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Abstract

Aims Adaptation mechanisms of plants to environment can be classified as genetic differentiation and pheno-
typic plasticity (environmental modification). The strategy and mechanism of plant adaptation is a hot topic in the
field of evolutionary ecology. Leymus chinensis is one of constructive species in the Nei Mongol grassland. Par-
ticularly, Leymus chinensis is a rhizomatous and clonally reproductive grass, a genotype that can play an impor-
tant role in the community. In this study, we aimed to (1) investigate the phenotypic plasticity of L. chinensis un-
der different conditions, and (2) test the genetic differentiation and reaction norms (the relationship between the
environment and the phenotype of an individual or a group of individuals) under four environmental conditions
among different genotypes of L. chinensis.

Methods Ten genotypes of L. chinensis were randomly selected. Under the control condition, we studied the
effects of genotype, defoliation, drought and their interactions on 11 quantitative traits of growth (8 traits includ-
ing photochemical efficiency of photosystem II, maximum net photosynthetic rate, transpiration rate, specific leaf
area, relative growth rate, the number of tillers increased, aboveground and underground biomass growth),
defense (total phenol concentration of leaf) and tolerance (non-structural carbohydrate content of root, root/shoot
ratio) of L. chinensis. We studied the phenotypic plasticity, genetic differentiation and reaction norms mainly
through tested the effect of environment and genotype on these traits.

Important findings First, all 11 traits showed obvious phenotypic plasticity (i.e., significant effect of drought,
defoliation and their interactions). The expression of 10 genotypes of L. chinensis was divergent under different
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environmental conditions. Interactions of genotype and environment significantly affected the maximum net pho-
tosynthetic rate, transpiration rate, specific leaf area, relative growth rate, total phenolic concentration of leaf, and
total non-structural carbohydrate content of root. This indicated that the phenotypic plasticity of these five traits
exhibited genetic differentiation. Second, the increase of number of tillers, belowground biomass and
non-structural carbohydrate content of root did not show genetic differentiation under the same condition. The
other eight traits showed significantly genetic differentiation, and the heritabilities (H?) of six traits related to
growth were higher than 0.5. The leaf total phenol concentration and root/shoot ratio showed genetically differen-
tiation only under the drought and defoliation condition, with the heritabilities being 0.145 and 0.201, respec-
tively. These results explained why L. chinensis widely distributed in the Nei Mongol grassland, and provided
genetic and environmental basis for related application and species conservation in this grassland ecosystem.

Key words Leymuschinenss, genotype; adaptation; genetic differentiation; phenotypic plasticity; reaction norm
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A AR KR B IR AN AT S 25 g SR
AR AL, AR PR R AL 32 A P Rh a8
f% 43 1k (genetic differentiation) Fl 38 %4 n] ¥ E
(phenotypic plasticity) (Liefting et al., 2009). HI#f&
18 I a5 A% 1 AR R A R AR E AR ) R AL AR R
(Hedrick, 2005); Jim & JU) i Joh 34 55 1 738 ke 7= AR 4 it
TIE R F AL AR 7 (Sultan, 2000). [[]—3FE K AILEA
[F] 38 53 R 7 AR ) — &R 51 3R R A RR O R T
(reaction norm) (Miner et al., 2005), SN FHVELE[A]
— Wb A [F) 25 DR Y ) 2 A7 AE R 2 2 R (AR A
FOTERI AR S35, B S RIE st A% 4 A Bl
TUR] S ()38 4% 24 (Mallitt et al., 2010). F A8
P55 18 4% 734k A2 AR 3E A B AR A B P Bl AS [E](H -
AN HARHE R ) SRS, B — b 0 B ] DARE A R A
A IR AT 3B AR A4k, PR O PR AR AN I R A
HEVWS AR AR 7554 K (Sultan, 1995).
XN BB RN FEAM RS T A pont
PAE IR N SR WS AN AE R AL, 17T BB AR R4 R
AL A ) HEA TS AT IE R TN, R, 1%
J7 TR 56— B LR Fe Pl B AR 25 5 L Pl B a5t 4% 27
HIF 72 1 #5517 B (Lande, 2009; Draghi & Whitlock,
2012).

