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Abstract: The aim of this study is to reveal the genetic diversity of different populations of Crataegus
songorica and to provide a scientific basis for its protection and sustainable utilization. The experimental
materials included 92 samples, which were selected from Daxigou, Huocheng County in Xinjiang and ana-
lyzed by combining the analysis of phenotypic trait variation and the SSR marker. Results showed that there
was considerable genetic variation in the phenotypic traits of different C. songorica populations, as the varia-
tion coefficient varied from 2.96% to 71.32%, and the phenotypic variation was mainly caused by the varia-
tion within population, as the mean phenotypic differentiation coefficient was 13.90% among populations
and 86.10% within population. A total of 739 loci were detected from five populations by 43 SSR primers,
and the polymorphism loci ratio was 90.53% at the species level. Nei’s diversity index, Shannon’s diversity
index (/), the gene diversity within population (Hj), the total population genetic diversity (H;), genetic differ-
entiation coefficient and gene flow were 0.2377, 0.3712, 0.1635, 0.2023, 0.1916 and 2.1116, respectively.
Comprehensive analysis suggested that the total genetic diversity of C. songorica was higher in Daxigou, and
the genetic differentiation among populations was smaller. The results of UPGMA clustering showed that
five populations formed two sub-types, and the differences in different habitats were the main causes of the
discrepancy among populations. We conclude that the genetic diversity of C. songorica of different popula-
tions was high both at phenotypic and molecular levels in Daxigou, and there was a visible genetic differen-
tiation within population, moreover differentiation trends had regional characteristics. Therefore, in situ con-
servation is supposed to be an effective method to protect C. songorica.
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Table 1 Geographic information and sample size of Crataegus songorica in different populations

JEHHRT Population Jb4h Latitude (N)

K% Longitude (E)

K Altitude (m) FEAZL Sample size

Popl 44°23'55.1"-44°24"73.0" 80°45'81.6"-80°46'15.1" 1,000-1,100 14
Pop2 44°23'45.5"-44°25'97.0" 80°40'15.1"-80°46'65.7" 1,100-1,200 25
Pop3 44°24'78.9"-44°26"25.2" 80°45'57.1"-80°48'31.4" 1,200-1,300 24
Pop4 44°25'86.6"-44°25'94.2" 80°45'67.0"-80°46'06.5" 1,300-1,400 19
Pop5 44°25'92.1"-44°26'17.6" 80°45'78.9"-80°46'28.3" 1,400-1,500 10

B SCRE 300N, W& FLAME, FEUL I 55 SR S
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ZEFF, 2006).
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MRS A IEARFE S, I B RS
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Table 2  Statistic CV of phenotypic characteristics in Crataegus songorica populations

KPR Phenotypic traits SEE

Mean value Coefficient of variance (%)

