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Abstract: [Objective] This study is designed to investigate the accumulation and distribution of sucrose and
hexose in aril and kernel tissue during seed expansion of Torreya grandis ‘ Merrillii’, clarify the effect of
sucrose metabolism on the sink vitality of seeds, and explore the effects of key enzyme activity of sucrose

metabolism and gene expression patterns on seed expansion. [Method] The kernel and aril at different stages
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of T. grandis ‘ Merrillii’ seed expansion were used as research materials. The contents of sucrose, glucose,
fructose and starch, the activity of enzymes related to sucrose metabolism, the contents of hormones and
changes in the expression of genes encoding enzymes related to sucrose metabolism were measured. [Result]
With the expansion of 7. grandis ‘Merrillii’ seeds, the contents of sucrose, glucose and fructose in the aril first
increased and then decreased, while the starch content decreased continuously to 254.05 mg-g ' at 90 d after
seed protrusion. Sucrose content in seed kernel decreased by 61.24% at 90 d after seed protrusion, and starch
content gradually increased from 105.29 mg- g ' at 30 d after seed protrusion to 149.72 mg- g™' at 90 d after seed
protrusion. The activity of sucrose phosphate synthase increased in seed aril, but decreased in seed kernel by
28.82% at 90 d after seed protrusion. The activity of sucrose invertase also increased significantly (P<<0.05) in
seed aril. At 90 d after seed protrusion, cytoplasmic invertase and vacuolar invertase increased to 21.52 and
23.49 pmol-mg '-min'. Gene expression analysis showed that genes involved in sucrose and hexose transport
were significantly up-regulated (P<<0.05) during seed expansion, and several transcripts of genes involved in
sucrose hydrolysis were also significantly up-regulated (P<<0.05). The genes involved in starch synthesis in
seed kernel were significantly up-regulated (P<<0.05) at the later stage of seed expansion. Correlation analysis
showed there was a certain correlation between various hormones in aril and kernel and the contents of glucose,
fructose, sucrose, starch and enzyme activity. [Conclusion] The accumulation of sucrose in the aril tissue
mainly occurs during the early stage of seed expansion, while the hydrolysis of sucrose and starch occurs in the
later stage of seed expansion. Sucrose in seed kernel is mainly decomposed. There are active carbohydrate
transport and metabolism between seed aril and kernel, as well as within kernel. Sucrose invertase is the key
enzyme responsible for sucrose hydrolysis, and cytoplasmic invertase and vacuolar invertase play an important
role. [Ch, 6 fig. 1 tab. 42 ref.]

Key words: Torreya grandis ‘Merrillii’; seed expansion; sucrose metabolism; enzyme activity; gene expression
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Figure 1 Changes of growth indexes during 7. grandis ‘Merrillii’ seed expansion stages
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TSI (R I K, 7 2 0 R SR o et 0 B R B R R ARE S LIS R, RS R A 5 /S 90 d B 43l
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Figure 2 Changes of sucrose (A), glucose (B), fructose (C) and starch (D) contents in aril and kernel during T. grandis “Merrillii’ seed expansion
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Figure 3 Changes of sucrose phosphate synthase (A), cell wall invertase (B), vacuolar invertase (C) and cytoplasmic invertase (D) activities in aril

and kernel during 7. grandis ‘Merrillii”  seed expansion
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Table 1  Analysis of endogenous hormone contents in aril and kernel during 7. grandis ‘Merrillii’ seed expansion
PP LI MR 5 A RIS RN KT A(ng- g ™)
L7 € 30 60 90d
BB = fBRh B = 1B e =
A KR (1AA) 149.81+4.75 ¢ 467.88+30.98 a 23.68+0.25d  215.04+3.24b 12.59+0.40 d 3.65+0.03 d
HER (GA,) 1.03+0.03 b 0.300.03 cd 0.89£0.31bc  0.22+0.03 d 2.12+037a  0.17+0.03 d
TEER (GA) 1.06+0.11 cd 0.09+0.01 ¢ 2.56£0.17 b 1.43£0.03 ¢ 12.08+0.53a  0.42+0.04 ed
JIVE R (ABA) 875.62+29.96 ab  763.09£76.84 bc 712751528 ¢ 907.91+50.30a  207.716.13d  922.31£42.40 a
KH (SA) 11.88+0.57 ¢ 10.70+£0.52 ¢ 8.93£0.33 ¢ 8.68+0.17 ¢ 96.05£3.32a  43.66+0.83 b
SFIER (JA) 155.52+4.45 a 4.39+0.59 be 9.05+0.50 b 0.53+0.10 ¢ 8.39+0.71b  0.14+0.01 ¢
KA 5EEIR JA-ILE)  254.36+7.94a 6.93+0.60 bc 15.46+1.03 b 0.59£0.01d 4574040d  0.36x0.02d
- - EERIR (ACC) 7.92+0.19 a 0.75£0.22 b 2.26+0.16 ¢ 0.38+0.05 d 0.47+0.03d  4.66£0.36 b
WAEKE (DHZ) 1.16+0.09 a 0.71£0.05 b 0.71£0.02 b 0.32+0.03 ¢ 0.41+0.02 ¢ 0.46+0.02 ¢
R ERFEZHE (ZR) 0.44+0.05 a 0.0320.00 ¢ 0.17+0.00 b 0.020.00 ¢ 0.12£0.01 b 0.04£0.00 ¢
S U B R RS (IP) 0.21£0.02 a 0.05+0.01 ¢ 0.13£0.01 b 0.02+0.00 d 0.14+0.01 b 0.02+0.00 d
RAEARK(AZ) 0.18+0.01 a 0.03+0.01 ¢ 0.06+0.00 b 0.020.00 ¢ 0.03£0.00c  0.02+0.00 ¢
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5539 5 1 1] FHTFAF: FMER S T e v R Qo B R R ik 7

24 FZHEAHABREREZREL BHEXESH

RO A B . AR B P bl o SR L VM BT it 43 B LA R R A I A DG il 5 S /N DDA
o, Hoagh . R - B SRR . R, SRR RS IOR B IEACOC R, HIER BT EO
RSO R M ARG AR BERR & WU 24 50 S K/INEARDE (K] 4A). R, Bl Bz el . A
AW WP R 0 HC S AN TR A AT L VROV TR A % A R AR T TR A S IEAR DG,
7T V8 3 O o A 5 R A M RO R, O R A A L YROIE W A AT | A R R 7 Ak
it TR B R S A TS R 2 S A G e R (B 4A). SR R S B S T R B KRR
(GA;. IAA. JA, ACC. DHZ. TZR %) SiE0E . M450E . SR 20 B0 K& Riops Ay s 1 2 7k
o, SRR/ MR A OCE R (8] 4A).

WEE B HERRSERE O, A rhEml . AR . ROME S TR I o AR U DC G R, A R T R
PR . VR RN AL | 20 B RREME S T B R M B G U I 1 S B AR DG OC R, [ UM T 4 434K
5 7 M S BRI B VA B S IE MG OE R (B 4B). SR RIHIEHE T &I GA, T TAA 45
SRERE . RIAIRE . OB BT S BOR 4 Fh M AT P S R AR OG5 TER i AR UG (18] 4B).
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Figure 4 Correlation analysis of growth index, sugar content, enzyme activity and hormone content in aril (A) and kernel tissues (B) during 7.

grandis ‘Merrillii’ seed expansion
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Figure 5 Analysis of differential expression genes (A) and KEGG pathway enrichment (B) during 7grandis ‘Merrillii’ seed expansion
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