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B OE. RN P LB R EIE N (Fa A/N-Inv) BBUFFI M ERE =, DL HIBE A
UL B AEL R SE E R PCR FERDMT T Fa.A/N-Inv FGEFEPRIZEA R 40 IR AR, F
FI 436 BRI e T R SR B LR A/N-Inv BRI i OB (355 b7 T RS2 R & Wy BObs 7 LR
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Strawberry Fruit

ZHANG Ling'?, WANG Yanxiu"", GAO Qinghua’, and DUAN Ke*"

('College of Horticultural Sciences, Gansu Agricultural University, Lanzhou 730070, China; *Forest and Fruit Tree
Research Institute, Shanghai Academy of Agricultural Sciences, Shanghai 201403, China)

Abstract: On the basis of gene sequence analysis of the strawberry alkaline/neutral invertase gene
family (Fa.A/N-Inv), strawberry cultivars ‘Shen Yang’ and ‘Benihoppe’ were employed as materials.
The expression patterns of Fa.A/N-Inv genes under different conditions were analyzed by qRT-PCR. The
dynamic enzyme activity of A/N-Inv and the sugar accumulation during fruit development stages were
determined by spectrophotography and high-performance liquid chromatography (HPLC), respectively.
Eight members of alkaline/neutral invertases were identified in the strawberry genome. The expression

patterns of 4 Fa.A/N-Inv genes are tissue-, developmental stage-, and genotype-specific. The expression of
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4 Fa.A/N-Invs was differentially induced by cytokinin (BA), gibberellic acid (GA) and auxin (IAA) .
Sucrose and glucose, as substrate and product of A/N-Inv, hold positive and negative feedback regulation
on expression of the 4 genes, respectively. Besides, as a signal molecule, sucrose could induce the
expression of Fa.A/N-Inv genes. The enzyme activity of A/N-Inv in ‘Shen Yang’ was higher than that in

‘Benihoppe’ fruits of all stages except for the green fruit. The content of sucrose in ripe ~ ‘Benihoppe’
fruit (50.7 mg-g' FW) was double of that in ‘Shen Yang’ fruit (23.2 mg- g’ FW) .

Keywords: strawberry; alkaline/neutral invertase; sugar signal; enzyme activity

R T RERE A N RS sk “ESE 7 M EZEA (EEH, 2001; Patrick
et al., 2013), REMELE ST 200 0 RER 28, S 5 ARG A AR EK KT
(Kennedy & Garrison, 1975) . it 25 1% (sucrose systhase, SS, EC.2.4.1.13) A1 i 4L B (invertase,,
INV, EC.3.2.1.26) fEALREREZLAR, b RE0E e A I AN n] 305 b fh A R 2R 0 OB AR 20 o Ak Hi
VA0 e A R il pHL, A 3 g R E A1 e B 4 AL (cell wall invertase, CWIND FHER L 4% 10
it (vacuolar invertase, VIND, fiifi pH 4.5 ~ 5.5; B 1"/ 1 % 14 1§ Calkaline/neutral invertase, A/N-Inv),
Ii& pH 6.8 ~ 8.0 (Sturm, 1999; Vargas et al., 2003; Liuetal., 2015). FSEEES: (2009) {E& i
W v o B B — AN R MR AR DY, SRR . fE. RSPy RIS, RS S
RN BB A KR HEBIE . R A (2014) WHBER Fr o 20 3513 51 SoNINT, Z%3E kA
LEAALUE I Hg . PEG F1 NaCl a5 §. Qian 55 (2016). EICHRAE (2016) {EAH
RIN 8 MNFINE/ P PR EHACEE LR, CsINVs 7ERE. 22, W, fErbr e &ik, JEmN PEG. NaCl 1 ABA
Ab3E, VLW CsINVs R E, Wi N AR P a7 iR #EFE A . Dahro 45 (2016) 7EA
YA E) Pord/NINV, ZHER B Z R midh, 584, T58 ABA %%, ZAMHIH]. HiERIE
R MR o PRI A O« I ARk e SR RGP Pk IHIRIRAERE ) o Liu 45 (2015)
TERB I e R 3 AN E/ PR ARG IE Y, I HDNIN2 HAG A/N-Inv 55K D fig, L8 )Rtk 5 0
PR P IEAR DS, 55U, AR A OC. DALY R I A/N-Inv ]2 56 R Q. 4K
RE, ERRKAG YT, N A S AR hE 4