BT

Average of population

Popl Pop2  Pop3 Pop4 Pop5 AR5 REL AN 22
CV (%) R/
—4EAEF K Annual branch length (mm) 109.09 4264 4492 3957 30.81 24.69 36.53 0.68
—4E4 K # Annual branch diameter (mm) 3.52 1496 1627  24.10 9.61 10.81 15.15 0.52
Hitb 1 New branch length (mm) 178.99 2399 3487 4043 29.13 16.63 29.01 0.59
HALE Fruit weight (g) 0.93 11.60 19.94  13.99 17.34 5.12 13.60 0.54
FSZAE Fruit longitudinal diameter (mm) 12.46 268 557 4.03 4.47 0.71 3.49 0.51
HSZHEAE Fruit diameter (mm) 11.38 598  8.97 6.05 6.23 1.96 5.84 0.52
RAiK Fruit stalk length (mm) 11.02 9.85 17.01 11.85 6.14 13.77 11.72 0.47
AL Fruit stalk thickness (mm) 0.63 576 1501  6.70 11.71 5.38 8.91 0.41
AR HEL Fruit set number 321 1322 2739 1035 37.67 433 18.59 0.45
SRYAFEE Fruit hardness (kg/cm?) 1.77 833 2020  18.68 14.09 5.61 13.38 0.51
n] &P Soluble solids (%) 15.18 11.75 19.18 13.56 9.25 4.72 11.69 0.50
FSZIAR Fruit shape 3.36 7952 68.12 6827 72.54 68.12 71.32 0.45
Wi Peel color 5.87 2134 2941 3025 24.98 2222 25.64 0.67
RWGite Flesh color 4.05 1847 2585  26.70 21.64 14.52 21.44 0.56
SR Fruit flavor 2.08 5025 5022  47.67 57.57 50.25 51.19 0.56
HJE Leaf thickness (mm) 0.27 1541 17.74 1822 21.10 26.86 19.87 0.67
MR Leaf area (cm?) 15.48 2429 2254  21.38 19.10 13.72 20.20 0.60
M9 Leaf width (cm) 5.18 8.89 1055  8.67 8.10 1.85 7.61 0.53
MK Leaf length (cm) 5.48 1322 1093  11.20 8.31 1.69 9.07 0.60
TR Leaf length/leaf width 1.06 748  6.16 4.20 5.96 0.16 4.79 0.54
5 Petiole length (mm) 25.99 1646 1739 14.26 19.27 15.22 16.52 0.63
454 Petiole thickness (mm) 1.14 32.05 1519  16.82 13.06 7.64 16.95 0.62
H4KF5 %L Petiole length/petiole thickness 23.65 32.62 2583 2549 28.11 22.73 26.96 0.71
it Leaf color 3.00 23.89 27.19  26.83 21.32 2527 24.90 0.41
HILHA Leaf base morphology 2.82 55.17 3588  36.93 41.57 47.02 4331 0.62
M4 Leaf margin morphology 278 1322 17.68 1492 16.59 13.52 15.19 0.70
HEPIRZS Status of leaf surface 1.29 50.25 41.61 5236 43.86 34.26 44.47 0.59
FEHLIR - Stipule shape 2.49 20.10 2698  23.53 20.10 20.10 22.16 0.74
RAIZHL Stone number 1.99 224 3.74 4.07 1.86 2.89 2.96 0.48
#£}% 5 Fresh stone weight (g) 0.24 925 1088  13.52 13.29 2.61 991 0.55
REHEHME Longitudinal diameter of stone (mm) ~ 7.35 2.11 338 3.71 4.59 1.02 2.96 0.56
RIHE4E Stone diameter (mm) 6.17 413  3.54 473 6.19 2.86 429 0.58
7 /INMEEL Floret number of inflorescence 12.08 3440 27.70 26.32 11.82 0.06 20.06 0.51
“F15{H Mean value 14.61 20.77 2206  20.89 19.92 14.80 19.69 0.56
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Table 3  Variance analysis of phenotypic characteristics of Crataegus songorica

