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Fig. 1 Pictures of morphological characteristics of 9 populations of Allium macrostemon Bunge
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Table 1 Basic statistics of morphological traits of Allium macrostemon Bunge in various populations
X3, RS Wk /em K /em 5/ cm PRABFE/em WK /em 82514/ om
Area Sample code Plant height Leaf length Blade width Central plant wide Root length Bulb diameter
th LR
BIA,.” T‘t BIS 20.16 4= 5.57e 15.19 + 4.74f 0.15 4= 0.05f 0.16 + 0.07e 3.48 4+ 1.57cd  0.51 £ 0.20d
1ie City
] , X . . . . -
., QXN 49.62 + 7.16ab 40.37 + 6.18ab 0.39 4+ 0.13b 0.44 + 0.16b 5.21 £ 2.29b  0.85 &£ 0.19bc
Qianxi’ nan
L &} -
. ZYS 35.81 + 3.76¢ 26.43 + 3.39d 0.24 £ 0.08de 0.29 £ 0.10cd 2.64 +1.01d 0.93 +0.18b
Zunyi City
fﬁ?JLI‘h . TRS 48.06 = 14.29b  35.61 4= 12.18bc 0.32 + 0.07¢ 0.40 4= 0.12b 5.64 4= 2.16ab  0.73 &= 0.22¢
Tongren City
im QN 55.76£7.00a 42.1547.20a 0.45+0.09a 0.58+0.11a 7.11+2.14a 1.2140.22a
lannan
BT ve - - -
.. . GYS 44.75 + 14.35b 33.44 + 11.56¢ 0.27 = 0.10cd 0.30 £ 0.12¢ 2.77 £ 1.79cd  0.85 £ 0.18bc
Guiyang City
LN -
. QDN 30.82+10.84c 23.07410.00de 0.2440.08de 0.294-0.10cd 4.3242.54bc 0.72=0.16¢
Qiandongnan
/\.ﬁ—jjﬁﬁ. . LPSS 23.23 4= 8.45de 18.52 & 7.63ef 0.25 + 0.07de 0.32 + 0.08¢ 3.30 4= 2.52cd  0.93 £ 0.30b
Liupansui City
i 30.26 +
Zni - ASS 21.79 + 8.82de 0.19 4 0.09ef 0.22 + 0.09de 4.30 + 3.27bc  0.82 + 0.17bc
Anshun City 11.89¢d
Y Mean 37.60 28.51 0.28 0.33 4.31 0.84
Frif2E SD 12.49 9.73 0.09 0.12 1.47 0.19
RFRE/ % CV 33.22 34.14 34.07 37.34 34.15 22.54
F 39.64™ 33.197 30.56™ 32.63" 10.90 21.18™

TE SRR P E & bR B R

[ B A [) /NG 1 2 s AL PR TR 7 0.05 7K |25 5 1 35 5 v RoRAE 0.01 K 22 R 3.

Note: Data in the table are “Mean £ SD”. Value of the different case letters indicate significant differences at 0.05 level. ** indicates a signifi-

cant difference at 0.01 level.
2) & JEREER A I3 o T SPSS 26.0 4%
A RR PR 8 SR D7 AR /AR 6 RO /AR Rz 9

K53k 2 2k

’%%\/#\‘rlﬁ \’_ﬁ:mﬁl‘ﬁi \Eiﬁj \tb%ﬁﬁ‘$u/\ﬁ

AR

0

TREHT(E 2) o ERR R 25 I af

K IG5 Euclidean distance
S 10 15 20 25

L 1 L Il 1

QDN T
ASS

ZYS —

GYS|[—

Fig. 2

QXN
QN J

2 g:j:ﬁ;u_.\ E'{kmlj\*EmT%ggg
Clustering diagram of A. macrostemon
based on morphological traits

