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ABSTRACT: Objective To evaluate the nutritional value of amino acid content in Dendrobium devonianum Paxt.
from different sources in Yunnan Province. Methods The amino acid analyzer method was used to determine the
amino acid content of Dendrobium devonianum Paxt., and the amino acid nutritional value was evaluated by
multivariate statistical analysis methods. Results The total amino acid (TAA) content in 29 samples ranged from
42.00 to 125.40 mg/g; the essential amino acid (EAA) content ranged from 16.80 to 44.60 mg/g; the content of aspartic
acid, glutamic acid, leucine and arginine were the most abundant, which were 11.18, 9.97, 6.91 and 5.52 mg/g
respectively and could be used as the characteristic amino acids of Dendrobium devonianum Paxt.. The content of
cystine (0.92 mg/g) and methionine (1.10 mg/g) were the first and second limiting amino acids respectively.
According to the amino acid pattern spectrum standards of the Food and Agriculture Organization of the United
Nations/World Health Organization (FAO/WHO), the nutritional value of Dendrobium devonianum Paxt. cultivated in
greenhouse substrates in Lianghe Area [EAA/non-essential amino acid (NEAA) was 62.69%—77.21%; EAA/TAA was
38.63%—43.55%] and wild varieties (EAA/NEAA was 61.59%—-65.43%; EAA/TAA was 38.12%-39.56%) were the
highest and more in line with human needs. According to the comprehensive score ranking in the quality evaluation
model, the values of the samples from Mangshi M10, M1, M7 and Longling L4, L5 were higher. Two principal
components were extracted by principal component analysis, and the cumulative contribution degree was 83.852%,
and a quality evaluation model of Dendrobium devonianum Paxt. was established. Cluster analysis was carried out
with amino acids and comprehensive scores as variables respectively, and all samples could be divided into 3 major
categories. Conclusion The amino acids of Dendrobium devonianum Paxt. is rich in nutrients, and the amino acid
content of Dendrobium devonianum Paxt. from different sources varies. This study provides an important theoretical
basis for the development and utilization of the nutritional value of Dendrobium devonianum Paxt.. At the same time,
it is recommended to pay attention to the origin and cultivation methods of Dendrobium to enhance its market value.

KEY WORDS: Dendrobium devonianum Paxt.; amino acid; principal component analysis; clustering analysis

B DLAGHE . ABDOIREE L B JEIRSEEORILET M, =
T R A P AEL b T AN ] 7 P 0 8 32 TR 3R R B R AN
[, AIRESEOA )" MR A AR &R AR Wik, &
P 1 5E A A Mk Bl BIESEXT R, SR T @ RR 30k
DN AN TR AC DA R4 it S R 5 e, e A B

0 51 &

AR Y & A Z A By, A RE AR B
R H 8 KB T s g A G P 2RI, R SR PR G

) AR KBS S, e ptng, e DRI R AL SRR
S SR A Do 73 Dendrobium devoniamun BT EEIICEUL B I, JATRIIHT,

Paxt)FRE B A . TS, KHEE . Bge, s 0o R AR AR R PULE A
B XA EBE S MR Z —, JtT 2005 IR SFEE 1 MRE55E
B U, 7 AT A2 A . (R

Aoy o SSBAE IR T BB A, A LR
Zp . HEED AT RS G E A R 2 T
. PR T Z R IBAFAE, AHURTT . BUIRE AP
POR TS AL, A, AR I TR o 2R A T
PP | IRYT R TR E AT B B IR, S
A — BB TR R IR DR

A8 FERR I NI T A RO R A A Hh B
FEW BRI A P TE R R, WA SRR R T
2y B AE SR (A A B AR, R 2 A TG 28
Gr 2 —ROBL TR, AR R AR
B S5 RO R PR 5 5 R 2 Sz A ftan Rl L 7 L R
ZUR SR 24200 LR 1A A P USSR AL BRI 2 B P52

1.1 MR5RF

W A (Dendrobium devonianum Paxt.)ﬁé T
2015—2016 HFAETETT . B i« 329, BRR SFHIRAE, FE
i FR A2 i 2] P AR I 92 A0 I 2R PR AR P D S Rt
it RERRZL 105 C A% 30 min 21, FE/S7E 55 CF
W EEE, DRSS A RRE T, KRS R
HMRERILE 1.

