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A b s t r a c t  A comparative genetic analysis of esterase 
(E.C.3.1.1.1) isozymes of wheat cultivar 'Chinese Spring' 
in endosperm, embryo, coleoptile, leaf and root tissues re- 
vealed eight sets of isozymes characterised by different tis- 
sue specificities, pI ranges and the chromosomal locations 
of their controlling genes. This data w a s  considered to- 
gether with previously published work, resulting in a pro- 
posed rationalization of nine sets of wheat esterase iso- 
zymes. Although this classification included two sets of 
isozymes controlled by genes on the short arms of homo- 
eologous group 3 chromosomes and three sets on the long 
arms of the same chromosomes, for which no recombina- 
tion evidence of genetic distinctness has been obtained 
among either group, it is argued that the different charac- 
teristics of the various sets warrant retention of separate 
set nomenclatures. Previously unreported esterase genes 
include Est-9, a low pI, monomeric, embryo-specific group 
with controlling genes on chromosomes 3BS and 3DS and 
two further members of Est-1, Est-H1 in Hordeum vulgare 
and Est-Sll in AegiIops longissima. 

K e y  w o r d s  W h e a t  �9 E s t e r a s e  �9 Isozymes 
Isoelectric focusing 

Introduction 

Carboxylic ester hydrolase (E.C. 3.1.1.1), known more 
simply as esterase, is one of the most complicated isozyme 
systems in hexaploid wheat. The complications arise from 
the number of controlling loci, the possibility that some 
"loci" comprise multigene families or compound loci, the 
tissue specificity of the various isozymes and the con- 
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founding effects of developmental stage on expression 
within a tissue. 

Eight sets of genes, all supposedly independent, have 
been reported to date. The first set, now recognised as 

Est-1, was reported by Barber et al. (1968) and located on 
the short arm of chromosome 3A and on chromosomes 3B 
and 3D. These genes were shown to be expressed in all of 
the different plant tissues investigated, including root, leaf 
sheath, leaf blade and developing grain, and to encode di- 
meric isozymes. The two loci on chromosomes 3B and 3D 
were subsequently found also to be on the respective short 
arms  (Bergman 1972). Another three sets of Est loci, sub- 
sequently given standard nomenclatures in the wheat gene 
catalogue, were reveale,d in the work of J a a s k a  (1980): 
Est-2 located on each of the three long arms of the homo- 
eologous group 3 chromosomes and encoding coleoptile- 
specific isozymes; Est-3 on the short arms of chromosomes 
7B and 7D, encoding isozymes that appeared to be ex- 
pressed in more than one plant tissue; and Est-4, carried 
on the long arms of the group 6 chromosomes, encoding 
leaf-specific isozymes. The Est-5 gene set was described 
by Ainsworth et al. (1984). These loci were shown to be 
present on the three long arms of the group 3 chromosomes 
and to encode endosperm esterases. The Est-6 gene set, 
which encodes dimeric esterase isozymes in endosperm, 
w a s  located on the short arms of group 2 chromosomes by 
Petchey et al. (1990). Another set of loci, also designated 
Est-6, encoding monomeric leaf esterases, was located on 
homoeologous group 3 chromosomes by Jouve and Diaz 
(1990). These isozymes are likely, for reasons described 
below, to be those described by May et al. (1973) for which 
the controlling loci were located on the three long arms of 
the same chromosomes. In addition, another set ofloci  con- 
trolling green tissue esterases, designated Est-7, were lo- 
cated on the long arms of group 2 chromosomes (Liu and 
Gale 1990). 

Other reports of esterase genes, not yet designated gene 
symbols, include that by Rebordinos and Perez de la Vega 
(1989) who observed a set of genes encoding dimeric en- 
dosperm esterases on the short arms of chromosomes 3A 
and 3D, and that by Ainsworth et al. (1984) who noted the 



exis tence  of  a s ingle locus on the short  arm of  ch romosome  
7A that encodes  three es terase  i sozymes  in immature  
grains.  

