£ % LI OB ik HEE % | OsSTP1 NS BEIBE KRR
Chinese Journal of Biotechnology

http://journals.im.ac.cn/cjbcn Oct. 25, 2024, 40(10): 3500-3514
DOI: 10.13345/j.cjb.230854 ©2024 Chin J Biotech, All rights reserved

« KA EPRA -

f

OsSTP1 41 F 8z 7 EC Rk Fs Ui R

AEE, 24, BE, T, RBER, KERE

AR AL K2e BRI BE, WImE KVD 410128

WA, XA, B, FHME, RIAAR, HKIREE. OsSTPL 4 R/ BOR BOK AR RN BL[Y]. A9 TARES#4, 2024, 40(10):
3500-3514.

HU Shenglei, LIU Dong, GUO Bao, LI Hongye, ZHU Qidong, ZHANG Zhenhua. OsSTP1 mediates sucrose allocation to regulate
rice responses to different nitrogen supply levels[J]. Chinese Journal of Biotechnology, 2024, 40(10): 3500-3514.

o OE: RS R AR BRI e T F R B R, @R T R AR RAS R AR
K H RIS, AT BIESE K G OsSTP1 A K4S R A B Hoh, AT LA TB309 4 H
T, MET BIEHE R G OsSTPL 69it R X 44 K F#k 2 OsSTP1-OELl. OsSTP1-OE2 #= R %
A F M A osstpl-1. osstpl-2. KA K3IFXE, X E TR (free nitrogen, FN, 0 mg/L). 1% & (low
nitrogen, LN, 10 mg/L). iE % & (normal nitrogen, NN, 40 mg/L)#= & #.(high nitrogen, HN, 80 mg/L)
wIASBE K, B SR A v AT R B K R R 2 R IL, AR B A A Ae K ZAK, OsSTPL
S AKMHAERIKE T, AWE. RE. RS RER I, oA THERES TR ERIK, MR
QTR ST REE I, RALT A REMER 7AW TEMBEIMEHREEIRAT, Ad
RHRRANAEARRBRK LS R EF RSB ERAN T I, ARRIEN KBEHE TG R
OSSTPYL i 3 % A AG B A A &4 2 T S 8 6 R JE B2 40 R AR AR 00 AR R A K, A A R
REGBKERR, RETKBREAAE, HRRBAERET 5.

KHEIR): KAS; OSSTPLAM; B, A&Xx; £Hh=F

OsSTP1 mediates sucrose allocation to regulate rice responses
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Abstract: Improving the nitrogen use efficiency is an effective way to increase the yield of rice,
and maintaining carbon-nitrogen balance is essential for the normal growth and development of
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rice. To investigate the impact of the sucrose transporter protein OsSTP1 on nitrogen absorption in
rice, in this study, we constructed transgenic lines overexpressing the sucrose transporter gene
OsSTP1 (OsSTP1-OE1, OsSTP1-OE?2) and mutant transgenic lines (0sstpl-1, osstpl-2) from the
wild type TB309. Further, we conducted a hydroponic experiment with four nitrogen supply
levels of free nitrogen (FN, 0 mg/L), low nitrogen (LN, 10 mg/L), normal nitrogen (NN, 40 mg/L),
and high nitrogen (HN, 80 mg/L) to study the responses of each line to different nitrogen supply
levels during the seedling stage. The results showed that compared with the wild type and
mutant lines in the LN group, the OsSTP1-overexpressing lines exhibited significantly increased
biomass, root length, and plant height, decreased soluble sugar content in the leaves, and
increased soluble sugar content in the roots. The results indicate that the soluble sugars
produced by leaf photosynthesis are transported to the roots through the phloem to promote root
growth and nitrogen uptake, thus increasing the aboveground biomass. This study has identified
that OSSTP1 can affect the long-distance transport of carbohydrates from source to sink to promote
root growth, ultimately influencing rice’s absorption and accumulation of nitrogen, improving

nitrogen use efficiency and providing reference for reducing nitrogen fertilizer application.
Keywords: rice; OSSTP1; sucrose; nitrogen; biomass
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TR R SR, BRAZE DL Ca,NO; FlI(NH,),S0,
FRBREA RS, HATER 5 EPRKFE
P 2 W BC J7 (Yoshidaetal)—3, 43 3 d B
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1.3 SRR HKEE PCR
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Yy, 547 cDNA G 55 5 qRT-PCR ik 401 .
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Table 1 Total dry weight, root dry weight of different materials at different nitrogen levels
Rice lines FN LN NN HN

Total dry weight (g) ~ OSSTP1IOE2  0.071+0.007gh 0.210+0.014bc 0.25840.017a 0.201%0.009cd
OsSTP10EL 0.064+0.009ghi 0.199+0.017cd 0.245+0.019ab 0.199+0.026¢d
WT 0.064+0.0071 0.112+0.009f 0.181+0.013de 0.153+0.011e
osstpl-1 0.038+0.0031 0.056+0.016hi 0.157+£0.005¢ 0.098+0.023fg
osstpl-2 0.038+0.009hi 0.067+£0.021ghi 0.162+0.013¢ 0.092+0.012fg

Root dry weight (g) OsSTP10E2 0.021+0.003cdef 0.030+0.003ab 0.028+0.003bc 0.026+0.003bcde
OsSTP10E1 0.023+0.002bcde 0.030+0.001ab 0.038+0.008a 0.027+0.001bcd
WT 0.023+0.001bcde 0.023+0.001bcde 0.028+0.001bc 0.021+0.002cdef
osstpl-1 0.020+0.004def 0.021+0.002cdef 0.023+0.002bcde  0.022+0.003cdef
osstpl-2 0.018+0.002ef 0.020+0.002cdef 0.025+0.003bcde  0.016+0.004f

