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Genetic and Correlation Analysis of Asparagus Bean Nutrient

Composition
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Abstract: In order to identify elite germplasm resource of asparagus bean applicable for genetic improvement, 243 representative
asparagus bean varieties were cultivated following the split area (variety + year) test design method, followed by quantifying 28
quality characters of the pods. The heritability of the characters, correlation analysis, cluster analysis and principal component analysis
were further performed. The results showed that the variation coefficients of 28 quality traits ranged from 10.34% to 66.41%. The
analysis of variance illustrated that there were significant differences among varieties at most traits. Based on their characteristic data,
the composition of main nutrient components in asparagus bean was listed. The broad heritability of 16 traits such as vitamin C and
dry matter content was more than 80%, while that of leucine, methionine content was less than 40%. There were 98 significant
correlation coefficients in a manner of pairwise comparisons, and there was a strong correlation between all amino acid components.
243 varieties were classified into five groups by cluster analysis. 42% of the varieties were clustered in group II, representing the
benchmark level of asparagus bean. Group I, III and V showed high content of sugar, amino acid and protein, respectively. The
varieties with extreme individual traits were scattered in group IV. Principal component analysis demonstrated that 28 traits could be
transformed into nine principal components, with a cumulative contribution rate of 65%. Twenty-four elite germplasms were identified
according to the comprehensive score. Collectively, this study enriched our understanding of the nutrient quality characteristics of
asparagus valuable for its genetic improvement in future.
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Table 1 Basic information of tested varieties
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TSS: Total soluble sugar; SUC: Sucrose; FRU: Fructose; GLC: Glucose; ASP: Alkaline soluble protein; DM: Dry matter; CF: Crude fiber; FL: Flavonoid; WSP:
Water soluble protein; GLY: Glycine; AS: Aspartic acid; LYS: Lysine; THR: Threonine; VAL: Valine; LEU: Leucine; SER: Serine; PHE: Phenylalanine; PRO:
Proline; TYR: Tyrosine; LI: L-isoleucine; MET: Methionine
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Fig.1 Violin plot of selected nutritional traits of asparagus bean
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Table 2 Trait performance, degree of variation and heritability of 243 asparagus bean germplasm resources (Partial nutrition

information of asparagus bean)

[E27N BifE ON! e/ ME Rz AR R B 7
Trait Mean Max Min SD CV (%) H (%)
f%t(iﬁoog 18.98 ( 2\213978) (ﬁgisﬁlr ) 6.77 35.67%  84.67%
gﬁi ter/(%) 10.05 (14%_331) ( 9&%‘5&2 ) 3.07 30.57%  83.12%
?Z?iknﬂj(g/IOOg) 048 (Cowpea G(l)r;egesn—eyed pea) (5'3052_3%) 0.16 32.57% 59.41%
Eiﬁi (@/100g) 1.17 (28"163(33) (9%2};353_5 ) 0.45 38.59% 7.89%
S )

:gi:ﬁne/(g/l 00g) 0.43 @ ;,;2/1\;7_-) (%0%41 7 0.17 39.25% 60.44%
ﬁ(ﬁ%«g /100g) 0.94 (7165}) (ﬁggﬁ &) 027 28.60%  78.04%
Eiiﬂi /(g/100g) 110 (%%mﬁzlégéﬁﬁ}_) (ﬁgﬁ@) 0.14 13.21% 68.53%
iﬁ%(g/mg) 1.10 (T 215%; S 4) (Eg?fﬂ) 0.43 39.51%  58.46%
ﬁiéffine/(g/ 100g) 041 (Cowpea G]r;eZl—eyed pea) (4%3%1#) 0.27 66.41% 97.48%
Eiﬁ«g/lOOg) 011 (3'21_;) (Eﬁ‘?&%{) 0.01 1034%  80.58%
fj\ziiﬁci /(e/100g) 231 (ﬁ,‘%jﬁégﬁ ) T é.f:(;# ) 0.71 30.76%  82.59%