b5 PR AL 22 TC AR, AT B Ff
A 5 DR [ P PR AR e AN (SORT A 110 3 I 1 A
HEZEH, M HARREDMACHIER, X%
ThZRAEDS RGN B A HEE 0 (Crutsinger et al.,
2009; Cook-Patton et al., 2011). AL FIZL [y K
IH-j5 (Zostera marina) MY ALE AL W) & 7 TH A7 1E 2% 7,
M HAE S A B Z R A7 AR 2 5, A
[F1) 2[R 28 3 3 L 7 40 M) FH 1K 40 4K (Hughes et al.,
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2009); A~ [R5 KA ¥ 59 1L % (Popul us tremul oides)
X RV GIEA 2AFAE 2 5, HIXAZE R
FH I8 A% R 2 o 72 1) (Stevens et al., 2007). [Flk, T
L) o ik R 2 1) 22 e ) Bt 9 AN e S A A 3
W, T H X R AL R ) EE A A IR A T
i A — IR = L (Johnson & Agrawal, 2005;
Kanaga et al., 2008; Hughes et al., 2009; Le Corre &
Kremer, 2012; Strasburg et al., 2012).
A2, REE 201 40 804E AR LK, 4Bk
SN RIE B0 5] R A S RSB INE
FFAENEE AR RS, BT E, R
T B PR SN B A A R AR L B )’ (Joshi et al.,
2006) o TTX— i) e A e ke 32 2 AR rp £ B i A A
DI BA PR IR 58 AR A R L A A R S e ) B 7 I
ALY A 745 R G A EE R~ AR T E M
(Seliskar et al., 2002). =% (Leymus chinensis){E A A
S B R PR BER, AR &N R SR
R, IR TR I, SE RO [R5 AL 4k 2 2
(W5 B4%, 2001; XIFESF4E, 2004a, 2004b), HE
PRCEKFAE TR B 2 F(Wang & Gao,
2001; 24045, 2004; ZRigAesE, 2011); HEXX—
H LY MG AL RS A RNET . 7,
FRAE R ZEROREL, @it v P 50, FELeREE
FERAERE PO SR EE R . iAot
FURIN, = EAS [R5 R Y (8] B A AT ) () A
BALEANIRL(HRFTEE, 2015), (HIXFPE AN A&
A AL PR TR A1 BESE,  HAS R 2k PR 24 [A)
PR B 22 S 02 15 BB 8 s WP IV SR S (10 AN [ A DL ik
TH. PR, TN 5 R X — B2 P B R
JEIFIK 53 o3 ATAN I SRR B, ARBIE TR e 584N ] ik
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(DFEIABL AR, (72 5 2 = e i R
R AT EE J Xof IOL 1038 S SRS () PR 10 S B2 AV
FEFE R [B] 5 R AFAE B35 22 57 Q)R — I 56 T,
FHRACE RN T I R AN B, JF R ORTE
RIS T 5 B AT S2AH SRR EAR . T 1 45 RAS
TURES 1 A F S AR AR A (R 3 S ML) K SR,
B BRI AR S ARAL A O AZ P (R 5 Wi S (1L H 10 I
fidh, 10 ELX == FORRE S L FTAE VR I S BRI L R
PRSI AL BAT R

1 #MRFITTE

11 sKIgwrel

RSB B 2E B9 20104E T A 52 1 45 MR
I3 o] EEUIRE g g 78 5 R 7 (43,900 N, 115.34° E) K4
3 REEERR, A FHISSR7; T 5 iC (AG), T M (CA)sA
e R A (EF, 2004), FHFHEATH T . FEFRFERIZ%
PN B3R DL BR BHAR RN, JE AR 22T M A 1S 2
[ — LR B Ko BE . A AR IR Y AR B ML ik
PEIOMNFEFR (Y7, Y8, Y18, Y23. Y24. Y25.
3/0+ 3/1. 3/25. 4/6)iEAT S5 .
12 FWEIT

AR =R R wt, RIEEREA(10) x
XIEN(TEXE(De-) X E|(De+)) x7K 73 (FEFF(Dr-)-
T2 (Dr+)), FANEROANEE . X E AR FEX]E],
BE#15 cm; JET R AH (D)) 35 K B AR FRE
15%-25%; T 5(Dri) bR FF1E4%-9% 2 [7] . B A
SO A 4 B R T 45 1 X6 I (De-Dr-) o Al
(De+Dr-). T2 (De-Dr+). ME|T F(De+Dr+).