R Hral, =R ENAL TAHERA ), Zih
(pH 2.20. 3.20, 4.25. 6.45)[ KEFIT( A RN,
AASI8-5ML EIEMRFRUES (18 NSy, 40 99.5%)(EH %K
FRUEY) ORI 6); BA(EEE 99.999%, B HIMGIE/R S AA
7 BRA T .
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1.2 UFE5E%

RETSCH MM400 ZH 44 2 (55 28 R 28 B i B2
FRZYF]); ME204 HL 4387 K- (R EE 0.0001 g, b T E 4%
AR H]); Biochrom30'4: A S & REMR L[ K E
PEAT( B A BRZAF]]; PinAACle 900F JCHAJE F I 4 6
HEETF(3EE PerkinElmer 24 H]); XL-2000A & BE—{& T if
K RS B T 1 B (AR A BRA R B A 2F K-370 #LK
SERAL IR A A S BT R D

Fz1 HREKRER

Table 1 Sample basic information

o ERCORFEEME T EK R

TR s gt | AR H B
TR

L4 ks AEE| w4 e
FIE

M1 4 i RS M9 3 T MR

HI 5 %Egﬁ KR | M10 3 T KM

Gyl ] P Fii NG 75

H2 5 i KRR | R4 3 I AR A

M2 2 e | Rs s R
)

L2 4 ek KRG L4 1 RS EAKRKHHE

M3 5 T ORISR L5 4 BRIk A2 KKHAE

L3 2 el KMIZERR| Le 4 JEBEISk AR

wa 4w k| R 4 P gk
1 3&

Ms 3 MRl KHPER| R1 2 I”“L&”\Z%*wet

M6 3 = ORMIEER| Yr 2 EaiT B

M7 3 T OKRMIEERR| Y2 2 EmENT o MR

M8 4 T ORISR Y3 1 EemTi B4

L7 1 ek KWL Y4 3 EEWETH $4k

L8 2 Jebs RN

1.3 75 &
1.3.1 Heuara#

HERR AR B G BHR R AR 0.2 g(REBf 21 0.0001 g)F
10 mL R, WA 10 mL 6 mol/L £hie, FHFASmLT &
M, HABHRA0L0 C+l CYHE TN KH 22~24 h
B, Bl mL FIHRE TR EIY, 60 C+5 CHARIF T,
R RZE T REIA 2 mL £B 7K, BEEREE 3 K, 7%
T A 2 mL pH 2.2 # B . AT 1 0.45 pm FFL R
U
1.3.2  RABARE b &% H

B 200 pL IR G2 SEFRBRUHES, JILA 800 uL pH 2.2 i
B, FEAMIRAT, HERE 10, 20, 30, 40 pL FHLINE, AR
5 G TR e o 85 v B 2 BRI R

133 FEi&#t
17 PP E IR AR L2 2, Keias: Aigs 1 K
570 nm, GRS 2 P 440 nm, PEEER 20 pL, iR
Biochrom30 ™2 3B 43 H iY Na™%& FH: .
*2 HEER

Table 2 Separation process
BT rESEE BfT B S e

a e COREUD o g Y
01:00 48 1 35.0 ON OFF
00:00 48 1 35.0 ON OFF Reset
01:00 48 1 35.0 ON OFF Load
06:40 48 1 35.0 ON ON
13:00 52 2 35.0 ON ON
01:00 52 5 35.0 ON ON
16:00 95 5 35.0 ON ON
04:00 95 6 35.0 ON ON
04:00 95 1 35.0 ON ON
9:00 48 1 43.0 OFF OFF
02:00 48 1 35.0 ON OFF

14 HIENLIE

$4 R Excel 2019 X EE I 5 47 SPSS 22.0 —
Yk )5 225041 Duncan ZH MR, 455X (b fi 22
Fon, FERHEAEF 50T 2R RO R R RE RS
SATVERI ORGSR, FHOCHE B4 a8 3T Origin 2021 FEIA
FoRo