AR Traits )75 Mean square F Sig ~ J7Z/r# Variance components FKAV )y
TR Py TR TR AR R
Within population Among populations Within population Among populations Vsr (%)
—4EARK Annual branch length (mm)  1,851.668 1,475.734 0.797 0.530 1,815.1961 251.5190 12.17
—4EA KM Annual branch diameter (mm) 0.388 0.630 1.624 0.176 0.3944 0.0421 9.64
K New branch length (mm) 3,494.973 5,356.658 1.533 0.200 3,537.9271 680.9977 16.14
FARE Fruit weight (g) 0.026 0.180 6.936 0.000 0.0323 0.0157 32.67
4% Fruit longitudinal diameter (mm) 0-374 2.091 5.590 0.000 0.4447 0.1428 24.31
SR Fruit diameter (mm) 0.770 3.012 3.914 0.006 0.8587 0.2540 22.82
Wit Fruit stalk length (mm) 2.534 1.831 0.723 0.579 2.4755 0.2410 8.87
AR Fruit stalk thickness (mm) 0.006 0.018 3.041 0.021 0.0065 0.0021 24.15
AR HL Fruit setting number 0.615 1.294 2.104 0.087 0.6379 0.1156 15.34
WSEAERF Fruit hardness (kg/cm®) 0.110 0.010 0.091 0.985 0.1046 0.0008 0.73
AT ¥ Soluble solids (%) 5.589 18.268 3269 0.015 6.0793 1.2828 17.42
BSZIIR Fruit shape 0.799 0.62 0.776 0.544 0.7826 0.0464 5.60
H it Peel color 0.785 1.904 2425 0.054 0.8253 0.1241 13.07
RAWFith Flesh color 0.388 0.713 1.835 0.129 0.3984 0.0486 10.88
FESZRIE Fruit flavor 1.266 1.261 0.997 0414 12517 0.0884 6.60
)% Leaf thickness (mm) 0.002 0.003 1.265 0.290 0.0023 0.0005 16.85
T AR Leaf area (cm?) 10.696 23.508 2.198 0.076 11.1369 2.9202 20.77
9% Leaf width (cm) 0.246 0.557 2262 0.069 0.2570 0.0525 16.95
K Leaf length (cm) 0.333 0.900 2705 0.035 0.3538 0.1353 27.67
453 Leaf length/leaf width 0.004 0.004 1.102 0.361 0.0035 0.0007 17.25
K Petiole length (mm) 19.332 11.263 0.583 0.676 18.7708 0.3819 1.99
45 Petiole thickness (mm) 0.037 0.023 0.614 0.654 0.0360 0.0015 4.11
HRTEEL Petiole length/petiole thickness 38.335 8.692 0.227 0.923 36.6297 0.9423 251
Bt Leaf color 0.099 0.121 1.217 0.309 0.0990 0.0151 13.23
HILIZS Leaf base morphology 0.405 1.033 2.552 0.045 0.4276 0.1204 21.97
44 Leaf margin morphology 0.054 0.026 0.482 0.749 0.0518 0.0022 4.00
MHHRZS Status of leaf surface 0.077 0.177 2.296 0.066 0.0808 0.0091 10.08
FEH AR Stipule shape 0.401 0.021 0.052 0.995 0.3803 0.0006 0.16
R Stone number 0.005 0.004 0.823 0.514 0.0050 0.0008 13.69
#¢4% 7 Fresh stone weight (g) 0.001 0.002 1.947 0.110 0.0008 0.0001 10.85
RHY % Longitudinal 0.068 0.264 3.853 0.006 0.0762 0.0180 19.08
diameter of stone (mm)
M2 Stone diameter (mm) 0.069 0.334 4.840 0.001 0.0797 0.0190 19.26
ZEE;J\ZE%& Floret number of inflores- ¢ , 5 43.064 4.648 0.002 10.6336 2.2995 17.78
FH{E Mean value 164.840 210.734 2.101 0292 165.0436 28.5406 13.90
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Fig. 1 Dendrogram of five Crataegus songorica populations
based on phenotypic characters
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WAL A S SR S M () B B R bR . HEE R
LR 5 J T P i TR 20 e B2 (L) AL B R IR 22
FE(H) 73 511 080.1635810.2023, J& #EIA] 4% 704k 2 3L
(Gy) N0.1916, B &= B N AL 5 980.84%, J& HE[H]
53 919.16% (3R6), 1 BHHENE /R L& st A5 A4 5 2
B TEREN. ERBWN,)N2.1116 > 1, HiHE
T 1) (10 66 DR IR B PR K, A 1) 1 2 B BB /N o
AMOVA 73 #T R W1 (£ 7), J& B R 81425 R
20.37%, /T EREN RS A R, AR 3 B
AT JEREN (79.63%), 45 B APOPGENE 1.32
SIHTEE RATF G .
26 HEBRLUBEMESEEESMEE—BES
Hh TP R B RO HE R

FIHPOPGENE 1.32 8/ 11 55 th #E 18 K 1L S
AN TR) J B 1A 38 A B 3 (D) B st A — SR (D) (3R 8),
HHERSTI A, ERE3MIFEm 5ok B E#E2. R4
an 1AL PRSI R BN, 43 0 090.0211410.0243; AH
NI E A — BB R, 49 i D 0.9792F10.9760, 1X
Tt B B T3 (AL T 5 B RN R A RE S SE 6 R
B T RE RS 5 R LRUE B2 BB IR B BOR,
H290.1171F10.0993, #H R [1) 38 4% — S RAK, 2
11750.8900410.9057, i BH & #E55 J& 1 LRI & #2114
FEMSRG R RBOT . & BB B B AL 7 R
$°R53.57%, SPSSHMHTE N, JE#EA SRR
3 PR B A SR 25 A DG (r = 0.798, P<0.01).
27 SSROFHRCHIRES