20134 F1 H 14H, EHFAERKRERE . K/Ah—
| FER S BE, IR R AT AR g — KRR
BB EE R NS em, N IR RKEA
15 cm, Ho_E3BHFr BON4 A . B IX e BERS F 5%
TR A I B A220 ecm B RHE A, BRIk
XA NIEE I 788, EHME. ik —Bi
B E A K G, £20134E4H 18H, X s2ib Fhit
AT TR EE20134F10H 14H 2R 450, IF
F20134FE4H18H. 7H4H. 9H4HBHATIVOME,
SEIGIAIR], JoE IR0, BRI R AR, TG iR A
PHAE e, BT ZBENLER R, R2 AR 304 E 1R DL
TG L B AN o SIS AE B TR 5 AR A 2 e I
AT .

WA AR R S R R A AT A R iR i 361

1.3 IBFRME

AHEFCIESE T 1N br gt ATl e, AFE8sS
KA SR FR AR, R (PSIN) e AL 2 850K
(Fy/F)~ BRIF A TH R (Pomax)~ BB R (T, b
HTHF(SLA) . FEXAE K R (RGR) 7 BEIE KA
o R R R R AR, 1N S PTEA OS 1 e
b, WREIRIE, DLR2ANS SHEYI 524 0% e AR,
RAEGE R PERR KL B P(TNC) S B AR b . HLAA
W L F

Fo/Fum: T201354H20H L4, BFEA L
Bebk A AN R SE A ST R, S AR EE20
min J5 i I { 4% 20 i 4% % 9% 9% 4% (Handy PEA,
Hansatech Instruments, King’s Lynn, UK)#47 il %€ .

Poma 1 T: EFEIG B TE = 1 1 -(20134E4 H 21
H %23 H), 1 #0651 (L1-6400, LI-COR,
Lincoln, USA)IEFEE F H IR N R FME —
SEATJEITIE, MRIEHE TG R H ROGE, ¥ & e
I35 9800 pmol-m s ™!, M IEE A25 C, WE M
F Pamax 1 Tre AEIE I RE J5 6 A5 B8 7 2 Fa )
B, X PR R B — M 2 4ERF24 h, MERE
REJJFETE, IXA S SLAE 2 AN AR SZ A0 0 v A2 AR A
fFJ(Richards, 1993). Kl L FRA TIE FEAERI 124 h J5 Il
EF/Fms Pamax M Tro

SLA: 2013410 10H, DAEEMON BALERE A
] 4035 = R 5E A R T 1 BRI A, DR e T RRAY
(LI-3100, LI-COR, Lincoln, USA)ll %& i F T 4,
80 CHtT 218 i & J5 F1 1/10 000K F-FR &1 F Tk
&, SLA=M IR/ TR E.

RGR: RGR = (InH, — InH)/(t, — ;). 1, H,.
Ha 3 53l 29 J1E ORI 8] J PR R v 0 — 2R S8 i (B
SRAD IR Gy 2 BAH . H 0 SR ) S8
HARIFEXIFI3 K, Geit5r T BT FHRGRA3 IR 4 R (1)1
BIE .

YEERIKH, Hh REE. bR AR SR b
2013410 H 14 H, SGuit/rBEEL, L1467 BEAUAS
By BERGRKH DABEAR N A de kb B30 5 T R
KA, 105 CA730 min)5, 80 CHETEIHF &,
1/10 000K ~FFx 53 243 il 43 B b b 2 P Ak R A=
YT, I EREL.

P A Py YA PS5 U0 5 SR FH 2y L £9.925(Malinowski
et al., 1998); TNC /& &l K HH3, 5- 1AK%
Eb {f192:(Da Silveira et al., 1978), FAR$E AR N (94 T
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WV ETFETINCE &,
1.4 RIS

F1 T4 (B S NExcelBHAT 3 H . it [&], A
SPSS 20.0 (IBM, USA)#EAT H 45 8t it 4347

FIFHSPSS 20.00 £ 34T IR PEA LS, X AFF
B IEZS A3 A (B HEAT W B 3 A5 2 5 6 7 2 bt
FIEESR . SRJEFIHISPSS 20.0— R MR R (GLM)
(122 R R 7 2 0 W VT AL 2 78 B R (G M1 b 38
(De)~ 7K Ab 3 (Dr) LA B e AT 2 18] i 22 ELAE F 6
NI FE A3 T A B () S35 v o A R ) PR A 45
AN LR Y BTV bR R, B H LG A [
SRR AT B . S SRR R [A]