BRI S (PR 2 CLRERE R o AL M PRI RPN SR I S B4, P R M
1Rl CAD JEPEREH BRI (R A %, 2014), FERAE RS, A/N-Inv iEMEERSERE
WIZRHT T B B R A 2 R 93 (Chenetal., 2007), {HIE, S&T HAEmi M/ 1AL
Wi HEDR Fa. A/N-Inv WREFCEF A HGE . AHTUD WP IRER T Fa. A/N-Inv JER KRR SRS R,
H qRT-PCR £iAR 537 T Fa.A/N-Inv FERIA 2V S bE R IE R0 RSER E N IR IE AR X A Hoo 2 4
TRV RSN N, B 7E A R NAIE 0 S A Bl 1/ w1 B A A DR T e 25 R it

QY ZE SRS DARF

1.1 E

PAFPAEAE b A b B 27 g R AT W 56 i YR O AR KR R 4P I8 5545 (Fragaria < ananassa
Duchesne) fnAf “HIEH” A1 ‘40g AR A R .
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1.2 Fa.A/N-Invs RiED

2016 453 H, SRAE CHIBH Al C20B0 B, 258 . fe. B Fhr R E T
IR LR, WA, R AE TR KA & H . S Fait 55 (2008) 17772, HRL4 4
AN SRR (Rsegpta, RRHEEE): ORM (RLaf, A, EERARRERE): &
O CREEFH ARIE 25% ~ 50% ) B CRITERHE AR« REFREANF K G BB R L,
R, RAF T EIGR K& H . R PG E EHOR (quantitative real-time PCR, qRT-PCR)
I3HT Fa.A/N-Invs 168 FE 5 P I 283505 00 o A5 RNA SR BORF 60 T 16 58 5 P s A AR A B2 7
S SFARFI G T TaKaRa A7), SYBR Green [ 26 Y R T RET AR, 514 (£ 1) hAETE
YT CE BMARAR G, LREENAEME T FaEFlo W WNSEER, 26w RINARR N
10x Tag Buffer 2 pL, 2.5 mmol - L dNTP 0.5 pL, _F. #5514 (20 ypmol - L) % 0.1 uL, 10x SYBR
Green | 0.4 pL. cDNAs I pL, JI/KZEZAARL 20 uL, FE40EAT. H P K 480 SZi € 7 PCR (LAY
PCR 48, JNFEFEH 94 °C 2 min; 94 °C 20s, 56 C 20s, 72 °C 20s, 40 MEH: 1Mz Hr.
RNV 3 AMEY S EE, 3 AMORESE, R 22T (Livak & Schmittgen, 2001) 73745 5#.,
F1 SPSS19.0 ¥ J3 #fr s 2 v W &

£ 1 (RT-PCR R34
Table 1 Specific primers used for quantitative RT-PCR

BIL B JPH) (5" -39 K /op
Primer name Sequence Amplicon
FaEFla F: TGGATTTGAGGGTGACAACATGA R: GTATACATCCTGAAGTGGTAGACGGAGG 145
Fa.A/N-Inv B F: ACAGCTCATTACGTGTTTGC R: CTCCAGAAGGAAGACGAAG 231
Fa.A/N-Inv E F: CGCATATCTCAAGATAAGTGG R: ACGTTTCCTTCTCGGGTTAG 222
Fa.A/N-Inv A F: AGTTCACATTGGCATGCATC R: CACCTCTGGAGCACTTTTTC 303
Fa.A/N-Inv C F: TTCTATAGATCATTGGCCTG R: CTAGACCTGAATCTGAGAC 244