2 HER5SH

21 ARPEERESES5HEK

29 PR R IR B A A S A R S R LR 3.
K3 4WFED, HRAMBEHE 17 P ERFANKITT
7 Pl b 75 5 JE2 (essential amino acid, EAA). Asp. Glu, Leu
N Arg 4 FhEFEIR S RN &, AE ARG BRI RRE M
HIMR(FE 4), FEh M1 (20.70 mg/g). L4 (20.60 mg/g). M10
(19.9 mg/g)F L5 (17.73 mg/g)i Asp & &, MI10
(16.20 mg/g). L5 (16.03 mg/g). L4 (15.40 mg/g)F1 M6
(13.70 mg/)i¥) Glu &5, M10 (12.00 mg/g) L4 (11.10 mg/g) .
M7 (10.70 mg/g)Fl M1 (10.40 mg/g)fi¥ Leu &itfxes, MI0
(13.50 mg/g) . L5 (9.67 mg/g) . M1 (9.60 mg/g)F L4 (8.90 mg/g)
Arg St (3 3); Cys fl Met &rit/l, 405 g —F1%E
TR R AR W R RECRE, Arg. Asp il Leu 485
TERER R, 30 49.31% . 42.93%F0 40.23%; 4 kA fHeY
SAKLNR S (total amino acid, TAA)., EAA. 243 FEIRFI
i IR 22 K R & k4 oA 42.00~125.40 . 16.80~44.60 |
24.00~75.30, 10.30~36.10 mg/g; 255 2 B35 H 31.40%.

28.47%. 32.85%. 37.79%, SRR
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Table 3 Amino acid content in Dendrobium devonianum Paxt. (mg/g)
5
SRR

L1 Ml HI H2 M2 L2 M3 L3 M4 M5 M6 M7 M8 L7 L8 H3 M9 MI0 R4 R3 L4 L5 L6 R2 Rl Yl Y2 Y3 Y4

RAGFR(Asp) 5.3 20.7 5.1 6.4 172 82 11.27.85 13.1 6.79 16 156 14 8.9 89 7.2 10.6 199 12.4 10.8 20.6 17.73 7.5 125125 7 7.1 6.7 6.4
JAEFR(Thr) 23 53 2 26 5.1 3.1 44345 49 267 49 58 48 35 39 28 38 59 49 42 66 46 31 43 4 29 2.6 28 29
25 fR(Ser) 2.4 49 2.1 24 4628 44312 45283 5 5 4835 35 27 36 51 49 42 63 405 3.1 4239 3 25 27 3.1
BEF(Glu) 5.9 135 52 6.1 132 7.5 10.87.62 11.6 7.9813.7 13.3 13.5 8.8 85 69 9.7 162 11.3 10.7 154 16.03 7.3 10.7 10 7.2 6.6 69 7
% (Pro) 22 43 2 21 4 26 43221 35391 32 44 5432 57 29 42 5 43 54 5 357 24 3.6 35 28 2.6 2.6 29
H&M(Gly) 2.5 53 19 26 52 3.1 43319 45257 52 58 5 35 35 31 38 6 47 41 59 473 29 45 41 3.1 2.7 25 3.1
WEfR(Ala) 28 5523 27 5231 46408 46 29 54 55 53 4 36 35 39 6 49 43 66 52 3.1 4.6 44 3.4 29 29 35
B4R (Cys) 0.6 07 1 07 0907 09077 1 156 1.1 1 1 1 0807 08 1 09 09 2 086 1.6 0.8 0.8 0.7 0.6 0.7 0.7
HEFR(Val) 2.6 53 3 26 47 3 42291 47 3.1 52 49 4937 34 3 3.6 55 45 3.8 6.6 451 32 42 44 3.1 26 28 3.4
EHEMMet) 09 2 1.1 07 0809 1 079 23 147 1.9 09 09 1.4 08 09 09 1 09 09 1.1 097 1.2 0809 1 1.1 1.1 14
FILEMle) 2.5 5222 6 49 3 4.73.04 48 3.04 56 51 5 39 34 29 38 58 45 4 57 446 33 42 41 33 25 3.1 3
SEEMR(Leu) 4 104 34 4.8 102 57 8255 95 507 99107 94 64 64 53 73 12 85 08 11.1 834 28 8 72 49 47 48 5.1
BEER(Tyr) 27 5 2 23 4 29 4229 41 221 51 46 4528 28 24 33 49 47 38 47 508 28 38 3.7 28 2.5 26 28
HKHEMPhe) 3 6 25 29 5535 5236 5129759 59 55 4 4 34 43 6.6 55 42 53 533 34 48 44 34 33 28 3.6
HEFR(His) 13 28 12 14 27 1.6 23222 23 136 2.8 27 24 18 1.8 1.7 2 32 23 0 34 287 17 2219 15 15 13 1.7
R (Lys) 27 6.6 2.6 3.1 65 3.6 53428 55282 65 64 59 4 39 37 45 78 56 62 8 582 3.6 53 45 3.4 3.1 29 3.6
iz (Arg) 2.6 9.6 24 23 7.6 37 67389 63 273 77 7.7 7.1 41 41 3 47135 58 77 89 9.67 38 56 54 38 32 29 36