FEFNTSYS-pe 2153119247 #ENE /K 1L A& SSR R
WARIFEARFERE, FEx H 1T UPGMA R K701t
SRAFO2N MR IB AL AR UV TR EI(B12). H B2 0]
A1, AL AU R BT TSR DN0.46-0.95, Mk (E
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Table 4 Sequences of SSR primers and amplification results
1% F IERM5I1Y Forward primer (5'-3') J2 514 Reverse primer (5'-3') Bk ¥l 25N 2EHNE Z2EMEER
Primers W B Rl s &
™ ¥ Polym-  Percentage Polymorphim
(C)  Ampl- orphic  of polymo- information
ified bands  rphism content
total bands (PIC)
bands (%)
XNDMal CACGGTCATGAACTCCAT TGGCAGATGGCTTAACTG 46 10 10 100.00 0.82
XNDMa4  GCCTTCACTGTCTGAGAG CGGATGCTCCTGTTACAC 55 19 18 94.74 0.91
XNDMa7  CGTGTTCATTGTGTCCTTC TTGCCTTCTCAAGACCATC 61 14 11 78.57 0.9
XNDMal0 CACTTCAGAGCCGCATTA GAACAACCACGACCTTCT 58 12 8 66.67 0.91
XNDMall CTTCAGAGCCGCATTAGG GAACAACCACGACCTTCT 59 18 12 66.67 0.93
XNDMal4 GCCGAACTACCGTTACCT GCCGAAGTTGTAGATGTCC 60 17 14 82.35 0.92
XNDMal5 CTGACGACGACGATGAAG CTGACGACGACGATGAAG 52 23 21 91.30 0.94
XNDPy03 CCCTCCCTCTTTCTCTTCT AGTTGGACATTGCGATGG 47 16 14 88.00 0.92
XNDPy07 CGATACAACAGAGAATTGAGTC AAGAACCAGATGGCACAC 46 16 16 100 0.91
XNDPy09 CTTACCTAACAGGACTCAATG GAGGATGGCAGCAATCTT 48 10 9 90.00 0.86
XNDPyll AACAGGAAGAGGAGATGGT CAATGAAAGCGGGAAACTG 47 18 17 94.44 0.92
XNDPyl13 CGAAGTTTACATAGGGTTCTCT TGGGACACTCCAGCATGA 54 17 16 94.11 0.9
XNDPyl4 CGCTCACTCCTCAGAAGT TCGCCTCGTCCATTTGTA 55 7 5 71.43 0.91
XNDPyl5 AAAGTAAAGGCGGCAAATG TCTAGGGTGCGTTTGTTG 47 12 12 100.00 0.9
XNDPyl6 CTTCAAGTAGCCAACTATCAG TGTTTCTGCAAACTGGTCTA 52 11 10 90.91 0.88
XNDPy37 CGGGTGTTGATTCTCTCT GGTTGGACGAAGTTGATC 52 13 13 100.00 0.88
XNDPy38 GCAGCAGGAAACACAGAA TTGGCGGTCATTGATAGTAA 57 24 23 95.83 0.92
XNDPy40 CCCTTCCTCAACTAACAGT GGATAAGCGGTTCTGTAGA 60 14 14 100.00 0.89
ZFRIt066 ~ TGGCTTTAAACGGTTATGCTG TGAGGAGGGAGGGAATACAA 46 17 17 100.00 0.93
ZFRIt067 GCAAGACCCTTATGCCAACT TGAGGCCTAACTGCTTCGAC 62 15 15 100.00 0.9
ZFRIt084  GCTGTTGAGCTAGGCAGGTT CCCGAGTCCTCACCAAGTAA 62 13 12 92.31 0.9
ZFRIt097 ACTGTTTCCAGCAGGCTTGT GAAGATTGCCCCACAGAAAA 51 14 14 100.00 0.9
PES05 ATGGTGGGTTGGCAGAG GGTTGGAGCAGATGGT 48 15 12 80.00 0.92
PES06 CCCCAGAAACCCTAACC AAGAGCGATGACACCACC 51 22 19 86.36 0.94
BPPCT028 TCAAGTTAGCTGAGGATCGC GAGCTTGCCTATGAGAAGACC 54 19 17 89.47 0.92
CHO2hlla CGTGGCATGCCTATCATTTG CTGTTTGAACCGCTTCCTTC 56 19 17 89.47 0.93
CHO02b10 CAAGGAAATCATCAAAGATTCAAG CAAGTGGCTTCGGATAGTTG 53 20 20 100.00 0.92
CHO05d03 TACCTGAAAGAGGAAGCCCT TCATTCCTTCTCACATCCACT 59 14 10 71.43 0.91
CHO05e06 ACACGCACAGAGACAGAGACAT GTTGAATAGCATCCCAAATGGT 50 18 17 94.44 0.92
HI102¢07 AGAGCTACGGGGATCCAAAT GTTTAAGCATCCCGATTGAAA 54 20 18 90.00 0.92
MS14h03  CGCTCACCTCGTAGACGT ATGCAATGGCTAAGCATA 48 15 13 86.67 0.89
CHO03a09 GCCAGGTGTGACTCCTTCTC CTGCAGCTGCTGAAACTGG 50 31 28 90.32 0.95
CHO02a04 GAAACAGGCGCCATTATTTG AAAGGAGACGTTGCAAGTGG 58 15 12 80.00 0.9
CHO1f03b GAGAAGCAAATGCAAAACCC CCCGGCTCCTATTCTAC 52 31 29 93.55 0.94
CHO02a08 GAGGAGCTGAAGCAGCAGAG ATGCCAACAAAAGCATAGCC 60 14 12 85.71 0.91
CHO05a04 GAAGCGAATTTTGCACGAAT GCTTTTGTTTCATTGAATCCCC 58 14 14 100.00 0.92
CHO1hO1 GAAAGACTTGCAGTGGGAGC GGAGTGGGTTTGAGAAGGTT 59 22 21 95.45 0.93
CN851079 ACCGCCACAACCACAATC CTCGGGCAAGCGAAGAAT 56 23 21 91.30 0.91
CN848770 CTTATTCCTCCACTCCGATTC AAACAGCCAAACCCAGCA 54 15 14 93.33 0.87
CN581002 TGGAGGGAAAGGAGAAGC AAGTGGCAGGCAGCAGTA 49 26 25 96.15 0.95
CV986977 CTCAAACCCAAACCCTCC TCTCCTGACCCACGAAAA 55 22 21 95.45 0.89
CV882996 CTTCTCCACTAACGCACCA CCATTCTCAACCAGCACC 53 20 18 90.00 0.92
CV794040 CGTGGTTCCTGGTTGTGA AAAGCAGTTGCCTCCCTC 50 14 14 100.00 0.87
A1t Total 739 673
“F-#4 Mean 17.19 15.65 90.60 0.91
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Table 5 Genetic diversity of populations of Crataegus songorica

