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Diversity analysis on biochemical components of
walnut germplasms in northwest Tarim Basin
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Abstract ; Forty-four walnut resources were collected from the northwestern margin of the Tarim Basin in Xinjiang, of which
forty-one are 50 years old and three main varieties. The main biochemical components of protein, sugar, fat, amino acids,
oleic acid, linoleic acid, linolenic acid, palmic acid, octadecoic acid were analyzed. The results showed that the biochemi-
cal composition of 44 resources varied greatly, and there were abundant diversities. The variation of sugar and other nine in-

dexes ranged from 4.93% to 30.93%, Shannon-Wiener index (H') was 1.38-2.02. The variation range of seventeen amino
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acids ranged from 10.07% to 35.71%, Shannon-Wiener index (H') was 1.85-2.20. The principal component analysis on

main biochemical components showed that the accumulative contribution rate of three main components of protein, sugar and

fat was 81.67%. Cluster analysis showed that there were significant differences in the biochemical components among the

groups, and the clustering of the groups was closely related to the geographical distribution, and the proportion of biochemi-

cal components in the same resources in the basin was similar. Compared with the main varieties, the real resources have

higher variability in sugar, protein, fat and other aspects, and have certain potential for development.

Key words: Xinjiang, walnut( Juglans regia) , origin germplasms, biochemical diversity
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Table 1  Biochemical components of 44 walnut germplasms(n=44)

