
Theoretical  and Applied Genetics 4t,  67-- 74 (1971) 
�9 by  Springer-Verlag t971 

Genetic Analysis of Tetraploid and Hexaploid Wheat 
by Utilization of Monopentaploid Hybrids 

A. BOZZINI and B. GIORGI 

L a b o r a t o r i o  pe r  le Appl icaz ion i  in Agr i co l t u r a  del  C. N. E. N. Centro S tud i  Nuc lear i  de l la  Casaccia,  
S. Mar ia  di  Galer ia ,  R o m a  ( I ta ly)  

Summary. This repor t  deals with a method of analysis which uses existing hexaploid wheat  monosomics to esta- 
blish gene-chromosome associations in a te t raploid  variety.  Monosomics of Tri t icum aestivum cv. Chinese Spring be- 
longing to the 14 lines of A and t3 genomes were crossed as female parents  with Tri t icum durum cv. Capeiti, a spring 
type  at  present  widely grown in I ta ly .  For  each line, two F 1 populations were obtained, normal pentaploids (2 n = 
35) and monopentaploid (2 n = 34), in which, in turn, the monosomic A or 13 chromosome present was supplied by  the 
te t raploid  wheat.  The morphological and physiological differences observed in the monopentaploid lines are a t t r ibuted  
to  differential  expression of the  gene~ic information concerning the character  investigated, carried by  the chromosome 
present  in hemizygous condition. Then, only recessive or par t ia l ly  dominant  alleles of the var ie ty  to be tested can be 
identified and a t t r ibu ted  to a specific chromosome in the F 1 generation. 

Eight  parameters  were analyzed:  culm and spike length, length and width of 1st (flag) and 2nd uppermost  leaves, 
days from germination to heading and awn development.  

As far as culm length is concerned, al though heterotic effect is present, seven chromosomes seem to be responsible 
for the modification of this character  (IA, 2A, 2B, 313, 4B, 513, and 6 A) ; chromosomes 2A and 213 in particular,  carry  
major  factor (s) for p lant  height. A similar picture is presented by  spike length which seems to be controlled by  factors 
located in several chromosomes belonging to homoeologous groups t, 2, 3 and 5, as well as the chromosome 4]3. 

Leaf length, also, shows a complex pa t te rn  of inheritance. Monosomic conditions for chromosomes 1A and 113 increa- 
sed, while monosomy for 5A and 513 significantly decreased, leaf length. A highly significant correlation was found be- 
tween the mean lengths of the 1st and 2 nd leaves ( =  0.74). Some monosomic lines (4A, 413, 5A ; 513 ; 6A ; 7A and 7]3) 
had leaves significantly narrower than in the control and only monosomic 2A had broader  leaves. The period from ger- 
mination to  heading seems to be influenced by  at  least 6 chromosomes. Three monosomic lines are significantly 
earlier (mono IA, 7A and 513) and three (mono 5A, 213 and 713) are significantly la ter  than the hybr id  control. 

Finally,  8 monosomic lines were found to interfere significantly with awn development.  Three lines (mono 2A, 213 
and 7A) show a decrease and 5 (mono 113; 3A, 313; 413 and 6B) show an increase in awn development.  On the basis of 
evidence in the  l i terature and our own results, i t  appears tha t  this analysis fits previous results perfect ly and actual ly  
adds to the picture two further awn-promoting factors, A9 and A 10, located on the 7A and iB  chromosomes respec- 
t ively. 

Introduction 

Genet ic  s tudies  in c o m m o n  and  d u r u m  whea t s  were 
a t t e m p t e d  ea r ly  th is  c e n t u r y  (Biffen, 1907; S t r a m -  
pelli,  1907; Ni lsson-Ehle ,  1909, etc.) .  A l t h o u g h  v e r y  
p ro f i t ab l e  in some respec t s  - -  the  d i scove ry  of t he  
f i rs t  c lear  examples  of po lygenic  inhe r i t ance  (in 
ca ryops i s  colour,  Ni lsson-Ehle ,  l. c.) - -  th is  work  re- 
vea led  a d i f f i cu l ty  in Mendel ian  ana lys i s  and  the  in- 
t e r p r e t a t i o n  of da t a .  We  know t h a t  th is  d i f f i cu l ty  
arises f rom the  po lyp lo id  s t ruc tu re  of these  species  
and  f rom the  sca rc i ty  of eas i ly  c lass i f iable  charac te rs .  
F o r  each  c h a r a c t e r  we should  expec t  the  presence and  
the  ac t ion  of a t  leas t  one fac to r  for each of the  2 or 
3 genomes  compos ing  the  t e t r a p l o i d  or  hexap lo id  spe- 
cies, r e spec t ive ly .  Moreover ,  if we consider ,  for each  
c h a r a c t e r  to  be ana lyzed ,  t he  somet imes  high n u m b e r  

