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Abstract: Elymus L. is a perennial genus in the Triaceceae family of Poaceae, which is widely distributed in the
Qinghai-Tibet Plateau. Most species are components of grasslands and meadows, and many species are good quality
pastures. Both E. nutans and E. dahuricus belong to Triteceae family ( Elymus L..) , which are heterologous hexaploidy,
with StYH chromosome composition. In order to further explore the intrinsic mechanism of genetic diversity of E. nutans,
we used SSR molecular markers to analyze genetic diversities and genetic structures of 58 individuals collected from two
codomain populations of E. nutans and E. dahuricus in the Qinghai-Tibet Plateau. The results were as follows; There
were 163 and 124 amplified bands in 8 pairs of primers in E. nutans and E. dahuricus, respectively. Percentages of
polymorphic loci (PPB) were 89.71% and 76.07%, respectively, and the polymorphism information contents (PIC)
were between 0.583-0.929 and 0.524-0.830, respectively. The genetic diversities of E. nutans (H,=0.69, I=1.34,
P,=100%) were higher than those of E. dahuricus (H,=0.53, 1=0.80, P,=93.75%) , and E. nutans showed higher
genetic diversity. The AMOVA molecular variation showed that the genetic variations within the population of the two
species were 80.92% and 63.62%, respectively, while the levels of genetic differentiation among populations were
low. Genetic structure analysis revealed the presence of gene flow existed between the two species. It is concluded that

intraspecific genetic differentiation caused by interspecific hybridization, and may play an important role in the diversity

formation of these two species.
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Table 1  Information of materials in this study
) ) o U i /25 ot b v
Species name  Population Sample plot cograpiie -autude tude amp?e
P location Longitude (m) number
e 2 7 nwl9 HIFWIR T 36°33' N/ 3155 19
Elymus nutans East of Qinghai Lake Hainan State, Qinghai Province 100°43" E
En TP A LM 36°58' N/ 3079 14
West of Qinghai Lake Haibei State, Qinghai Province 100°53" E
A L 7 BT Eda GRLAUER i i 36°33' N/ 3155 11
E. dahuricus East of Qinghai Lake Hainan State, Qinghai Province 100°43" E
Ed VY A M 36°58' N/ 3079 14
West of Qinghai Lake Haibei State, Qinghai Province 100°53" E

1.2 Ak

1.2.1 A H 8% DNA 2 HUR % 6 5 ks
FIPETEHL A5 20 KAy £ FORLE T 85 R MLrp ) 2 F
TR KB, BB LA, K 3~4
FrFEE SR B R CTAB ¥ (Allen et al., 2006)
PEHOIE K 21 5L DNA, $2HUA) DNA ¥ B A BT 4
% 4 4y ot 6 B It ( Nanodrop2000c, Thermo
Scientific , Wilmington , DE , USA) F1 1% B By JIg 4 ¥
JE R TRASE DN

1.2.2 3 5wl iFik  HEH 53 XT& 4 SSR 5l
Y (Lei et al.,2014) A1 37 %t EST-SSR 54 ( Zhou et
al.,2016) , LA BG4k B g 45 14 R 2 | Bl AL
Ptk 5 4y REDE R AN 5 1 15 5 P AE 5 DNA it
1T PCR 4738 . T¥ 3858 1S , 1 8% 14 56 179 I 1k
e B Jg P ARG ) 5 6 7 3 2% T BT L 4= D
i ELE S S GIL Y/ I I N

1.2.3 SSR ¥ ¥ A= PAGE .ok ¥4 {K 28 1 i o 2
FEAIF SO AR 25 wL, Horh 8 Takara 23 @14 10
XPCR Buffer 2.5 wL,2.5 mmol + L'f% dNTP 2.5 pL,
RIS 045 1 L, DNA #54 (50 ng - pl') 1 plL,
rTaq [ 0.3 pL,dd H,0 #h 2 25 pL, PCR J2 i ##
¥ .94 °C HiAE 1 5 min;94 °C 78 30 5,50 °C/60 °C
Bk 30 5,72 CHEH 30 s, 3 35 MFHF ;72 °C FEAH
10 min, PCR F=H)2R 1 8% 11t 5 DR M ok i v M LUK
300 V HLJE R HLPK 50 min, BAL Z4E (EB) e (0, If:
JH BIO-RAD H Sl M A% 2 Gt B DR AF