1.3 BERBEERRK

ZHE VR (2013), 5 (2015) [MUVERICAK 30 ‘080 FagaeR, w1
LB, HEAR 1 om PHTFLARIBCR A, T T AR TR ARR R A TG D) 8 1 mm S8
Or AT AR AL BE, BILEFE08 P 23 BN 50 mmol - L™ 458, FERENIFA 8%, LA 50 pmol - L™
KL REEMAM R, MR HI (50 mmol - L MES, pH 5.5, 10 mmol - L MgCl,,
10 mmol - L EDTA, 10 mmol - L CaCly) i AHI[FI#K % DMSO. HAMEE A ML T 04 0.5+ 14 2,
4 F1 8 h NIRRT R MK 5y, AR - 70 CHABEH .
14 AR LEE N E

SIS (2004) ({7 FMNEBCE . 400 L S b2 80 mmol - L™ Bl FR— AR (pH
7.5), 100 mmol - L™ #EHE, 100 uL BHEIGE, 37 “C KM 30 min, SLEFAIA 490 uL DNS 4 1E K
I, WK 5 min, AHUGIIE Assge F IR HHAS T RERE
1.5 FIRMEESENE

SRR (2001) BEERAMMED ., B 1 ~ 2 g AR WAL, RSB G 03 ¢
WA, MAKEAT 4 mL 80%Z ¥ 10 mL 2.0, 37 C/KM 1~2h, “F4ij5 4 °C, 100001 - min’
250 15 min, B IS WARAET 15 mL Z1JE 508 H; ABEEEHEE 2 K, A0 LisH, €A% 10 mL.
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SRIGEL 2 mL S0 E T E 2B O (ZLS-1, PEBPEAT)D 60 ChektZ&T, 1.0 mL 4t
KR, 100001 min 4 CRL 10 min, WO ERTAL 22 0.45 um AHIEBUL ISR,
F RGN (HPLC) . ml¥HERiE I Gt 4 PF, i BAUK, Vo 1.0 mL - min™;
el 30 °C; MERERE: 10 uL; WU REHEEE (SPO810: 8 mm x 300 mm, 14 shodex 2 #)); 75
K7 (Waters 2414, 3[E Waters A ]

2 HEREHT

2.1 FHUEEREELAEE

F A0 R 5 [R) U 25 R P 410, DA A R i DS 4 4 22 9 3t Chittps:  //www.rosaceae.org/species/
fragaria/fragaria_vesca/genome v1.1) 2t BLAST 73#7, Gttt 10 MNEEALBEIE, AR i E
24, WP ALY 8 . O T AT AR RENE L ALEE Cinvertase) JEPR SR HEAG R,
gi BN (Solanum lycopersicum) U F T+ (Arabidopsis thaliana)« 55W (Camellia sinensis)~ H %

(Saccharum officenarum L.) KR (Poncirus trifoliata) JEMEFFEACEES P4, FJH ClustalX2 Al
MEGAS, KM NIVAREE T R G (B 1.
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Fig. 1 Phylogenetic analysis of invertases from Fragaria x ananassa (Fa), Arabidopsis thaliana (At), Solanum Iycopersicum (SD),
Saccharum officenarum (So), Poncirus trifoliata (Pt) and Camellia sinensis (Cs)

Number shown at internal nodes indicate bootstrap value, and bar represents evolutionary distance.
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TR ARG RE IR 3 A P A KA, RIRR R e A g ik D) 55 B/ rh P e A B B R o B 2 NIRRT
MBI DA 70 A 1 PR R e A I VAR e/ M e AR R DR 2 O 2 A /NIEAE, Fa. A/N-Inv A Fa.A/N-Inv C.
Fa.A/N-Inv E fll Cs.A/N-Inv 10 At.A/N-Inv E. At.A/N-Inv H. At.A/N-Inv C. At.A/N-Inv A. Sl.predicted
A/N-Inv E. So.NINI. Ptr. A/NINV 73 7E—N/NIEHE [, Fa.A/N-Inv B. Fa.A/N-Inv D Fa.A/N-Inv F.
Fa.A/N-Inv G. Fa.A/N-Inv H 1 At.A/N-Inv B. At.A/N-Inv F. At.A/N-Inv D\ At A/N-Inv G. At.A/N-Inv I,
Sl.predicted A/N-Inv B 54 55— AN/IEHE. FREH 8 AN/ 1tk A 55 DR /e b AR B 1 23 A 5 U
FA TR R P A B oy A AL, XA e AR D RE A R O 4 L E £ A K

