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Growth and Quality Characteristics of Korean Bread Wheat in Response to Elevated
Temperature during their Growing Season

Chuloh Cho', Han-yong Jeong', Yurim Kim', Jinhee Park', Kyeong—Hoon Kim', Kyeong—Min Kim', Chon-Sik Kang?,
Jong-Min Ko?, and Jiyoung Shon*'

ABSTRACT Wheat (Triticum aestivum L.) is a major staple foods and is in increasing demand in the world. The elevated
temperature caused by changes in climate and environmental conditions is a major factor affecting wheat development and grain
quality. The optimal temperature range for winter wheat is between 15 and 25°C, and it is necessary to study the physiological
characteristic of wheat according to elevated temperatures. This study presents the effect of elevated temperature on the yield and
quality of two Korean bread wheat (Baekkang and Jokyoung) in temperature gradient tunnels (TGT). Two bread wheat cultivars
were grown in TGT at four different temperature conditions: TO (control, near ambient temperature), T1 (T0+1°C), T2 (T0+2°C),
T3 (T0+3°C). The period from sowing to heading stage accelerated and the number of grains per spike and grain yield reduced
under T3 condition compared with those under TO condition. Grain filling rate and grain maturity also accelerated with elevated
temperature (T3). The increase in temperature led to the increase in protein contents, whereas decreased the total starch contents.
These results are consistent with the decreased expression of starch synthesis genes and increased gliadin synthesis or gluten
metabolism genes during the late grain filling stage. Taken together, our results suggest that the increase in temperature (T3) led
to the decrease in grain yield by regulating the number of grains/spike, whereas increased the protein content by regulating the
expression of starch and gliadin-related genes or gluten metabolism process genes expression. In addition, our results provide a
useful physiological information on the response of wheat to heat stress.
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Table 1. Oligo nucleotide sequences for qRT-PCR analysis in developing grains.

Primer sequence (5'—3")

Gene Description

Forward primer

Reverse primer

a-Gli  Encoding o-type gliadin

AGACCTTTCTCATCCTTGCC

TGTACCAATGGAACTTGCTCT

ACAGGTGAACCCATGCAAGAA TGCATGATGATGGAATGTATG

gIGli  Encoding y-type gliadin

TTT ATGG

018  Encoding o-type gliadin AAGGCAAGCAAGCAGTAG GATTGTTGAGGTGATTGTAGC
021  Encoding o-type gliadin CAACCACCACAACAATTC TTACATCTCTTCATTTCATAGG
GluDx High molecular weight glutenin subunit 2 ~GCAGCAACTCCAACAACGTA  GCCTGGATAGTATGAAACCTG

GluDy High molecular weight glutenin subunit 12 CCCAAGCGTAACTTCTCCTCGG TGTTGCCCTTGTCCTGGTTC

SPA Storage protein activator

ATTGACAATAGGGTACTAAAGGC CTTGGGGGAAATTGTTGGTG

PBF  Prolamin-box binding factor

CATTCCAGTTCCGATGCAG

GTCATCTCCTTCCTCGCTAG

GTTTCCCACAGAATAACTGCA GTATGGTCTTTCGTCATGCCTC

SST Soluble starch synthase (SSS)

GGTTGC

GC

GCACCAGTATGTTTCACGGAA GGCATACACGACCGCAGTTCT

SBEII  Starch-branching enzyme (SBE)

ACATG

G

GTCTTCAACCATACAGCTGAG GAACCTCTGGTCATTATGGAT

1S4-1  Isoamylase (ISA)

GGT GCAAG
GBSSI Granule-bound starch synthase (GBSS) CTCGCCGCCAACTACGACGTC TGCTCGGGAACTTCTCCTCCAC
ACT  Actin GGAGAAGCTCGCTTACGTG GGGCACCTGAACCTTTCTGA

Moriyama, JP)E A}-3}¢] Real-Time PCR System (Bio-
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Table 2. Mean temperature and thermal difference of the region in the temperature gradient tunnels (TGT). Thermal difference
indicates the difference between the elevated temperature (T1, T2, T3) and TO.

Ambient Temperature Gradient (°C) Thermal Difference (°C)

Month

0 TO Tl T2 T3 Tl T2 T3
Nowv. 93 9.5£0.2° 10.5+0.5 11.3+0.4 12.4+0.3 1 1.8 2.9
Dec. 1.7 1.9+0.2 2.9+0.5 3.6+0.4 4.840.3 0.9 1.7 2.8
Jan. 0.5 0.9+0.2 1.9£0.5 2.7+0.4 3.8+0.4 0.9 1.7 2.9
Feb. 43 4.7+0.1 5.6+0.4 6.4+0.3 7.5+£0.2 0.9 1.7 2.8
Mar. 9.5 10.1£0.1 11.0+£0.4 11.8+0.2 12.9+0.1 1 1.7 29
Apr. 14.4 15.1+0.1 16.0£0.3 16.8+0.2 18.0£0.1 0.9 1.7 2.9
May 17.7 18.7+0.1 19.7+0.2 20.5+0.1 21.7+0.1 1 1.8 2.9
Jun. 22.1 21.4+0.2 22.7+0.4 23.2+0.4 24.0+0.3 1.2 1.8 2.6

*Data are means + SD refers to the average temperature of four TGT at each point. TO, control; T1, control+1°C; T2, control+2°C;

T3, control+3°C.

Mean Temperature (°C)

Feb.

Mar. Apr. May. Jun.

Fig. 1. Daily mean temperatures during the growing season of bread wheat in the temperature gradient tunnels (TGT).

Table 3. Growth characteristics of wheat in response to
elevated temperature during their growing season.

Heading Number  Yield (kg/10a)
Cultivar Thermal Date of .
Treatment (M. dd) Gra'ins/ folln Index
Spike Weight
TO 3. 31 30.0a* 558a 100.0
T1 3. 28 27.2b 562a 100.8
Baekkang
T2 3.23 26.3b 448b 80.3
T3 3. 20 25.8b 415b 74.4
TO 3. 31 30.5a 551a 100.0
Tl 3. 28 28.2b 519ab 94.2
Jokyoung
T2 3. 23 27.5b 458bc 83.1
T3 3. 20 25.7¢ 464c 84.2

*Values followed by the same letters are not significantly
different at p<0.05.
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Fig. 2. Effect of elevated temperature on the grain dry weight of Baekkang (A) and Jokyoung (B) during grain filling period.
Solid and dotted lines in the graphs indicate the days from DAH to the maturity of grains. Error bars indicate standard
deviation determined from three independent biological replicates.

Table 4. Quality characteristics of wheat in response to elevated
temperature during their growing season.

Culiivar _Thermal  Ash ;:[O:ail Protein  SDSS
WAL Treatment (%) are (%)  (mL)
(%)
TO 043aa 747a 11.8c  55.0a
Tl 042a 7452  124c  56.0a
Baekkang
T2 042a 7442  139b  63.0b
T3 048a 71.6b 150a  61.5b
TO 0.42a 75.9a 11.6a 56.4a
Tl 04la 758a 129b  59.3b
Jokyoung
T2 047a  73.8ab 14.1c  63.0c
T3 047a  724b  154d  66.6d

*Values followed by the same letters are not significantly
different at p<0.05.
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