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High-Level Genetic Diversity of Siberian Apricot( Armeniaca
sibirica) in Inner Mongolia Revealed by Phenotyping
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Abstract ; The variation and the relationship of Armeniaca sibirica(L. ) Lam. in Inner Mongolia were revealed by
phenotyping. Cluster analysis , correlation analysis, principal component analysis were applied to analyze the 37 pheno-
typic traits of 143 individuals from 14 populations of Armeniaca sibirica( L. ) Lam. . The results showed that there were
significantly differences in genetic variation with average variation coefficient of 20. 38% . The variation coefficient of
single fruit weight was highest(56. 69% ) ,while the variation coefficient of fruit shape index was smallest(7.99% ).
The Shannon-Wiener information index of quantitative traits (2. 648 ) was higher than qualitative traits (0. 265) , and
which showed that there was high phenotypic diversity in Armeniaca sibirica(L. ) Lam. . The degree of variation coeffi-
cient was highest for leaf,followed by fruit and nutlet,but lowest for kernel. The degree of the Shannon-Wiener infor-
mation index was highest for leaf ,followed by nutlet and kernel ,but lowest for fruit. The tested Armeniaca sibirica(L. )
Lam. individuals could be divided into four groups according to the cluster analysis. The kernels of first group were
large and full ,thin shell and high kernel rate were appeared in second group ,the shells of third group were thick,large
fruits and large nutlets as well as large kernels were appeared in the fourth group. Principal component analysis

showed that the six principal components added up to 87.20% of the variation, with similarities to results of cluster
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analysis and correlation analysis. A significant relationship had occurred between phenotypic traits and some economic

traits,like nutlet rate and kernel rate. Nine phenotypic traits ,including single fruit weight ,weight of dry nutlet,weight of

dry kernel ,nutlet side diameter,shell thickness,kernel horizontal diameter,fruit shape index,nutlet shape index,kernel

shape index ,were evaluated among the tested genetic resources. Phenotypic variation of Armeniaca sibirica(L. ) Lam. in

Inner Mongolia was rich ,this will facilitate the studies of the genetic resources and breeding theoretically and practically.

Key words : Armeniaca sibirica( L. ) Lam. ;genetic diversity ; phenotypic evaluation index ;breeding groups
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Table 1 Descriptive phenotypic traits and recorded standard of Siberian apricot resources

b AR
No. Phenotypic traits

2 J7 A bR v

Determination methods and standards

1 M- FEi 4, Color of leaf surface

1A% (2.29% ) 2. 4%(92.65% ) 3. TREK(5.07% )

1. % 2£(95.92% ) 2. (4. 08% )

1. B2 (8.50% ) 2. [ATE(79.90% ) 3. #IE (10.13% ) 4. 1>E(1.47% )
1. BEFRIR (70.92% ) 2. BISE IR (13.89% ) 3. AR IR (15.20% )
1. BRBE (17.65% ) 2. BIBBEIE (1. 14% ) 3. #iFIE (8. 50% ) 4. FIJE (32.35% ) \5. [# 5 (40. 30% )
1. BE22(0.33% ) 2. AR (4.25% ) 3. 243(0.89% ) 4. JHR43(28.59% ) 5. KB (65.85% )
1. B (1.63% ) 2. I (16.34% ) 3. BRIAIE (27.45% ) |

4. W (47.06% ) 5. KIATE (4. 41% ) 6. LMETE (3. 10% )

1. AR (89.22% ) 2. AXFHR(10.78% )
1. 1M1(9. 48% ) 2. F(83.33% ) 3. M (7.19%)
1 AR (10.29% ) 2. %5 (48.69% ) 3. 17 (41.01% )
1.%6(6.54% ) 2. -85 (26.47% ) 3. B (66.99% )
1. I (25.16% ) 2. A (26.96% ) 3. WIEIE (37. 42% ) .

