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Distribution of AI** in Subcellular Structure of Root Tips Cells and Alu-
minum Tolerance in Soybean
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Abstract: Aluminum (Al) toxicity is a major limiting factor for yield and quality in crop production in acid soil. Micromolar con-
centrations of A" may inhibit root elongation and consequently influence water and nutrient uptake, resulting in poor plant
growth. The microanalysis of the elements was conducted on Zhechun 3 by using Transmission Electron Microscope (TEM) and
Energy Dispersive X-ray (EDS) to examine the distribution of AI**in root tips and Al resistance of soybean. We found that AI**
stresses resulted in irregularly thickened cell wall, increased number of mitochondria, expanded nuclear membrane, and densified
precipitates of vacuole. Under the highest AI*" concentration, the mitochondria and other organelles disappeared but cell wall. We
detected Al in cell wall, mitochondria and electron-dense precipitates of vacuole of root tip cell under the 10 mg L™ AI** stresses
by EDS. With the increase of external AI*" concentration treated, the weight and atomic percentage of Al in the organelles in-
creased. The AI*" was found in nuclei when the external AI** was over 60 mg L™'. And there was no AI** in mitochondrion under
60 mg L™ and 90 mg L™ A** treatments and electron-dense precipitates of vacuole under the 90 mg L™ AI** stresses. The 14 days
APP" stresses significantly inhibited the growth of root system. The content of AI** in cell wall was most significantly impacted by
the external AI*" concentration. The atomic number of P/Al in cell wall and mitochondria decreased with increased AI** content.
EDS can be used to determine the subcellular location of AI**. As the treatment concentrations of AI** increased, A" primarily
accumulated in the cell wall, gradually gathered in part of the organelles and nuclei. The AI*" concentrations also decreased from
out layer to insider in the cell.

Keywords: A" stresses; Soybean; Root tip cell; Transmission Electron Microscope-Energy Dispersive X-ray Analysis; Root
growth
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B 1 ERBEFERIZRIMMAITEHLEHEE
Fig. 1 Image of the ultrastructure of root tip cells under normal culture
A: ; B: ; Ce ; D:
cwW: ;m: ; mn: ;n: A ; 2 pm
A: complete structure of root tip cell; B: natural structure of cell wall; C: natural structure of nucleus; D: natural structure of mitochondrion
and vacuoles. Scale bar is 2 um; cw: cell wall; m: mitochondrion; mn: external membrane of nucleus; n: nucleus; v: vacuole; TEM: transmis-
sion electron microscopy.
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Fig. 2 Image of the ultrastructure of root tip cells with 10 mg
L™ AI** treatment by TEM 1 2 ) EDS
A ;B: . ow: ; m: Al 10 mg L' AI¥*
; mn: ;n: 'S ; 2 um EDS

A: thickened cell wall; B: integrity structure of nucleus, external
membrane of nucleus was swollen. Scale bar is 2 um; cw: cell wall; Al 5 Al

m: mitochondrion; mn: external membrane of nucleus; n: nucleus; 34
v: vacuole; TEM: transmission electron microscopy. Al

B3 30mg LA X SRS T RIS HE
Fig. 3 Image of the ultrastructure of root tip cells with 30 mg L™ AI** treatment by TEM
A: ; B: ; C: cwW ;cy ; mn: ;m: 'S ; 2 um

A: disorganized nucleus; B: disorganized mitochondrion; C: widened intercellulan space. Scale bar is 2 pm; cw: cell wall; cy: cytoplasm; mn:
external membrane of nucleus; m: mitochondrion; v: vacuole; TEM: transmission electron microscopy.
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Image of the ultrastructure of root tip cells with 60 and
90 mg L™t AI** treatment by TEM

A: 60 mg LTAP" , , ,
s ;B: 90 mg L' A" s s

Fig. 4

cw ey ; A=2pum; B=5pum

A: 60 mg L™ Al treatment, showing cell plasmolysis, degradated
cytoplasm, disintegrated nucleus, disappeared mitochondrion; B: 90
mg L™ AP" treatment, showing degradated cellular content and
vacuoligation. Scale bars are 2 um for A and 5 um for B; cw: cell

wall; cy: cytoplasm; TEM: transmission electron microscopy.
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Table 1 Weight percentage for some elements in the organelles of root tip cells in soybean under different A

I3 stresses (%)

Electron-dense precipitates of

AP Cell wall Nucleus Mitochondrion vacuole

concentration

(0] P Al C (6] P Al C O P Al C (6] P Al
0mgL'(CK) 1.05 0.57 026 - 0.77 044 0.70 - 1.38  0.76  0.40 — 0.63 032 0.15 -
10mg L™ 052 034 015 0.09 068 035 040 - 1.50 057 042 0.02 031 018 0.07 0.05
30mg L™ 0.75 056 0.21 0.15 0.76 037 0.18 - 044 022 0.07 0.06 0.82 044 020 0.11
60 mg L™ 0.84 067 029 019 055 021 020 0.10 - - - - 0.61 029 023 0.12
90 mg L™ 0.59 044 021 0.18 - - - - - - - - - - — -

Table 2 Atomicity percentage for some elements in the organelles of root tip cells in soybean under different A

—: not detected in the cell wall, organelles, and nucleus.

