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Accurate identification and correlation analysis of iron and
zinc contents in soybean core accessions

JIA Jia™, WANG Huan, DUAN Mingming, CHEN Bo, CHENG Yanbo, NIAN Hai
(College of Agriculture, South China Agricultural University/Guangdong Subcenter of
National Soybean Improvement Center, Guangzhou 510642, China)

Abstract: [Objective] Aiming at the malnutrition problem caused by iron (Fe) and zinc (Zn) minerals
deficiency for Chinese people, it is significant to conduct the accurate identification of Fe and Zn contents in
soybean core accessions. [Method] The 163 domestic and foreign soybean core accessions were planted in
teaching base of South China Agricultural University consecutively in the early season from 2019 to 2020. The
contents of two trace elements of Fe and Zn in the sample grains, were measured by flame atomic absorption
spectrometer method, and the correlation analysis was carried out. [Result] There were significant differences
in the contents of two trace elements between the test years (P<0.05). The variation range of grain Fe content of

soybean germplasm resources in two years was 71.02-147.91 mg-kg ', the average Fe content was 107.09
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mg-kg ', and the variation range of grain Zn content was 36.32—53.11 mg-kg™, the average content of Zn was

42.80 mg-kg . There was a positive correlation between Fe and Zn contents in grains of 163 soybean lines from

different sources in different years, indicating that there was a strong mutual promotion between two elements.

The mineral contents of 163 soybean accessions were divided into five grades by probability grading method,

namely extremely low, low, medium, high and very high. And four soybean accessions with high Fe content,

four with high Zn content, five with low Fe content, six with low Zn content and two with high Fe and Zn

contents were screened out. [Conclusion] The soybean core accessions screened with high/low Fe and Zn

content in this study can not only be used for breeding new accessions rich in Fe and Zn content, but also

provide the valuable materials for elucidating the genetic basis of functional and new nutrition accessions, and

accelerate the use of soybean core accessions and promote the development of soybean production in the South

China area.

Key words: Soybean; Core accession; Identification; Iron content; Zinc content; Correlation analysis
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163 43 K G5 251 F 2019 F 51 2020 £ 6 H
JE R RE T M T A R AR b K 2 K 0 A
(23.17°N, 113.37°E). {50 #3508 535 5] +
A5 — SO BT HH g B . 3R56 R P BEALIX 41
HEF, /NIXEESE 2.50 m, BEK 50.00 m, 17 AREE N
50 cm x 10 cm, BRLFE R, B AR FHIE 3 AT H
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Table 1 Number and name of 163 soybean accessions

s B s B s B s B s B S
No. Name No. Name No. Name No. Name No. Name
1 BX1 34 27 67 HX13 100 HF2S 133 Tiif B 7
2 BX2 35 SREST 68 HX14 101 HX3 134 Wiy
3 BX3 36 &40 69 HX16 102 2015-XT-23 135 TR 5
4 BX4 37 M6-497 70 HX17 103 2015XT-35 136 20
5 BX5 38 M#E2-599 71 HX18 104 AEHE 137 F1299-6
6 BX6 39 Y15 72 HX20 105 1Y 138 #2016-7
7 BX7 40 Y16 73 HX21 106 FE0112-3 139 #1510
8 BX8 41 Y1697 74 HX22 107 FE0114-4 140 S
9 BX9 42 Y1800 75 HX23 108 ¥£0513-3 141 BT
10 BX10 43 Y19 76 HX24 109 FE1605 142 S2
11 BX11 44 Y3 77 HX25 110 FE1701 143 S20
12 BX12 45 Y4 78 #42013-1 111 FE1702 144 Young
13 BX14 46 Y5 79 W42014-2 112 FE1703 145 S427/5/7
14 BX15 47 Y6 80 H#2015-2 113 &6 146 S519/6/14
15 BX16 48 A2 5 81 B272017-1 114 H:421805 147 SOMA
16 BX17 49 BHE15 82 .5 05-3 115 1S 148 TGX1803-20E
17 BX18 50 BH35 83 ®.505-5 116 FEAS 149 TGX1903-3F
18 ICA-6-2 51 RS 84 HE2012-1 117 HEHEELY 150 TGX1908-89
19 BX13 52 HH6'S 85 H12013-1 118 FEE 1801 151 OPE-Para4
20 24 53 TS 86 HE2013-2 119 H:5 1802 152 TGX48-30-20F
21 12 54 k] 87 HE2013-4 120 TS 153 faiBH 1 H 3%
22 1S 55 105 88 #532014-3 121 FEE E.109 154 Tk ES S
23 115234 56 HF11S 89 #532014-6 122 HEEE116 155 5156973
24 G310 57 HF125 90 #532016-1 123 HEEE117 156 77103
25 #2019 58 #42016-1 9] H332016-2 124 HEHEE118 157 7158173
26 #H014 59 #42016-2 92 H12016-4 125 HEEE119 158 Db k)
27 #1041 60 HX1 93 H332017-1 126 HEG2Y 159 #86-5
28 WSS 61 HX2 94 H332017-2 127 Bioes 160 A4
29 HE611 62 HX4 95 #332017-3 128 HE12 161 HETS
30 HI 12704 63 HX5 96 HE2018-1 129 CATA 162 Wik3 5
31 i 5.8008 64 HX6 97 HE2018-2 130 KFETS 163 Wik
32 24 65 HX9 98 N 131 32
33 JRIE26 66 HX10 99 BN ER3 132 41
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Table 2 Working conditions of instrument