s

ﬁiﬁiﬁe/(gnoog) 0.28 (2'27_3) (o Bléléé) 0.07 2423%  28.83%
;Tl:ﬂr—jka%nine/(g/loozg) 072 (2134614) (2(5719) 0.18 2545%  53.23%
ﬁinﬂs(gnmg) 0.71 (;];b%) * %lté i) 0.30 43.04%  86.68%
igyiff]e/(g/mog) 038 (ﬁlﬁo%élﬁ) (%}?ﬁ; 9 0.15 3824%  57.71%
{i/(;iﬁiuble protein/(mg/g) 124 (EIEE?l ) (ZE,_) 0.72 58.01% 76.33%
%gﬁﬁ soluble protein/(mg/e) (21263 g (Long bean tsé?%vhite sceded) 278 2631%  81.85%
2J1§f§e/ (mg/g) 3049 (X1¥§f§7210091) (Cowpea G(l)';eltil—eyed pea) 1646 33.98% 99.30%
Fr;x;tose/(mg/g) 39.68 (2%41'38_16) (5%257155 ) 17.83 44.94%  95.63%
S;;ose {gle) 37.06 ( ﬁlgfé%m (Elz;lg) 20.18 5446%  97.83%
ﬁffl soluble sugar/(mg/g) 14740 (?IE%;%L 7) (1259_3 19) 59.46 40.34% 91.44%
ffogfoid/ (mg/g) 3.80 (;E—;jgf;;g’k ) (ﬁo jﬁ;ﬂ 130 3430%  75.53%
ﬁ (mg/ke) 98.10 (;Xl [7;;) (52%310) 25.54 26.03%  99.52%
f:ﬁu/(mg/kg) 1088 () (x990, 366 3365%  85.01%
i/(mg/kg) 87.64 &k ;Q;’ﬁ;g;%) g;%f) 13.39 1528%  99.95%
zﬂ;/ (mg/kg) 029 (327-3) (Cowpea G(;é()e:lrl-eyed pea) 0.19 65.12% 99.35%
g/(mg/g) 298.20 (ﬁﬂgz\ﬁéa ) gf?? 70.27 23.56%  99.46%
ﬁi{diﬁﬁber«%) 11.50 (gggf ) (f%%) 1.59 13.84%  65.74%
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In parentheses, the maximum value and minimum value are correspond to the name of the variety, and the variety name is the same as Table 1.
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Fig.2 Correlation analysis of 28 traits in 243 asparagus bean germplasm resources
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Fig.3 Cluster diagram of varieties based on main quality of asparagus bean



=3 5 MIEME 28 MERAFIE
Table 3 Means of 28 traits in the materials of the five breed groups

ﬁiﬁ I 1I 111 \Y \Y
Y3 CVC 18.06 18.68 21.73 17.04 18.22
4% Dry matter 10.59 9.87 10.42 7.93 10.09
R Valine 0.49 0.47 0.50 0.55 0.47
TR R Leucine 1.25 1.09 1.28 1.22 1.17
S5 E M L-isoleucine 0.42 0.44 0.46 0.43 0.42
JH %8 Proline 0.90 0.91 1.06 1.01 0.91
HZ R Glycine 1.05 1.06 1.20 1.18 1.12
225 % Serine 1.11 1.16 0.96 1.07 1.06
F5& R Threonine 0.38 0.38 0.44 0.59 0.42
9 & Alanine 0.10 0.11 0.11 0.11 0.11
KAEAIR Aspartic acid 1.96 2.40 2.36 2.32 2.53
i 2R Methionine 0.27 0.27 0.31 0.32 0.28
TN E . Phenylalanine 0.68 0.69 0.80 0.81 0.73
#i% B Lysine 0.65 0.66 0.85 0.80 0.71
Fi% & B Tyrosine 0.36 0.35 0.47 0.41 0.38
/KI5 1 Water soluble protein 1.33 1.28 1.13 1.34 1.18
% 2 9 Alkaline soluble protein 9.89 10.14 11.89 8.74 11.01
W% FE Glucose 41.23 33.39 17.48 29.19 22.19
SHE Fructose 46.12 43.91 24.86 54.59 3291
HEHE Sucrose 55.07 35.97 29.15 14.76 26.86
S8 Total soluble sugar 219.68 155.31 78.07 137.13 102.99
Z$35 [ Flavonoid 3.85 3.96 3.01 3.74 4.46
# Fe 94.33 107.58 79.63 108.93 100.61
] Cu 10.14 10.92 11.11 10.77 11.70
Bt Zn 86.77 89.43 84.81 92.81 87.95
fifi Se 0.23 0.23 0.50 0.30 0.26
% Ca 265.37 312.83 218.52 484.14 379.14
FAZF-4E Crude fiber 11.64 11.33 11.92 11.60 11.31
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Table 4 Eigenvectors and contribution rates of 28 traits