2.2 Fa.A/N-Invs tH4R45 S 4 RIE

FIFH qRT-PCR 7047, {E82g % 0 BRI F] Fa.A/N-Inv D Fa.A/N-Inv F. Fa.A/N-Inv G,
Fa.A/N-Inv H )3RIE, W REAFIR GRS/, HA SR k4 . Fa.A/N-Inv A Fa.A/N-Inv B,
Fa.A/N-Inv Cv Fa.A/N-Inv E{E ‘2080 F1 S SRESANLTIHRIE, FAEALGREER

(Kl 2), Fa.A/N-Invs {FBCGA F RIE A 35 T IAA 2L, e, Fhrdhike, R, 25, @t
LMAEAE CRAD Tigb. 4 MERME, FaA/N-Inv A 16 RS SR F o il st 2= il B
BN % . BARkYE, CHF S2ET Fa A/N-Invs ¥ BRE T B HEAE.

[] 4151 Benihoppe B Hi [ Shen Yang
30 FaAN-InvA A 12 [ muAN-Inv B

FAXT R
Relative expression
FAXT R
Relative expression
[=2)

2V 1 R AN-Inv © A 18 1 paANIwE A

FAXT R
Relative expression
o

FAXT R
Relative expression

cCh

| ccD CD

0
wmhE M| FER W B T M wmhE M| FER W B T M
Callus Root Stem Leaf Flower Recep- Seed Callus Root Stem Leaf Flower Recep- Seed
tacle tacle

B2 FREIEZHSZM FoA/N-Invs EREALDEREREER
AR RIS A — R A R 2L 2] 22 57 1K B B 5 K7 (P <0.01),
Fig.2 The patterns of Fa.A/N-Inv genes expression in different tissues of 2 cultivars

The different capital letters were extremely significant differences in different organizations of the same cultivar (P <0.01) .

2.3 FaA/N-Invs ERL A BLERRIRIE
CLLE R CHIBHT EREZ AL Fa. A/N-Invs 1E R SR B i Fe R IE A CEOR AN A (K] 3). FEE R
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SERE, ABU A ANIEENARBITFEE R E N, EHIEAANAE, W U FaA/N-Inv C
KixkiAs am’ KL T AERINE A RN Fa.A/N-Inv A. Fa.A/N-Inv B 5 Fa.A/N-Inv E
KibwERALZE, Fad/N-Inv B W% T WAL O FadA/N-Inv A, FaA/N-Inv B 5
Fa A/N-Inv E RIEEZSFARFE, FaAd/N-Inv B =R R W LTh. W S ma ok vh v i
A BEAEBE S AP I AAAEAE T AR A 208, 1 HAFAE TR — A AN R B o B .

[ #4135 Benihoppe M Hi[H Shen Yang

201 Fad/N-Inv 4 351 FaAN-Inv B
g 16 a g 28
S § a
0 3 0 3
= L ad g 21r¢
%4;2; = 1.2 ;2; = .
= o E} [0
B2 ost 2 14 ,b
funn ] . m oS . a
= = = o=
2 2
=04 b b b 0.7 - ¢
4 2
b
0 0 . .
LS T paam-imwc 24 1 FuANIwE
a 20
g 127 a g
2 o % 16 | a
i T M &
%-K ] ® DS 12 2a a
' 2
' 2 o6 Z z a
E = * =B 08t
2 b b &
Mo03 ¢ b
. b 0.4 - b
1 9 a4 1 ¢
0 L L - 0 L L L
31311 H R T i PRI SAH H R T i 3% 5|
Green fruit White fruit Turning fruit Red fruit Green fruit White fruit Turning fruit Red fruit

3 AREBRMREEENE Faa/N-Inv ZEREERN
AFANG PR b MO R Be ] 22 58 B 2K (P <0.05).
Fig.3 The patterns of Fa.A/N-Inv genes expression during the development of fruits from two cultivars.