x Contribution n. 220 from the Laborator io  per le Appli-  
cazioni in Agricul tura  del C. N. E . N . ,  Centro Studi  
Nucleari della Casaccia, S. Maria di Galeria, Roma, I ta ly .  

2 Wi th  the  technical  assistance for cytological and sta- 
t is t ical  analyses of P. Mannino. 

of 'minor '  fac tors  which  mod i fy  or in ter fere  wi th  i ts  
express ion,  and  the  e n v i r o n m e n t a l  inf luences which  
are  a lways  i m p o r t a n t ,  we can u n d e r s t a n d  w h y  con- 
ven t i ona l  gene t ic  ana lys i s  y i e lded  m o d e s t  and  of ten  
inconclus ive  resul t s  over  a pe r iod  of 40 yea r s  (Vavi-  
lov, 1950). The  isolat iol t  and  iden t i f i ca t ion  of aneu-  
p lo id  lines in hexap lo id  w h e a t  (Sears, t944,  t954) 
m a d e  ava i l ab le  a new, power fu l  and  de t a i l ed  m e t h o d  
of gene t ic  analys is .  Since the  classic work  of Sears  
(1944), O ' M a r a  (1947) and  U n r a u  (1950), monosomic  
ana lys i s  has  been the  mos t  f ru i t fu l  a n d  s imple  m e t h o d  
for the  loca t ion  of genes ill h e x a p l o i d  whea t .  Cyto-  
gene t ica l  ana lys i s  of t e t r a p l o i d  w h e a t  would  be  qu i te  
s imple,  p rov ided  t h a t  monosomic  l ines were ava i l -  
able. 

F o r  th is  purpose ,  severa l  research  workers  (K iha ra  
and  Tsunewaki ,  t962;  Longwel l  a n d  Sears ,  t963 ;  
Tsunewaki ,  t964;  C a m a r a  et al., 1965; Mochizuki ,  
1968; Bozzini  et al., 1969) have  i so la ted  monosomic  
ind iv idua l s  in t e t r a p l o i d  whea t s  us ing d i f ferent  me-  
thods .  F r o m  the  d a t a  ava i lab le ,  even if monosomics  
a p p e a r  to  be v iab le  and  p a r t i a l l y  fert i le ,  t he i r  use for 
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pract ical ,  rout ine  genet ic  analysis seems difficult .  
Diff icul t ies  arise mos t ly  from the low t ransmiss ib i l i ty  
of the monosomic  condi t ion to the progeny.  

In  several  laboratories ,  t r isomics  and other  aneu- 
ploids wi th  high t ransmiss ion rates  (e. g. 2 n 2_ telo 
etc.), which show some promise,  are being isolated in 
te t rap lo id  wheat ,  but  a comple te  series is not  ye t  
avai lable.  W i t h o u t  the possibi l i ty  of comple te  ana- 
lysis using aneuploids in t e t rap lo id  wheat ,  a l terna-  
t ive  me thods  are desirable. 

Allan and Vogel (t960) tried,  wi thou t  success, to 
analyze smooth-awn de te rmina t ion  by crossing mo- 
nosomics of Chinese Spring wi th  a durum wheat  which 
carr ied this character .  Recent ly ,  Kuspi ra  and Millis 
(1967), using the same technique,  a t t e m p t e d  to iden- 
t i fy  the chromosomes  control l ing heading t ime in a 
durum var ie ty .  

Our research has t r ied to ascer ta in  the potent ia l i t ies  
and the l imits  of such a method ,  par t icu la r ly  for chara-  
racters  which are known to be control led by polyge- 
nic sys tems and which are diff icult  to analyze by 
convent iona l  genet ic  techniques .  