4. BRI (5.23% ) 5. Wi (4. 74% ) 6. K[AIE (0. 49% )

2 -3 E (% Color of leaf back
3 3% Leaf base

4 "% Leaf margin

5 AR Leaf shape

6 H-2RJEAR Shape of leaf apex
7 HAZIIR Fruit shape

8 RIS FRE Frait symmetry
9 T Top of fruit

10 AL Nutlet satiation
11 ¥i%h/ B Nuclear stick/from
12 K AR Nutlet shape

13 A% Nutlet surface

14 {7k Taste of kernel

1. (21.24% ) 2. 1 (59.15% ) 3. HlKE(19.61% )

1.35(100 %) 2. & (0% )

55 PN B 7R T SR i R BT o e 451

The data in bracket means the proportion of each type of descriptive phenotypic trait

Hrp ,H &7 Shannon-weaver ZFEEFE L , P, SRR
an PR T © AR LU I AN N,
551 FAAECH 0, U P =n/N

YRR MR I Excel2007 1 24F F1 SPSS20. 0
A A TR B S 50 Hr, 43 T H9AC Shannon-weaver
ZREPERR RS bR, I LU 43 A7 AS [R] P4 47 ) ST 225 ol
JOT R ] 1) & U AR S R 22 5 S AN [ A 5t ¢
FHRR R AL I 25, >R 25 2557 75 Filik (Ward” s meth-
od) FATERIE 3T,

2 FHRE5HMH

2.1 HERMRBERSHYE

WS IR RN A SR SR A R A
PR P F AR A R AR DL L 36 2, 5 SRR M 5¢
A HL X AR T AR S 2 2 H 2% R, 2R L
WA, 14 DR R ER A1 50 2R B
AABRA«HE IR A B, HoAh 49 AR AT
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Table 2 Diversity of Siberian apricot resources in descriptive phenotypic traits

E{iPuN L ZIVEEIIN BfE brifEzE e/ IME LN & A R E(% ) ZAEVEAR L
Descriptive phenotypic traits Mean SD Min. Max. Range cv DI
R 1SC 1.02 0.14 1 3 2 14. 06 0.125
5 i LBC 1.02 0.14 1 2 1 14. 06 0. 058
" LB 2.04 0.41 1 4 3 20. 00 0. 302
% LM 2.04 0.41 1 3 2 20. 00 0.352
HHEAR 1S 3.91 1.04 1 5 4 26.55 0. 442
HJRJEAR LAS 4. 68 0.61 1 5 4 12.98 0.027
IR FSH 1.01 0.18 1 6 5 17.56 0. 097
LSRR FSY 1.01 0.18 1 2 1 17.56 0. 147
R FT 2.33 0.52 1 3 2 22.13 0.322
RAZME TR BE NS 2.33 0.52 1 3 2 22.13 0.338
1% %5/ 85 NS/NF 2.71 0.50 1 3 2 18. 49 0.257
BB NSH 2.33 0.72 1 6 5 30. 88 0. 501
¥ziii NSU 1.96 0.50 1 3 2 25.58 0.475

LSC: Leaf surface color, LBC: Leaf back color, LB :Leaf base, LM Leaf margin, LS Leaf shape, LAS: Leaf apex shape, FSH: Fruit shape, FSY : Fruit sym-
metry, FT:Top fruit,NS: Nutlet satiation ,NS/NF ; Nuclear stick/from,NSH : Nutlet shape, NSU: Nutlet surface
*£3 BEAEAMNIHFHEEROSHE

Table 3 Diversity of Siberian apricot resources in quantitative traits

Kbk ¥E brifEzE e/ ME S NEN W2 TRRE (%) R
Quantitative traits Mean SD Min. Max. Range cv DI