The different litter letters were significant differences in different stages of the same cultivar (P <0.05) .

2.4 Fa.A/N-Invs SFHRBE. @RS 3 EZE KEZ/IN L

LB R B A LR RSB e, i RS B AR SR 3 kA AR
T 1 7 1) 3 A B TR e A Bl R I DR S /KO A Y () 4D e AL 3 O
Fa.A/N-Invs 55 P2 R B AR RS, Fa A/N-Inv A ¥ /KF2 M pn2i% (BA) 5%, M1h
TFAFIAEEE 8 h —H AL IE T FIRNTERIZ KR JAA) BERES ()5 2h) ARER (GA)
B %S (PS4 h). Fa.A/N-Inv B % GA H1 BA BN iES (WF 4h). Fa.A/N-Inv C fE4 K ZE kb
P 1 h Al 4h 5 RE N JF HIREm N GA Al BA 48, #e4h, Fa.A/N-Inv E %t 3 Rk A= K1
FIAL LA WY o Fa.A/N-Invs o] AN A K3 IR R AN 245, Uiz AL SO R n]
A2 S ARG T g .



ik ¥, FaLF, mikde, BomlL
PERHF AL R IE R L . FRIE B0 B S SRl 2R SR 1K s ).
24, 2017, 44 (6): 1049 - 1060. 1055

O %H& Control IAA [E1GA B BA

18
Fa.A/N-Inv A
- 15 +
E
W g 12|
H &
® 8 oL
- O
E g
= = 6 r
0
a4

81 FudN-InvB

5,
=}
S 4+
i
¥ & 3t
® 8
2 2
oo S
® 3
0
7 1r
0 ‘

10 pyamamwc

E] 8 r
=]
S
Z
I 3
= 6 |-
A j=9
'F‘é v
o
p, (o]
5z 4 r 7
w3 42
= !
0 22|
~ /|
2+ v
22|
22|
22|
22|
22|
22|
i
0 1995

20 1 FuANInvE

g 1.6 +
w7
® B 1271
® 8
- O
B2 os:
® =
[}
Mooo4 b
0
2
AbFE I /R

Treatment time

4 Fa.A/N-Invs 3 IAA. GA #1 BA SbIRIFR B RIEHER
HE bR 5 R A LS 0] T ) 22 A B B K (P < 0.05)5
Fig. 4 The patterns of Fa.A/N-Inv genes expression by IAA, GA and BA

The columns with * were significantly differences between treatment and the control (P <0.05) .

2.5 Fa.A/N-Invs 5B $E R E 52

FIF 208 Song LS B F, M 1 IR A I 5 3 DR A e si 7K X ANIE R 2 e e Y. (FEL 5D
AHEL T X TRALFE, ZEREMEAL PR N Fa.A/N-Inv A 3568 2K 4 8 h g2 il FaA/N-Inv C 5
Fa. A/N-Inv E 2y 34 0.5 h Ffl 1 h J5BEE 28 Fa.A/N-Inv C (b5 2 h I 8 h) 5 Fa. A/N-Inv E (hb
PG 2 h) W3E N ZERERERAU A R (BRI ThRE, AN S ASHACU ) MAEE R, Fa.A/N-Inv
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A+ Fa.A/N-Inv B fll Fa.A/N-Inv C 43 WIAE 1.4 F1 4 h BEif 22 1, Fa.A/N-Inv E GE R (AEFE 1 h),
U BH R G o] 4 R Wl S N A, ORI AE AR 5 70 T R4 Fa. A/N-Invs JERIRIE . Hi%FEACEE 8 h 5
Fa.A/N-Invs W# 5% R B, Fa.A/N-Inv C % Fa.A/N-Inv E #£ 0.5 h Ja e B &8 BAmk, B mr i
YT Fa.A/N-Invs FIEFENEKIE, L Fa A/N-Inv E 57K V55 AN [FRE 2> RS 543 Wi o e UK
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Fig. 5 The patterns of Fa.A/N-Inv genes expression by exogenous sugars