=y ZEMA AR ZEMAALEE WIS RER AREEMHEHEN,)  Nei'sH K £ #: 36  ShannonZ FEMEFEL
Population Polymorphism Percentage of poly- Observed number of Effective number of #f Shannon’s diversity
locus number  morphism loci (%)  alleles (V,) alleles Nei’s gene diversity index (/)
index (H)
Popl 257 34.78 1.3837+0.4756 1.2386+0.3538 0.1375+0.1895 0.2050+0.2720
Pop2 660 89.31 1.9025+0.2938 1.4342+0.3325 0.2635+0.1722 0.4035+0.2350
Pop3 427 57.78 1.6061+0.4824 1.3285+0.3655 0.1938+0.1960 0.2928+0.2786
Pop4 327 4425 1.4766+0.4908 1.2883+0.3738 0.1658+0.1996 0.2473+0.2841
Pop5 99 13.40 1.1372+0.3444 1.0971+0.2435 0.0569+0.1427 0.0830+0.2082
¥ Mean 354 47.90 1.5012+0.4174 1.2773+0.3338 0.1635+0.1780 0.2463+0.2556
WFhKF 669 90.53 1.9136+0.2781 1.3843+0.3302 0.2377+0.1695 0.3712+0.2301
Species level
F6 HERLBEFAIEREEREG O
Table 6 The G, analysis of genetic differentiation among Crataegus songorica populations
RLEREIED 2 R JEHE N FEDR £ R AL R B
Total gene diversity Gene diversity within population ~ Index of genetic differentiation Gene flow
index (H,) (H,) (Gy) (Nin)
4 Average 0.2023 0.1635 0.1916 2.1116
brZ Standard deviation  0.0293 0.0182
RT BEEEMEHASTERNAEM
Table 7 Analysis of molecular variance(AMOVA) within and among populations
8 5 H Rt BJ7 TiFEo R TR P
Source of variation  df Sum of square Mean square Variance component Percentage of variance component
JE R 4 0.3890 0.0972 0.0185 20.37% <0.001
Among populations
JEREN 91 6.7171 0.0772 0.0723 79.63% <0.001
Within population