1.2.4 % ¥ 54 SSR mIL B %40 Fhric, K
PAGE Hi K [ 132 B 3 H R %0, 2 BR 2 98 0K 45

(2009) 4 4 19 43 F-Fs 1o 35 P AL E0HE s 4 —
Medr vk, B3R 0,17 0 A B S S A
NTSYS-pe ¥, 16 NTSYS %44 b 3 T Dice 5t {4
LR B (GS H) , R HAE AT #17% (UPGMA )
VEB 20T FIH POPGENEL.32 #4345 o 5L
(N, ARCGENFEF (N,) R EGE(H,) W
ARG (H,) FREMEIRE(D) BN
FAr3(P,) M2 5P & w8 (PIC) ;R
ARLIQUIN 3.5 Xf Bf /& # 17 70 F 5 22 74 #r
(AMOVA) , T 55 J J 1] 0 B 08 23 Ak 3R 88, IR AR
oA,

2 HERHAA

2.1 SSR &S| ¥iFiE

ARBFFEE 8 X HE A IS I 2 A R AT
19 (3R 2) , % [R5k 2 A i) 2 o B el 5 5K 5
POk 5 R T SSR HLIK A H
2.2 SSR SN

£ 90 X SSR 51y, i ik th 8 X444 45k v
M H k2 Y 2 A5 PES 19,8 X SSR 51 4 78 3 R 41k i
TRy B A T 100~ 500 bp Z 8] (& 1), 7E
33y A AEPL AP (FERE 1 FUERE 2) A 3 243
S, BT TR R 2 A R AE 22~ 41
% EATIE E 30.38 &, Hidh 2814
W 27.25 45 WA G 28 E 53 FAE57.14% ~
100% Z [0] , -3 Z 8 W50 H 4R 0 89.71% , %
APEEE & & (PIC) 1£ 0.583~0.924 2 Ja] , ‘F-H(E
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Table 2 Polymorphic primer information by SSR screen
B - B SE kB .
75 51444 F L/ 1] S (537 K SET
. Forward/ . ' ar Annealing temperature
No. Primer name Primer sequence (5'-3") Allele
Reverse (C)
1 ES-82 F ATTGACAAGCTCCTTGCAGAGAT 60 4
R TTTTTCTTCTTGGATTTCTTCCC
2 ESGS-117 F CGAGCGAGGTAAAAAGTATA 50 4
R GTTGTCACGTTTGAAGCAAGT
3 ES-176 F GTATTGGTCTCCTTAGCCTGGTC 60 6
R ATGATTCCCAGGACAAAACTGAT
4 ES-179 F GCATGTCCTTTCCAAGAACTATA 60 5
R TGCTCCAATCAAACAATTAATCA
5 ESGS-183 F GTCACGTTTGAAGCAAGTA 50 3
R GGCGAGGTAAAAAGTATAG
6 ESGS-266 F CACAGAGCGAGTTGGTT 50 4
R TTGTCACGTTTGAAGCA
7 ESGS-278 F CTCTTGAACACTCAVGCAC 50 2
8 R GAGGAAAAATGTAGCACTT
ESGS-328 F CCCTTCTGCTTCCTCCCTTTC 52 3
R GTGCGTTGAGCGAAGTTTGG

1 0.841 (% 3), 7£ 25 ik 2 Jy $ 0k 5E (J& BE 1
FERE 2) Hh 38 B BEAE 100 ~500 bp 2Z (0], H A6
F| 163 Zkaly , b Z B N 124 55 P 2R
PEG S 43K 76.07% , 5451 W) 7 A 1 £ 251
FATE 6~26 55, P RABIY 7 4 20.37 441,
ZRMELRW 15.5 K, 2B HEE & & (PIC) 7
0.524~0.830 Z[a], F-#{H K 0.708 (£ 3), £ 3
R EEPHE Y F AN EES TEE
TIPE R
2.3 BEHEMURBRBELSH