4} Principal components

PEAR trait : 5 3 2 < . - s 5

y 72Y 4F

VARSI 5.635 3.027 1.986 1.441 1.380 1.334 1.204 1.150 1.062
Eigenvalue

TR 20.124 10811 7.092 5.146 4.929 4763 4301 4.108 3.791
Contribution rate(%)

Rt F 20.124 30935  38.027  43.173 48102  52.865 57.166 61274  65.065
Accumulative contribution rate(%)

$eEF CVC -0.015  -0298  -0.033  -0.209  -0.325  -0.059 0.554 -0.229 0.043
TY i Dry matter 0.006 -0.097  -0.271 0.020 0.091 -0.331  -0.080 0.460 0.145
S IR Valine 0.811 0.417 -0.057  -0.063  -0.082 0.085 0.060 0.019 0.022
SR Leucine 0.511 0.190 -0.170 0.031 0.100 0.071 -0.025 0.118 -0.029
S E M L-isoleucine 0.563 0.307 0.076 0.169 0.230 -0.095  -0.131 0.024 0.060
Jii % B& Proline 0.818 0.164 -0.162  -0.028  -0.077 0.022 0.008 -0.010  -0.050
HE R Glycine 0.750 -0.162  -0.040  -0.073 0.072 0.233 -0.156 0.037 -0.023
22 % Serine -0.232 0.075 -0.166  -0.312 0.085 0.653 -0.300 0.042 0.205
772 R Threonine 0.687 0.351 0.076 -0.156 0.064 0.044 0.102 -0.113  -0.033
9 & Alanine -0.067  -0.304 0.097 -0.051 0.055 0.258 0.347 0.465 -0.306
RAZ [ Aspartic acid 0.262 0.098 0.540 0.261 -0.275 0.205 -0.044 0.226 0.152
i 2R Methionine 0.776 0.082 -0.038  -0.052 0.054 0.076 0.139 0.085 0.147
TN E 2 Phenylalanine 0.736 0.105 -0.034  -0.003 0.016 -0.046 0.047 0221  -0.057
iR Lysine 0.851 0.145 0.051 0.122 -0.045  -0.191 0.096 0.006 -0.025
Fi% 2 F% Tyrosine 0.191 0379  -0.034  -0.257 0.395 -0.276 0.226 -0.042 0.373
7K 1 Water soluble protein -0.028 0.277 0.204 -0.688  -0.107  -0212  -0.015 0.152 -0.037
% % [ Alkaline soluble protein 0.112 -0.449  -0.019 0.662 -0.019  -0.047  -0.019 0.040 0.142
W% B Glucose -0.228 0.547 -0.465 0.281 0.097 0.106 0.187 -0.024 0.044
TEHE Fructose -0.348 0.611 -0.053 0.140 0.432 -0.055 0.166 0.085 0.214
JEHE Sucrose -0.064 0.249 -0.491  -0.040  -0.599  -0.217 0.003 0.191 -0.122
S4B Total soluble sugar -0.359 0.592 -0.495 0.067 -0.139 0.037 0.116 0.181 0.031
%347 Flavonoid -0.203 0.273 0.347 0.172 0.139 -0.163 0.329 -0.205  -0.349
#k Fe -0.316 0.370 0.482 -0.105 0.069 -0.121 0.037 0.191 0.342
] Cu 0.125 0.105 0.308 0.028 0.114 0241  -0317 0.359 -0.436
£ Zn 0.011 0.201 0.397 0.093 -0.255 0.157 0.360 0.310 0.234
fifi Se 0.408 -0.619  -0.123 0.044 -0.165 0.079 0.076 0.197 0.173
45 Ca -0.135 0.312 0.297 0.087 -0.140 0.401 0.024 -0.184  -0.093
H£F4E Crude fiber 0.045 0226  -0220  -0.074 0.446 0.295 0.343 0.231 -0.314
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Table 5 Overall score and ranking of the top 10% asparagus bean varieties