The columns with * were significantly differences between treatment and the control (P <0.05) .
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2.6 REABIEPEREBL/ FIEEUEEEEWL
CCLEU R RN A R A/N-Inv i PR R B, SRSEKH R A/N-Inv {EPEZES TR R
2). “HIFH” B A/N-Inv 36 P2 GRS 28 P YRR 0, Bl o SURI R B

2 EERTLZENEWEME PEELEEETL
Table 2 Changes of A/N-Inv activity during the development of strawberry fruits pmol - L - min™ - g' FW

ok £33 MY igin gl A
Material Green fruit White fruit Turning fruit Red fruit

£L i Benihoppe 3.666 +0.267 1.232 +£0.115 0.934 +0.070 0.717 +£0.081
1B Shen Yang 2.238 +£0.214 3.012 +0.050 1.822 +£0.712 0.859 +0.055

27 RILABIERABHENINER

W 6 BT P8 B it b SR S rboblE o CARERE g 2, ARG 2 AR SRR o 7380 2 R SRB S S A 2%
MBIk, HAE RS B B S SRR . WIS SRR RERE AN R EAE, ARG 4
U ARG AL B, 0 H P R RS, ARSI B0 RS R (50.7 mg - g FW)
250y P (232mg- g FW) 192 1%,

R R SIOR IR TP R RE AR SR S R/ v A A I P A R B O OC AL =
-0.833; ‘HIfH” r= -0.754),

(] ER¥ Sucrose N 7254# Glurose [ Jo4# Fructose M E4¥ Total sugar

120 1 4733 Benihoppe 75 T Wiy Shen Yang
~ = 100 r L
z 2 35 *
=% 80 -
o 3 T 8 45
25 o0 . 1 5 5 &
<7 E 2 30l
i _-% 40 F um 2
4 E 41 2
B3 | = 15
0 L 1 1 0 L L 1
SR AR sl e gem AR g S
Green fruit White fruit Turning fruit Red fruit Green fruit White fruit Turning fruit Red fruit
Boe EHERTLREIRHTTRLEERNR
Fig. 6 The accumulation of soluble sugar during the development of strawberry fruit
N ‘/\
3 1R

JREE B0/ o P A Tl AN T 30 1 AR R R SRR RN R R, N AERF A B IE TR, X2 MR E
Fim i FRE EEA/EM (Valluru & van den Ende, 2008). A AHTFZEE B, A/N-Inv & —PNEIHERFK
W, HASFEP P LR B R AR . $UFETT (Arabidopsis thaliania) %5 (Vitis vinifera) " 9 />
B Mt (Populus trichocarpa) A 16 AR, 7KFE (Oryza sativa) H1 4 8 /> (Nonis et al., 2008) .
AHE U W A0 b RERE e AL A FH AN TR 3 A 7 AN | CRTER 55, 2013) 0 ABIFFTH A B A ik vh
AL REDE R 8 ANl DAL, ABAEAS DU 53 BT (0 A7 B A i b, AR U B 4 AN 1l D3 IR e s - AR R
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B Fa.A/N-Inv A~ Fa.A/N-Inv B. Fa.A/N-Inv C #1 Fa.A/N-Inv E.