7J<Fﬁ)ﬂ$§%%7#;§ BT SR VB P R A R
JERESR g —25 IR IR Fe AR 2 1, bRs
F AN B A R R 0 =
3) EWA BT SHAREGE AV . BT 6 AR
HEAT RS BT, ARAEAE =1 Sy bs o 2 B 1
S5 1A FE R R AR A Dl 4.858, RIFTT kN
80.967 % , P W] fEfE F ik 80.967 ¥ HIfE B &, 4
Oy BRSO R, DS 14 2 A R oy
P8R BT . F U BT B R S E a2
Ti] PR G R 0, 5 ) 487 R 0,986, X 55 1 FE B 4311
DUk K, S fe /N R 005 25 AR, B R 0.737, K
A% 1 22 R MR 3 A AR IR R 0.943.0.934.,0.790,
0.737, B T i B itk . WS BRI E 15

51 AR MLEEES (F2). 1 ERSM
LEE S o e 0o B RS TR A L 4391 ok 45.09 F1 36.53,

T el o B T i



22 LRI I NI <3 4

o942 %

*2 BEBIRFRERNERSBIRESITEN
Table 2 Principal component scores and comprehensive

evaluation of A. macrostemon characters in each population

T A T H
Sample code component score D, Ranking

QN 45.09 36.53 1
QXN 40.84 33.08 2
TRS 38.21 30.95 3
GYS 34.82 28.20 4
ZYS 27.99 22.67 5
QDN 24.97 20.22 6
ASS 24.15 19.56 7
LPSS 19.52 15.81 8
BJS 16.61 13.45 9

2.2 ETREBFER/NRFRXUR @B

1) 2% e Ak /IR e 1 B 28 L PR 1) 3%t ALl . R
INHRER B 2R AT Ui P R SRR AG N (% 3) , 72 9
RSN HR 17 e S R R, 73 Asp (RAETR)
Glu(# &M ) Ser (222 MR) His(HE M) .Gly(HZA
f2) . Thr(FRE R ) Arg K &R ) \Ala((NER) \ Tyr

(BEE®R) . Cys(BEEMR) . Val (& W) Met (FER
%) .Phe CRNATR) (AR ) Leu(GR AR )
Lys (#2012 ) . Pro (22 ) , {F 7 25 B Hiu X e R A5
#] His, Met, Phe F Tle. %5 pd J& BE B E 25 2 5 1R
(TFAA) &85, 103.93 mg/kg, B 4 5 5 B
151, 4 10 365.90 mg/kgo 94 JE HEEIF B A SL R T4
T 6 078.52 mg/kg. 9 BE/INR R Y 17 FhiiE
B SR -1 B s B 10 Ser (His F Arg, B4R 1Y
A Pro .Met Fll 1le,

2) F IR B R b . W B A R LA Rk
PO TR FE/IMR BRI 2R IR (TAA) % H 2 ok
A4y R 95 B R E IR (AAA) £33 Cys . Tyr.Phe; it
R R (SAA) , F % & Pro. Ser. Ala. Thr. His fl
Gly; WR Z 5 MR (BAA) i ALK, A Val  Leu. Ile,
Met Fll Arg; fif B 38 20 5L 2 (DAA) 45 Asp ., Lys
Glu, 8 Ffhis & IR (EAA) M Lys. Phe, Thr. Ile,
Leu. Val .Met 1 His, H ' His %} T/NLAEK K Bl
HEAE A 9T E T 25 & B iR (MAA) , 430
Glu,Asp.Arg .Gly Phe  Tyr.Leu . Met fll Lys. %3