AR SR R ot Rk, RSN E S
[) R A S T AR R BRI S, 1 i R 28 [ )% S AR
RIBUER R R TS IE— RS %A gt S5
Xof e — PR T B KA, A T8 43 IR AFR IR B
FAE I BRI 2 T AT T AN a8 (DR R
DR 3R 5 25 40 oA 0 32 D) 28 %ot O30 28 6 f - 44
B, FEn R AR 525 AR B kT X
WAL Jy(H? =145 77 22575 72(Kanaga et al., 2008))
(1 T 55 S VP £l 55 DR 28 [ (19 388 A% 2% S5 (19 5% 1] (Tokeer,
2004). JEHINH, YH? <020, J8 TG, 55 %
7702 < H < 0.5, &L H > 0.5, A
SR JEAL (TR, 2004). () T PEAL PR 2L 1A
A S5 DL BRI 0T A8 S R DTk, s R i 02 53]
53 M1 (CDA) 73 73 X5 AR A5 2% A1 T B 104> 2 R 284 s

IS
52

RL NIRRT GRTAR 7 1) 2 B3R T7 2 0 M RS HAR

1T IS NI S Tk % . AR
B CDATE 73 B Flt N A8 55 15 2 5 20 (Hughes et al.,
2009).

HR

REIATEBEAN S R RS

FERA, FE X R BAERAX A F R bR
52 H AN e (R, KR EWA T T
107 56 PR 704 2 B AR AR AL B R 25 AR AR I R B v 98
PERI I NARTE, 25 BA MR AT
MW ) bm AR I R A AR TR AR
AR R Z2 BOW AR AR 2 2 (R 1)(p < 0.05), B
B YRR A R A AT M, X E b B4 T RGR
DB S Bk FE (BB 10), TR A B R ma AR d
P (BTK) o i 22 R 2 5 B 855 PR - 2 i) 28 LA R XS
FELeFE AR R, W TR A B Poax s To

RGR. MRy I AR TNC S, PR A x T x5t
T.» SLA, RGR, M SR EFMRTNC &, DA
DRI X)) - AN G RGREL B2 52 (p < 0.05),
F WX L PRAR (1 3R B mT I B AL 2 A . Bk
K4y M, MR X R (De-Dr-), X ] 58 kb B
(De+Dr+) T 2 [K1 Y3/25 H i e By 34 B2 (7 2 A %) ¥
E T, Y245 R B R (D), AR T
& (De-Dr—), X % kb ¥ (De+Dr—) i 3 K] £ 3/25 1 A
TNCE (i 52 AH ) & 2 i, Y8, Y18TGAH B4
1h(E1T).

2

2.1

E/
W

Tablel Multivariate analysis of variance for genotype and phenotypic variations and interactions of genotype and treatments in Leymus chinensis

YEWR Traits HpE MUEA FHR De x Dr EREBE HEEBFR gmp s«

Genotype (G) Defoliation (De)  Drought (Dr) G x De G x Dr NUEPES!
G x De x Dr

F p F p F p F p F p F p F p

W RGIDEAL A% Photochemi- 19.47  <0.001 2,649 0.105 17.19 <0.001 0.476 0491 1.064 0391 0912 0516 1.824 0.066

cal efficiency of photosystem II

BRI #%E Maximumnet  41.08  <0.001 3157 <0.001  7.305 0.007 0.023 0.879 9.143 <0.001 1385 0.197 1.353 0212

photosynthetic rate

FEHE 2R Transpiration rate 4.878 <0.001 4979 0.027 2226 0.137 1.764 0.186 3.817 <0.001 2.805 0.004 0.881 0.543

ELIFTIAY Specific leaf area 3781 <0.001 343 <0.001 2916 0.089 11.62 0.001 1.231 0278 2207 0.023 1.843 0.063

AR A K3 % Relative growthrate 2.829  0.006 1765  <0.001 212.8  <0.001 115.1 <0.001 6.55 <0.001 3.071 0.003 4.847 <0.001