We are aware of the fact  t ha t  the chief weakness  of 
an I;1 analysis is t ha t  it is difficult  or impossible to 
de te rmine  whe the r  a difference be tween  monosomic  
and disomic is due to a difference in the genes carried 
by the two chromosomes  concerned,  or whe the r  the 
difference is s imply  due to a reduced dosage of genes 
which are the  same on the two chromosomes.  Bu t  it 
seems tha t  there  is no simple way  of analyzing te t ra-  
ploids more  precisely, unless A egilops squarrosa could 
be added to each te t rap lo id  line before mak ing  the 
crosses. 

M a t e r i a l s  a n d  M e t h o d s  

Monosomics of Chinese Spring (C. S.) belonging to the 
14 lines of A and 13 genomes were crossed as female pa- 
rents with T. durum cv. Capeiti, a spring type at present 
widely grown in Italy. For each line, two F i populations 
were obtained, normal pentaploids (2 n = 35) and inono- 
pentaploids (2 n = 34), in which, in turn, the monosomic 
A or B chromosome present was supplied by the tetra- 
ploid wheat. The chromosome number of each F~ p l a n t  
was ascertained by cytological analysis of seedling root 
tips. For each line, 20 seedlings were analyzed and 
transferred to growth chambers. The results of this ana- 
lysis are presented in table 1. The plants were grown in 
plastic pots containing about 800 cc. of soil and were 
supplied 5 times with Hoagland's nutrient  solution. The 
plants were given a photoperiod of t 8 hrs. of light and 6 
of dark. Temperature was maintained at 20 ~ ~ t C in the 
light and 17 ~ -1- tC in the dark. Under these conditions, 
the life cycle of spring types of durum or bread wheats is 
completed in about t 00-- t t 0 days. 

Cytological analysis was performed on PMC meiosis in 
at least two monopentaploid plants for each line. 

Eight  parameters are here analyzed: culm and spike 
length, length and width of Ist  (flag) and 2nd uppermost 
leaves, days from germination to heading and awn de- 
velopment. Plant height was measured on the main stem, 
after ripening, from the crown to the base of the spike. 
Leaf dimensions were measured at heading time (base of 
the main spike completely emerged). Spike length was ob- 
tained by measuring the rachis of the main stem of each 
plant after harvest. Awn length was established as that  
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Table 1. Chromosome constitution o f f  i plants coming from 
Chinese Spring monosomics • Capeiti 

Hybrid and 
parental lines 

No. No. plants No. plants 
plants with 34 chro- with 35 chro- Others 
analyzed mosomes mosomes 

Mono C. S. IA 
• Capeiti 21 17 4 -- 

Mono C. S. 2A 
• Capeiti 22 1 t 7 4 

Mono C. S. 3A 
• Capeiti 22 t 4 7 1 

Mono C. S. 4A 
• Capeiti 22 16 6 -- 

Mono C. S. 5A 
x Capeiti 17 16 t -- 
Mono C. S. 6A 
x Capeiti 16 13 1 2 
Mono C. S. 7A 
x Capeiti 21 19 1 1 

Mono C. S. 113 
• Capeiti 22 17 5 -- 

Mono C. S. 2B 
x Capeiti 21 t8 3 -- 

Mono C. S. 3B 
• Capeiti 14 14 -- -- 

Mono C. S. 4B 
• Capeiti 25 20 5 -- 

Mono C. S. 5B 
• Capeiti 22 15 7 -- 

Mono C. S. 6B 
• Capeiti 22 13 9 -- 

Mono C. S. 7B 
• Capeiti 17 14 2 t 
C.S. 2 n  = 42 20 -- -- -- 
Capeiti 
2 n = 28 20 - -  - -  - -  

T o t a l  324 2t 7 58 9 

of the longest awn of the main spike. For each character 
and each line, means and standard errors were calcula- 
ted. A variance analysis was performed taking into con- 
sideration the disomic lines coming from the t4 Inonoso- 
mics of Chinese Spring. As no significant difference was 
ascertained, all data coming from F 1 disomic hybrids 
(2 n = 35) were pooled, and their mean was used in the 
comparisons. The significance of differences between 
2 n = 35 (normal pentaploid plants) and 2 n = 34 plants 
of each line for each character were then analyzed using 
Student 's  , ,t" test. 