Different letters indicate significant differences between different treatments of the different materials (P<0.05), n=5.

x2 TEMBETEREKFETHHS. R, RELEE

Table 2  Plant height, root length, and root-to-shoot ratio of different materials at different nitrogen levels

Rice lines FN LN NN HN

Plant height (cm) OsSTP10E2 25.350+2.770gh 49.033+6.265a 48.250+3.372abc 42.083+4.128cde
OsSTP10E1 25.983+1.680gh 51.0834+3.308ab 47.416+3.800abc 44.250+3.921abc
WT 19.516+1.524gh 35.750+0.935ef 43.916+2.616bcd 41.000+3.847cde
osstpl-1 18.983+2.289h 31.916+0.970fg 34.416+4.030ef 32.833+£3.251fg
osstpl-2 19.000+1.517h 30.583+1.828fg 38.250+4.263def 34.666+2.658ef

Root lenght (cm) OsSTP10E2 30.750+1.782a 23.833+2.483bc 20.666+1.402cd 18.333£1.538def
OsSTP10E1 31.766+1.492a 24.583+2.577b 19.000£2.073def 17.583+1.563def
WT 20.666+1.033cd 20.250+0.822cde 16.500+1.483efg 13.500+1.095hij
osstpl-1 15.416+2.131fgh 14.750+0.880ghi 12.500+1.183ijk 10.250+2.525k
osstpl-2 16.750+1.636efg 15.666+1.941fgh 11.333+0.983jk 10.750+1.666k

Root shoot ratio OsSTP10E2 0.226+0.027def 0.213+0.005ghi 0.241+0.007def 0.205+0.009i1
OsSTP10E1 0.246+0.029cde 0.227+0.02def 0.244+0.008def 0.214+0.012fgh
WT 0.295+0.014ab 0.235+0.018def 0.251+0.008cde 0.206+0.007ghi
osstpl-1 0.206+0.026hi 0.265+0.017bcd 0.221+0.006efg 0.240+0.018def
osstpl-2 0.284+0.019bc 0.323+0.026a 0.259+0.013cde 0.242+0.01def

Different letters indicate significant differences between different treatments of the different materials (P<0.05), n=5.
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%3 TEMKERETKFE T SPAD &

Table 3 SPAD values of different materials at different nitrogen levels

Rice lines SPAD values

FN LN NN HN
OsSTP10OE2 14.03+4.26¢ 35.98+2.57cde 39.58+1.58ab 37.74+2.29abc
OsSTP10E1 13.24+2.46gh 35.92+42.68def 39.25+1.68a 38.87+3.54abc
WT 9.87+2.82hi 35.28+2.11def 36.86+3.16abc 35.02+2.84def
osstpl-1 10.33+3.09hi 34.26+2.48ef 37.45+1.88abc 35.74+3.45def
osstpl-2 8.95+2.27i 33.63+1.95f 36.52+3.44bcd 33.39+2.75F

Different letters indicate significant differences between different treatments of the different materials (P<0.05), n=5.
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Figure 1 Morphological characteristics of different materials at different nitrogen levels. A: FN (free

nitrogen) treated phenotype. B: LN (low nitrogen) treated phenotype. C: NN (normal nitrogen) treated
phenotype. D: HN (high nitrogen) treated phenotype.
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Figure 2 Changes of soluble sugar accumulation of different materials at different nitrogen levels. A:
Soluble sugar accumulation in shoot. B: Soluble sugar accumulation in root. FN: Free nitrogen; LN: Low
nitrogen; NN: Normal nitrogen; HN: High nitrogen. Different letters above bars indicate significant
differences between different treatments of the different materials (P<0.05), n=5.
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Figure 3 Changes of starch accumulation of different materials at different nitrogen levels. A: Starch
accumulation in shoot. B: Starch accumulation in root. FN: Free nitrogen; LN: Low nitrogen; NN: Normal
nitrogen; HN: High nitrogen. Different letters above bars indicate significant differences between different

treatments of the different materials (P<0.05), n=5.
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Figure 4 Changes of sucrose accumulation of different materials at different nitrogen levels. A: Sucrose
accumulation in shoot. B: Sucrose accumulation in root. FN: Free nitrogen; LN: Low nitrogen; NN: Normal
nitrogen; HN: High nitrogen. Different letters above bars indicate significant differences between different

treatments of the different materials (P<0.05), n=5.

x4 ARMBEARRKFETIRBGRETEEIEBNES

Table 4 Difference of sucrose content in phloem bleeding fluid of different materials at different nitrogen

levels
Rice lines Sucrose content (mg/g)

FN LN NN HN
OsSTP10E2 79.81+6.44a 66.01+2.74bcde 66.35+2.43bcde 68.81+1.65bcde
OsSTP10E1 69.34+1.03abed 67.48+5.67bcde 64.65+1.34bcde 68.93+2.36bcde
WT 69.224+0.78abcd 61.84+3.14cde 65.29+2.54bcde 73.63+0.94ab
osstpl-1 72.63£0.5abc 59.73+£0.88¢ 63.12+0.69bcde 69.20+0.73bcde
osstpl-2 69.03+0.97bcde 61.10+£3.30de 62.77+£0.36¢cde 66.75+3.46bcde

Different letters indicate significant differences between different treatments of the different materials (P<0.05), n=5.
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Figure 6 The difference of nitrogen accumulation and nitrogen physiological utilization efficiency of

different materials at different nitrogen levels. A: Nitrogen accumulation in shoot. B: Nitrogen accumulation

in root. C: Nitrogen physiological utilization efficiency. FN: Free nitrogen; LN: Low nitrogen; NN: Normal

nitrogen; HN: High nitrogen. Different letters above bars indicate significant differences between different

treatments of the different materials (P<0.05), n=5.
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