Iy BEBEK AL The number of tillers  1.842  0.073 4488 0.037 30.15 <0.001 24.72 <0.001 1.061 0401 1.5  0.162 0.848 0.574

increased

1 EA 4 Aboveground biomass  1.454  0.167 0.007 0933 69.06 <0.001 28.66 0.001 1.116 0.353 1.848 0.062 0.635 0.767

AR Belowground biomass 2249 0.021 1221 027 2193 <0.001 11.07 0.001 0.527 0.854 1.644 0.105 0.664 0.741

I SATRUKEE Total phenolic concen-  1.624  0.111  30.62 <0.001  0.002 0.962 48.21 <0.001 1978 0.044 2321 0.017 0957 0477

tration of leaf

ARSI MK LS a8 Total 1480  0.157  11.09  0.001 47.13 <0.001 16.21 <0.001 1.938 0.049 2462 0.011 1.76 0.078

non-structural carbohydrates content

of root

H5E L Root/shoot ratio 0.976  0.461 0.099 0.753  6.005 0.015 0479 049 1.099 0365 0.855 0.567 1.093 0.369
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Fig. 1 Reaction norms of traits of 10 Leymus chinensis genotypes under four treatments. De—Dr—, control; De+Dr—, non-arid defo-
liation; De—Dr+, non-defoliation but drought; De+Dr+, defoliation and drought.

22 BREAEMKRI XiEEH

53 99 o A Kb B S A TR (R PRSP S 3 AT R A
TR (R 25 5 0 #r, 45 SR SR, SAMPAIRAE 35 (R 70 A A7
ERFEES(p < 0.05), MABEM KA. R HEY
FATNC R R AEAFPIREE 2 AT 35 ARAR I 31 5 R 2
8] 1 2 5 (p > 0.05)(F2). EXTHE(De-Dr-)%6 1K, 6
ANPEARFETI PR AR 4] 14 5. 3 22 R (p < 0.05), o
Pomax I T HIH 5 F0.5; 72X %](De+Dr) &4 T, R
A 3R R I LR LA 0 5825 25 5, L P
MRGRIJEAE F1(H) 55 T0.5; 10 T 5 (De-Dr+) % 1
T, SMMMREMERHHE RN M EEZRP <
0.05), HHF/Fr Punax MRGRAIH S F-0.5; X & T
B (De+Dr+) b B4R, 6K R H FE R AL )
¥ 23 22 5#(p < 0.05), HHF/Fos Poma MTRGRFIH?
BT 0.5, M Tk AN AR R L AN A A T 5

(Det+Dr+) 2 f1F T~ 2B H 25 DR Y i 1 2 3 22 57, W24
H1°40.145%10.202.
23 FIR S

47 AL PRI\ CDA R BH, WA bR Hi0eh 5E fife BE A2
FHI59% UL b, (HARFPALERR, AS [R5 R 2 SR L
SRR REZER, I HXTHETA KB TR
K Fabs A TE AR, 5340, AL AT LUK I,
T E A B 264 T, A — AR AL LA
S S AEE AR AR I, H IEAS R B SR AE — i,
F PRI AEAE DA 25 35 m DA = B R AR S 2 A
oM (R3; K2).

3 i

H SR PP Bh 2 2 2 AR AR AR, FRES R A%
] DA™ A e B AR e R IR B PR A 2E AL (Bolnick et al.,
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R2 VUBRALER A% N 2 TR AR ) 2 LR T AT 5 T S (R A

Table2 ANOVA analysis and the broad-sense heritability (H?) estimates for 10 traits of phenotypic variations under four treatments in Leymus chinensis