TE NTSYS & F v 35 T Dice 3815 L PE 25
(GSA{E) 5 [ 48k 43 A7 2 A2 b 20 0 5K 5 ) 48 ok
SRR IR AR AR B R B, BT AR 8 A% AR B R AL
(GS)7E 0.083~0.919 Z [i], A8 i A 0.836 , *F- 1A
h0.434, JERE 1,30 15 AL BB GS (B 7E
0.091~0.880 Z[i], -1 GS fH g 0.487; JE 1 2,28
I3 4 Bt 22 18] 1 5t % AR PR FR B0FE 0,125 ~
0.966:Z 1], F-H{H H7 0.489 T T b i 25 13k 13
P06 B3 A A B 2R BOFE 0.083 ~0.919 2 ], AR
&4 0.836, SE X {H N 0.434, 76 3 R B O3 4 k)
o S AE AL 2R BULE 0.071 ~0.919 28], V- {E
R 0.426 ;3K 5 J7 P Bk R A4 R 35 AR AR AL R B
£ 0.095~0.966 Z [8] ,“F-FI{E K 0.604 ,

ST BRI RS GS, R UPGMA 75 1T LKt
HE AR B R A 1 B AT S I (1R 2 8 3)
2.4 BESHEESH

POPGENE 43 #4558 (3£ 4) R, [A) 8053 A1
T B B 1 45> 2 AR R TR BT S o TR S ) B
B, JERE 1 R AR PGB A 2 AR R (N, =
4.63,N,=3.00,H,=0.61,/=1.15,P, =100%) ¥k
Tk S PR (N, =2.50, N, =2.17 ,H,=0.49,
1=0.77,P,=87.5%) ; i Kf 2 TEREBEOR 55 L R 1 45
(N, =6.00,N.=4.11,H,=0.77,1=1.53) i K
TS Pk B (N, =2.50, N, =2.25,H,=0.56,
1=0.77) . WEBFKTKF , il blod s i st i 2
FEPESE Y (H (N, =5.32, N, =3.56,H.=0.69, 1=
1.34, P, =100% ) W3 o K35 & ) Pk o ZAE 145
B (N, =2.50,N,=2.21 ,H.=0.53,1=0.80,
P,=93.75%) ,
2.5 MW EMNEHEES L

JEREB AL A A P A A5 R (3R 5) R, DI Fh B
B AR R84 o Ak, R 0 R A Ak
RE(G,= 0.034) Bl AL T8 5 T Pl 5 (G, =
0.070) , % BH 3 19 i bl i 0 1) A Py s 0 U] 3t £ A2
S BIREAE R0 3.4%F17.0% , 4% A 46 K 280
ARG T4 EREN (96.6% F1 93%) , ML I 815
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Fig. 1 PAGE patterns of amplification products of SSR primer ES-82 in Elymus nutans and E. dahuricus

S FRE (G ) THEEAS S P ) J A V) L PR
B 39 N, =9.030 F1 N, =5.053, A[EI7 A
JEBEIR AL 73 A0 TR B A AE 25 5%, 7 0 A 4 0
[a], 1V 5 ES-82 Fll ESGS-328 18t 1% 70 1k 72 J¥ &% &
(G,=0.051) i /5 ESGS-117 8 1% 73 Ak 72 B Fe A%
(6,=0.014) ; 7E318 5 Sy Bl v vpr ) 57 1 ES-82 1Y
AL TR Fe 5 (G, =0.248) ,ESGS-117 Wyt tE 431k
FEERAL(G,)=0.031,

Oy 22T A (3R 6) W, T RE DY A% 5N
K5 PR ) AL A R AR T RN,
FRlA8 k7 A O 3t 4% AR S KO (80.92% ) K T ik
13, 1 43k SR R N (63.62% ) |, T R B b Y S
B AR AR S e R A (F L, = 0.19) IR Tk 5 0
PHs A AP S RETE] (F, = 0.36) , B A A N 1 s