s dem e e M e e Toeie Tou

Code Py e T enert g aid Ot i acid  acid/  amino

(%) (%) (%) (%) Linolenic acid

acid (%)
w1yil 20.4+£0.00 2.7+0.07 67.2+0.49 6.8+0.02 1.7+0.04 15.8£0.07 66.1+0.07 9.5+0.14 0.14  15.3+0.92
K2Yi2 19.9£0.42 2.6£0.00 66.4+0.42 6.0+0.00 2.0£0.00 18.0+£0.00 61.7+0.00 12.3+0.07 0.20 14.5+0.07
K 3Yi3 12.0+£0.07  2.7+0.07  73.8+0.78  6.0+0.00 2.3£0.00 28.5+0.00 51.4+0.00 11.7+0.00 0.23 10.2+0.07
fK4Yi4d 16.5£0.00 2.3+0.14  71.4+0.07 5.8+0.00 1.9+£0.00 19.1£0.00 61.8+0.00 11.5+0.07 0.19 12.9+0.07
K5Yi5 16.7£0.00 2.3+0.00 70.6+0.35  6.3+0.00 2.1£0.00  25.3+0.00 55.0+0.07 11.3+0.00 0.21 13.4+0.21
K6Yi6 21.2£0.07 2.4+0.00 67.2+0.49 6.6+0.00 1.8+0.00 24.2+0.00 58.3+0.00 9.1+0.00 0.16 16.6+0.35
HT7Yi7 20.9+£0.00 2.6+0.00 64.8+0.64 6.7+0.00 2.2+0.00 26.0+0.07 56.4+0.00 8.7+0.00 0.15 16.0+0.35
#% 8 Yi 8 18.0£0.07 2.7+0.00 67.4+0.42 6.2+0.07 1.9+£0.00 30.5+0.00 52.4+0.00 9.0+0.00 0.17  14.3+0.00
%9 Yi9 18.6+0.07 3.0+0.07 67.0+£0.57 6.4+0.00 1.6+0.00 25.1+0.00 55.4+0.00 11.4+0.00 0.21 15.6+0.00
& 10 Yi 10 17.5£0.00 2.6+0.07 69.5+0.85 6.5+0.00 2.2£0.00 31.3+0.00 49.7+0.00 10.3+0.00 0.21 14.7+0.21
ik 1 Tu 1 14.7£0.14  2.8+0.00 71.3x0.14  6.1+0.00 1.9£0.00 28.4+0.00 49.1+0.00 14.6+0.00 0.30 11.8+0.00
it 2 Tu 2 17.7£0.00  2.6£0.00 68.8+0.07 7.1+0.07 2.1£0.00  12.4+0.00 66.1+0.07 12.4+0.00 0.19 14.8+0.00
J 3 Ku 3 18.3+0.00 3.2+0.00 68.8+0.07 7.0+0.00 2.3+0.00 14.9+0.00 62.4+0.00 13.4+0.00 0.21 15.3+0.00
JE 4 Ku 4 19.1£0.00 2.9+0.00 66.0+£0.78  6.0+0.00 2.1+0.00 34.6+0.00 46.7+0.07 10.7+0.00 0.23 16.0+£0.07
JE 8 Ku 8 17.0£0.07  3.1+x0.00  69.0+0.21 6.1+0.00 2.4+0.00 29.8+0.14 51.3+0.21 10.5+0.07 0.20 14.5+0.14
J& 1 Hou 1 19.4+0.07 3.0+0.07 66.4+0.35 5.9+0.00 2.2£0.00 17.1+x0.00 63.4+0.07 11.4+0.00 0.18 17.4+0.00
%1 Hel 14.2£0.07 2.8+0.00 71.0+£0.07 6.0+0.00 2.5+0.00 25.7+0.00 53.7+0.00 12.2+0.00 0.23 11.7+0.21
2 Sheng 2 21.8+0.07  3.1+0.00 63.1x0.14  6.7+0.00 2.5£0.07 15.1+£0.00 65.8+0.00 9.9+0.00 0.15 18.4x0.42
F% 4 Sa 4 20.0£0.07 3.3+x0.14 63.8+0.07 6.1+0.00 2.2+0.00 24.7+0.00 52.3+0.07 4.7+0.00 0.09 17.3+0.00
B 5Sas 21.8+0.00 2.6x0.07 65.4+0.35 7.0+0.00 2.1£0.00  26.8+0.07 53.4x0.00 10.7+0.00 0.20 18.6+0.00
5% 7 Sa 7 19.9+£0.28  2.5+0.00 67.6+x0.42 6.9+£0.07 2.1+0.14  30.6+0.57 50.8+0.14 9.6+0.14 0.19 15.9+0.14
[ 8 Sa 8 21.0£0.07  2.2+0.07 68.3+x0.14  7.3+0.00 2.4+0.14  30.7+0.07 48.4+0.07 11.4+0.21 0.24 17.5+0.21
‘K 3 Huo 3 16.6£0.07 3.1+0.14  68.1+0.14  5.0+0.00 2.0£0.00 31.0£0.00 47.6+0.00 14.3+0.00 0.30 14.6+0.00
X 5 Huo 5 17.5£0.00  3.0£0.07 66.8+0.07 5.9+0.00 1.9+0.00 23.3+0.00 57.6£0.00 11.3+0.07 0.20 13.9+0.07
Kk 6 Huo 6 18.5£0.00 2.7£0.00 67.9+0.71  6.7+0.07 1.8£0.00  18.2+0.00 60.2+0.00 13.1+x0.00 0.22 14.5+0.42
X 7 Huo 7 21.4+0.07 2.6x0.21 64.3+0.42 5.3+0.00 1.4£0.00 10.6+0.00 67.8+0.00 14.9+0.00 0.22 15.6+0.00
2k 8 Huo 8 21.0+0.07 2.8+0.00 65.1+0.00 5.6+0.07 2.2+0.07 19.6+0.07 62.4+0.00 10.4+0.07 0.17 17.6+0.35
X 9 Huo 9 18.4+£0.07 2.8+0.07 67.2+0.14  6.2+0.07 2.2+0.00 15.6£0.00 62.9+0.07 13.1+0.07 0.21 15.9+0.00
k11 Huo 11 19.9£0.00  2.8+0.07 66.3+£0.00  6.4+0.00 1.7£0.07  23.9+0.07 58.2+0.00  9.8+0.00 0.17  16.1+£0.42
1 Ye 1 22.6+0.11 2.9+0.00 63.6+x0.35 6.8+0.00 2.0£0.00 22.7+0.00 56.7+0.00 11.8+0.00 0.21 21.2+0.00
M2 Ye 2 21.6+0.00 7.2+0.21 54.2+0.14  5.9+0.00 2.0£0.00 19.2+0.00 62.0+0.00 10.9+0.00 0.18 19.3+0.42
M3 Ye 3 21.4+0.07 2.4+0.00 63.6+0.35 7.1+0.00 2.5£0.00 21.1+0.00 59.5£0.00 9.9+0.00 0.17  20.3+0.57
M4 Ye 4 18.8+0.21 1.4£0.00 62.2+0.49 5.0+0.00 2.4+0.00 30.4+0.00 53.1£0.00 9.2+0.00 0.17  16.9+0.57
5 Ye 5 15.4+0.00 3.2+0.00 67.2+0.21 6.4+0.00 3.2+0.00 20.2+0.07 58.9+0.00 11.5+0.00 0.20 13.8+0.49
6 Ye 6 18.6£0.07 5.6+0.14 67.6+x0.07 6.0+0.00 2.1+0.00  20.0£0.00 59.8+0.00 12.1+0.00 0.20 16.5+0.00
7 Ye 7 21.6+0.71 3.8+0.14 61.6+x0.28 5.8+0.00 2.2+0.00 27.0£0.00 56.0+0.00 9.1+0.00 0.16 19.2+0.00
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o EHR o pewy MR BUIRR ., WWE O WRM RS
i . Palmic Octadecoic X . Linoleic Linolenic  Linoleic Total
N Protein Sugar Fat content . . Oleic acid . . . .
Code (%) (%) (%) acid acid (%) acid acid acid/ amino
’ ¢ ¢ (%) (%) ¢ (%) (%) Linolenic acid
acid (%)
M8 Ye 8 20.6+0.00 2.6x0.00 63.4+0.00 6.2+0.00 2.0£0.00 26.1+£0.00 56.6£0.00 9.1+0.00 0.16 18.9+0.00
19 Ye 9 21.7+£0.00 2.6x0.14  63.6+0.00 6.1+0.00 2.1£0.00 25.8+0.00 56.7£0.00 9.3+0.00 0.16  19.4+0.28
10 Ye 10 21.1+0.00  2.4+0.00 64.8+0.00 5.7+0.00 2.0£0.00 22.2+0.00 58.1£0.00 12.0+£0.00 0.21 19.2+0.42
11 Ye 11 20.4+0.00 2.2+0.00 62.4+0.07 5.9+0.00 2.2+0.00 18.4+0.00 59.9+0.00 13.7+0.00 0.23 18.4x0.00
12 Ye 12 18.0+0.49  4.2+0.00 67.3+3.25 5.8+0.00 2.5£0.00 26.8+0.00 55.9+0.00 9.0+0.00 0.16 16.7+0.28
B 2 Xin 2 16.8+£0.07 2.9+0.14 67.0£0.28  6.2+0.14 2.1£0.07 11.6+0.00 62.9+0.00 17.3+0.07 0.28 14.2+0.00
185 19.2+0.28 2.1+0.00 69.0+£0.21  7.4+0.00 2.8£0.00 13.6+x0.00 63.8£0.00 12.4+0.00 0.19 15.5%0.07
179 18.5£0.00 2.8£0.07 66.6x0.07 6.7+0.07 1.9£0.00 22.2+0.07 60.8+0.00 8.6+0.07 0.14  15.9+£0.42