nt 4 (mm) LL 58. 50 12. 04 23.17 92.03 68. 86 20. 58 2.779
Leaf 5% (mm) LW 46. 07 10. 57 14. 98 76.32 61.34 22.94 2.813
A% (mm) PL 22. 64 5.74 5. 60 42.30 36.70 25.35 2.713
234 (mm) LAL 13.96 4.77 4.09 34. 41 30. 32 34.16 2.633
B FE %L LSI 1.28 0.13 0.95 1.77 0. 82 9.92 2.447
R RYLZ (mm) FVD 20. 96 2.82 15.10 35.93 20. 83 13.48 2. 681
Fruit B2 (mm) FHD 17.73 2.75 13.20 31.28 18.08 15.51 2.516
JM4E (mm) FSD 21.70 2.93 15.62 34.45 18. 83 13.49 2.747
RIFEHFSI 1.19 0.09 0. 68 1.51 0.83 7.99 2.726
HIRTE (g) SFW 4.94 2.80 1.06 21. 10 20. 04 56. 69 2.459
Rt HME (mm) NVD 17. 10 2.27 7.19 24. 46 17.27 13.27 2.691
Nucleus iiE4% (mm) NHD 15.95 2.13 7.07 34. 60 27.53 13. 34 2.560
K42 (mm) NSD 9.85 1.09 4.47 13.78 9.31 11.02 2.584
#5725 (mm) ST 1.22 0.42 0.32 3.36 3.36 34.75 2.774
IE AR % NSI 1.08 0.11 0.78 1.49 0.71 10. 19 2.451
BT H (g) NDW 0.85 0.26 0.31 1.98 1.98 30. 34 2.770
I NR 0.18 0.06 0.06 0.37 0.31 34.99 2.797
A~ =% (mm) KVD 12. 81 1. 67 5.91 18.38 12. 47 13. 04 2.670
Kernel {42 (mm ) KHD 10. 66 1.53 4.86 16. 44 11.58 14.33 2.615
{ZM4E (mm) KSD 6. 80 1.07 2.93 9.76 6.83 15.77 2. 820
{~IEHRE KSI 1.21 0.14 0.73 1.75 1.02 11.57 2.420
{~FHE(g) KDW 0.31 0.09 0.13 1.39 1.26 29. 41 2.571
13 KR 0.38 0.09 0.13 0.57 0.44 22.89 2.659

LL:Leaf length, LW ; Leaf width,PL:Petiole length, LAL:Leaf apex length,LSI: Leaf shape index, FVD:Fruit vertical diameter, FHD : Fruit horizontal di-
ameter, FSD : Fruit side diameter, FSI; Fruit shape index, SFW: Single fruit mass, NVD: Nutlet vertical diameter, NHD: Nutlet horizontal diameter, NSD .
Nutlet side diameter,ST;Sheel thickness,NSI; Nutlet shape index, NDW ; Nutlet dry Mass, NR: Nutlet rate, KVD; Kernel vertical diameter, KHD ; Kernel
horizontal diameter, KSD:Kernel side diameter, KSI;Kernel shape index, KDW :Kernel dry Mass, KR :Kernel rate
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Fig. 1 Cluster dendrogram of Siberian apricot

E1

resources based on 37 phenotypic traits
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Table 4 Phenotypic traits of Siberian apricot in different germplasm groups

ERES EHIES IS EA\ES
SN Group [ Group Il Group [T Group IV

Phenotypic traits WE b2 BRER WE AR BRER OWE AR BRAK WE X ERRK
Mean SD (% )CV ~ Mean SD (%)CV ~ Mean SD (% )CV ~ Mean SD (% )CV