R3 BEBIMGHEEERSE

Table 3 Free amino acid(FAA) content of A. macrostemon in each colony mg/kg
W 4)}‘— 2 \/b
ALY ASS QN QDN GYS QXN ZYS LPSS TRS BJS il
FAA Mean
Asp 42.61 0.35 93.38 70.49 68.11 66.61 93.13 120.96 43.70 66.59
Glu 144.60 9.69 206.40 240.24 136.15 276.19 370.71 180.86 194.83 195.52
Ser 214.24 9.39 418.66 634.64 588.65 620.77 726.04 353.20 570.32 459.54
His 108.03 0.00 2 240.80 2 605.85 168.57 236.50 202.68 2 003.56 83.75 849.97
Gly 47.45 2.82 74.76 146.86 105.53 27.99 27.20 41.61 52.69 58.55
Thr 52.26 3.57 40.18 150.02 56.16 32.60 41.05 19.57 59.53 50.55
Arg 1542.80 45.16 5543.44 3023.63 5382.22 4591.11 5248.41 3150.83 2133.32  3406.77
Ala 86.72 2.14 86.86 126.38 113.39 237.37 264.32 127.43 192.82 137.49
Tyr 25.41 3.77 203.50 97.68 113.43 131.14 141.03 122.30 36.08 97.15
Cys 49.62 3.37 480.36 103.47 120.53 88.41 94.27 144.98 48.79 125.98
Val 128.15 1.02 264.85 269.02 247.28 218.57 231.27 232.45 151.36 193.78
Met 9.33 0.00 15.07 13.18 62.81 19.63 23.98 30.74 19.07 21.53
Phe 28.46 0.00 197.58 211.90 41.28 104.76 114.03 50.56 39.57 87.57
Ile 18.74 0.00 40.30 53.83 13.30 26.02 30.87 43.72 16.79 27.06
Leu 45.84 3.80 119.70 166.06 26.71 53.94 62.27 63.20 45.85 65.26
Lys 71.43 10.14 329.68 254.37 266.11 319.49 336.71 340.96 52.04 220.10
Pro 62.91 8.71 10.38 6.93 10.39 6.14 6.75 4.41 19.32 15.10
TFAA 2678.61 103.93 10 365.90 8174.55 7520.61 7057.24 8014.71 7031.33 3759.83  6078.52
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LR /IR R KU A SE R, TAV Sy 5 R4 5 &
b 5 R R R VR B A A EL A, 24 TAV>1 RR KR
FERRXTFE A 0 KR AT BTk, TAV <1 STl AN 2% .
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(F4)AIH, DAA & it e U B e, 19420,
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A R I Ry SRR T R T RIS AR . BAALUE
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AAABERE BB, b iR i S B AR m Rl

Wr o W EIRE IR 1Y & 5 L, BAASAA>
DAASAAA, FHILLBAA 5 Ff Kk, HR M SAA,
EAA FI MAA 5 43514 11.86% #170.31 %, A L,
B M AR . & 2WEIER TAV> 1IN
DDA H[#) His, BAA H 1) Arg 1 AAA H1 1) Cys, 7¢
His X 17 14 G i 5 me ot s O TAV<<14h, Hir
SRR TAVWI/NT 1, EZ , His Arg #l Cys
X /AR o B4 DRV A TR, T X 22 B0 B 14
Arg(TAV=6.81) , B M /MR KUK I T2 RN
BAA H11 Arg.
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Table 4 TAY values and characteristics of flavoring amino acids of A. macrostemon in each population
s PR SR TAV -
Sort i;%i& Taste Mean
threshold ASS QN QDN GYS QXN 7ZYS LPSS TRS BIJS