E x p e r i m e n t a l  R e s u l t s  

The results of b iomet r ica l  and s ta t i s t ica l  analysis  
of culm length are presented  in table  2. In  order  to 
gain a synopt ic  view of these values,  the results  have  
also been represented  graphica l ly  in fig. t .  Fo r  p lan t  
height ,  two main  points  are apparen t  from the d a t a :  

l) ove rdominance  (heterosis ?) effect is present  in the 
pentap]oid  hybr id ;  2) seven monopen tap lo id  lines 
differ s ignif icant ly  from the hybr id  control,  and all of 
t hem are minus-var ian ts .  

A similar  p ic ture  is presented  by spike length  de- 
t e rmina t ions  (table 2 and fig. 2). Here  also, the  va lue  
of the hybr id  control  exceeds the values  of bo th  pa- 
rents.  However ,  p lus -var ia t ion  is also present .  Fac-  
tors depressing rachis length  are appa ren t ly  present  
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in monos I B (significantly) and I A (not significant- 
ly) of Chinese Spring. Short rachis is shown by mo- 
nos 2 A and 2 B (homoeologous to 2 D, controlling the 
c o m p a c t u m  factor ,,C" in hexaploid wheat, Unrau, 
1950), as well as 4 B and 5 B. 

Like culm length, this character also seems to be 
controlled by factors located in several chromosomes, 
and in both cases, overdominance is shown by the 
hybrid control. A correlation index between culm 
and rachis length, calculated over all the plants ana- 
lyzed, was significant at the 1 ~ level of probability. 

Measurements of length and width of the first 
(flag) and second uppermost leaves are presented in 
table 2 and figs. 3, 4, 5 and 6. Control hybrids did 
not show heterosis for these characters. Leaf length 
seems to have a rather complex determination. Mo- 
nosomic conditions for chromosomes t A and I B 
increased, while monosomy for 5 A and 5 B signifi- 
cantly decreased, leaf length. Highly significant cor- 
relations were found between the mean lengths of t st 
and 2nd leaves (r - -  0 .74) .  

Some monosomic lines were significantly narrower 
and only 2 A was significantly broader. A nearly 
complete parallelism between the widths of 1st and 
2nd leaf was observed, the correlation index between 
the means being very high (r = 0.88). The leaves of 
monos 4 A, 5 A, 6A, 4B, 5B and 7B were distinctly 
narrower, with amean decrease varying between t and 
3 ram. 

In order to make a synthetic analysis of the beha- 
viour of the leaf and culm characters and to ascer- 
tain the extent  of homoeology in controlling the cha- 
racters considered, differences of the means of mono- 
somic from control lines have been represented in 
fig. 7 in a pictorial diagram. Values have been grou- 
ped in classes, taking into consideration both means 
and standard errors; for the sake of simplicity, three 
minus- and three plus-variant classes have been 
established, in addition to the control class. Paralle- 
lism of character trends is very clear: in homoeologous 
groups 1,5 and 6 for leaf lengths; in homoeologous 
groups 4, 5, 6, 7 for leaf width; in homoeologous groups 
1, 2, 3, 5, 6 for culm and spike length. 

Table 2 and fig. 8 present the means and standard 
errors for the number of days from germination to 
heading of the 17 lines studied. The two parental 
lines differ by more than 8 days; the hybrid disomic 
for the A and B genomes (hybrid control) shows a 
value closer to the earlier parent, but  the difference 
between them is not significant. The later parent 
(C. S.) differs significantly from both hybrid control 
and Capeiti. Three monosomic lines are significantly 
earlier (mona IA, 7A and 5B) and three (mona 5A, 
2B and 7B) are significantly later than the hybrid 
control. Therefore, at least six chromosomes have 
factors which control heading time. Since the two pa- 
rental varieties should be considered spring types 
(both, in fact, do not require cold t reatment  for in- 
florescence differentiation), the differences found may 
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be at t r ibuted principally to differential reaction to 
temperature,  daylength and light intensity. 

In the same way, eight monosomic lines were found 
to interfere significantly with awn development, as 
shown in table 2 and fig. 9- Three lines (mono 2 A, 
7A and 2B) show a decrease and 5 (3A, tB, 3B, 4B 
and 6B) show an increase in awn development. I t  
must be stressed that  the two parents are, respective- 
ly, practically awnless (C. S.), and with very long 
awns (Capeiti), while the monopentaploid hybrid 
(control) is awnletted (15 mm, on average). 

