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Changes in Starch Synthesis and the Characteristics of Photosynthate Translocation
at High Temperature during the Ripening Stage in Barley

Hyeon-Seok Lee', Woon-Ha Hwang', Dae-Wook Kim', Jae—Hyeok Jeong', Seung-Hyeon Ahn', Jeong-seon Baek',
Han-Yong Jeong', Jong-Tak Yun', Geon-Hwi Lee', and Kyung-Jin Choi"'

ABSTRACT This experiment was conducted to evaluate the effects of high temperature on the stem, leaf and grain of barley
during the ripening period and to provide information for the development of high-temperature cultivation techniques and adaptive
varieties. We used an artificial climate control facility, to provide a temperature 3 ‘C higher than the normal average temperature
during the ripening stage. Although the maximum rate of starch synthesis was increased at high temperature by approximately
11%, the starch content was decreased, because the period of starch synthesis ended 4 days earlier. As in the case of starch
synthesis, the expression of genes related to starch synthesis was increased at the early ripening stage in the high temperature
treatment, however, the duration of expression tended to decrease rapidly. Furthermore, the partitioning rate of assimilation
products in the panicle increased to a greater extent in the high temperature treatment than in the control. In contrast, for the stem
and leaf, the partitioning rate of assimilation products decreased more rapidly in the high temperature treatment than in the control.
On the basis of these results, it can be considered that the translocation rate of assimilation products increased to a greater extent
in the high temperature treatment than in the control at the early ripening stage. These results indicate that the decrease in grain
weight at high temperature during the ripening stage is attributable to an increase in the speed of starch synthesis at high
temperature, but the increase in ripening speed does not compensate for the shortening of the ripening period. Finally to develop
varieties and cultivation techniques suited to high temperature, we need to focus on physiological characteristics related to the

duration of starch synthesis.
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Table 1. Gene specific PCR primer sets for quantitative RT-PCR amplification.

Enzyme Gene Name Accession No. Sequence Amplicon Size
(g sty AGRLL XOTISLL e GGAGTTTGAGAAG 217
Granule bound Starch Synthase GBSSI1 AB089162.1 E:: g?éggiég};%ii%%%cg &%2%((}3%6; 200

Table 2. Differences in grain characteristics and the levels of chemical components of barley grains at high temperature during

the ripening period.

Treatment Ripening 1000-grain  Grain-length ~ Grain-width Starch Protein Amylose

period weight (g) (mm) (mm) (%) (%) (%)
Control (18.4C) 41 32.9+1.4 7.59+0.3 3.66+0.2 63.5+2.4 9.82+1.4 7.68+0.3
High-temperature (21.2°C) 36 28.7£1.9 7.57+0.5 3.39+0.3 58.9+1.8 13.98+2.1 6.94+0.4
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high temperature during the ripening period.
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Fig. 2. Changes in starch synthesis at high temperature during
the ripening period. The curves in the graph were
fitted to a logistic equation as shown in Table 3.
Vertical lines indicate the end of the of grain filling
period.
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Fig. 3. Change in starch accumulation rate at high temperature
during the ripening period.
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Table 3. Parameters of the logistic function relating starch content to days after heading under two temperature regimes during

the grain filling period.

Treatment Sinax Ir tm R?
. 572.43 0.2353 19.15 .
Control (18.4C) (11.37) (0.0189) (0.41) 0.98
. o 527.55 0.2631 16.03 -
High-temperature (21.27C) (6.26) (0.0143) (0.28) 0.96

- Values in parenthesis are standard errors

-« and “™ represent significance at the 0.05 and 0.01 probability levels, respectively
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Fig. 5. Progressive changes in water soluble carbohydrates (starch and total free sugar) partitioning ratio to the panicle (A), stem
(B), and leaf (C); and chlorophyll concentration (D) in relation to the days after heading under two temperature regimes
during the grain filling period. The curves in graphs A and D were fitted to a logistic equation as in table 4 and 5
respectively. Vertical lines indicate the ebd if the of grain filling period.

Table 4. Parameters of the logistic function used to describe grain filling progress in relation to the days after heading under
two temperature regimes during the grain filling period.

Treatment A IF tm R?
5 0.9195 0.1257 14.98 -
Control (18.4C) ©.06%%) 00286) (189) 0.95
. q 0.9213 0.1330 10.72 -
High-temperature (21.27C) (0.0354) (0.0199) (0.95) 0.97

- Values in parenthesis are standard errors
- «™ and “™ represent significance at the 0.05 and 0.01 probability levels, respectively

Table 5. Parameters of the logistic function used to describe leaf senescence in relation to the days after heading under two
temperature regimes during the grain filling period.

Treatment Ninin Nimax Th N; R’
. -3.115 60.649 33.89 11.44 .
Control (18.4C) (3.866) (12.04) (1.851) (2.247) 0.99
. o -1.349 56.550 31.03 18.21 .
High-temperature (21.2°C) (3.365) (7.061) (1.526) (5415) 0.98

- Values in parenthesis are standard errors

46*97

and “™ represent significance at the 0.05 and 0.01 probability levels, respectively
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Fig. 7. Changes in a-amylase activity in grain (A) and stem (B) at high temperature during the ripening period.
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