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Abstract—Photosynthesis and translocation rates were studied in high lysine barley mutant Notch-2 and its
parent NP 113. Photosynthesis rates were higher in the mutant than in the parent variety during early growth
but were lower 24 days after anthesis. Higher photosynthetic rates were also observed in hiproly out-cross B,
than NP 113 during early development. However, on a per leaf basis, the photosynthetic rate in B, flag leaf
was lower than in NP 113. ["*C]Sucrose translocation rates from the leaf to the developing ear were lower in
mutant Notch-2 than in NP 113 or hiproly B;. A substantially higher proportion of label remained in the flag
leaf of Notch-2 than in NP 113 and B, at maturity. The decrease in yield in mutant Notch-2 may be caused by
a lower rate of photosynthesis as well as reduced translocation rates during the later stage of grain

development.

INTRODUCTION

Barley mutant Notch-2 induced by ethyl methane
sulphonate of NP 113 seeds has substantially im-
proved quality[1, 2] but reduced grain yield due to a
decrease in the starch[3,4]. Recent studies of
enzymes of starch metabolism have shown that the
activity of starch synthetase (EC 2.4.1.21) and phos-
phoketoisomerase in Notch-2 mutant grains is lower
than NP 113[5, 6]. Based on the absolute activity of
enzymes of starch metabolism and kinetic studies, a
regulatory control on starch synthesis in Notch-2 has
been suggested [7]. It has been shown that in cereals,
sucrose is the major sugar transported from leaf to
the grain[8]. Photosynthetic and translocation rates
may also limit the supply of soluble sugars for the
synthesis of starch and other constituents. Therefore,
in the present study, the photosynthetic rate and
efficiency of utilization of exogenously supplied
sucrose have been examined in mutant Notch-2, its
parent NP 113 and hiproly B, during development.

RESULTS AND DISCUSSION

The results presented in Table 1 show the pho-
tosynthetic rate per g fr. wt and on per leaf basis in
NP 113, Notch-2 and B, leaves during development.
During early development the photosynthetic rate per
g fr. wt was higher in B; and Notch-2 leaves than in
NP 113. The photosynthetic rate, both on per g fr. wt
and per leaf basis, was higher in the mutant than its
parent on day 30 and at anthesis, while it was sub-
stantially lower 24 days after anthesis. A lower pho-
tosynthetic rate on a per flag leaf basis in B, than in
NP 113 was mainly due to the smaller size of the leaf
of B;.

The fr. wt of Notch-2 leaves was slightly lower
than the parent NP 113 during development (Table 2).
The dry wt of the flag leaf of Notch-2 differed little from
that of NP 113 except at 24 days after anthesis, when it
was lower. The fr. wt and dry wt of B, leaves were
lower than both NP 113 and Notch-2 except at 24 days
after anthesis.

Dry wt accumulation

The dry wt accumulation in Notch-2 was less than
in NP 113 and B, throughout grain development
(Fig. 1). The dry wt accumulation rate per day per grain
(Table 3) during development was also lower in the
mutant than in its parent. The maximum rate of dry
wt accumulation was observed from day 17 to day 24
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Fig. 1. Dry wt accumulation in grains of NP 113, mutant
Notch-2 and B, barley during development.
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Table 2. Fresh and dry weights of NP 113, Notch-2 and B, barley leaf during

development
Stage of NP 113 Notch-2 B,
development
Fr. wt Dry wt Fr. wt Dry wt Fr. wt Dry wt
(mg) (mg) (mg) (mg) (mg) (mg)
30 day stage 563 110 508 98 190 38
Flag leaf
at anthesis 448 94 413 95 130 72
Flag leaf
at 12 DAA* 425 90 345 93 100 70
Flag leaf
at 24 DAA 187 61 118 44 76 71

*DAA = Days after anthesis.

Table 3. Rate of dry weight accumulation in NP 113,
Notch-2 and B, barley grains during development

Dry weight accumulation
(mg per grain per day)

Days after

anthesis NP 113 Notch-2 B,
Anthesis-10 1.33 0.80 1.34
11-17 1.08 1.05 1.63
18-24 1.64 1.46 242
25-maturity 0.48 0.34 0.17

in all varieties. Hiproly B, grains had higher dry wt
accumulation rates than NP 113 and Notch-2 up to
day 24.