2r A SE 2r A SE
H# i ity K| s i ity F
Rank Variety Omprenensive Group Rank Variety Omprenensive Group

component component

1 VIAN 1.1116 I 13 TR 0.6666 Il
2 RS S ErNE) 0.9699 \Y 14 BERH 0.6629 Il
3 SREL— 0.8998 Il 15 2 Fii 0.6510 Il
4 EiE 0.8981 \Y% 16 70-1 0.6475 1l
5 RRARM 0.8951 I 17 YB-2(&4: A1) 0.6288 v
6 2R A 0.8787 il 18 RA 0.6251 Il
7 fFE )\ 0.8281 I 19 EESTEKEM 0.6108 Il
8 ZYZ-4958 0.8221 11 20 KRG 0.6063 i}
9 ABRELTG 0.7961 \Y 21 3l 0.6011 il
10 902 Al 0.7749 v 22 ZYZ-4950 0.5556 1l
11 HAET KT A 0.7453 il 23 ZLJEBFT 0.5502 I
12 HFRATHETG 0.6766 \ 24 BIFE+F5S 0.5422 i

3 g

WA T8 T2 APy Bk = SEpp g A2 2 A0 AR D T 9 50 [R) B o BE RN A8 R il o, 7= AR Bl vE
B T R YUVHE R, BIRSYEYLR . AHOCHE TR R, HET 2R RAHF 20 C NEAMEEFR R (4R
AP s = FEN14, o E B UUR AN AR 3 M. ST RZEHAKUL, D MEERRZ=Z5E
T T v T A R R P L L R AR T AR K SR RSB, BI AR A E B R
P, HEEEEREAR. TRAgEER, BRIRANS, WP R A A B T R IR A
T L 243 B3 KEL T SRR I AR AT T WA B AR IS FVE LR I, R % . TR . &



B Sy BB WUCER S B 28 TUE SRR bR AT B AL e oA, 2D B 1 KEL S IR
[ I A BRI 8 R ) K UL G R B 7R sy 3R, T EDW bR 5 A8 3 & K UL G & 3N 75 1 4
ERMNARD TP, B EE R R

BEARGAT T ai REoR, KILG4EAR C. WM. LR, TYRSESERER S E &S T K
Z, RRWAFFEN T KIIGRERRREG —E@m. FERRET 4 Y8R, St EK, &
ZEROK, AKEPK, ARTKIEHAEKREEFRVRMARR; MKERSET 7 H NN, BdteiRz
AT AF T mUE K. Bk, EEZREY, RREZHEES, AR ERYR S, &
E R PP f g N A S, B KRR B I BRIy ZEAE R SR B 5 22 R BT o5 R BB, 386 ik A% 5 22 1)
b, dtmde s a FOa B tE, Sulbs e

MESTRSMERER, HAR. HAR. HA%ES 2R RZBUIKT 15%, RAEMFRE;, K
AR S REI =T 15%, AT UG R M8 1R0K, KELE FANMR R 22 R0 R, 78 5 0stiE 5
HA AR S X B SRR R IR S A ATIE E . RN, M. ERE. RER. R B A5,
&1 BT 95%, AR g H BRAR AN BUAE N E RoEA, WXEELE J0091. &8sk, TLEF il — 51X
=AM, ATH TR R SRR . BARE TR, N TR B A SR B 52 IR AN LA ER
SR 2 sz matel, (HAREG b IR IR R R 22 R Lh B, 0 S EE R A R L I s, TR e T
W REU/NHERT VR S BBREMRIEZEREA —ESER M. AR FHERSEN SU8E )
58 AR T 40%, Hh @RS &N SUBE KR 7.89%, J& TAREBHE JJE MR, XFMREL S R
{0 R AR K o