D i s c u s s i o n  ""  

Genetic analysis of a variety A, to be tested using - 
monosomic lines available in a tester variety B, is ba- ' ' ' 
sed on some general assumptions, which it is conve- 
nient to underline before discussing the further limi- 
tations presented by using lines of different ploidy le- 
vel. Monosomic analysis is normally performed both 
in F 1 and F~ generations. It  is generally assumed 
that  if the expression of a character shown in the di- 
somic F 1 is completely (or partially) modified in a 

80 
monosomic line of the hybrid, the tester variety car- 
ries the dominant (or semidominant) allele. In other 78 
words, only recessive or partially dominant alleles of 
the variety to be tested can be identified and attri- ~,76 
buted to a specific chromosome in the F 1 generation. ~ 74 
All this is based on the assumption that  differential 

c~ 

expression between disomics and monosomics is cau- ~. 72 
sed by the lack of genes on the missing chromosome. 
The comparison between the segregation ratios of the 7o 
F 2 progeny of F 1 selfed disomics with the F~ segrega- 6B 
tion of each monosomic Ft  line is sufficient to attri- 
bute dominant factors to specific chromosomes, while 6B 
concomitant cytological analysis is required for re- 
cessive ones. In crosses between monosomics of 
hexaploid wheat and normal tetraploid lines, most of 
the monopentaploid hybrid lines are completely or 
nearly completely sterile. Therefore there is no prac- 
tical possibility of carrying the monosomic analysis 
into the F 2 generation. 

Another prerequisite for the validity of mono- 100 
pentaploid analysis exists: attr ibution of genetic in- mm 
formation to specific chromosomes is valid only if 

8O 
homology exists between the A and B genomes of 
Chinese Spring and Capeiti. This condition, however, 
should be completely fulfilled, since the A and B ~ s0 
chromosomes of T. aestivum and T. durum are simi- -~ 
lar both morphologically (Giorgi, Bozzini and Car- ~ 40 
luccio, t967) and structurally (Chapmau and Riley, 
1966). In our F~'s normal pairing was observed (t4 II ~D 
+ 7 I in the disomics), and no large structural modi- 
fications (e. g. translocations) were present in the hy- 0 
brid. 

This being so, we could assume, with Kuspira and 
Millis (t967), the validity of F 1 monosomic analysis 
for our pentaploid hybrids. 

Although biometrical and statistical analyses for 
the 8 characters investigated does not offer particu- 
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lar difficulty, the correct genetical interpretation of 
the data is undoubtedly more difficult. Nearly all the 
characters investigated rarely show clearcut discon- 
tinuous behaviour. The difficulties are increased when 
a heterotic effect is present, masking real differen- 
ces between pentaploid and monopentaploid lines. 
Moreover, for some characters, such as culm and leaf 
measurement, the paucity of previous genetical in- 
vestigations increases the degree of uncertainty. 

In the case of culm length, all the lines investigated 
showed a nearly continuous variation, the highest 
means being those of the control and mono 3A, which 
are both higher than the mean of Chinese Spring, the 
taller parent. 

In discussing this character it should be kept in 
mind that  if heterosis is due to overdominance (he- 
terozygote superiority), in this case the heterosis ef- 
fect somewhat increases the apparent difference 
between short-culm lines and the control. For 
example, if the control F 1 were the same height as the 
Chinese Spring parent, differences associated with 
monos 6A, 3B and 4B would not be significant. If we 
were to take a midparental value for the hybrid con- 
trol as an alternative hypothesis, even differences 
with monos tA and 5B would be ruled out. In a pru- 
dent interpretation, therefore, it could be assumed 
that  monos 2A and 2B should be considered respon- 
sible for at least some of the differences in plant 
height between the two parental lines (20 cm.). As 
the depression in height is very large, it could be 
postulated that,  as well as determining short straw, 
these chromosomes -- and particularly chromosome 
2A of Chinese Spring -- have factors present which in- 
fluence heterotic effect. These findings are in line 
with results obtained by Sears (1954) in nullisomic 
analysis: following his data, in fact, nullisomics 2A 
and 2B are clearly shorter than the control. These re- 
suits again confirm that  several chromosomes parti- 
cipate in the control of plant height. 