M4 (mm) LL 67.58  6.33 0.09 58.10  5.35 0.09 36.79  4.49 0.12 55.92  10.34 0.18
58 (mm) LW 53.52  6.37 0.12 45.04  4.47 0.10 26.67  4.33 0.16 44.53 8.43 0.19
A% (mm) PL 26.25  3.08 0.12 22.19  2.68 0.12 11.83  1.65 0. 14 24.16  4.38 0.18
g (mm)LAL  17.57  3.00 0.17 14.90  1.57 0.11 7.37  0.69 0.09 8. 64 2.92 0.34
5L 1ST .27 0.12 0. 09 1.30  0.06 0.05 1.40  0.08 0. 06 1.26  0.09 0.07
RYZ(mm)FVD  21.25  1.54 0.07 19.68 1.16 0. 06 20.85 1.19 0.06 26.53 3.47 0.13
R4 (mm)FHD  18.01 1.02 0. 06 16.59  0.98 0.06 16.32  0.91 0.06 23.96 3.34 0. 14
M (mm)FSD - 22.86  1.32 0. 06 20.45  1.50 0. 07 19.94  0.98 0.05 26.99  3.49 0.13
IR FSI .18 0.07 0. 06 .19  0.06 0. 05 1.28  0.06 0.05 1.11 0.08 0.08
HLTE (g) SFW 3.22 222 0.69 3.41  1.30 0.38 .27 1.79 1.41 10.66  4.19 0.39
B4 (mm)NVD  17.33  1.74 0.10 16.18  1.65 0.10 18.27  1.25 0. 07 19.37  2.29 0.12
¥4 (mm)NHD  17.25  1.19 0.07 14.99  1.55 0.10 15.66  0.66 0. 04 17.07 1.94 0.11
B4 (mm)NSD  10.22  0.69 0. 07 9.26  0.77 0.08 10.36  0.56 0.05 10.69  0.95 0.09
¥F2 )% (mm) ST .15 0.26 0.22 .01 0.25 0.25 1.79  0.46 0.26 1.49  0.33 0.22
BIE 5% NSI 0.95 0.16 0.17 1.08  0.08 0. 07 1.15  0.07 0. 06 .15 0.14 0.12
¥+ (g) NDW 0.92 0.18 0.19 0.72  0.12 0.16 0.94 0.11 0.12 .11 0.26 0.23
HR NR 0.20  0.05 0.24 0.22  0.06 0.27 0.29 0.03 0.23 0.10  0.10 0.30
{ZP# (mm)KVD  13.29  1.43 0.11 12219 1.19 0.10 13.20  1.14 0.09 13.67 1.44 0.11
{84 (mm)KHD  11.90  0.98 0.08 10.01  0.99 0.10 9.79  0.46 0.05 10.23  0.91 0. 09
{24 (mm)KSD  7.41  0.77 0.10 6.57 0.84 0.13 6.46  0.52 0.08 559 0.82 0.15
{4 HL KSI .21 0.27 0.22 .22 0.06 0. 05 1.35  0.09 0. 06 .33 0.15 0.11
{~FHE(g) KDW 0.36  0.06 0.17 0.30  0.06 0.18 0.22  0.03 0. 14 0.32  0.08 0.25
R KR 0.38  0.06 0.15 0.43  0.05 0.11 0.24  0.04 0.16 0.30  0.07 0.23
MR HI LSC 2.00  0.00 0.00 2.00  0.00 0.00 2.00  0.00 0.00 2,10 0.40 0.19

Wi LBC 1.00  0.00 0. 00 1.00  0.00 0. 00 1.00  0.00 0.00 1.16  0.37 0.32
3t LB 2.17  0.61 0.28 1.94  0.32 0.17 2.00  0.00 0.00 .97  0.87 0. 44
4 IM 1.91  0.35 0.19 2,21 0.41 0.19 2.00  0.00 0. 00 1.87  0.56 0.30
IR LS 4.38  0.63 0. 14 3.83  0.81 0.21 .82 0.75 0. 41 3.48 1.26 0.36
IR LAS 4.91  0.30 0. 06 4.81  0.39 0.08 3.45  0.69 0.20 4.03  0.80 0.20
FIBAR FSH 3.64  0.68 0.19 3.27 0.6l 0.19 3.73  1.01 0.27 3.19 1.72 0. 54
ST FRAE FSY 1.04  0.19 0.19 1.2 0.14 0.14 1.00  0.00 0.00 .61 0.50 0.31
BT FT 1.89  0.32 0.17 2.00 0.21 0.10 2.18  0.40 0.19 1.97  0.66 0.33
REMEE NS 2.40  0.49 0.21 2.29  0.54 0.24 2.36  0.50 0.21 1.97 0. 66 0.33
¥i%h/ B NS/NF 2.45  0.67 0.27 2.85  0.36 0.12 2.36  0.67 0.29 2,13 0.72 0.34
B AR NSH 2,74 1.13 0.41 2,42 0.71 0.29 2.27  0.65 0.28 3.13 1.54 0. 49
%1 NSU 2.02  0.54 0.27 1.88  0.49 0.26 2.00 0.45 0.22 2.03 0.55 0.27