It may  be expec ted  that this complex i ty  is in part  an ar- 
t i fact  and has ar isen because  of  the low substrate  specif ic-  
i ty o f  this enzyme (Walker  and Macknees  1983). Indeed,  
the es terases  p i cked  out  with the genera l ly  used azo-dye  
coup led  stains may  represent  a series of  different  proteins.  
Never the less ,  the re la t ionship  be tween  these different  
groups  of  es terase  i sozymes  is not  c lear  and the unique des-  
ignat ions  for some of  the exis t ing loci  are also not ent i re ly  
convincing.  Some  of  the loci,  e spec ia l ly  the f ive "sets"  lo-  
ca ted on the homoeo logous  group 3 chromosomes ,  have 
been de tec ted  in analyses  of  di f ferent  p lant  t issues with the 
use of  different  e lec t rophore t ic  separa t ion  methods  by  dif-  
ferent  workers .  Few at tempts  have been made  to co-re la te  
the var ious  f indings,  and thus the poss ib i l i ty  o f  mul t ip le  
des igna t ions  for  one or more  sets exists .  

Moreover ,  the same arm locat ions  for more  than one set 
of  loci  encoding  esterase i sozymes  have also ra ised the 
quest ion as to whether  these loci  are d i spersed  on the same 
c h romosome  arm or whether  they compr i se  a c losely  l inked 
mul t ip le  gene family.  The answer  wil l  indicate  whether,  
when used as genet ic  markers ,  the contro l l ing  genes can 
be t reated as s ingle loci .  

It is poss ib le  that a gene can be d i f ferent ia l ly  expressed  
at d i f ferent  s tages of  p lant  deve lopmen t  or in different  p lant  
t issues.  This is why  the guide l ines  for prote in  gene sym-  
bol i sa t ion  in wheat  (Hart  and Gale  1988) insis t  that a new 
gene symbol  may  be ass igned  to a second gene, which  has 
been shown to be carr ied  on the same ch romosome  arm as 
the first  encoding  a s imi lar  protein,  only  when recombina -  
t ion ev idence  is ava i lab le  to demons t ra te  that the two genes 
are spat ia l ly  separa ted  on that arm. On the other  hand, it is 
p robab ly  safe to conc lude  that i sozymes  f rom different  
p lant  t issues are cont ro l led  by  the same locus i f  they show 
a s imi lar  e lec t rophore t ic  pat tern and their  control l ing genes 
are loca ted  to the same ch romosome  arms. 

The exper iments  descr ibed  here were carr ied out  to ra- 
t ional ize  and c lar i fy  the re la t ionships  be tween  the var ious  
repor ted  genes encoding  esterases.  The enzymes  have been 
ext rac ted  f rom different  p lant  t issues and ana lysed  with a 
s ingle separa t ion  technique.  Where  appropr ia te  segregat -  
ing popula t ions  have been  e m p l o y e d  to d is t inguish  genes 
carr ied on a s ingle ch romosome  arm, the smal les t  chromo-  
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some unit  that can be reso lved  with s tandard aneuplo id  ge- 
netic stocks. 

Materials and methods 

Genetic stocks 

The following genotypes were employed: (1) hexaploid wheat ac- 
cessions of 'Chinese Spring' ( 'CS') and 'Synthetic', (2) all of the 
available nullisomic-tetrasomic and ditelosomic lines of the hexa- 
ploid wheat cv 'CS' developed by Sears (1954, 1966a,b), (3) the ho- 
moeologous group 3 intervarietal substitution lines of 'CS' 
('Synthetic') developed by C.N. Law and A.J. Worland at the Cam- 
bridge Laboratory, (4) 50 random F 3 lines from the cross of 'CS' x 
'Synthetic', (5) barley cv 'Betzes' and rye cv 'Imperial' and (6) the 
homoeologous group 3 wheat-alien addition lines of 'CS'/H. vulgare 
cv 'Betzes' (Islam et al. 1981), 'CS'/S. cereale cvs 'King II' (Mill- 
er 1973) and 'Imperial' (Driscoll and Sears 1971) and ~ lon- 
gissima (Feldman 1975). 

Enzyme analysis 

Five different tissues were analysed: the embryo plus scutellum, en- 
dosperm, coleoptile, leaf and root. The embryo ends or the endo- 
sperm ends (about 1/4 of the grain) of individual mature dry grains 
were crushed in a microhammer mill and incubated in 50 gl of 20% 
sucrose solution at room temperature for 1 h and centrifuged brief- 
ly prior to application to the gel. The coleoptile, primary leaf or roots 
from individual 4- to 8-day-old seedlings were ground by a pestle in 
a mortar with 40 gl of 20% sucrose solution at room temperature. 
The macerate was used immediately for electrophoresis. For the seg- 
regational analysis, the endosperm ends of single F 3 grains were used 
for analysing endosperm esterases, and the other parts were germi- 
nated and used for analysing green tissue esterases. 