The large difference in rachis length between Ca- 
peiti and Chinese Spring seems to be controlled by an 
even larger number of chromosomes. Factors affec- 
ting rachis length seem to be located in homoeologous 
groups l,  2, 3, and 5 and on chromosome 4B. The 
large number of chromosomes carrying genetic infor- 
mation for this character confirms the extreme com- 
plexity of its inheritance pattern,  and it may, there- 
fore, be considered among the most difficult to study. 
However, again our results are in rather good agree- 
ment with Sear's l. c. findings in nullisomic analysis 
in C. S. : homoeologous group t is considered to deter- 
mine lax spike, while homoeologous groups 2 and 3 
determine shorter rachis. 

The significance of the positive correlation be- 
tween culm and rachis length suggests -- in our opi- 
nion -- the pleiotropic action of a number of factors 
affecting internode length of both the vegetative and 
reproductive organs. 

The size of the first and second uppermost leaves 
follows -- as may be expected -- a similar pattern.  
Parental lines do not differ in the length of flag leaf, 
while the second uppermost leaf of Capeiti is clearly 
shorter than the corresponding leaf of C.S. This 
differential behaviour has a parallelism in the beha- 
viour of the monosomic lines, differences in the se- 
cond leaf length being greater than in the case of the 
first. Chromosomes belonging to homologous groups t 
(clearly) and 6 (possibly) control longer leaves, while 
group 5 controls shorter leaves. 

A reduction in maximum leaf width is present in 
the monopentaploid lines 4A, 4B, 5A, 5B, 6A and 
7 B. I t  is interesting to note that,  for this character 
also, differences between parental and monosomic 
lines are higher in the second uppermost than in the 
flag leaves. A trend toward broader leaves is noti- 
ceable in homoeologous group 2, the differences being 
significant at 1% for 2A and at 5% level for 2B. Si- 
milarly, in nullisomics for group 2 of C. S., Sears l. c. 
found broader leaves than in the control. 

In table 3 we have tried to summarize data  obtai- 
ned for the parameters analyzed. I t  appears that  all 
chromosomes, except 7A, carry genetic information 
for the characters considered, with those belonging to 
homoloeogous groups 5 and 2 being particularly im- 
portant.  

The difference in heading time between parent 
lines is rather large (more than 8 days). It  seems to be 
controlled by factors located in at least 6 chromoso- 
mes. In Chinese Spring, chromosomes 5A, 2B and 
7B carry earliness alleles, while lateness alleles are 
carried by chromosomes IA, 7A and 5B. Tsunewaki 
and Jenkins (1961) identified earliness alleles Sg~ and 
Sg3 in chromosomes 5A and 2B of Chinese Spring and 
our data  confirm their findings perfectly. An earli- 
ness factor was identified by Law and Wolfe (1966) 
in chromosome 7B of Hope. Capeiti seems to carry at 
least three other factors, one in 5B (the homoeologous 
group 5 seems, therefore, to have great influence on 
the life cycle) and the others on IA and 7A. Kuspira 
and Millis (l. c.) found control of heading time in 
chromosomes 5A and 5B, the durum variety Caid 
Eleize showing lateness alleles in both of them. In- 
duction of earliness seems to be rather  strong in Ca- 
peiti's factors, which are apparently able to counter- 
balance the lateness alleles in 5A, 5B and 7B. From 
data in the literature and that  presented here, it 
seems that  at least 7 chromosomes control heading 
time in hexaploid wheat:  IA, 2B, 5A, 5B, 5D, 7A and 
7B. 

To check the degree of accuracy of monosomic ana- 
lysis for this character, in which overdominance seems 
to be absent, positive and negative deviations from 
the hybrid control were calculated. The difference 
was positive ( +  7.1 days) and nearly equal to tha t  
found between the two parental lines (+  8.4 days). 
This should demonstrate that  the resolving power of 
monosomic analysis is quite efficient. 