Glu 0.30 0.48 0.03 0.69 0.80 0.45 0.92 1.24 0.60 0.65 0.65

Ié;i/f)f\ Asp 1.00 0.04 0.00 0.09 0.07 0.07 0.07 0.09 0.12 0.04 0.07

Lys 0.50 0.14 0.02 0.66 0.51 0.53 0.64 0.67 0.68 0.10 0.44

Thr 2.60 0.02 0.00 0.02 0.06 0.02 0.01 0.02 0.01 0.02 0.02

His 0.20 0.54 0.00 11.20 13.03 0.84 1.18 1.01 10.02 0.42 4.25

FALS Ser 1.50 0.14 0.01 0.28 0.42 0.39 0.41 0.48 0.24 0.38 0.31

SAA Pro 3.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01

Gly 1.30 0.04 0.00 0.06 0.11 0.08 0.02 0.02 0.03 0.04 0.05

Ala 0.60 0.14 0.00 0.14 0.21 0.19 0.40 0.44 0.21 0.32 0.23

Val 0.40 0.32 0.00 0.66 0.67 0.62 0.55 0.58 0.58 0.38 0.48

Met 0.30 0.03 0.00 0.05 0.04 0.21 0.07 0.08 0.10 0.06 0.07

R leu 1.90 0.02 0.00 0.06 0.09 0.01 0.03 0.03 0.03 0.02 0.03

PAA Ile 0.90 0.02 0.00 0.04 0.06 0.01 0.03 0.03 0.05 0.02 0.03

Arg 0.50 3.09 0.09 11.09 6.05 10.76 9.18 10.50 6.30 4.27 6.81

Cys 0.02 2.48 0.17 24.02 5.17 6.03 4.42 4.71 7.25 2.44 6.30

FHKR -

AAA Tyr 2.60 0.01 0.00 0.08 0.04 0.04 0.05 0.05 0.05 0.01 0.04

Phe 0.90 0.03 0.00 0.22 0.24 0.05 0.12 0.13 0.06 0.04 0.10

(DAA/TAA)/ % 9.66 19.42 6.07 6.91 6.25 9.38 9.99 9.14 7.73 9.40

(SAA/TAA)/% 21.34 25.63 27.70 44.90 13.86 16.46 15.82 36.26 26.02 25.33

(BAA/TAA)/% 65.14 48.09 57.72 43.13 76.22 69.56 69.83 50.07 62.94 60.30

(AAA/TAA)/% 3.86 6.87 8.50 5.05 3.66 4.60 4.36 4.52 3.31 4.97

(EAA/TAAN)/% 13.22 17.83 9.72 13.68 9.49 10.98 10.48 11.11 10.22 11.86

(MAA/TAA)/% 73.10 72.87 65.44 51.68 82.47 79.22 80.07 58.34 69.61 70.31
TFAA/(mg/kg) 2678.61 103.93 10365.90 8174.55 7520.61 7057.24 8014.71 7031.33 3759.83 6078.52
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Table 5 Principal component analysis of flavoring amino

acids of A. macrostemon in each population

Uie B AR FHL4) Principle component
FAA 1 2 3 4
Asp 0.838 —0.213 —0.245  —0.018
Glu 0.742 —0.352 0.353  —0.425
Ser 0.752 —0.364 0.515 0.033
His 0.678 0.619 —0.287  —0.018
Gly 0.574 0.505 0.325 0.552
Thr 0.472 0.563 0.649 0.187
Arg 0.820 —0.443 —0.124 0174
Ala 0.492 —0.617 0482  —0.354
Tyr 0.879 —0.210 —0.388  —0.031
Cys 0.612 0.178 —0.625  0.019
Val 0.966 —0.081 0.057 0.186
Met 0.350 —0.524 0.031 0.764
Phe 0.840 0.391 0.020  —0.218
Ile 0.855 0.358 —0.003  —0.201
Leu 0.771 0.605 0.117  —0.159
Lys 0.884 —0.298 —0.246  —0.013
Pro —0.443 0.213 0.240  —0.003
FEHE(A Eigenvalue 8.956 2.972 1.985 1.411
iﬁi{) ?On e 52.685 17.484 11.674 8.300
RIT TR/ A 52.685 70.169 81.843  90.144

Total percentage

*6 BRBNMNAFREREEBHIRSBHIRESITEN
Table 6 Principal component scores and comprehensive
evaluation of flavoring amino acids in A. macrostemon

of each population

FERIIE

v o e
)ri:?::lj Principal component score Gator ‘ﬂlig
D, Ranking

code PC1 PC2 PC3 PC4 )
GYS 3.16 3.19 1.74 0.13 2.44 1
QDN 3.14 1.19 —240 —0.26 1.56 2
LPSS 1.92 —2.26 0.73 —1.25 0.60 3
TRS 1.10 —0.32 —1.56 0.04 0.35 4
QXN 0.39 —1.47 0.14 2.92 0.20 5
7YS 0.87 —1.75 0.33  —0.97 0.11 6
BIS —1.70  —0.36 149 —0.15 —0.80 7
ASS —3.08  0.99 0.67 —0.15 —1.38 8
QN —5.8 0.79 —1.14 —0.31 —3.07 9