The gel width, composition of ampholyte, electrode buffer and 
sample loading positions were different for different groups of iso- 
zymes, and details are given in Table 1. Enzyme activity was visu- 
alized using a mixture of 50 mg c~-naphthyl acetate and 100 mg Fast 
Blue RR salt in 100 ml of 0.1 M TRIS-FIC1 buffer (pH 8.5). Gels 
were stained in this solution in the dark for 30 rain. 

Results 

The esterase i sozyme  patterns,  as seen on wide pH range 
gels,  of  extracts  f rom different  t issues of  'CS '  are shown 
in Fig.  1. To faci l i ta te  their  descr ipt ion,  these i sozymes  are 
grouped,  each marked  with a number  which represents  the 

Table 1 Gel width, ampholyte, 
electrolyte and sample loading 
position 

Figure Gel width Ampholyte Electrolyte Loading end 

1; 7B 17 cm Isolyte 3-7 1 M H3PO 4 Anode 
1 M NaOH 

2; 3 12 cm Isolyte 3-5: 1 M H3PO 4 Cathode 
Pharmalyte 4.2-4.9 = 1:2 0.1 MNaOH 

4; 6; 7A 17 cm LKB 3.5-10: 1 M H3PO 4 
LKB 5-7 = t : 1 1 M NaOH Anode 

5 12 cm Isolyte 3-5: 0.04 M L-glutamic acid Cathode 
Pharmalyte 4.2-4.9 0.1 M NaOH 
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Table 2 Locations of the encoding loci and tissue-specificity of esterases in hexaploid wheat 

2S Est-A6, B6, D6 b Dimeric b Endosperm b 
2L Est-A7, B7, D7 c Monomeric c Green tissue c 
3S Est-A1, B1, D1 [EstA, B, D d] Dimeric a Root d, leaf d, young grain d, embryo a 

Est-B9, D9 a Monomeric a Embryo a 
Endosperm specific isozymes controlled by genes on 3AS and 3DS have been reported ~, but not confirmed a. 

3L Est-A2, B2, D2 [Est-2A, B,/J]  Monomeric a' f Coleoptile f 
Est-A5, B5, D5 g Monomeric g Grain g 
Est-A8, B8, D8 a [Est-A6, B6, D6 h] Monomeric a, h, i Leafh, i, coleoptile a, root a 

A further embryo specific isozyme controlled by a gene on 3AL was identified a. 

6L Est-A4, B4, D4 [Est-4A, 4B, 4D f] Monomeric f, i Leaff, i 
7S Est-A3, B3, D3 [Est-3A, 3B, 3B f] Monomeric f Seedling f 
A further 7AS locus controlling immature grain esterase isozymes was reported g. The genes on group 7 chromosomes were not detected 
with IEF methods a. 

a This paper, b Petchey et al. (1990), ~ Liu and Gale (1990), d Barber et al. (1968), e Rebordinos and Perez de la Vega (1989), f Jaaska (1980), 
g Ainsworth et al. (1984), h Jouve and Diaz (1990), i May et al. (1973) 

Fig. 2 The EST-1 and EST-2 phenotypes of the aneuploid homo- 
eologous group 3 lines of 'CS'. Samples were from coleoptile or em- 
bryo plus scutellum extracts, as indicated. Absence of 'CS' isozymes 
encoded by Est-1 is marked in embryo plus scutellum extracts and 
those encoded by Est-2 are marked in the coleoptile extracts (E>) 

zymes  expressed  by green- t i ssue  extracts  focusing 
be tween  pH 6.0 - 7 . 0  (zone II) and the s ingle roo t -spec i f ic  
i sozyme  focused  at the ca thodal  side of  EST-1 i sozymes  
(marked  by  a sol id  t r iangle in Fig. 1). 