Vol. 41, No. 2 73 Genet ic  Analysis  of Te t rap lo id  and Hexap lo id  W h e a t  

Tab le  3. Chromosome mapping  of identified factors controlling awn development 

Genome A Genome B Genome D 

1 2 3 4 5 6 7 1 2 3 4 5 6 7 t 2 3 4 5 6 7 

Chinese Spr ing (6x) 
Pawnee  (6x) 
K e n t a n a  52 (6x) 
Tha t che r  (6x) 
H o p e  (6x) 
T ims te in  (6x) 
Red  bobs (6x) 
Jones  fife (6x) 
E lg in  (6x) 
Pre lude  (6x) 
R e d - E g y p t i a n  (6x) 
K h a r k o v  (6.x) 
'S-61 5 (6x) 
H y m a r  (6x) 
Marquis  (6x) 
Gabo (6x) 

Capeit i  (4x) 

a 1 A 3 A T b 1 a 9 A10 as A e H d  B s a~ 
a 1 a a b 1 hd b 2 a~ 
a 1 a a hd a s 

a s a 7 b~ a s H d  ~ b~ 
b 1 hd b 2 

A s a7 B 1 a s hd b s 
A1 B1 a 8 hd B s a s 
al B1 a s hd b 2 a~ 
a 1 B 1 a s hd bo a~ 
a 1 b 1 a 8 h d  b s a 2 
a 1 b 1 a s hd b 2 a s 
a 1 b 1 a 8 hd b s a 2 
a 1 b 1 a s hd b 2 a s 

B1 
B1 
B1 
B1 

A 1 a s A T b 1 A 9 alo A s a 6 hd b 2 

A4 A5 
a 4 a6 
a~ 

a5 

As  

Table  4. Tentative attribution to A and B chromosomes of 
factors affecting culm, rachis and leaf size in Chinese Spring 

and Capeiti after monopentaploid analysis 

Character IA 2A 3A 4A 5A 6A 7A IB 2B 3B 4B 5B 6B 7B 

Culm 
leng th  + + + + + + + 
Rachis  
l eng th  + + + + + + + + 
Leaf  l eng th  + + + + + + 
Leaf  w id th  + + + + + + 

A s i m i l a r  a n a l y s i s  was  p e r f o r m e d  for  a w n  de-  
v e l o p m e n t .  H e r e  also,  t h e  d i f f e r ence  was  p o s i t i v e  
( +  93.5 ram)  a n d  p r a c t i c a l l y  of t h e  s a m e  v a l u e  as t h e  
d i f f e r ence  b e t w e e n  Chinese  S p r i n g  a n d  Cape i t i  
( +  99.6  ram) .  P r o b a b l y ,  t h e s e  r e su l t s  a r e  n o t  c o m -  
p l e t e l y  r a n d o m  e v e n t s  a n d  a re  r e l a t e d  to  t h e  r e s o l v i n g  
e f f i c i e n c y  w h i c h  i t  is poss ib le  to  a c h i e v e  w i t h  m o n o -  
s o m i c  a n a l y s i s  if  no  d i s t u r b i n g  f ac to r s ,  such  as h e t e r o -  
sis, i n t e r f e r e .  O n  t h e  bas i s  of e v i d e n c e  in  t h e  l i t e r a -  
t u r e  (see T s u n e w a k i  a n d  J e n k i n s ,  l. c.) a n d  ou r  o w n  
resu l t s ,  i t  h a s  b e e n  poss ib le  to  s u m m a r i z e  in t a b l e  3 
p r e s e n t  k n o w l e d g e  of t h e  f a c t o r s  a f f e c t i n g  a w n  de-  
v e l o p m e n t  in  p o l y p l o i d  w h e a t s .  O u r  a n a l y s i s  f i t s  
p r e v i o u s  r e s u l t s  p e r f e c t l y ,  a n d  a d d s  to  t h e  p i c t u r e  t w o  
f u r t h e r  a w n  p r o m o t i n g  f ac to r s ,  A 9 a n d  A10, l o c a t e d  
on 7A a n d  t B ,  r e s p e c t i v e l y .  T h e  e x t r e m e l y  c o m p l e x  
n a t u r e  of  a w n  d e t e r m i n a t i o n  is q u i t e  c l e a r l y  a t t r i b u -  
t e d  to  3 m a i n  i n h i b i t o r s  (B 1, B 2 a n d  Hd)  a n d  t o  a t  
l e a s t  10 a w n  p r o m o t e r s .  
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