S ITLIE M, RNEDRIEM GG REZR S8 H
L, TR T IO I T R4S A B A PR A =X T
R i ol R TP AR Wl . B CysMet M His & &0
HEF, PR AR R . B AR B b K AZ A B A A
R v a A R s B R L B S T AR, thE
m IR . BRI b DX L R B A R b, SRR
TR EE A B 2 AR AR MR 15 O U, R b
REFMRSEEET, W#H TAA, EAA, 23R Hm . &
PR SRR WAL F] 96, 35, 58 1 26 mg/g UL |, J5E A4
BIAF] 94, 33, 56, 28 mg/g LA b, TR MR F AR 5
(IR A IR S IR, DL TAA. EAA . Z98CE LR &

x4 EMOREEE

et IR B AHE P 1 0 I 5T (22 i =12 R A= Ok B2)> %2
AR B A= Gt W )>RMIE J5t (D B2 )> B A >R M Bk J5 (A2 ) o it
A, PRI R KA b 20 UR 57 T AR 404U (Food and
Agriculture Organization of the United Nations/World Health
Organization, FAO/WHO)Z FE R 2G4 i, EAA/NEAA
7E 60%L) |, EAA/TAA H 40% 7545 I B A 0 26 11 T A M
MEREEEFRNE. AT, Fo i O 3L kb
W A B EAA/NEAATE 62.69%~77.21%2 ], EAA/TAA
1E 38.63%~43.55%Z 0], EFMELFTE NAT K, Bk
Wz, HEEAA/NEAA TE 61.59%~65.43%2 [i], EAA/TAA 1E
38.12%~39.56%2Z 4] .

& ERfR ST

Table 4 Descriptive statistics of amino acid content in Dendrobium devonianum Paxt.

A I/ ME L ON:I FHfE PRz Ji2 AR5 BB % I 2 e J&7
Asp 5.10 20.70 11.18 4.80 23.03 42.93 0.67 -0.71
Thr 2.00 6.60 3.94 1.20 1.44 30.45 0.36 -0.71
Ser 2.10 6.30 3.77 1.06 1.12 28.06 0.35 -0.62
Glu 5.20 16.20 9.97 3.27 10.67 32.77 0.45 -0.99
Pro 2.00 5.70 3.58 1.08 1.17 30.16 0.35 -0.89
Gly 1.90 6.00 3.91 1.17 1.36 29.82 0.24 ~1.08
Ala 2.30 6.60 4.16 1.13 1.27 27.02 0.26 -0.84
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= A
2 I/ME SN FHIME b2 2% AR5 R B % st 2 [63; 5
Cys 0.60 2.00 0.92 0.31 0.10 33.85 2.09 478
Val 2.60 6.60 3.91 1.04 1.07 26.48 0.64 -0.16
Met 0.70 2.30 1.10 0.38 0.15 34.85 1.86 3.10
Ile 2.20 6.00 4.04 1.10 1.21 27.20 0.17 -1.12
Leu 0.80 12.00 6.91 2.78 7.73 40.23 -0.03 -0.65
Tyr 2.00 5.10 3.52 1.00 1.00 28.38 0.24 -1.43
Phe 2.50 6.60 434 1.16 1.34 26.65 0.21 -1.22
His 0.00 3.40 2.00 0.72 0.51 35.82 -0.32 0.90
Lys 2.60 8.00 475 1.56 2.45 32.94 0.41 -0.88
Arg 230 13.50 5.52 2.72 7.41 4931 1.03 0.98
TAA 42.00 125.40 77.52 2434 592.48 31.40 0.43 -1.02
EAA 16.80 44.60 28.85 8.22 67.50 28.47 0.42 -1.05
NEAA 25.20 80.80 48.67 16.33 266.55 33.55 0.44 -1.00
N EIE R 24.00 75.30 46.21 15.18 230.38 32.85 0.44 ~1.11
fif R LR 10.30 36.10 21.15 7.99 63.91 37.79 0.54 -0.96

.