Fig. 1 The esterase isozyme patterns of extracts from coleoptile, 
leaf, root, endosperm and embryo plus scutellum, showing the rela- 
tive position of those isozymes expressed by different tissues. The 
root-specific isozyme is marked by a solid triangle 

respec t ive  gene set symbol ,  as p roposed  in our ra t ional iza-  
t ion summar ized  in Table 2. In addit ion,  genet ica l  control  
of  some other i sozymes  has not  been de termined.  These  
inc lude  the i sozymes  expressed  by embryo  and endospe rm 
extracts ,  focusing be tween  pH 5 .0-5 .5  (zone I), the iso- 

Chromosoma l  control  

Est-1 

This set of  loci  is be l i eved  to control  the p roduc t ion  of  the 
i sozymes  focusing around pH 4. This group of  i sozymes  
was expressed  in all of  the t issues but  endospe rm (Fig. 1) 
and conta ined  at leas t  13 i sozymes .  Nu l l i somic  (Fig. 2) and 
d i te losomic  analysis  (not shown) indica ted  that i sozymes  
2, 5, 7, 11, 12 and 13 were encoded  by  a gene(s)  on chro-  
m o s o m e  arm 3AS,  i sozyme  9 by  3BS and i sozymes  1, 3 
and 10 by  3DS. I sozyme  6 was found to be encoded  by  
both 3AS and 3BS and i sozyme  8 by 3AS and 3DS. Thus, 
these are a lmost  cer ta inly  the d imer ic  EST- 1 i sozymes  first 
repor ted  by  Barber  et al. (1968). 
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other was absent in lines lacking chromosome 3D and di- 
telosomic 3DS lines while present in ditelosomic 3DL line 
(Fig. 2). Their controlling loci were thus located on chro- 
mosome arms 3BL and 3DL, respectively. The chromoso- 
mal location of the encoding genes and their tissue-speci- 
ficity indicate that these are likely to be some of the 
EST-2 isozymes reported by Jaaska (1980). 

Fig. 3 Alien EST-1 isozymes: (H barley 'Betzes'; R rye; Imp 
'Imperial', K 'King II' and S I Ae. longissima). Isozymes not present 
in 'CS' are marked ( ,)  

To further confirm the dimeric nature of this set of 
genes, 4 sets of homoeologous group 3 wheat-alien addi- 
tion lines were analysed, with a view of confirming the lo- 
cation of Est-1 homoeoloci in related species and detect- 
ing alien-wheat heterodimers. 

All of the 4 group 3 wheat-alien addition lines analysed, 
including 'CS'/H. vulgare cv 'Betzes' 3H, 'CS'/S. cereale 
cv 'King II' 3R, 'CS'/S. cereale cv 'Imperial' 3R and 
'CS'/Ae. longissima 3S 1, expressed isozymes not present 
in 'CS' in this region (Fig. 3). The ditelosomic additions 
of 'CS'/ ' Imperial '  (not shown) and 'CS'/Ae. longissima 
were also analysed. In both cases the short arm additions 
expressed the same isozyme patterns as the respective 
whole chromosome addition, while the long arm additions 
failed to express these non-wheat isozymes. This indicates 
that, as in wheat, genes encoding these alien isozymes are 
located on the short arms. The locus on 3RS is likely to be 
that reported by Barber et al. (1968). The two loci encod- 
ing H. vulgare and Ae. longissima isozymes were desig- 
nated Est-H1 and Est-SQ, respectively. 

Two alien parents, barley 'Betzes' and rye 'Imperial', 
were also analysed. This revealed that both 'CS' / 'Betzes '  
3H and 'CS'/ ' Imperial '  3R additions expressed esterase 
isozymes not present in either 'CS' or the respective alien 
parents. As shown in Fig. 3, 'CS' / 'Betzes '  3H expressed 
three EST-1 bands not present in 'CS',  one is a barley ho- 
modimer focusing below isozyme 4 and the other two are 
barley-wheat heterodimers, one below isozyme 1 and the 
other below isozyme 7. It was thus confirmed that this set 
of genes encode dimeric isozymes. 

Est-2 

The two coleoptile-specific isozymes are likely to be con- 
trolled by Est-2, a set of genes previously described by 
Jaaska (1980). Of all the esterases detected in extracts from 
different tissues these 2 isozymes showed the lowest pIs. 
The one with higher pI was absent in lines lacking chro- 
mosome 3B while present in ditelosomic 3BL lines and the 

Est-3 

This symbol was assigned to the set of genes located on 
the short arms of group 7 chromosomes that encode mono- 
meric isozymes in young seedlings (Jaaska 1980); this is 
supported by the location of a homoeolocus in barley chro- 
mosome 7H (Hart et al. 1980). In this study none of the 
esterase isozymes was found to be controlled by genes on 
any of the group 7 chromosomes. Possible explanations in- 
cluded that focusing for the isozymes encoded by this set 
of genes was not adequate on the iso-electric focusing (IEF) 
gels used, or that the isoelectric points of these isozymes 
were not covered by the pH range selected here. 