T ARHIRR MRS IR IR | ERRIR R & i (LSRR & il 100%11) .

Note: Palmic acid, octadecoic acid, oleic acid, linoleic acid and linolenic acid are relative contents ( with total fatty acid content

of 100% ).

By, G R BR AR TS, e 0 RS 28 AR R K i i Ak
IR SR H A SRR AT I A, O AT AR AT A
T RGN 3 FE 4K R GB/T 5009.8-2008 , FHE K 5 /]
T 10 g/100 g, 45 A5 88 2 (A R8s . e iR
R DOH 2 3 00 2, 4 B i R R iR BL R B 2 40 H
i, 43 B A5y, P AT AR 2 A A G 0 A R AR AR
GB/T 5009.6-2003 , AR R 45 R H] <AH (3%
PG L RS GC2000 B A 3k, A6
FID, 30k 10°, (%4 FFAP, i 2 A< 2.0 mL -
in" , &< 35 mL - min", ¥ 350 mL - min™,
FEEE 1.00 wL, P A7 R SR AT R DU, 4G 0 it 72 44 IR
GB/T 17377-2008 , 4% M i fl— ik H 58, &AL
R FHZ LR 43 A AR T A 25 45 S433D &Y, A if:
HEFEE A 30 WL, 28 1 JK58 M 400 kPa, 78 2 JK58 N
4 000 kPa, HIPATHRESEATAGIN 460 7 24K B GB/T
5009.124-2003,,
1.3 HiEAL 2
Vi SPSS Gt i #1415 AU MR Y S 24
(x) HR/DME (Min.) e KAE (Max. ) FRifEZE (s) |
7% (Range) FIZZ 52 REC(CV) , IF AT o7
BT 5 2R P B 25 J7 R b AT SR o7, AL FE B8
WRIGHE B, 7635845 75 4K - 4E 40 45 %X ( Shannon-
Wiener) (H') ( EH#B5E,2010) 2 Fi Jo 4 B vtk

