iegat ion.  Thus  the nond i s junc t i on  
sys tem of the B chromosome is p robab ly  not  involved  
(Carlson, 1969b). P l an t  t818-1 and  fifteen other  
members  of fami ly  1818 were crossed as females to 
p l an t  1819J,  us ing one pollen shedding.  Since only  
1818-t produced an ear with a high f requency  of 
mosaics, the cause of B" ins t ab i l i ty  can be a t t r i b u t e d  
to an u n u s u a l  genet ic  cons t i tu t ion  of this  parent .  
E i the r  a rare combina t ion  of genes in the F 2 p lan t  or 
a new m u t a t i o n  could account  for the un iqueness  0 f 
t818- t .  Tests  of inher i tance  for the gene (s) control-  
l ing in s t ab i l i t y  are underway.  (Recent crosses, t ha t  
have not  been thorough ly  analyzed,  confirm the 
genetic basis of the t r a i t  and  suggest a single gene 
mode of inher i tance.)  I t  seems l ikely t ha t  the factor  
(s) responsible for B" ins t ab i l i ty  is no t  specific for B 
chromosomes.  Variable  amoun t s  of necrot ic  t issue 
were found on the C/c mosaic kernels, suggest ing the 
loss of other  chromosomes.  Perhaps  a m u t a t i o n  tha t  
produces a general  i n s t ab i l i t y  of chromosomes is in- 
volved. 
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