8 MERUMETEHEMEE-—BEMALDESEEREBMALT)

Table 8 Nei’s genetic identity (above the diagonal) and genetic distance (below the diagonal) among five populations of Crataegus

songorica
JE#EL Popl JE#E2 Pop2 JE#E3 Pop3 JE 4 Popd JETES Pop5
JEREL Popl Aok 0.9641 0.9595 0.9510 0.8900
JE#£2 Pop2 0.0366 ok 0.9792 0.9678 0.9057
JE#E3 Pop3 0.0414 0.0211 ok 0.9760 0.9315
JE#E4 Pop4 0.0503 0.0327 0.0243 ok 0.9247
JEHES Pop5 0.1171 0.0993 0.0711 0.0785 Hkkk

BAR AR AR AL BOK o AR IR AR B TE R HCH0. 701,
R 2 O =R 3R S RS TR
WP RFE A A R 2 AL, BMIREAh4T S I195 5
FCAbAE b TRD B AR AR B, SRE O R, fE
BALHAE R EON0.79I, 55— KR AT 4073 Jy4
AN, HAp s —RP S 786 k. ikl
K, HETE R LA A BE BRI, SRGOC REUR,

KB4 PRI N 6] — J& B SR AE — D, {H 5 Fh
A FJERERE — RIS . HAmasm
895 MO0 5 2R ISR 4 Ok R i, Hk 2 & FE3
(11585 1635 o JE B R 2 45 JL B 7 i — 5 1 Sk A
S, M3 o A 5 A Ak A ARl b EE A B 1 i
BN IR PSRGKR, X 50 HREE 5 S

SR
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Fig. 2 Clustering dendrogram of 92 Crataegus songorica individuals based on UPGMA
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Fig. 3 Principal coordinate analysis for 92 Crataegus songorica resources. (a) Planar graph; (b) Three-dimensional graph.
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32 FINTSYS-pe 2. 1K 924y #4 1 3k 47 £ Ak A5 43
BT, 5 7T T R B (1 3a) R = 4 = 1] 16l (1 3b),
HHE3E AL, 251, 2. 3ERAT 0 BIfERE 1 12.51%-
7.17%- 5.91%IFEAS[AIAH SG A, 9247 FF it 43 73 24
KA, HA 104 8 (L As TR SR 08 REUR, #kI5)
NE—KAD), & FHIS2M T IEH N KA
(1) o AR BRMRIE AL BRE I AL, 2R
KA Ao NTAH: 195 RFE—WA, 47, 515K
B4, 4. 130 200 22, 165 A =4, 615
RNV, 15, 67 855 NEHWA, 2. 5. 7.
11. 12, 21. 31. 39. 40. 52. 68. 70. 73. 74.
83. 86 5 NHNIH, HARNH-LWL . S5UPGMA
ISR LE R, PR3 b T A HE e R LA SR 2%
KAMP R P AEEI oy £ 7 w255 M5451E
UPGMAH R RAE—iE, (HIELALpR R HI RAE—E.
AL, HERE RIS SRR B AT k. LA IRl SR 2R 4G
FnThn, e R o — 2, AR ) R
KR IFAAHIR, T2 AAR AT B I I Hh e 992 473 #E 15
IR LA 2 TR] s A AL AN SR 200 R I I I