HEB AL i fb Y3k 8] 8 3% K F- (P<0.001) , AMVOA
TS B 5 AL A8 S BE FR B (F ) A Wright (1) F
Guitiny F AR Y R AT AT 2 AN [ b 35 o A S A ]
FEEHE R, RIEAX N, =0.25(1- F,)/F,,135]
A AP SR A (R] A S R (Y, = 1.066) 1 2 K
Tk B I3 4l 05 R R R A FE R (I, = 0.444) | H.
PIELRT A EET 6 HEMIERNG(F£S), M\
AT Y i 2 S ) A A R R 5 O AN I 3 %
Mg A% o A I AN RE R B EZAEH .
2.6 [E13 93 7 & B 48 el B b ) 32 2 43 1L

e 7 SESRTT LA | R0 A7 B A R ] i)
WAL R BN 0.054 158 B[] 38 40 A 1 7
48 R R TS 5 g e S A ) 3 A 2
AT AT RN (94.6%) , (AT 5.2% 534 T
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Table 3 Amplification and polymorphism of SSR primers in test materials
AP R E Elymus nutans K G H PR E. dahuricus

519 oy 7
NPB (%) PIC NPB (%) PIC
ES-82 26 25 96.15 0.816 15 12 80 0.804
ES-176 26 25 96.15 0.867 24 21 87.50 0.671
ES-179 22 22 100 0.583 13 13 100 0.554
ESGS-117 23 20 86.96 0.867 20 13 65 0.811
ESGS-183 41 39 95.12 0.895 23 19 82.61 0.790
ESGS-266 31 30 96.78 0.877 16 14 87.5 0.677
ESGS-278 39 37 94.87 0.891 30 26 86.67 0.830
ESGS-328 35 20 57.14 0.929 22 6 27.27 0.524

&3 Total 243 21 89.71 163 124 76.07
YJ{H Mean 30.38 27.25 90.39 0.841 20.37 15.50 77.07 0.708

TE: TNB. HAHEG NPB. 285G PB. 2840 IR, PIC. Z2HMER T,
Note; TNB. Total number of bands; NPB. Number of polymorphic bands; PB. Percentage of polymorphic fragments; PIC. Polymorphism

information content.

R4
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Table 4  Genetic diversity indexes of Elymus nutans and E. dahuricus

bk JEHE Ehe S| A RN WA Ei S G 23 Y VAW E )

Species Population N, N, H, 1 P,,( %)
TR AT Elymaus nutans 1 4.63 3.00 0.61 1.15 100
2 6.00 4.11 0.77 1.53 100
SFEHIME Mean 5.32 3.56 0.69 1.34 100

K S B, dahuricus 1 2.50 2.17 0.49 0.77 87.5
2 2.50 2.25 0.56 0.83 100

SEH{E Mean 2.50 2.21 0.53 0.80 93.75

Yyla]  [R) 3k 43 A A Bl ) A9 JE BRI (N, ) iR B T
4.443 8 BH 7 [R] 543 A1 114 3 19 ol 486 Bk 5 i b (] A7
e I S A 35 PRS2 90 5 T A b DX ) ) 38 0 A ) e
Tt ] 3 A 434643 91 4 0.057 #110.050, %  2% H
RN W J ) 3 TR P i R R RO (V) AR
VT, 5051k 4.136 F14.750 , 156 W AS [8) b (X [) 38 53 A
V14 3K 19 o g i 7 ] 35k PR A B S ik PR 9 L 58 0
JEREER

3 W5 &b
5 5 X T T B R B B A S

P 0T T M DX 3 Rl ik gt A% 22 e R F 5T — 1
RIS A Z AT M ENEN, Yan et

al. (2009) Xk 5 7 8K = S AN [6) V45 5 BE 1Y 14 4>
T AP O SR AL 300 24NN, FIF AFLP FRid
AT T i85 Z FEE VR, 45 R 48 7R A [m] e 3 L A
LA E B TE 33.21% ~ 77.80% 2 [a], s 4k Ky
73.52% ; B ZHEPEFR B (H, ) 7£0.219 4~0.359 2
ZI], MK R 0.428 5, F AR L ARETES B (1) TE
0.3550~0.549 1 Z [a], 1K 4 0.619 8, Chen et
al. (2013) X2k 7 A [) Vi 4 = B 1Y) 50 22 4y T A B
BB RL, I SSR ARICHEAT T st AL HEPEAY , 45