R2 FRBRETAERRAEMI[HTITRETFHES LT

I3* stresses (%)

Electron-dense precipitates

AP Cell wall Nucleus Mitochondrion of vacuole

concentration

C (¢} P Al C (6] P Al C (0] P Al C (6] P Al
0mgL(CK) 93.73 3.20 0.16 - 93.76  3.01 0.22 - 89.38 5.83 045 - 9297 290 0.18 -
10mg L™ 94.86 2.82 020 0.15 8938 593 045 - 85.85 274 0.65 0.04 9525 2.18 0.06 0.03
30mg L™ 92.79 5.15 028  0.21 9231 2.04 0.37 - 89.11 4.15 021 0.11 9398 2.89 0.18 0.10
60 mg L™ 92.15 6.11 046 041 90.38 340 1.66 0.67 - - - - 77.16 7.14 239 1.08
90 mg L™ 86.70 8.23 1.59 1.74 - - - - - - - - - - - -

—: not detected in the cell wall, organelles, and nucleus.
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A: cell wall under 90 mg L™ AI** treatment; B: mitochondrion under 30 mg L™ A
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Fig. 5 EDS spectrogram in cell organelles of root tip cells of soybean under different AI** stresses
90 mg L™'AP** EDS ;B: 30 mg L'AP* EDS ;C: 60 mg L' AP
EDS ;D: 60 mg LAY EDS (Cu) (Fe) (Os)
EDS Al

I** treatment; C: electron-dense precipitates of vacuole

under 60 mg L™ AI** treatment; D: nucleus under 60 mg L™ AI’* treatment. The metal elements such as copper(Cu), iron(Fe), and osmic(Os)

acid were adhibited with the processes of sample preparation. The arrow represented the position of Al in the EDS spectrogram.
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Table 3 Weight ratio for Al and partial elements in the organelles of root tip cells in soybean under different AI** stresses

Electron-dense precipi-

AP concentration Cell wall Nucleus Mitochondrion tates of vacuole

C/Al O/Al P/Al C/Al  O/Al  P/Al C/Al O/Al P/Al C/Al O/Al P/Al

0 mg L™'(CK) - - - - - - - - - - - -
10 mg L™ 578  3.78 1.67 - - - 75.00 2850 21.00  6.20 3.60 1.40
30 mg L™ 500  3.73 1.40 - - - 7.33 3.67 1.17 7.45 4.00 1.82
60 mg L™ 442 3.53 153 550 210 2.00 - - - 5.08 2.64 1.92
90 mg L™ 3.28 2.44 1.17 - - - - - - - - -

- — not detected in the cell wall, organelles and nucleus.

x4 TEBRETAZRRMMMMBZAAS TREMENREFEILE

Table 4 Atomicity ratio of partial elements to Al in the organelles of root tip cells in soybean under different AI**

stresses

Electron-dense precipitates

AP concentration Cell wall Nucleus Mitochondrion of vacuole
C/Al O/Al  P/Al C/Al O/Al  P/Al C/Al O/Al P/Al C/Al O/Al  P/Al
0 mg L™'(CK) - - - - - - - - - - - -
10mgL™ 63240 18.80  1.33 - - - 214625 6850 1625 3175.00 72.67  2.00
30mg L™ 441.86 3433 133 - - - 810.10 37.73 1.91 939.80 2890 1.80
60 mg L™ 22476 1490 1.12 13490 5.07 248 - - - 71.44 6.61 2.21
90 mg L™ 49.83 473 091 - - - - — - - _ _
- —: not detected in the cell wall, organelles and nucleus.
®5 FRMBREXNAERAZERBFNE
Table 5 Root growth in soybean under different AI** stresses
AP** concentration
Trait 0 mg L™'(CK) 10mg L™ 30mg L™ 60mg L™ 90 mg L'
Dry matter of root system (mg) 63.40£3.50 a 42.80+1.20 b 34.60+3.50 ¢ 24.60+3.10 d 20.30+£4.00d
Total length of roots (cm) 622.10+£8.45 a 528.10+10.65 b 377.10£22.39 ¢ 115.00£6.01d 85.95+£8.83 ¢
1.26+0.18 a 0.98+0.07 b 0.63+0.03 ¢ 0.44+0.03 cd 0.28+0.03 d

Total volume of roots (cm®)

(P<0.05)
Values for an indicate followed by a different letter are significantly different (P<0.05).

E E E >

(P< 0.05) 90 mg L' AP’ AP* ,
, 22.05% Delhaize M , Al
(n = 14, r = —0.960) (n=14,r =
-0.961) , (n=14,r= Al [14]
—0.980) (n =14, r =-0.943) ,

10 mg L' AP
3 iTie (13] 30 mg L

[14] 2-3 [16-17]
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