3 itig

31 AEEREIERL S HMERSEEEN

Tolt ol % 0 1) 383 A 2 R P T DA et 3R TR IR 2
FTAI 2 FHRic BEAT VAN, AN [R5 5 I ) 2 Y 1R
I3 BT R A 22 B R T A0 AR B AT A R
(Campbell, 2009; FHFRREE, 2012). IR, BFAFf
Jo GEUR BB AE 2 AR RO AU R R R R, T
NARE, B SR H, JFHREZEES
A0 B 2 LA ot 95 U5 ] K SO . SEHb U 2 R,
HENE /RIS E R PEI A i 2 Haserh, BAIRGY
ARFT M. KRB FRBATFHERELER. 51
JERERIB3AN RN E T /5. & SR
SRR ORI 22 5, 2 AR RS A ], i
B 2% J B 1 & AN R B R 2 A AR B R & st
FEAR 5 o DR IR 33A4N R AL IR (1~ 38 5 R BN
13.75%, 22 S8 5 N2.96-71.32%, i3 T sy
AR AR (ISR EHEE, 2008) (CV: 2.75-9.13%)F1HT 58
A5 (B {545, 2016) (CV: 0-53.99%). i W HERE) /K 1L
O AR B 38 B BRI, FRER TS nT 9B K

Wi SR, AL HEFRHER, BTiE%
FIEY, TP FE FIDNAFE 5B 1 RJR I, 45

[E] R @A AT L —28SSR 5. Uk H-45(2008)
MBS0 TS B EL R R, #E
R (2014) H3E FESSR I W4 B 1 AN [F) 1L A it A
AHIF FE F 75 326 43 %6 SSR 5| 4056 9243 1 ES /1K 1L s A4
KL 3 17 SSR-PCR #r i, H it & £ ¥ (PPL =
90.53%. 1=0.3712. H=0.2377)/KF =T HSSR¥x
PCXF LB BT 78 (PPL = 86.42%) (3h:EMREE, 2014)
AR ISSR 51 Pybsac 16 5 98 B A8 1L AS A4 B (PPL =
94.4%. I=0.2331. H=0.1507) (XIXK%, 2016), 4
X T FIH SSRARIE AT B s@ L @A Mt A R =
0.43, H=0.299) (il K BI%E, 2006). HHILTT AN, S53%
Bk A AR L, FraEir SRR A EENEZE
P T R P8V B e R LI AS 2 B N FE,
5 EEQ2016) I 7 45 B Al — 5. X rTRe 5 H
A K ANFEERERASE TR ER, FER
5] JE A AR AN R R 2 2 s AN (] ) 2 24 R 3 PR R AH 24
A, FEOKVUVE &R R B8 AL 2K . N
A 8 A X 3523 A ) B LR 22 O N TS R
SCAR BTE AR, TR VG v e R LA g B AR AR K ) B
AR, BT K i AR R RN 2
FEMEFR B B E L2 3MBHE Z R KPR & T
JERELL S, IXTFA Hh 3 o) A1 6 A2t e P Fhisi AL 2
FEMER R RN R Z — R HEAR B, B
W5 IR LU PR AT T AR T4 s 4y, Xt st 2
FEHEA AR T BB A R 22—

198 A% 25 1 2 48 15 A% 22 K VEAE 5 B N AT JE )
()93 A Je 845 73 4k (Meeus et al, 2012; Zia et al,
2014). AT S JEEF R G N0.1916, FRIA
19.16% 118 A& A% S AU T Ja B (), 11 =6 22 1) gt AL AR
ok B R AMA ] . Gonzalez-Martinez55(2002)
feth, WAL RE(F,) /DT 0250, KW JE BE G
e B . KRR T ESIERERF, =
0.2037, J&RR AL - EUR, 5 Gy 15145 R AH
—