75 AN 7] & 6] AL 8 2 38 1 L B 7E 54.86% ~
74.31% 22 0], FE R Z AE P48 807£0.162 9~0.198 7
Z I8, AR 2 FEE R B07£0.257 9~ 0.311 9 Z [f]
FATHFIA SSR pric Xtk B 2 A A JE BT 58 4
AR AL Z FE VAT RGN, 45 R RS0 2
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T T ]
0.57 0.66 0.75

0.93

AL AL 2R 2L Genetic similarity coefficient

nw 19~ T R4 6 5 T A 5 . d Ah B O R S B A

nw19-is the number of E. nutans population; E.d is the number of E. dahuricus population.

A 2

FET UPGMA A 7 f) 3 A48 s 2 113K 155 1) 0t e SR 26 0 ) (St 1)

Fig. 2 Clustering analysis of Elymus nutans and E. dahuricus based on UPGMA ( Population 1)

PE LB 93.75% , 3 K Z HEPE R $07E 0.61 ~0.77
Z ), SRR 0.69, Tk ZHEPEFEE0AE 1.15~1.53
Z ), SRR 1,34, FE AR 5T b 48 7 1Y) 2 1 4 A
R Z FEPE IR bR B TR A AE R X 5 A TR
WG R 0 2 F hrid 8 B[R A ¢, IR R AN T
SRR, Z B S O R], A S B RS
REZAH I, Yan et al. (2009) F|F AFLP f3ic
15 H Z BAEE S B TE 66.3% ~ 83.4% 2 1], -1
M 75.0%, AWFFEH SSR ARic £ AL LB AE
51.2% ~96.2% Z i), *F- 3 5 90.4% , Chen et al.
(2013) FIH Y SSR FRic >k I T8 /N 22 F1 Elymus
alaskanus , 7 T T8 9 58 B A7 55 2 &0 LN
66.7% ~100% , F-1 591.4% (B & 44 £ 51 &
$(7.33) MZEMAE S &5 (0.224) AL T AW

8 SSR FRic s 45 R (4390 27.3 F10.84)
FEIJE A & BN A WE 58 b R 9SSR ARl ok A
TR B B p [ S S A Y O S ) R R e &
(E. sibiricus) , R, 3% 28 SSR Fr i 78 e FH P o, &
HEE 2R G 1 3 A AR I 2P
AWEFE R R T 3 R4 O 5 2 R T IR
WA 35 5 0 PR R R AR AR A5 4 A
YRR ARl 2 Ak T e R S 5 ) B R
LSRR, O R B AL B ALY (L,
1993 ; #8456 2015) . i H [ AL B2 1 35t 1%
ShikRrh ) KHE 4y 1Y 35t 4% A8 S 0 AE A T R )
(Fahima et al.,1999) , {H 7S i 7% X 5 50 /25 Ji 1 [X.
Ivi] 42K 43+ A 0 AL 0 6 RT3 1% 7 0 el 8 A 45 4 43
BT 22 B 0 ol R 5 g B R R N a5 AL
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[ I
0.67

(

0.77
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18t AL PE R %L Genetic similarity coefficient

En h FEREBRE S B 955 Ed D93k ) B fm it g 5

En is the number of E. nutans population; Ed is the number of E. dahuricus population.

K3 BT UPGMA Aoy 1% 3 Rl i et LA 2 1 SO SR I A I (Jdte 2)
Fig. 3 Clustering analysis of Elymus nutans and E. dahuricus based on UPGMA (Population 2)

A5 5 (96.6% H1 93.0% ) i 2 i T Ja B ) 352 4% 7% S+
(3.4%F17.0%) , it 1L 28 5 B EAFHE T IR BEN A
], AMOVA 12 BH | T ol 48 o0 RT3k 1 ) B ik
RN L AR 50 Bk 80.92% F1 63.62% ,
] 38 15 A8 ALK 19.08% 1 36.38% , A3 HF 5%
7, R (] 38 A% A it 48 s 2 ol s o i
TS AL 2 R i T SR R B 19 35 1% 25 A RE M ( Yan et
al. ;2009 ; Chen et al.,2013) ., Yan et al. (2010) #
— 200 e L DX A B e 5 1 45 4 A AT, AR
P 4 AT sl B A 1) 5 S DR A T BE R
GG FE A SR e R T S A L X
FIk 5 Bl B T R R T A DL K
GRS R TR sh W) B R AT AR
(ER=37NEDE 4T RN YA R W veia iy ER (T
AFIF X FAERE T 20, 12 by o Bl Ok 7 T 2%
Pl G R 5 98 50 SR o A O AR, 1
HAESMRIL A b 5 Pk 5 3 5 AR AL, B A0 30