RMFE 20. 45 mm ALE T4 M2ERE AR THABSERE; A0S T8 ISR R T HABSERE, HH % 0. 43 A
HBER RN AR 16,18 mm BiHEAR 14.99 mm ., TS, PHGORTRZ BE B R S A MOIRAEL 3 T LAl S A
4% 9. 26 mm AZFEJE 1.01 mm BT 0.72 ¢, 3 MFIEARZE A AR EAC T HABRRE, 28580,
MR ERE /N BB /N AR 1219 mm,  HCEBEM RO, SR RN, R, AR
MR RN 21001 mm [T 0.30 g, SRAEK, DL,
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S M ZEHEAEHE 11 bRk, EZREZ M R/,
M1 36. 79 mm M Fa 26. 67 mm  FHHAREK 11. 83 mm .,
MK 7.37 mm, BT HABERE, B4R %K 1. 40
B s RBER SRS/ R AL 20. 85 mm AU T4 1T
HRE, AR 16. 32 mm R4 19. 94 mm  HLRE
1.27 g, BT H AR SR R K, BR
18.27 mm A% M4% 10. 36 mm, {XL K T45 IV 2R, #%
TEFER 1. 15 B5EE1.79 mm R 0.29, 5 T H
MR AN 542 9. 79 mm [T 0.22 g
{7220, 24 R FIHABZERE 4% 13. 20 mm (L
To 258, 4% 6. 46 mm 15 T4 IVERE, 1
JEARE 1. 35 @ THAWZERE, HIER IR R
FICAR B PEARAB AR T I A ZERE SR STRAR R T
AR = THAMZERE . 286 & MR, MR /N i
TEABIBRIE RS/ R K e )8 A3 %1
AN SRR, AT TR ST TR L E

SEIVSHEALEE 31 (bRl , EEARAE 0T K,
MK 55.92 mm M58 44. 53 mm 2K 8. 64 mm, it
o A T2 IR T LA IS HE, B 4858 1. 26 #x
N EBER R LR, RHPAE 26.53 mm, F B R
23.96 mm 4% 26. 99 mm  HRE 10.66 g, 5
FHABSERE, RIEAEEC . 11 5ol BB R K, %
W42 19. 37 mm ML 10.69 mm T H 1. 11 g,
BIEAEE 1. 15, ¥ T HAWZERE, 13 0. 10 IR T
FCABZERE BRI BR R 13,67 mm = T
HAERE K42 10. 23 mm ST 0.32 g (KT
55 1 250, R 0,30 AR T4 M2mE, m3Rim &
o, W RS RR P SRR AR A bk
(B R T AW, 2% E TR R B R B A 1tk
EARTIHAERE . ZR A MR, IE2RBER T AR
FLIR SR SCAR A FLIR, SR A% 00 R A A R AR, A%
A= KA | A7 RA, A% T HLRE |
2.4 MHEXESHMERS S

75 KW, FUARE AT 23 4B LA PR ) K
ZAEAE 0 2 R S A OGP . 5 R U R A DG A%
T8 AT E BRI REMR S H AR A
Ketkdgenm, K TH 5RUE RNE AL,
b Azfite ReE PORE (SR ST E X
FEIR AR AR RN B EIEM KR (P <
0.01) , SRR AN AR 2 W3 IEAH R (P <
0.05) , FH A A A A 3 R OC
XKRZ(P<0.01), S TESETE K T,
1R ARG B TR DR et BRUR
T CYHYBRERBEEHCKER (P <0.01), 5ZM

7 OREER BRI R EIEM LR R (P <
0.05), 5L EM B FERAMLRKR (P <
0.01), G FE NN D E EMHX
KR(P<0.01), 5 TEREBEFEEMIXLR(P <
0.05) , 573 AR K AR b 2 1A 56 G
R(P<0.01), MR EHREK (CTE MK I
TEEWMBEIEMEIER (P <0.01), 5MZE T
FIEME(P <0.05) , 53R ZARE RIRE
MfE o SRR e R B IR R
P BRRE (IR AR R, R Y R AR 3 UM G
KHR(P<0.01), XK 2 LSRN IRALIER
(I E MR AZA MR K T 3 2 SR A% iR
SRS FE SRR s A% R 237 AR I 5
A7 AR 1 5 M A A R T 7 SR A
PR B X AR R K