PER Trait X}t Control X E| Defoliation F £ Drought MEIES!
Defoliation and drought
H? p H? p H? p H? p
HRFZIIEAZZLZE Photochemical efficiency of — 0.000 <0.001 0.000 <0.001 1.000 <0.001 1.000 <0.001
photosystem IT
R A% Maximum net photosynthetic rate 0.847 <0.001 0.679 <0.001 0.585 <0.001 0.660 <0.001
7&J51H % Transpiration rate 0.538 <0.001 0.948 0.380 <0.001 0.168 0.029
FLITHIAR Specific leaf area 0.221 0.022 - 0.127 0.171 0.022 - 0.061
XA ZE Relative growth rate 0.400 0.002 0.727 <0.001 0.625 0.001 0.515 0.006
S BEMAK AL The number of tillers increased - 0.314 0.286 - 0.410 - 0.056
M FAEY)E Aboveground biomass 0.269 0.007 0.787 - 0.752 - 0.075
Hi N A5 Belowground biomass - 0.151 0.145 - 0.523 - 0.553
By Total phenolic concentration of leaf - 0.170 0.201 - 0.616 0.145 0.004
TR 5 K B KA & %) 5. & Total non-structural - 0.201 - 0.062 - 0.550 - 0.951
carbohydrates content of root
R Root/shoot ratio - 0.936 - 0.061 - 0.068 0.202 0.017
—, BE[RRY R 2 5 R L AR PAT T S0 Sy (HY) AL
—, the broad-sense heritability (H?) was not calculated because the p-value is bigger than 0.05.
F3 DUFPALER S S REPIOIR IR st T ) ) o 5 R
Table3 Function coefficients of canonical discriminant traits of Leymus chinensis for four treatments
YRR Traits *FHE Control X% Defoliation F4 Drought MUEESE!
Defoliation and drought
kel BRI %2 B 1 k) kel B2 EEel 2
Function 1 Function2 Function 1 Function2 Function I Function2 Function1 Function 2
H R GBI Photochemical efficiency of — 0.891 0.966 -0.510 -0.191 1.585 0.717 -0.193 0.312
photosystem I1
BRI EAE# A Maximum net photosynthetic rate 1.285 —0.462 -0.905 0.865 1.231 -1.609 0.783 ~0.672
FEJ# 3 Transpiration rate -0.561 0.125 0.491 -0.213 0.576 —0.827 1.319 0.098
Lt AR Specific leaf area —0.692 —0.533 0.542 0.219 1.341 —0.835 —0.042 1.452
FHXAE KR ZR Relative growth rate -0.588 0.815 0.962 0.953 1.235 0.236 1.101 0.267
S BENAK L The number of tillers increased -0.416 0.347 -0.424 -1.030 -1.365 0.603 -0.079 0.521
Hi B4 Aboveground biomass 1.114 0.571 1.919 2.834 -0.579 3.541 1.323 2.44
Hi N A5 Belowground biomass -1.81 0.104 -1.614 —2.049 1.594 -3.385 0.055 —2.852
M@ E Total phenolic concentration of leaf 0.126 0.905 -0.714 -0.021 -0.115 0.486 -1.226 -1.07
MRARLE R HERRK AP 0.598 -1.076 -0.010 -0.446 -1.058 0.564 -0.129 —0.498
Total non-structural carbohydrates content of root
R L Root/shoot ratio 1.174 0.781 1.201 1319 -0.141 1.039 0.838 2.452
- RER) 75 % Explained variance (%) 49.8 31.9 445 30.2 59.2 20.4 373 22.0

2011). FEAWITTH, FOUIFEAREIR AL B3y 52
FIMSESRAF I R, XA PCRIEA R Ak
B, R IUAE [F) — PRI A B2 A 1 A [ 5 [ 24 ]
(R1; K1, K2), KRR AT IEVEAE 5O VIR
T EAEEREM . FRERI BN 82
HLREGIT 527K 7> A MBS SN A B . EAN A A
Bz A KRB T RO S SR SR Ao /T
SAVERENE TR B ARIE FE XS FE D A REIE, AR A I X
PRI )R AL IR Bt — AN 22, (R SCRE AR P
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1 N T HR 8 (Nicotra et al., 2010) . X1 1 4b F HE AR
TNCH &(E1)), B S YHE 2 % 3
FRER, AAE PR b 380 30 A SR At R R, &
DL 2 Y AR AT R T EARIL T,
PRAR 76 LE 3G I (B, LA DR B0t 7K 8 3R R
YD MR K A IR . SRT, HK 2 T L Y
AR LG, 7T 5 I RO, A [ R BR 2 2 B0 B
SR8 FE 1 RO 52 PR R A IR E B, B2
BEAR 7 =F SR U i 52 7 (Gao et al., 2008)F1[;
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Fig. 2 Scatterplot of canonical discriminant of 10 genotypes in Leymus chinensis for four treatments. A, Control. B, Non-arid
defoliation. C, Non-defoliation but drought. D, Defoliation and drought.