BARMEMIE 52 B IXAr 3% . 2K HE (2005) X
BB N 8 24 (3R ok A W IRy B 20 2 S ) dE AT
T b A R R B LG AR
AL 0 35 4% 25 K R i, T BE N 8% 2 R PSR BOH
0.30, JEHEMI N 0.41, i 2B Z AR 58% ., W h
R AR R T 25 AR AL 1 A B A g o fHL 2
2 M AR B 7 35 A% S A R B AR —B,
SHCFRATTHE I, v D DX o R R S 2 A A
AR 38t 2 25 48 T R AN B UL Sl TS 2 S T

IR FJ BT Ry 3k 5 P A AR Y —
AR 3K 5 ) B R A A AL B
( Elymus tangutorum) JEPEIRIEL (E. excelsus) | [FIAE
Pl 5 (E. cylindricus ) 55 (77 42 45, 19875 Lu,
1993; Baum et al., 2011; B FigR R, 2013),
Agafonov(2001) XT3k 5 77 3% ik & & & T 90 B G Fb
] MBS 5 AR 1 Ay 45 =S AR KF- B
HEAT T AR5, B CLE 5 1 I R N SCR
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Table 5  Genetic diversities of Elymus nutans and E. dahuricus populations
e FEARPEIRTL E. nutans K IR E. dahuricus
DAY
Locus
H[ H.\ Dﬁl G.\l an Hl H.~ Dsl G&‘ Nll\
ES-82 0.604 0.573 0.031 0.051 4.652 0.399 0.300 0.099 0.248 0.758
ESGS-117 0.809 0.798 0.011 0.014 17.607 0.650 0.630 0.020 0.031 7.815
ES-176 0.581 0.552 0.029 0.050 4.750 0.473 0.450 0.023 0.049 4.852
ES-179 0.626 0.603 0.023 0.037 6.507 0.534 0.500 0.034 0.064 3.656
ESGS-183 0.806 0.789 0.017 0.021 11.655 0.572 0.552 0.020 0.035 6.893
ESGS-266 0.739 0.722 0.017 0.024 10.167 0.517 0.495 0.022 0.043 5.564
ESGS-278 0.734 0.719 0.015 0.020 12.250 0.629 0.595 0.034 0.054 4.380
ESGS-328 0.693 0.658 0.035 0.051 4.652 0.618 0.595 0.023 0.037 6.507
FHI{E Mean 0.699 0.677 0.022 0.034 9.030 0.549 0.034 0.034 0.070 5.053

I H,. R SGRAE 2R B, PR 20 D, e L 2R, G, B LR RE; N, SRR, T,

Note: H,. Diversity in population total gene diversity; H_. Diversity within population; D . Genetic diversity among populations; G

Genetic differentiation coefficient; N, . Gene flow. The same below.

xo6 ERWEMEMEESAEBERFNS FHESTHT(AMOVA)
Table 6 AMOVA analysis of Elymus nutans and E. dahuricus populations
25 5K Fri i pam ey CERAN m P
Source of variation df Sum of Variance variation foallon P value
square component (%) index
TEFEPE 0 OE SR TE E. nutans population
J&#FIE] Among populations 1 28.906 0.764 19.08 F,=0.19 P<0.001
JEHEP Within population 66 213.682 3.240 80.92
ST Total 67 242.588 4.003 100
IR G S PR R B E. dahuricus population
JEFER] Among populations 1 37.678 1.455 36.38 F,=0.36 P<0.001
J& RN Within population 48 123.542 2.544 63.62
JAT Total 49 161.220 3.999 100