JLE A/nm Iiy/mA Peg T e mm Ak /mm FAT 5 PRSI E/(L-min™) B
Element Wave length Lamp current  Slit width Burner height Lighting method Gas flow Supporting gas
Fe 248.3 12 0.2 9.0 BGC-D, 2.2 il
Zn 213.9 8 0.7 7.0 BGC-D, 2.0 =5
143 AFEH & LH WYL 2 R WRETEE W) B8, FebrEE O BT A, AR5 2

WIS BERAE, 2B E — IR (IR R dh

e E IFRE T2, T 1 FTR:
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Fig. 1
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FE S 3 0 BB BCF- 58 45 31 fx 46 B AN IR B 0]
()2 T E e . B SPSS 22.0 X 8- AN PR 1) 6 T £
PR AT RS Kolmogorov-Smirnov 1E A P4y
ok 46 (K-S k%) A7 % 23 #r, /8 GraphPad
Prism 8 #{H%of H 4 3E AT 4 26 43 A B 5 B ez, ff
F Origin 22 X} & 25 34T Pearson AH L5347
K K-S 5632, F (X — 1.28185). (X — 0.524 65).
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Standard curves of Fe and Zn elements

7:,—% [28-29]
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2.1 KEMFRRBEBIES TS

FIFH O TR WSO 1G5 T 163 i K
A0 B SORFRE (R R B B B o RPFFRLER S B B
MG AT R WK 3, R 3 AL 2019 A
GBSy NI G o A = sl s o | AR EN S
71.02~147.91 mg-kg', *F# 8 97.17 mg-kg ',
2020 4K GFFRLER R & 4 BB A TE Bl 90,19~
159.92 mg-kg ', “F#4°4 117.02 mg-kg'; 2019 FEA
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Table 3 Descriptive statistical of grain Fe and Zn content in 163 soybean accessions in two years
w/(mg-kg™ ) N K-SHr5 K-S test
ke M) RN i
= N . .
BAME Bl P Coefficient  ffif R Sigfl F
Element Year Standard .
Minimum Maximum Mean o of variation ~ Skewness Kurtosis Sig. value
deviation
Fe 2019 71.02 147.91 97.17 16.02 16.49 1.01 0.63 0.00 12.09%*
2020 90.19 159.92 117.02 13.00 11.11 0.58 0.44 0.20 7.58%%*
*F-34 Mean 84.14 144.86 107.09 11.22 10.48 0.65 0.51 0.20 2.02%*
Zn 2019 34.62 53.11 42.41 3.48 8.21 0.11 —-0.10 0.20 30.62%*
2020 36.32 51.47 43.41 3.06 7.05 0.03 —-0.42 0.20 1.31%
“F-¥) Mean 37.03 49.51 42.80 2.45 6.43 0.00 —0.66 0.20 3.71%*

1) “*7 Fa “Hx” 5501k FHRIEE0.0540.01K-F L2 F 2%

1) “*” and “**” indicate there were significant difference at 0.05 and 0.01 levels, respectively

[ >R Y5 K R R R B I 4 B0 Ak Y L
34.62~53.11 mg-kg ', “F¥JN 42.41 mg-kg™', 2020 4F
K GAFRLEE T & 7 BB TG 36.32~51.47
mg-kg ', PN 43.41 mg-kg'. 2019 SRR, £
JiT o B RS B R K, N 16.49% A
8.21%, {H M AR LLECR T, FFRLEE & B 121
BN BRAN, WD E T ZE A el L AR R,
163 4y K E R FFFRLEL. S S BRI HANEE R
(P<0.05).