3 it #

AR R AN R 58 2 R AS [R) 1T U B AN
TS PEAR o i e 9 AN Fa B /MR 1) 6 et
FEFRIEAT LLE AT HT | e /AR 5 (0 T 5 IR A 45 A
JERFZ R 22 5 2 . T R A IR e AR AR
SR SR O VR R BE B AR i e R
A RBPIR T 102, R /MG TE SR A A
[l A AR 5, AT 2 2R, X T BB h T B
BRI 25T I I, S A 7E B M A8 45 XY
INRFRIE SR — € 2 81 R X 6 R
rh R R R0 (1 R K, 5 A L XN G R
SRR, S AR Y s —2 . mwE
FIFH R A3 B0 A0 2 o0 o0 B R Mtk 25 S AT 22 50T
W WRREE R , BN — R BRI S FE A
FRARUHE , MR B 2 R I TR RER S — 2. R
Bt S 8 — = i e 1 80.967 % 1Y EME B, &
LI WA R R A PR TR R A 2R AT
RTS8 2045 1 X Y 25
B AR R B B RO . 4
& b A B0 2 B, A ) B /N AR 5 DL e R B
53508

FIFH HPLC A I /IR 35 085 25 vh A7 17 il g
IR AN BB HE R S A ER R ER B
7 A RN B BE T /N G R D B A TR o i L
S AR . G 2 Y HPLC 30 22 5t M A
14 i B B2 R, AR 0 45 R 28 W) i e R0 3
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Evaluation of morphological traits and flavor quality of Allium
macrostemon Bunge in Guizhou Province

HE Shanshan,ZHAO Cai

The Key Laboratory of Plant Resource Conservation and Germplasm Innovation in
Mountainous Region(Ministry of Education)/Institute of Agro-Bioengineering/
College of Life Sciences, Guizhou University , Guiyang 550025, China

Abstract The six morphological traits including plant height, leal length and bulb diameter, leaf
width, mid-plant width and root beard length of Allium macrostemon from different habitats in Guizhou
were compared to comprehensively evaluate the germplasm resources of Allium macrostemon Bunge with
elite traits, high content of amino acid and good flavor quality. The content of 17 free amino acids in its
bulbs was determined with HPL.C. The taste of amino acids and the principal components were analyzed.
The results showed that the six traits including plant height, bulb diameter, leaf length, leaf width, mid-
plant width and root beard length of A.macrostemon were significantly different among the 9 populations
(P<<0.05) , with coefficients of variation greater than 10%.The 9 populations were clustered into 2 catego-
ries with Euclidean distance clustering analysis. The morphological traits of category Il were more promi-
nent. The results of principal component analysis showed that the cumulative contribution of the first princi-
pal component reached 80.967%;. The results of comprehensive evaluation showed that the Qiannan popula-
tion had the highest overall score. The average content of total free amino acid (TFAA) in each population
was 6 078.52 mg/kg, with higher TFAA content in the Qiandongnan (10 365.90 mg/kg) and Guiyang
(8 174.55 mg/kg) population. Flavor intensity value TAV>>1 indicated that the amino acid contributed to
the flavor of the samples. The bitter Arginine (TAV=6.81) was the main factor affecting the flavor of A.
macrostemon. The results of principal component analysis showed that the cumulative contribution of the
first four principal components reached 90.144% , and the highest overall score was obtained by the Qiannan
population. It is indicated that there are regional differences in morphological traits and content of flavoring
amino acid in A.macrostemon.The Qiannan population has outstanding morphological traits, excellent flavor
quality , and high value of development and utilization.

Keywords  Allium macrostemon Bunge ; medicinal and edible plants; morphological traits; flavoring

amino acids ; flavor quality ; regional differences
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