®7 RESHEERMENZLS NREE
BEThEpER oL

Table 7  Genetic differentiation between Elymus nutans
and E. dahuricus in sympatric species

JERE Population H, H D, G, N, e A _ . R .
AE Bl Bl 0 25 | [) B 2% 8 3] 3% M [X A 3k 5 7 B e
Poﬁljﬁ(}n . 0-383 0.330 0.033 0.057 4136 AT XA FRIR o AL R B AFAE (22K #EF
JETE 2 0.678  0.644  0.034  0.050  4.750 2005) , KL, FATIN M A58 o 48 7R 1938 5 1 P
Population 2 TN >y ) N - A 2
TFHMH 0.631 0.597  0.034  0.054  4.443 B3 e 22 R R P S A 204 S AT T E I
Mean

F5T, 45 B R AAE SSR A ISSR /K I JL-F Jo ik X
G338 B 0 3 4 R R (B A R A, TE A B S A
73 B BRE IBORE b DX Ay 3k 5 T B AT A R R 2
FEE A1 X [) 388 A A7 (83 AT g ol s | 22 0

st*

BN OEZ . 25K HE (2005) F ) SSR T ISSR %} i
3T NGRS P B AR R G R R AT T

PR3k 5 ) 45k o AR PR 2 8 A A B 2 A% 00
o TRV T AT HE I [7) 2R 73 A 1 2 R 40 ol e s A
PAFAE B R ot A% 728 5, T BESK U T % AR vh A7
TE AR 8 A o A
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B0 A B AT A B AR R AR R AE R
[vi) 470 () 242 58 3ok DR 928 3 35 3 A7 A, ol i) 2% 52 356 A
B 15 L B i 0 R 2 B st A5 2 REVE IR
HE B EAAEH (Sun et al., 2014; Wu et al.,
2016) 77 i = J5 b Xk 48 B R T 4 Bl 22 A 1
A5 X3, 76 7% b DXAF AE 3 5 DU AT A 7S A 14 B
B YR (A ESE 1987 X MR AE1999) | BFSE
5 I AT e e R T 13 ol U5 (R 4B B R 4 S
A B R A B IR AR 2 B 4 58 AR AR R F (L,
1993) , 53 ANE 1 X A [R) 38 Bl 20 Jg 47 o ) K 4% 23
TR S A (RS L, 2008 5 X1 A 2017 5 [ T AN
8520185 BESIESS,2019) o RSB[R A5 M)
Fivi] 2% 58 78 J5 AR b e A g R g iR AR
(Lipmma et al., 2013; Chester et al., 2012) , 73k
AT T B BIE 5 v 2 390 e 48 i A AR e A A R AT
RYL A7 5 (Dou et al., 2009, 2017) , i, 3
AT A 2l Bl B 5 15 ) 43 A 104 30 % 0 b 1R A7 7
(0 1] 2 58 FE R B 3 A AT RE X T BRI 9 3 1% 43
iR E mEEAMEN, SEBEMEHL, A%
Plw A2 A BE Y R B A% B AR R ST KR AR
T BLAT 2 X Rk Sk 5 (7 e LR 77 4E ( Dou et
al., 2011; Yang et al., 2017) , WFPe 514 5 07 Gt
TRBEIN A 7E 22 A5 I ) 39 A% J5 B A v e 41 i
JRE PR R S N R e b e B rh i Y
YERI(Gill, 1991) , BRIt 35 55 o 305 i e 70 o0 o o
LR SR AT SRy JE DR A AL 1 TR A AR P o AR 3R 1
PR R R 1 A% S5 A R AL AT BB X 5 AN (] i
YIFp R 2228 SR B i B — 2 I BRLARAE 35 5
PR e 5 AL o Ak S 5 52 A BN LA R
[ P24 3c B 5, AHIF9E 22 B, [R]380 00 A5 11 26 il
PR35 AL 2R R Tk S B, AT TR 1
IR 3 AT BE e R A R ) 5 A
Z W) T e A S B RS 35 5 A (] J e v i R A i
I 2 o Pl i B 22 1A 5 DR A A, (ER s 2 T B
BRERER (A% S AR ML, T BB 76 4 RF 8 2 ) Ak
TR AR I TR SRR
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