P, X PR 0 4R AN DI R (0 A3 = AR AN R
FAUFRIE, 1R iE S EEE R (Malus domestica)
P A K R A Ok 2R A AR A R R R
(Gutbrodt et al., 2012).

B T2 EE A, ZHAEKIRbR 2 E B AL
RIS 2, WP ymaxs SLAL RGR. 2EERIN A K
ARG A R S B FPRE B2 (R D) BB AN [ 4
(A 20 2 B 1) SR YR SR HLBE I AN [F] (Yang et al., 2009),
NI S S5OR B N S R R () AR S A 1 22 57, AR AN
BRI Y 2R B R DL T ) AR 25 A TR ) 7 X
HAF, 4ERFEHRPRE I 2 FE M (Chang & Smith,
2014), XLk R AF AR T HIR J5 55 (2015) 0 5T
R 22 B R BY 20 5 2 BE R E B i AR 2R = T LA
FBF I I IE RN, FERN TS AN
EHFRESIERMSE R, HAa AT es s
Rl a8 A% 2 FE I B LA 5 PR 2 BEPEAR UL 7 X
PERAEVE L )1 I AR 8 T (Hughes et al., 2009;
Kotowska et al., 2010).

AL, RN E), FER A -5 DL R A
RO E < 0 VR A2 B 2 5, R BIAEE
SR A2 0 HE D A LA ) B SR R AR I, X 2 ik
— R R N A 2R R D RE 0 R, HOX Rz A
AL 5Ll . AR FRIE, FP YA ) A0 5
1) T AE a2 A T A R e IR % AT T RIE
(Pigliucci et al., 1995)——Bf % ilie 7P B3, 1
IR IEAE J1ZHT IN(Aslam et al., 2006); {HHAG A
RIAET 52564 N MR 7 2 B IK(Eid, 2009).
TN, MR I8 A% 7700 RN B 58 26 AF A2 4 HL %
B3R, (BT DUR B, AR ™ 5 i P85 &
ORI ) - 52 AR ) T I S B IR B ATAR TNC S R T
o R R R ) 0 B 2 2 R (R 1, 3R2), Ul ISR AT Y
A AN E RS R T W A, WA R Y325 T
B4 e B G T, R B R R R 2 T, T
Y24 SR EEAEAEEAR, WEAMHZESRE A A A
5 DR R 0of PRI AR A e 87 1) 22 S e A 1), e AN
R Y Yy Boechera strictalfif £ 14 2 7+ it % (Haugen
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et al., 2008); A KAEAN[F]HE 3 1) /N (Triticum aes-
tivum)fI26 N F M MRS 2GR KER
2010); A [7] 5 R B 2% At

(Fernandez-Orozco €t al.,

(Lycopersicon esculentum)7E AN [ F2 B 3 e 2614 1,

RIAEK, Nao K& & DL ICE A M RIEA
(Manaa et al., 2011). Mallitt%(2010)8F 5t KB, EAR
[ 7K 43 0 e 5 B AR AL 26 T Kﬁﬁﬁﬂ%
Lepidium bonariense®R LAN[F], 52 3E R Y x 7K 43 x
MR HAE R 2 . 23 () 3 IR B A 855 22 HLAE
FHZRH: BREE AR 2, IR YA T R DAt —
Ry Bl R, 45258 R B 22 AR M O A TE R 4 4
FEAEAR B A TR AR 7 (Ackerly et al., 2000), %42
T REVE AR E PR Ay B

SER R ZE R AU iz ] BB A, T
LA [i] e R 8 = 2 2 IR 7 e S PR P 28 AR
RN U iy | S N ([ N 1 =8 E G o
LR DR, A R R X A SR 85 5% A AR AL B A T AR
Wt o 25 G A IR B 22 % mT DUR SR b K
FZ FEVER Ih BE © A 18 (Kotowska et al., 2010;
Cook-Patton et al., 2011), X} 2 55 JiH [ PR3 A EL
TR PR Z eV, HEORY E R A 2R, X
X B JEA S RGN A Re SRR SR R PR S AN A
HEHEEMRFZEX

EEWE BERAAHAF
S 3k
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