B DR R AR 3 5 A () AL A i R E R TR 2
—, B ALER B3 H ALY A 18] = DRI F 7
FER A FrEREnES RS A E, B
WAS Sy e B R ), FLHR PR 3 B i A%
Wy N REF A Bt F R () B A 5t 55 7 =X
SERY . BRI KT LI Re A 24 184515 AR 5
LM% A% 531k (Opedal et al, 2016), 5/ FAfE 5
WR2.1116, FEREIA R RNR S RO, JE 1] (1) 4
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AN, AR AT RE R 58 e 11 22 DRI AL FEL Lk T K PG v e
IR WA JE B 2 1A (R 38 45 A
32 AREBEEERLEMIBREEBRELES N

REL A J 0 T 384 A S 5 2 0 ol ) A B R E A
A% R4 J<(Ramos et al, 2016). LR A PR 2
[ & 544 FISSR 73 ¥ b i 3453 [FTUPGMA 5 2K K 7E
JEBETR R AR — L, (HALE SR AR B L R 5 2 [ 2
Ft, A RESE R A R Y IR 52 B A B 183 4% 4H AR
BRI W sem, (E R R A — e iRErE, X
BA—w i et I Bk R L AE S A E BEE33
AN RA 1 R B013.90% 1% T 35 K 70 1k R %
19.16%, LA [F] & 3 2 7] B35 A% 2 7RV 52 B3R
KT s . SRR SRR R BN B2, 3. 4
EHDAXNAEFFE, BE 2R mERL
55igRsE R WA ME S, BRI T X
kAL, ZEIMANRTFIEZ, N ERE R,
1 A AT BRI RS 20 AR AE K UV BEAN BT 1
T o3 A B I Zx s, FEHE4R1,500 misf 2 TR 5
i, ZAAAREE M, BN AR IR KRR i
RETH, R IR RN I B Ab i b 3
X 35 6 BE K 3 TR AN 2 AR K ) dp® B A, BT BA
JEHELS 55 FHAh BB R AR RECEN . HEE R 1L
P 250308 B B M0.0572, FF A (8] 38 % BH 25 AT 1 2
FE B 2 (A A B3 A S (r = 0.798), SRR AN
il S B i S R RS &t BROR
(R, HOBLEE B AR
33 IRIPHKHEE

AHIE TR BAAE S K LA BRI AL 2R,
A R IR AT R e FLE B SR R I R R R, BT
DA f5 K R 1 R AP FL i A A8 S B AL P o AT FE v
JEBF2 N3 AL Z K e, BT ARG 4T
AR B BUR AT RS RS S R LA ) R AR
A, R LELRETE .

FR A e e R LA T R B e R HLAE R
FE RN 5 B T A e M A A i oL, WA BA )
W] ) 5 R 5 o DRI gl DA P V) MBS ZR LIS ) DR A
WFFEE DU UG (DN K i IA KRR 1 7
¥, ZEIENB IR Q)b Ry AR R AP A4 &,
B LA AT SRS . BT, BrEECa i —
S o B Y ] o SR D BB A TR, Gk ae
PP AL b DRI LT AR S DR UR ] BTSRRI B R &
B ) R R R B S B RS A I 45 . (EX

TR LA AR 0 S b ORI AR IH Ak T s Or A
BB, T HRA R 2 R R, S RE
KA HATRARFAL 22 57 Sl o 7 hric 5 S 1
AFRA, WRRATREZ B 2 FEPE . BRI
ANTEIFPEEI AN TR oA R LA 30 25 XS
A, AEHALT — DNBIF R A5, it 32
W, SRR D). (3) EARFEHEIR] MR AR AL
/N, ABAEEAT B LR 0 A ORI, AR R R P X
R RIX ik P A SR A be o, TR o P e
PR ) (0 A% A S, A BT R B LA ) A 5
ENLAEST o TN LA A R B AR A A PR A it —
AWITU B SR S AR B R ) PR AR B AT
HERE L

BUs: AR E TAEFE| T AT AL A
BRI 2 3T B X TAEA R 69 K /) X H A
Bh, AR FIRTAR ARG (A S AR 89 F
ot RARGEFEIL, BT mB 5
BRE, AL G Btk i, @i
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