PR TF RERO L P A BRI N (ArCYTEINY D) B4 A CHRR T 2 538 A NS
IR A2 (Qietal., 20075 F BKARFIAK RS BEREOE AL/ PEFAGBR RS R (LjINVI, OsCYT-INVI)
RAZJG, R B4/, 1ok B, JHE3Z (Jia et al., 2008; Welham et al.,
2009), it B R A OB B/ o MR R A BT AR ) T A S ORI AR KR B I R R OCREE R . AR
RIL 4 A~ Fa.A/N-Inv FEDRFE RO A b RIE Bl e, OO TERIM -, L 250 @i gUR
W RIEEEAE, RPXEERFT S S 2 M AR, R ED R G 8 B =R, by
PR B/ I 2 AR T 70 43 K A R P A A A R RN S S R A RV AE KR - AT
BRI DR IE L H0 ] microRNA156 AL F00rg I o 38 3 o) il 8 4% (Lietal., 2013), g
TN Fa. A/N-Inv Fik 5, HEMNZEE 0] Re 2 5 RERK AR, SHERR R EAEH, Tk
TAEACTE At it — D sg g JS e, R RN S 5 A R KGR,

FERHRRAE/ PR A AR AN S 5 4 TR AN AR KR T, 5SmSR ARG SR
Frig RS R B R, BB b P A A R T PRI AT PR 2, R A T A AR B G,
2001; BB 2, 20015 XZACERZETE S, 2003; FRKE %6, 2003). AEFFTHORIL, FAERsLT
A/N-Inv iE LS Fa.A/N-Invs FRIEFHAXAL, UL A/N-Inv 3 VESZOR1E/ b PR AL DR A
[F) B i A RSB 2 B AN, AEOBE 3 AR SRR AR AL, B SRS R B AR B, R S
B #RCARERE A 32, CHIBH B S SCTE A RN TR S s 2B B b RN B S R T G
M S, HReAFERETEEMEYS A/N-Inv HME 2B E M. HPMERLRET,
Fa.A/N-Invs 9ah5 8 (10 42 s o> il AN 52 S SpE 0 AL 28, 5 B S it i

AR, FEBEER A BRI A 2040 AR I8 BE R % RE R 4 A0 B 2k DR 1 308
WFE AP A K (JAA) 4% Lin5 (315 (Proels et al., 2003, 2006), 7% (GA) ¥ CWIN
KN Lin7 335 (Proels et al., 2006); HHHH CWIN G PEE A28 (CTK) /i SAHKAE
PRI N, (Laraetal.,, 2004). AWFRAIEE KK, Fa A/N-Invs GEWNAEK R ARG ZA 3%,
A RELE I A DG % R HEER

43 B 2 RE U A Tt 2 TS 5 o, HOE R B B AN AR5 5 55 PR TR A . AR
KA~ MmN ALK RIE (Jang & Sheen, 1994; Rolland etal., 2002; + L %%, 2004; Tauzin
& Giardina, 2014). AWFFTHISE REKY], Fa.A/N-Invs WIS mi N gERE S, Bt~ Wil 2 B2 i,
AP 5, Fa.A/N-Invs X} A%, el R N iES, A 8 h FRIAREZE N,
TR L] 6 B T BB B/ b MR B A S N, A DR B SN (R SRR =4, 3 Sl S R 0 AR e e
IR o BEAEALATLIRERE DI R T AR S5 AN 5 AU 4t IR RERE AL Wt 8355 3 BEMR B M/ v P 2 A il
FEFRRRIE, Ut BRI 0T 1235 DR S R R AR AR T AN IR A e o] DA A R S N RIS, i ml DA
H—FME 5501 SRR E/ b PR AL L R R A

AHIE G LE T B Bl /b 1 A T O IR R e A R S8 o i Sty L, &5 i e 23 B RO 23
O, WIDIRR T 1% S 5E DR [R5 3% 3 TR M RN P DL e 5 B sz gl A R 2 IRl R . WF9TR
HH P B2 P T R R 2 S R R S R, Cr B B SR A S R R i, < FR R
SRR R 2%, RSN LB RSN R P SRS 2 fif . AR MR/
T A R SR B B N AR R IARIA ) A, # SRR S R O, U A
TSIz AL I SRS DR () S AT R P R AR L i 45 7 5 ANF T Rk o0 B T2 R KX 75 55
. EKE AR EMINERE R N, AR DRSS E T A



ik ¥, FaLF, mikde, BomlL
PERHF AL R IE R L . FRIE B0 B S SRl 2R SR 1K s ).
24, 2017, 44 (6): 1049 - 1060. 1059
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