Est-4 

Three esterase isozymes were distinctive in leaf esterase 
zymograms (Fig. 1). Nullisomic analysis showed that the 
one with the highest pI was controlled by a locus on chro- 
mosome arm 6BL and the one with middle pI by 6DL. The 
one with the lowest pI seemed to be controlled by a locus 
on chromosome 6A (not shown). In view of their tissue- 
specificity and the controlling gene location, these are 
likely to be the EST-4 isozymes reported by Jaaska 
(1980). 

Est-5 

This set of loci controls the production of the grain iso- 
zymes with pIs ranging from pH 5.5 to 7.0 (Fig. 1). There 
are more than 20 isozymes in this group, and they account 
for more than two-thirds of the total grain esterase activ- 
ity. Nullisomic analysis (not shown) indicated that these 
isozymes are encoded by genes on the long arms of group 
3 chromosomes: 5 by genes on 3AL, 7 by genes on 3BL 
and another 7 by genes on 3DL. These isozymes were 
absent in the respective nullisomic-tetrasomic combina- 
tions and the available short arm ditelosomic lines but 
present in the long arm ditelosomic lines. This group 
of isozymes are EST-5 as reported by Ainsworth et al. 
(1984). 

Est-6 and Est-7 

As previously reported, two sets of loci, one located on the 
short arms and the other on the long arms of group 2 chro- 
mosomes are responsible for the production of the group 
of isozymes with the highest pIs on the wide pH range 
gel (Fig. 1). These loci were designated Est-6 (Petchey 
et al. 1990) and Est-7 (Liu and Gale 1990), respectively. 
Narrow range high pH gels which allow EST-6 and 
EST-7 to be discriminated are shown in Liu and Gale 
(1990). 
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Est-8 

This symbol is proposed here for the genes encoding the 
production of a group of isozymes that focus between pH 
4.5 and 6.5 and are expressed in coleoptile, leaf and root 
extracts (Fig. 1). Some of these isozymes showed similar 
pIs to EST-5 isozymes, while most focused in a lower pH 
range. Aneuploid analysis indicated that some of these iso- 
zymes are encoded by genes on the long arms of the ho- 
moeologous group 3 chromosomes. Isozymes numbered 6 
and 9 were absent in lines lacking chromosome 3B, iso- 
zyme 8 was absent when chromosome 3D was removed 
and isozyme 13 and most of isozyme 14 were absent in 
lines lacking chromosome 3A (Fig. 4). These isozymes 
were also absent in the available short arm ditelosomic 
lines (DT3BS was not available) but present in the respec- 
tive long arm ditelosomic lines. They are likely to be the 
isozymes reported by May et al. (1973) and Jouve and Diaz 
(1990). The homoeologous locus in rye was also located 
on chromosome 6R in this study (not shown). Jouve and 
Diaz (1990) designated the encoding genes Est-6. How- 
ever, a new symbol is required, and Est-8 is suggested for 
this set of loci. 

Est-9 

There is one group of esterase isozymes, identified as 9 in 
Fig. 1, which are active only in the embryo. Aneuploid 

Fig. 4 The EST-8 isozyme patterns of the aneuploid homoeologous 
group 3 lines of 'CS'. Samples came from six-day-old seedlings. Ab- 
sence of ~ isozymes is marked (4) 

analysis indicated that at least 2 of these isozymes are con- 
trolled by genes on chromosomes 3BS and 3DS (Fig. 5). 
The symbol of Est-9 is proposed here for these 2 genes. A 
third isozyme, the one with the highest pI in this group, is 
encoded by a locus on 3AL because it was not expressed 
by the ditelosomic 3AS (Fig. 5). However, a method pro- 
viding consistent separation for this group of isozymes is 
not yet available and attempts to demonstrate that this third 
isozyme is also absent in the 2 lines lacking 3A chromo- 
somes (N3A-T3B and N3A-T3D) were not successful. 
Intervarietal variation was not detected for any of these 
loci. 