A O AT BRI BT AN 40 23 B S5 VAR R SRR PR AL AT T, Iz s TR 4
K. BRI Z RS AU, Gl R R SR A R R B AT 10% KSR TEE M. BT KA
S, FEL—5. EREE. BN, LM, GFE/\S. ZYZ-4958. BRILT.. 902 T 24 N, %
He 44 AR L2 SR RE T MR SRR TR E . 18 BT 10%FP 5T = 2ok B I, IS8R, AR 258 s Ak
BeJs I, DLEAR S RIHRFSEAREREAR, AR BRI ARIATRCH: YT T BARFE RS L6V
Iy, B4R CHEmIE (4.51 mg/100g), WIH ZYZ-4978 (37.43 mg/100g) {F QXA HEAT 24 A8 IR 4
R: S8HLE 7 SHKREN S & (1.21 mg/g) MIKAT 54K J7404 E S M (9.06 mg/g) BLHIRAT; HKL L
ARG E (19.81 mg/g) WAL, PTSILEFIL—5 (291.11 mg/g) BLAH AT, € ik K 5 & a F,
PR S R AR BTt P 7 B A

B30l

[1] Gongalves A, Goufo P, Barros A I, Dominguez-Perles R, Trindade H, Rosa E A, Ferreira L, Rodrigues M. Cowpea (Vigna unguiculata L. Walp), a renewed
multipurpose crop for a more sustainable agri-food system: nutritional advantages and constraints. Journal of the science of food and
agriculture,2012,96(9):2941-51.

[2] Moura J D, Rocha M D, Gomes R L, Filho F R, Silva K J, Ribeiro V Q. Path analysis of iron and zinc contents and others traits in cowpea. Crop Breeding and
Applied Biotechnology, 2012,12(4):245-252.

[3] KBRS R) B it R bR B ™ i 5 i 5 PR SR 23 A7 B R R 272,2021,(03):57-61.

Zhang Y K, Lin G C, Tang Y. Characters comparison of different cowpea varieties and correlation analysis between yield and qualities. Heilongjiang
Agricultural Sciences, 2021,(03):57-61.

[4] JE I, 5K 570, BT 35 0 B, B K 22 MW E SR BLE i IR 4R ER C KA LA & i 1w b A R 4,2014,53(01):41-42.

Tang J Z, Zhang ZY, HuL Q, You Y, Luo Y L. Effects of plant nutrients on the yield reducing sugar, vitamin C and organic selenium content of
cowpea(vigna unguiculata). Hubei Agricultural Sciences, 2014,53(01):41-42.

[5] B, VE AR, SRR AL, 15 8 VE A, 2 9, 7 IR 5, S L. 2 B AR A B T R 77 i 5 20 AT R T AR Ik A44,2022,63(05):1042-1047.

Dong J X,Wang B G,Wu X H,Lu Z F,Wang Y,Wang J,.Li G J,Wu X Y.Nutritional quality analysis of Zhijiang series asparagus bean varieties.Zhejiang

Agricultural Sciences,2022,63(05):1042-1047.