EAT 0T f Al Ak B PG R MR AT 10 a2k,
BI 1 P<n—2s,10 ke =x+2s, HA R IEH 0.55,
Kb, w W% s IbRiERE . N A AL Lo i AR
ZREERHAER-ENER(H), B 0 =

- ip,-lnpi o R, p MEMEREE ¢ AR B
MMEBG ], 0 AR B

2 ERE A

21 FEZUIAERTEETELE UKL ST S HM
TRREY

2% 1 A 2 T Hr s A ko A WU i
AT BTt 25 S 3K, A8 S5 IR B PR R B /MR T
JEMESE AR SIEWT . Wifs/IMEN 1.4, B KIEH
7.2, 7% SRR KN 30.93%, A A /ME N
14.2 e KAE R 22.6 , B 5 REN 12.21% . NENifx
IME R 54.2, e RIE K 73.8, B % R B /N A
493%, HEHBRER -GN (H) KN
2.02, KR/ R 1.38, BENTER 1 32 2 WL 5378 5 R
A R B /N A 3 82 > SRR 182 > R IR 152 > I 310 R > A% e
R . VPRI /73 IR 1) A8 S R 4R 20.26%

SRR SR B 1 R B /MK O F i R >
B4R IR > 22 B TR > W R >4 EIR > K B IR > T A TR >
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R2 FEEUNDEXRFIHMER-LEWNIEY (H')

Table 2 Basic statistic parameters and Shannon-Wiener index ( H') of main biochemical components

A - AL FEHL

ALY T o o PR ERREC g onWiener
Biochemical component ean Max. Min. tandard deviation o index
(%) (s) (%) (')
HEHR Protein (%) 19.00 22.6 12.0 2.32 12.21 2.02
B Sugar (%) 2.91 7.2 1.4 0.90 30.93 1.38
&7 Fat (%) 66.47 73.8 54.2 3.28 4.93 1.91
FEHEAR Palmic acid (%) 6.26 7.4 5.0 0.56 8.98 1.92
WM Octadecoic acid (%) 2.13 3.2 1.4 0.31 14.55 1.92
WMER Oleic acid (%) 22.82 34.6 10.6 6.06 26.56 1.93
TEIMAR Linoleic acid (%) 57.48 67.8 32.3 5.43 9.45 1.82
EREAR Linolenic acid (%) 11.12 17.3 4.7 2.14 19.24 1.72
FHEFR B Total amino acid (%)  16.05 21.2 10.2 2.36 14.70 2.00
REER Asp (%) 1.64 2.15 1.08 0.23 14.02 2.07
PR Thr (%) 0.50 0.66 0.32 0.08 15.26 2.10
225 Ser (%) 0.68 0.97 0.40 0.14 20.59 2.08
BREM Clu (%) 3.37 4.58 2.04 0.55 16.32 2.00
HEM Gly (%) 0.83 1.06 0.59 0.10 12.05 1.98
AR Ala (%) 0.71 0.93 0.46 0.10 14.08 1.88
JBE &R Cystine (%) 0.20 0.32 0.09 0.04 20.00 2.11
B Val (%) 0.83 1.10 0.55 0.12 14.46 2.08
B R Met (%) 0.14 0.28 0.05 0.05 35.71 1.85
SREER Tle (%) 0.68 0.90 0.46 0.09 13.24 2.03
SERR Leu (%) 1.20 1.56 0.79 0.17 14.17 1.89
B 2R Tyr (%) 0.48 0.69 0.28 0.12 25.00 2.04
FKNERR Phe (%) 0.74 1.04 0.46 0.08 10.71 2.07
41 E R His (%) 0.46 0.58 0.32 0.05 10.07 2.14
WAL Lys (%) 0.46 0.57 0.35 0.05 10.87 2.01
TR Arg (%) 2.54 3.26 1.49 0.40 15.75 2.20
%R Pro (%) 0.61 0.75 0.40 0.08 13.11 1.95

SR R > 5 B IR > TR IR > KA E R > s &> T
SR> I 2 R > = R > AN A R >d AR, B 5
IHEEH 10.07% ~35.71% , K2 R 75 A4 - 4k 40 15 54
(H') I KA 2.20, oL R /N0 1.85,
22 FEEANWESEBRBMERS S