Other esterase isozymes 

The group of isozymes expressed in grain tissues which 
focus between EST-1 and EST-5 (identified as zone I in 
Fig. 1) may be the products of yet further genes. These iso- 
zymes showed a very similar pattern to some of the 
EST-8 isozymes on wide pH range gels (Fig. 1). However, 
the patterns of EST-8 isozymes and those in Zone I could 
be seen to differ on high pH range gels (Fig. 6). The 
Est-8 products were sharply focused but the isozymes in 
Zone I were not well resolved. An protocol for more effi- 
cient separation of this group of esterase isozymes is not 
yet available. 

Another group of isozymes for which we were unable 
to locate the encoding genes were those identified as Zone 
II and expressed weakly by green tissue extracts. They fo- 
cused at the cathodal side of those EST-8 in a similar pH 
range occupied by EST-5 isozymes in grain tissue. These 
isozymes were most active in leaf tissue from very young 
seedlings (4 days old), and some were shown clearly to be 
encoded by genes on the long arms of group 3 chromo- 
somes. The relationship between these isozymes and those 
of EST-5 and EST-8 is not clear. 

In addition, a root-specific esterase isozyme was also 
observed that located on the cathodal side of those EST- 1 
isozymes (Fig. 1). The genetical control of this isozyme 
has not yet been determined. 

Overall, loci encoding esterase isozymes in hexaploid 
wheat have been detected on six different sets of wheat 
chromosome arms. These include chromosome arm sets 
2S, 2L, 3S, 3L, 6L and 7S. The locations of these loci and 
the tissue-specificity of esterase isozymes encoded by 
them are summarized in Table 2. 

Fig. 5 The EST-9 phenotypes -4- 
of the aneuploid homoeologous 
group 3 chromosomes. Samples 
were from embryo plus scutel- - -  
lum extracts. Absence of 'CS' 
isozymes is marked (~>) 



Developmental variation in green tissue esterase 
isozymes 

As shown in Fig. 1, different esterase phenotypes were pro- 
duced by different plant tissues. Similarly, developmental 
changes of green tissue esterase isozymes are also clearly 
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observed. The three leaf-specific isozymes (EST-4) and the 
isozymes in zone II showed stronger activity when younger 
seedlings were used for sample extraction, but the activity 
of the EST-8 isozymes was increased in older seedling ex- 
tracts. However, contrary to the findings of Rebordinos and 
Perez de la Vega (1989) on starch gels, no unique esterase 
isozymes were detected in etiolated seedlings (not shown). 

The relationship between Est-2, Est-5 and Est-8 

The three sets of i sozymes  EST-2, EST-5 and EST-8 are all 
controlled by genes carried on the long arms of the group 
3 chromosomes and beg the question as to whether they 
are encoded by the same or different sets of  genes. Anal- 
ysis of the 'CS ' ( 'Synthet ic ' )  intervarietai chromosome 
substitution lines indicated clearly that the three sets of 
genes show different allelic variation. No variation was 
displayed by any of the Est-2 loci. 'CS '  and 'Synthetic '  
displayed different phenotypes for EST-5 encoded by the 
genes on 3B and 3D, while differences were observed for 
the EST-8 isozymes encoded by the genes on 3A and 3D. 
(Fig. 7). The relationship between Est-D5 and Est-D8 
could be further explored by segregational analysis of the 
'CS'  x 'Synthetic '  F 3 families. No recombination between 
genes controlling the EST-D5 and EST-D8 phenotypes was 
observed in the 50 F 3 lines. Thus, it was concluded that if 
the two sets of isozymes are under independent control, the 
genes are not widely dispersed on chromosome arm 3L. 

Fig. 6 The esterase isozyme patterns of extracts from endosperm of 
'CS' and 'Synthetic' and coleoptile of 'CS', showing the difference 
between EST-8 isozymes and those in zone I 

Fig. 7 The phenotypes of 
'CS', 'Synthetic' and their ho- 
moeologous group 3 intervarie- 
tal substitution lines. (A) The 
EST-5 isozymes of endosperm 
extracts and (B) young (4-day- 
old) seedling isozymes (EST-8 
and those in zone II). Isozymes 
not present in 'CS' but present 
in the intervarietal substitution 
lines are marked ( , )  

Discussion 

It has been demonstrated with the use of the single separ- 
ation method, IEF, that there are at least eight groups of 
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esterase i sozymes  produced  in different  t issues of  the 
wheat  plant.  These  i sozymes  are encoded  by genes on the 
long (Est-7) and short  arms (Est-6) of  group 2 chromo-  
somes,  on the long (Est-2, Est-5 and Est-8) and short  arms 
(Est-I and Est-9) of group 3 ch romosomes  and on the long 
arms o f  group 6 ch romosomes  (Est-4). Two of  these, 
Est-I and Est-6, are d imer ic  i sozymes .  