[6] T mA W, ok e, Bk BRI L WA, JB A v, JA A 756 A BL G A AR ZPEIR ARG L i ay B SR 28 43 1T G 1 AR b 241 ,2021,(03):501-507.
Zhang C M, Zhao K, Tang S, Li Z S, Chen M, Zhou Z G, Zhou S M. Correlation, Principal Component and Cluster Analysis of Agronomic Traits of Six
Cowpea Varieties. Southwest China Journal of Agricultural Sciences, 2021,(03):501-507.
[7] Bai Z, Huang X, Meng J, Kan L, Nie S. A comparative study on nutritive peculiarities of 24 Chinese cowpea cultivars. Food and chemical toxicology : an
international journal published for the British Industrial Biological Research Association, 2020,146(10):111814
[8] Gumede, M.T.; Gerrano, A.S.; Amelework, A.B.; Modi, A.T. Analysis of Genetic Diversity and Population Structure of Cowpea (Vigna unguiculata (L.) Walp)
Genotypes Using Single Nucleotide Polymorphism Markers. Plants, 2022, 24(11): 3480.
[97 f& el JR, 3 i B, W i o, B 352, A i AR BT W2 3R 9 90 o B R 2 R B IR 0 B 7 AR Mk 24 4),2015,46(11):2006-2010.
Zhan F Y, Dang XM, Qi Z Q, He H, Yang Y. Main agronomic and quality characters of asparagus bean(Vigna unguiculata ssp. sesquipedalis)
germplasms.Journal of Southern Agriculture, 2015,46(11):2006-2010.
[10] B2 Ak 57 28 I3, U4 5 FR4E 5 4R %)) T 5080 K0 35 00 1 Ik S5 B (WL ] B KA R () 87 el 25 241%,2010,37(4):661-668.
LiF,XuQF, Zang X P, Lai Y Y, Cheng W S, Xu Y P, Cai X Z. Establishment of two-dimensional electrophoresis system of tomato cotyledons. Acta
Horticulturae Sinica, 2010,37(4):661-668.
[11] XG5, FARAR R, T2 R0 T, SCHRY, 25 2 B ATV e S il e YR S0 eduidk . 5236 w5 R 2, 2013,16(2):19-20.
Liu HY, Wang H H, Cui C H, Wang M, Guo J J, Wen Z P, Li A Q. Experiment improvement of the soluble sugar content determination by enthrone
colorimetric method. Laboratory Science, 2013,16(2):19-20.
[12] BRI B 3t 01 3, 0 2 T XRS5 A R R 38 A% S 3BT T DR 27 274 (B AR R RR),2007,35(03),64-68.
Chen C Y, HuJ P, Liu W, Hu Z H, Zhang F Y, Lei G. Estimates of genetic parameters for fresh pod quality characters in asparagus bean (Vigna unguiculata
(L.) ssp. sesquipedalis Verd.). Journal of Jianghan University(Natural Sciences), 2007,35(03),64-68.
[13] Beal T, Massiot E, Arsenault J E, Smith M R, Hijmans R J. Global trends in dietary micronutrient supplies and estimated prevalence of inadequate intakes.
PLoS ONE, 2017, 12(4): e0175554.
[14] Bongaarts, J. FAO, IFAD, UNICEF, WFP and WHO The State of Food Security and Nutrition in the World 2020. Transforming food systems for affordable
healthy diets FAO, 2020, 320 p. Population and Development Review,2021, 47(6): 283-572.
[15] Carvalho M, Lino-Neto T, Rosa E A, Carnide V. Cowpea: a legume crop for a challenging environment. Journal of the science of food and agriculture, 2017,
97(13): 4273-4284 .
[16] Sun C, Sun N, Ou Y, Gong B, Jin C, Shi Q, Lin X. Phytomelatonin and plant mineral nutrition: current knowledge. Journal of experimental botany, 2022,
73(17): 5903-5917.
[17] TR, 08E 1 HE i, 7 B 4L, A K 4L, g B, R g 7, F 8, 1 2 T A SR A0 I 1 P B R R T MR S R 2 R 4 BT A D d8 A R
%,2018,19(1):103-111
Wu X M, Guo P, Chi HW, Fang Z H, Shi Y H, Wang Y Q, Liu J N, Wang Z, Wang X M. Diversity analysis of phenotypic traits and quality characteristics of
alfalfa (Medicago sativa) introducted from abroad germplasm resources. Journal of Plant Genetic Resources,2018,19(1):103-111.
[18] 3Tl F2vits 4 o6 X, B3 41 vt 4 X 2 UoR A0, BT 4. A 5022 5 ANBFAR JR R 20 22 R 1 23 . W36 £ B2 U5 2% 41k, 2020,21(5):1196-1206
Wang W X, Cheng H, Xu'Y F, Ge H, Yang S H, Zhao X, Wu R H, Jia R D. Phenotypic diversity analysis of five wild Paphiopedilum hirsutissimum

populations. Journal of Plant Genetic Resources, 2020, 21(5): 1196-1206.