XF 44 1y KBk AT 9 A T AR AL A A 4
HEAT ERIT AT (£ 3) . K3 EREY  EH
Wi BT =~ F 00 1 Rt STk Ik 81.67%, X
A ER A BB, BT A
PR AR o5 B, AT LAFH 3 X b4 R k47 2545 0F

Mo Horp 55— B STk R A ] 66.77% , BTk
TR 2 8 B o, ko M i, b iR
5 T6h RISV JRR TR 7 ek ) B W O B {1, s e i 32
SRR A5 B 58— E AT Tk R 9.35% , FFAE
T 5 240 S (1 5 K 0 2 T R 7 i, EL B i Oy £ 4
5 = A R R I R R AR K5 S DU AR 4%
H B R Y R R R K
2.3 BELSH

FRAE 26 A~ F2 B A Ak B 21 A B d , Xt 44 4
BB IR AT RIS (B 1) PRI R LR, X%
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Table 3 Principal component analysis on main 9 Ye9 :|_| 5 ;
biochemical components in seedling walnuts 3117 OY?(Z 10 ﬂ
— H11 Yelt i 5
AL B vl O |
. : Principal components € H 1
Biochemical H2 Ye2 ! ,
component =7 Sa7
: 2 3 4 w1mnq ; ;
&6 Yi6 . :
EH BT 0.895 0.097 -0.012  -0.291 IR7 Yi7 ; ;
Protein 179 ] N-ii
i 0.191 0.129  -0.495  0.416 &9 Yi9 : E
Sug JE1 Houl ' ;
ugar K8 Huo8 :l_| : :
Ng i -0.820  -0.083 0.339 -0.157 It6 Ye6 ] : 5
Fat content 42 Sheng?2 —
TN B %5 Sa5 : :
EA 0.098 0.117 0.751 0.367 Bz ] : :
. . =8 Sa8 H )
Palmic acid 554 Sa4
[Fdisivd 0.003 -0.062 0.627 0.661 12 Ye12 Il— : 5
Octadecoic acid EI? ¥e?
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Oleic acid &3 Yi3
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o N6 Huo b '
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Linolenic acid 185 —
TR B 0.998  -0.010  0.023  -0.009 &2 vi2 Mo
Total amino acid %? $li‘“15 =i
FHIE{E 17.36 2.43 1.44 1.32 2 Xin2 :
Eigenvalue ‘N7 Huo7
RFTR (%) 6677 76.11 81.67  86.74 gééoKY;; 0 } —
Cumulative rate 1&8 YliJB |
J§4 Ku4 — | |_Li i
N3 Huol3 [— .
k4 Yi4
I A BT H BGHEAT LR At (R 4) o MR IS Ye5
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Cluster analysis of northwest
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Table 4  Comparison of biochemical components among four clusters
EEN EH e o M 2ER EAES EAE S
WAl Cluster | Cluster Il Cluster I Cluster IV Cluster V
Biochemical ¢ N N o o o
ocemical component THfbRe PR THMbREE  PebREE T
xXts xts xts xts xts
T Protein (%) 21.38+0.69a 19.96+1.27h 13.63+1.44d 18.81+1.42h 17.1x1.11¢
pic Sugar (% ) 3.26+1.67a 2.95+0.95a 2.77+0.06a 2.72+0.29a 2.78+0.36a
& Fat content (%) 62.15+3.35¢ 65.91+1.80b 72.03+1.54a 67.34+1.41bc 68.65+1.82b
FEME IR Palmic acid (%) 6.19+0.50a 6.34+0.61a 6.03+£0.06a 6.46+0.65a 6.04+0.47a
T EHR Octadecoic acid (%) 2.13+0.18a 2.13+£0.28a 2.23+0.31a 2.03+0.38a 2.23+0.43a
JHBR Oleic acid (%) 22.81+3.23a 24.21+4.75a 27.53+1.59a 15.4+£3.76b 27.73+5.60a
W R Linoleic acid (%) 58.19+2.10b 56.96+4.93bc 51.40+2.30d 63.15+£3.01a 52.93+5.33cd
WV JBR#ER Linolenic acid (%) 10.73+1.68b 9.73+1.78b 12.83+1.55a 12.97+2.07a 11.14+1.52ab
F IR BUF Total amino acid (%) 19.49+0.87a 16.87+0.92b 11.23+£0.9d 14.95+0.66¢ 14.28+0.94c¢

e AR/NG FRERIRTE 0.05 7K1 F 22 5 35 (EREE LLED) .

Note: Small letters represent the significantly differences at 0.05 level ( comparison among groups) .
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