It is unarguable  that EST-4, EST-6 and EST-7 are en- 
coded  by  three different  sets of  genes because  they are lo- 
ca ted on three different  ch romosome  arms, i.e. on the long 
arms of  group 6, short  arms of  group 2 and long arms of  
group 2 chromosomes .  On the other hand, the s i tuat ion re- 
garding the i sozymes  cont ro l led  by  genes on the group 3 
ch romosomes  is more  ambiguous .  More  than one ' l ocus '  
control l ing esterase product ion  has been  ass igned to each 
of  these ch romosome  arms. However ,  no recombina t iona l  
ev idence  is ava i lab le  to prove  that each is distinct.  Thus, 
the di f f icul ty  of  des ignat ion  arises. 

The three groups of  i sozymes  encoded  by genes on the 
long arms of  homoeo logous  group 3 ch romosome  are ex- 
pressed  in different  t issues and have different  e lec t ropho-  
retic character is t ics .  Two of  them, EST-5 and EST-8,  
showed independent  var ie ta l  variat ion,  whi le  EST-2 was 
found to be monomorph ic  among the genotypes  used here. 
However ,  no recombina t ion  was detected be tween  the 
genes that encode  EST-D5 and EST-D8 i sozymes  f rom a 
sample  of  50 F 3 l ines f rom the cross o f  ' C S ' x ' S y n t h e t i c ' ,  
indica t ing  that these two groups of  i sozymes  are ei ther en- 
coded  by  genes in a compound  locus or by c lose ly  l inked 
genes.  This c lose  l inkage  re la t ionship  is suppor ted  by  the 
fact  that homoeo loc i  for genes contro l l ing  both groups of  
i sozymes  were  de tec ted  on ch romosome  6R in rye. A dis-  
tal segment  of  6RL is syntenous with a dis ta l  segment  of  
the long arms of  wheat  group 3 ch romosomes  (Devos  et al. 
1993). Unfor tunately ,  no in tervar ie ta l  var ia t ion could  be 
de tec ted  for the co leop t i l e - spec i f i c  i sozymes  (EST-2),  thus 
a s imi lar  segregat ional  analysis  involv ing  Est-2 with 
Est-5 or Est-8 was not  poss ible .  

Accord ing  to the guidel ines  o f  gene nomencla ture  (Hart  
and Gale  1988) in wheat,  a s ingle locus should be ass igned 
to genes on the same ch romosome  arms i f  no r ecombina -  
t ion evidence  is ava i lab le  to prove  that they are distinct.  
Al though  we have no ev idence  of  spat ial  separa t ion  the 
other ev idence  re la t ive  to t issue specif ici ty,  e lec t rophore t ic  
charac ter iza t ion  and al le le  var ia t ion provides  adequate  rea-  
sons to mainta in  the different  gene symbols  for these three 
sets of  loci.  

Two groups o f  es terase  i sozymes  were  also found to be 
encoded  by  genes on the short  arms of  the group 3 chro-  
mosomes .  The group with lower  pls  were  shown to be di- 
mer ic  and lack  t i ssue-specif ic i ty ,  and thus are l ike ly  to be 
EST-1, as first  repor ted  by Barber  et al. (1968). I sozymes  
in the second group are monomer ic  and embryo-spec i f i c ,  
and thus different  f rom EST-1 and those repor ted  by Re-  
bordinos  and Perez  de la Vega (1989). For  this group,  de-  
scr ibed for the first  t ime here,  we propose  the symbol  
EST-9. 

It would  be des i rable  to f ind different  substrates that 
d iscr iminate ,  unequivocal ly ,  each group o f  wheat  esterase 

i sozymes .  However ,  the pro tocols  repor ted  in this paper  
p rov ide  another  re la t ive ly  easy  and re l iable  method  to sep-  
arate these different  groups of  i sozymes ,  thus making  these 
loci  more  useful  as genet ic  markers .  
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