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Effects of TaNAKI. 1 and TaNAKI1. 2 on Agronomic and
Yield-Related Traits and Drought Tolerance in Wheat

GONG Yue, HU Kunzhi, WU Baowei, DU Didi, MA Meng, LIU Xiangli, ZHAO Huixian
(College of Life Sciences, Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract: To investigate the effects of two alternative splicing variants of wheat receptor-like kinase
gene TaNAKI on agronomic and yield-related traits, this study used the winter wheat cultivar Xiaoy-
an 6, the wild-type spring wheat cultivar Fielder, and its transgenic lines overexpressing TaNAKI. I
(OEI-1, OE1-9, OE1-11) and TaNAKI. 2 (OE2-1, OE2-2, OE2-4). The expression patterns of
TaNAKI. 1 and TaNAKI. 2 in wheat were examined using semi-quantitative RT-PCR (sqRT-PCR)
and quantitative real-time RT-PCR(qRT-PCR), respectively. Agronomic and yield-related traits of

the transgenic lines under field conditions, along with seedling drought tolerance, were evaluated.
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The results showed that TaNAKI. I and TaNAKI. 2 exhibited distinct spatiotemporal expression pro-
files across wheat organs and tissues under normal conditions; TaNAKI. I displayed relatively high
expression levels in grains at 10 and 15 days post-anthesis, whereas TaNAKI. 2 showed relatively
high expression levels in seedling leaves and flag leaves. Under drought and low-temperature stress
conditions, TaNAKI. 2 was significantly up-regulated, while the expression of TaNAKI. I was not
induced by these abiotic stresses. The overexpression of TaNAKI. 1 and TaNAK]I. 2 differentially af-
fected agronomic and yield-related traits under field conditions. Compared to wild-type wheat Fielder,
TaNAKI. 1 transgenic lines showed no significant differences in heading and flowering time or flag
leaf area. In contrast, heading and flowering time in TaNAKI. 2 transgenic lines were delayed by ap-
proximately 5 d, and flag leaf area was reduced by 12.50% to 14.45%. Both TaNAKI. 1 transgenic
and TaNAK]I. 2 lines exhibited significant reductions in plant height, tiller number, spike length,
number of spikelets per spike, grain size, thousand-grain weight, and grain weight per plant; howev-
er, the extent of these reductions varied between the two types of overexpressing lines, with Ta/N-
AKI. I transgenic lines showing greater reductions in grain weight per plant and biomass per plant.
The effects of TaNAKI. 1 and TaNAKI. 2 overexpression on wheat seedling drought tolerance were
similar, with both significantly enhancing drought tolerance. Specifically, under drought stress, com-
pared to the wild-type wheat Fielder, the leaves of TaNAKI. 1 transgenic and TaNAKI. 2 transgenic
lines showed significantly increased contents of osmotic adjustment solutes (soluble sugars and pro-
line) and relative water content, along with significantly decreased levels of H, O, and the membrane
lipid peroxidation product MDA. Furthermore, their survival rate was also significantly enhanced fol-
lowing extreme drought stress treatment. These results not only reveal the important roles of TaN-
AK1 alternative splicing in regulating growth, development, and adaptation to abiotic stress in wheat,
but also provide new genetic resources for molecular breeding of stress-tolerant wheat.

Keywords: Wheat; TaNAKI. 1 and TaNAKI. 2 ; Growth and development; Drought tolerance
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A: Expression patterns of TaNAKI under normal culture conditions; R: Root at three-leaf and one-heart stage; L: Leaf at three-
leaf and one-heart stage; FL: Flag leaf at booting stage; YS4: 4 cm spike stage; YS8: 8 cm spike stage; GR5, GR10, GR15, and
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Fig. 3 Comparison of agronomic and yield-related traits between wheat Fielder and TaNAKI. I and TaNAKI. 2 lines
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F1 4 Fielder R HETETaNAKI. | FITaNAKI. 2 R R R Z 7= 248 X MR
Table 1 Agronomic and yield-related traits of wild-eype Fielder and TaNAKI. 1 and TaNAKI. 2 transgenic lines

Pk TaNAKI. 1 TaNAKI. 2

Trait Fielder
rar OEl-1 OE1-9 OE1-11 OE2-1 OE2-2 OE2-4

5 Plant height/cm 104, 6445, 14a 98.07+4.67b 96.1545. 03¢ 98.7+2.95b 95,3944, 38¢ 9
AN -3

Spikelet number per spike

w

.78£5.78d 96.07£4. 84c

21.53+1.36a 21.05%1.16b 20.640.92b 20.77+£1.24b 20.78+£1.80b 2
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—
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bR

Biomass per plant/g

Grain number per main spike
b B
Grain yield per plant/g

ThLE
Thousand-grain weight/g

.65E4.67b 2

=3

.024+4.13b 20.02+3.81b

142.16+20.50a108. 16 +15. 20c 103.64£11.32cd 92.56+10.24e  100. 514 14. 05d 105. 58 =16. 79cd 120.25+27.67b

83.47+4.6la 70.49=£6.43c 69.73+4.80b 70.82+4.95b 68.62E£4.04c  73.42+4.60c 73.00£6. 08¢
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o

445.09d 33.92£6. 23¢c
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#i K Grain length/mm 6.814+0.19a  6.56=40.19b 6.5440.19b 6.5240.15b 6.40+0.17d 6.3340. 13e 6.46+0.21c
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FLJE Grain thickness/mm 3. 09-+0. 16a 3.054+0.13b 3.04+0. 14be 3.014+0. 15¢ 2.954+0.13d 2.89+0.13e 3.04+0. 14be
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Data are presented as mean standard deviation(n==30) ; Different lowercase letters within the same row indicate significant differ-

ences among different lines at 0. 05 level.
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