H: JE T 2L #R (non-essential amino acid, NEAA); Z43(4 LM Glu. Asp. Arg. Gly. Tyr. Met. Leu. Lys, SEBRZILME &
Lys. Glu. Asp. % 5 [,

x5 TRKREBAMPDEEBRNIIES S E(my/g)

Table 5 Amino acid species and content of Dendrobium devonianum Paxt. under different sources (mg/g)

FOLH R HE 5T KT ﬂﬂH%)ﬁ 7f37|<l§fj$ REARMHE Wi
(T41l) k%) (AT (Fi ) k)

Asp* 14.51+4.30° 7.83+1.49% 6.23+1.06" 12.05+0.83% 15.28+6.89° 6.80+0.32°
Thr" 4.76+0.96° 3.25+0.60" 2.47+0.42° 4.35+0.39™ 4.77£1.76° 2.80+0.14°
Ser® 4.47+0.72° 3.06+0.47° 2.40£0.30° 4.30+0.42° 4.48+1.64° 2.83+0.28°
Glu* 12.3542.36° 7.66£1.13% 6.07+0.85" 10.68+0.53" 12.91+4.87° 6.93+0.25°
Pro® 4.22+0.65° 3.18+1.47%® 2.33+0.49° 4.20+0.88° 3.66+1.30™ 2.7340.15°
Gly* 4.77+1.02° 3.16+0.41® 2.53+0.60° 4.35£0.30" 4.51+1.51° 2.85+0.30°
Ala® 4.89+0.92° 3.52+0.56" 2.83+0.61° 4.55+0.26"™ 4.97+1.76° 3.18+0.32°
Cys* 1.00+0.23° 0.77+0.15° 0.80+0.17° 0.85+0.06" 1.49+0.58" 0.68+0.05°
Val" 4.61+0.77° 3.1240.43° 2.87+0.23" 4.2340.31° 4.77+1.71° 2.98+0.35°
Met" 1.32+0.56 0.96+0.25" 0.90+0.20° 0.88+0.05° 1.09+0.12° 1.15+0.17*
Tle® 4.79+0.82° 3.1740.52% 3.70+2.02%° 4.20+0.22" 4.49+1.20% 2.98+0.34
Leu’ 9.27+1.97° 5.60+0.98° 4.50£0.98" 6.13+3.59" 7.41+4.23° 4.88+0.17
Tyr? 4.19+0.88° 2.82+0.08° 2.23+0.21° 4.00+0.47° 4.19+1.22° 2.68+0.15°
Phe’ 5.30+1.03° 3.62+0.41" 2.93+0.45° 4.73£0.57™ 4.68+1.11" 3.28+0.34°
His" 2.46+0.51" 1.74+0.34 1.43+0.25° 1.60£1.08" 2.66+0.87¢ 1.50+0.16
Lys’ 5.78+1.37° 3.70+0.61° 3.13+0.55" 5.40+0.71° 5.81+£2.20° 3.2540.31°
Arg® 7.3642.85° 3.68+0.63% 2.57+0.38° 6.13+1.06° 7.46+3.19° 3.38+0.40%
TAA 96.05£19.79°  60.81+9.19® 50.00+7.30° 82.60+6.28" 94.61+34.15° 54.83+3.15
EAA 35.43+6.67° 23.40+3.43% 20.55+3.26" 29.90+4.36" 33.01£11.93° 21.30+1.45%®
NEAA 60.62+13.32°  37.41+5.80™ 29.45+4.49° 52.70+2.53" 61.60+22.45° 33.53+1.78"
AL 58.09+12.51°  35.69+5.47™ 30.05+5.26° 48.40+5.04% 56.17+21.48° 32.10+1.33°
B DR 2 LR 26.87+6.51° 15.50+2.60% 12.31+1.92° 22.73+0.95" 28.19+11.65° 13.73+0.34°
(EAA/TAA)/% 37.04+1.57 38.50+0.72 41.09+2.46 36.07+2.93 35.03+1.95 38.84+0.72
(EAA/NEAA)/% 58.92+3.95 62.63+1.88 69.95+7.26 56.65+6.88 54.00+4.55 63.51+1.92

T *F7n EAA; AR NEAA . BB A EARER 2, F—1r8dE A ARR/NS FRHRETE 0.05 A F 225 13 (P<0.05).
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22 EBRSOH %, HE 2 PR, FrREEI A F R R T
(VA ASNEIY . % . % S| AT