UL 2019 A1 2020 SFFFRLEE 2 5 1 fw P A0 2
()46 5 # /N T 1 &0t K-S 56 20 5 40, (&
2019 SFFFRIER T EZE R TR FENREE (Sig.
B) /T 0.05 4b, HRFEM ML B ERM Sig
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Fig.2 Histogram of frequency distribution of grain Fe and Zn contents of 163 soybean accessions in 2019 and 2020
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2019 RIS EE 2020 FH RS E. 2FY
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Fig.3 Correlation analyses of grain Fe and Zn contents of 163 soybean accessions in 2019 and 2020
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Table 4 Probability classification of grain Fe and Zn contents of 163 soybean accessions w/(mg-kg™)
TLHR A 1/ARA 2% 3/ 4/ S5/H%
Element Year 1/Very low 2/Low 3/Middle 4/High 5/Very high
Fe 2019 <76.64(7) 76.64 ~ 88.77(50) 88.77 ~105.57(66)  105.57 ~117.70(16)  >117.70(22)
2020 <100.36(15)  100.36 ~110.20(31)  110.2 ~123.84(19)  123.84 ~ 133.68(25)  >133.68(16)
P Mean  <92.71(14) 92.71 ~101.20(40)  101.2~112.98(64) 112.98 ~121.47(32) >121.47(13)
Zn 2019 <37.95(17) 37.95 ~40.58(31) 40.58 ~ 44.24(60) 44.24 ~ 46.87(40) >46.87(14)
2020 <39.49(16) 39.49 ~ 41.8(29) 41.8 ~45.02(58) 45.02 ~47.33(36) >47.33(16)
P Mean  <39.28(21) 39.28 ~41.36(29) 41.36 ~ 44.24(57) 44.24 ~ 46.32(38) >46.32(18)
1) #5 P 4B A A8 AR F R AT R E
1) Data in brackets represent the number of the soybean accessions in the corresponding probability classification
RS KEMBIFAS. S ERHRIMEME"
Table 5 Summary of soybean accessions with prominent grain Fe and Zn contents
Byl FedaRH Outstanding Fe content InEER Outstanding Zn content
Type Z ¥ Name w(Fe)/(mg-kg ™" Z ¥ Name w(Zn)/(mg-kg ")
T H52018-2 144.86+23.10 116 49.51+1.64
High content BX17 140.138.35 H:E 52109 48.9242.43
TGX1803-20E 131.44+7.05 51526973 47.854+4.40
B 24 130.76+9.50 BT 47.74+2.19
£5.40 130.08+4.14 HA2017-1 47.56+2.00
HER 117 47.11£1.62
ERCNAS 47.10+0.70
OPE-Para4 46.96+1.65
X 1701 136.30+13.67 #1701 47.5843.16
Double high content FEX 109 127.33+6.02 HEXEE109 48.92+2.43
9= #A472015-2 84.14£12.12 S519/6/14 37.03+1.94
Low content TGX1908-89 84.38+6.96 741 37.28+2.11
S20 87.12+12.10 kS 37.4742.55
WEsS 88.77+10.81 Y4 37.62+2.43
#.332017-2 90.63+5.63 Y6 37.83£2.89
BT 37.89+2.11
B 5 S20 87.12+12.10 S20 39.12+2.20
Double low content AW E 90.91+14.39 AT 38.44+5.49
Y6 91.40+10.44 Y6 37.83£2.89
BX5 91.62+15.66 BX5 38.97+0.96

1) A b B 3K & BT (A 2

1) The data in the table show the mean + standard deviation of three replicates

TR T E G, B 2015-2 FFFRLAR S &
HRALTFHARSE A HEE 116 H:E 109, 5TH 6973
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