["*ClSucrose uptake and translocation

In order to determine translocation rates
[*“*Clsucrose was uniformly applied to the flag leaf at
anthesis and the distribution of the label in flag leaf,
peduncle, husk, rachis and grain determined thereaf-

ter up to maturity. Resuits are shown in Tables 4 and
S. Peduncle, rachis, husk +awns + glume accounted
for only a small fraction. At day 10, most of the label
in mutant Notch-2 remained in the flag leaf and only a
small proportion of the label was translocated to the
grain. In NP 113 46% of the label appeared in the
grain. At day 17 the proportion of label in the grain
relative to the label in the flag leaf increased in all three
plants. However, Notch-2 flag leaf still had consider-
ably higher label than NP 113. At maturity the flag
leaf of Notch-2 still had nearly 50% of the label, while
NP 113 and B, showed only 13.2 and 13.9% label,
respectively. The ratio of label in grain to the label in
leaf increased both in NP 113 and B; during
development, while in Notch-2 it increased only up to
day 24. During grain development the proportion of
label in the soluble fraction of grains of NP 113
decreased at day 17 but did not change much
thereafter, while in Notch-2 it followed an erratic
pattern. During development, the proportion of label
in the insoluble fraction increased in NP 113 and B,,
while in Notch-2 grains it increased up to day 24 and
decreased thereafter at maturity.

Table 4. Per cent distribution of label in different parts of NP 113, mutant Notch-2 and B, barley 10 and 17 days
after anthesis

Plant part 10DAA* 17 DAA
NP 113 Notch-2 B, NP 113 Notch-2 B,

Husk +awns +

glume 0.13 0.04 0.10 2.35 1.21 0.78
Rachis 0.05 0.02 0.03 0.61 0.70 0.35
Peduncle 0.49 0.21 0.58 6.63 4.28 5.61
Flag leaf

Soluble 41.60 81.58 59.98 26.04 36.21 40.04

Insoluble 12.12 8.17 11.54 13.61 13.68 9.63
Grains of spike

Soluble 17.07 5.94 9.95 12.46 20.45 7.19

Insoluble 28.54 4,03 17.80 38.30 23.50 38.28
Total counts

incorporated 17.5 x 1¢° 25.6x10° 11.2x 10° 17.2x 10° 17.4x 10° 10.6 x 10°

*DAA = Days after anthesis.
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Table 5. Per cent distribution of label in different parts of NP 113, mutant Notch-2 and
B, barley 24 days after anthesis and at maturity

Plant 24 DAA* Maturity
NP 113 Notch-2 B, NP 113 Notch-2 B,

Husk +awns +

glume 1.31 0.56 0.50 1.54 0.69 0.78
Rachis 0.48 0.15 0.14 0.46 0.32 0.29
Peduncle 5.37 1.16 1.30 3.63 0.86 1.48
Flag leaf

Soluble 21.47 38.39 25.30 8.71 36.17 10.87

Insoluble 9.16 11.17 9.93 4.50 12.84 3.06
Grains of spike

Soluble 12.57 7.35 9.53 14.10 16.04 15.02

Insoluble 49.64 41.25 53.30 67.06 33.07 68.49

*DAA = Days after anthesis.