R 83.852%FH4 77 22 (43 51 79 77.088%1 6.764%), E %W~ 32 A%

Met Fil Cys 5 HiAth 2 3L /R Y IE A S 555 Pro 15 Tle
Leu & His FIIEMISCHERSS, 5 Met ZIRJLFBA MM
SH b, 2 5 R 22 171 T AH S 3 5 (P 1), DA WTE A AT
F AT 5T
222 EMLHRELR T RSO

2% 6 JLR TR, F2 a3 T LA 25 BT A i) 48 I
YRR 55%UL ERIE R, Hh Gly. Ala fil Thr 45 9 F
FEMR AT BRI 90% LA 1 A5 )5 i, Cys Hl Pro {5 5 & M5 2k

SET 17 NEEERR T 83.852%M015 B, MURES NI,
VLA BFIERE . peAh, 3t 3 A A1
R, WA AR A R

F,=0.071.X,+0.080X,+0.067.X3+...+0.033X,5+0.087.X, ¢+
0.090.X;;

F,=0.023X,-0.011.X,+0.039X;3+...40.133.X,5—0.044.X, s—
0.073X,;

WA A R A R A TR T IFI=0.771F+
0.068F,, IFT {H ARG A Rk LR i T A B3R o
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Thr |@ @ Ser 0.6
Ser (@ @ @ Glu
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Fig.l Matrix of correlation on amino acids in Dendrobium devonianum Paxt.
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Table 6 Matrix of communalities, factor loading and component score coefficient on amino acids in Dendrobium devonianum Paxt.
S FtIE 2 552 A7 R IES P eAaCil s PR o B
wth PR 1 2 1 2 wikE o HREL 1 2 1 2
Asp 1.0 0941 0.970 0.006 0.071 0.023 Met 1.0 0.731 0.215 0.828 -0.151 0.704
Thr 1.0 0966 0982 —-0.034 0.080 -0.011 Ile 1.0 0.690 0.831 -0.003 0.062 0.012
Ser 1.0 0942 0970 0.026 0.067 0.039 Leu 1.0 0.781 0.882 0.060 0.053 0.066
Glu 1.0 0949 0974 -0.038 0.080 -0.015 Tyr 1.0 0.899 0.947 —-0.051 0.081  -0.027
Pro 1.0 0566 0.695 -0.287 0.109  -0.230 Phe 1.0 0.941 0.966 —0.083 0.088  —0.053
Gly 1.0 0983 0987 -0.090 0.092  -0.059 His 1.0 0.693 0.821 0.140 0.033 0.133
Ala 1.0 0968 0983 -0.046 0.082  -0.022 Lys 1.0 0.949 0.971 —-0.072 0.087 -0.044
Cys 1.0 0431 0.358 0.550  —0.084 0.472 Arg 1.0 0.866 0.925 -0.105 0.090 -0.073
Val 1.0 0959 0970 0.133 0.045 0.130
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Fig.2 Principal component analysis chart of amino acids in
Dendrobium devonianum Paxt.
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Table 7 Comprehensive score and ranking of amino acid quality principal component analysis

E Y
%5 e HE4
F1 F2

ERA S
i il maty 4
F1 F2

L1 3.185 0.568 2.494 28

H3 3.899 0.548 3.043 22

M1 7.924 1.088 6.184 3

M9 5.309 0.335 4.116 15

Hl1 2.726 1.047 2.173 29

M10 9.097 0.080 7.019 1

H2 3.544 0.641 2.776 27

R4 6.478 0.355 5.019 9

M2 7.340 0.430 5.689 6

R3 5.718 —-0.880 4.349 14

L2 4.111 0.589 3.210 19

L4 8.635 1.193 6.738

M3 6.174 0.342 4.783 11

L5 7.486 0.339 5.795

L3 4.295 0.615 3.353 18

L6 3.774 1.133 2.986 23

M4 6.208 1.687 4.901 10

R2 6.006 0.408 4.658 12

M5 3.644 1.188 2.890 24

R1 5.646 0.537 4.390 13

M6 7.239 1.469 5.681 7

Y1 3.983 0.554 3.108 20

M7 7.549 0.404 5.848 4

Y2 3.582 0.635 2.805 25

M8 7.152 0.152 5.524 8

Y3 3.545 0.754 2.784 26

L7 4.657 1.025 3.660 17

Y4 3.918 0.873 3.080 21

L8 4.958 —0.099 3.816 16
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Fig.3 Clustering analysis with amino acids as variables
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