HRAE 134 49 PE AP R A 95 8 1% 23 A4S B0 e Y
PR, I 2 18053 43 AT 1% 40 B AN () MR A 9 D R i
Hh ) EE M A5 B R AR (R Y DT Rk R A B sk R
= 6 frzs, nlLAE H AT 6 A~ M i 23T simkR
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AR 23 A PERIE R . 55 1 F 4 (PCL) &
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B AR st )R TSR RO AR SRR
FEAR s [FI3, 5F 2 R0 (PC2 ) FHERAE M FIAZ A
PR 565 3 B (PC3) EZRAFRIL I8 B0 A%
R4 EY (PCA) EEFIILIE L BT
B AP EEIARA 25 5 £ (PCS) EER
TEMIEFEEL 26 6 F 1y (PCo) F R~ H
R T ESELTHER, PC1L A PC2 [ BTHk %5
)52 39. 72% F120. 44% , L) PC1 £l PC2 4352 A
(RSP R = o0 (B et [ AN [ 0 5t 32 B o3 (R
HME(E 2 B 3), B2 #R T ORRECE R
PRFR T HEGEPSE SRR RE R E
MTE PC1 ERME ERA—F [T H 5
e At MR AE PC2 FEMAME A —F
R E5MA THAE PC2 MM E B AR —
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Table 6 Principal component analysis of phenotypic traits of Siberian apricot

FRIER F i 4Y Component
Phenotypic traits PC1 PC2 PC3 PC4 PC5 PC6
K LL 0.01 0. 86 -0.21 0.33 0. 07 -0.17
- 5E LW 0. 05 0.87 -0.18 0.33 -0.20 0.00
MR PL 0.30 0.72 -0.23 0.35 0.01 -0.19
MK LAL -0.60 0.67 0.03 0.21 0.12 -0.14
AR % 1ST -0.15 -0.33 0.11 -0.13 0.77 -0.45
RYFE FVD 0.95 -0.11 -0.10 0.10 0. 04 -0.01
B2 FHD 0.92 -0.08 -0.34 -0.04 -0.01 -0.04
S FSD 0.93 0.08 -0.27 -0.06 0.10 -0.03
SIEEHL FSI -0.30 -0.09 0.71 0.30 0.20 0.08
HRLE SFW 0.93 -0.04 -0.25 -0.11 0. 04 -0.04
Bg4E NVD 0.85 -0.07 0.40 0.17 0.03 0. 00
¥ 4% NHD 0.70 0.50 0.26 -0.33 0.11 -0.07
A NSD 0.76 0.25 0.34 -0.26 -0.13 -0.12
e ST 0.70 -0.22 0.22 -0.22 -0.09 0.14
ILFEEL NSI 0.31 -0.63 0.23 0.54 -0.10 0.08
% T & NDW 0.88 0.15 0.16 -0.01 0.10 0.22
A% NR -0.67 0.08 0.54 0.05 0.07 0.15
{=9\%: KVD 0.73 0.21 0.47 0.24 0.11 -0.04
{#1% KHD 0.18 0.76 0.39 -0.38 0. 00 -0.06
{= 4% KSD -0.42 0.50 0. 49 -0.25 -0.34 -0.10
{48 % KSI 0.34 -0.05 0.14 0.71 0.03 0.01
{~F & KDW 0.28 0.58 -0.10 -0.06 0. 40 0. 61
=R KR -0.75 0.31 -0.27 -0.05 0.26 0.27
FEAE{E Figen value 9.13 4.70 2.38 1.85 1.12 0.87
TiHk® (% ) Contributive percentage 39.72 20. 44 10.35 8.03 4.89 3.78
ZFBIHkER (% ) Total percentage 39.72 60. 16 70. 50 78.53 83.42 87.20
1.0 - Eﬁ;ﬁdic} g 30k } P
RISy BT e |
pode PES T e 20/ ‘
* AR e
_ ‘ EFES o 1.0
4 ) #‘ffffffﬁﬁéﬁff E) fffffffffffff
g ] K 138 o < (T
%%ﬁﬁ -yt ; o
-0.5- g
i&%zﬁg? "k -1.0f
-0} | l | | 200 | | |
-1.0 -0.5 0.0 0.5 1.0 -30 =20 -1.0 0 1.0 2.0 3.0
PC2 PC2
B2 BEREFMEL 23 MEEHR E3 143 BEMAMNTEFERSER
ME1ME2 TR ERHSE M%E 12 TS EERE
Fig.2 Principal component values of PC 1 and Fig.2 Principal component values of PC 1 and PC 2 of

PC 2 of 23 quantitative traits of Siberian apricot 143 Siberian apricot resources based on quantitative traits
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