Discussion

Notch-2, the high-lysine mutant of barley, like
other high-lysine cereal grain mutants, has a lower
grain yield mainly due to reduced grain weight at
maturity compared with its parent NP 113[9]. Starch
and protein are the two major components of grain
yield. It has been shown earlier that the protein
content per grain in Notch-2 and NP 113 is nearly the
same and that the reduction in yield is due mainly to
the slower rate of starch synthesis during grain
development[4] in mutant Notch-2. Sen and Mehta[3]
have ruled out the possibility of an enhanced
degradation of synthesized starch in the Notch-2
mutant compared with NP 113, In recent studies of
enzymes of starch metabolism[5, 6], it has been sug-
gested that the lower levels of ADP glucose (UDP
glucose) starch synthetase and phosphoketoisomerase
are responsible for the reduced accumulation of
starch in Notch-2 grains compared with NP 113. In
high-lysine Opaque-2 maize also, the decreased level
of starch synthetase has been shown to contribute to
the reduced endosperm weight{10]. Sucrose is the
main raw material for the synthesis of starch in
developing cereal grains[8]. The pattern of changes in
reducing sugars in maize[11] and barley[12] are con-
sistent with a mechanism by which starch is syn-
thesized from a precursor pool of soluble reducing
sugars. Therefore, starch synthesis may also be
limited by the supply of the soluble sugars as sub-
strate molecules. The high-lysine Notch-2 barley and
B, leaves had a higher photosynthetic efficiency than
NP 113 per unit wt up to 12 days after anthesis. At 24
days after anthesis both had much lower photosyn-
thetic efficiency than NP 113. Notch-2 had a sub-
stantially higher photosynthetic capacity (CO, assi-
milated per leaf) than NP 113 up to anthesis, but at
subsequent stages it was lower. The decreased pho-
tosynthetic capacity in mutant Notch-2 at a time
when rapid starch synthesis takes place in the grain
may therefore play an important role in limiting the
starch accumulation. A higher label content in leaves
of Notch-2 compared with NP 113 is suggestive of
poor mobilization of photosynthates in the mutant.
The findings of this study and our earlier in-

vestigations indicate that the grain yield reduction in
this high-lysine mutant is caused not only by the
lower levels of enzymes of starch biosynthesis but
also by the lower rates of photosynthesis and trans-
location during later stages of grain development,

EXPERIMENTAL

Seeds of barley variety NP 113, its mutant Notch-2 and a
hiproly derivative B, were grown at the Institute Farm under
normal agronomic practices.

Photosynthesis rate. *CO, generated from 10 uCi NaH"
CO; (sp. act. 54 mCi/mmol) by adding 2 ml IM HCl was fed in
a closed system. Six intact leaves were inserted in the Plexi-
glass chamber for 5 min. Air was circulated in the chamber
by a pump. Immediately after feeding, the leaves were
plunged in 80% EtOH and extracted successively with 80%
EtOH, 50% EtOH and H,O[13]. All extracts were pooled,
acidified with HCI and the volume made up. Counting was
done using toluene-based scintiliator with a scintillation
spectrometer. Values reported are an average of triplicated
estimates.

[“ClSucrose feeding studies. 30 ul (7.5 «Ci) ["*C]sucrose
(sp. act. 495 mCi/mmol) was uniformly applied on each flag
leaf of the plant on the day of anthesis. The plants of each
variety were then harvested at 10, 17 and 24 days after
anthesis and at maturity. Flag leaf, peduncle and the different
components of the ear were separated. The flag leaves were
washed thoroughly. The flag leaves and other parts were
completely oven-dried at 60°. Radioactivity in the washings
was determined. At day 10 ca 3.52 uCi "*C was still on the
outside of the flag leaf of NP 113 and Notch-2 and 3.75 xCi
“C in the case of B, but at day 17 and subsequent stages
washing accounted for < 0.1 uCi “C.

Extraction and fractionation. The distribution of label in
the soluble and insoluble fractions of flag leaf and grains
was determined. The soluble fraction from 50 mg samples in
duplicate was extracted with 80% boiling EtOH (5 ml each
time x4). The residue after centrifugation at 8000 g for
10 min of the last extraction was further treated with 4M
HC] and autoclaved at 1atm for 10min. The digested
material was filtered and an aliquot used for counting the
insoluble fraction. An aliquot of the pooled EtOH extract
was used for counting the soluble fraction. Peduncle, husk +
awns + glume and rachis were treated as for the insoluble
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fraction of the grain. The counting was done in a scin-
tillation spectrometer using dioxane-based scintillator. The
results reported are an average of duplicate estimates.

Dry wt accumulation. Dry wt accumulation was deter-
mined as described in ref. [3].
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