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(W EgIE 2 B A Rk HHEOR = BE, ) AR T 524048)

8 FE: GIGANTEA it D5 5 fif 4 T A6 A A BT A AR A0 ok B2 vl 45 3 24 o R0 P[] 90 e o R
RACE-PCR {1 773k 133 # 1 GIGANTEA EF4K cDNA J¥41, 44 AsGl, GenBank #3'5
KR095281. FPHI4HIRIE, TEHEIRTG I A AsGl LXKy 3 465 bp, S 1 154 NEIER . EIERT
H LK SR R A R GL AR URE 23 A 77%H0 76% . MR ISR (1 RIS B, T 7 AsGI
o E I R NN e B S 5 1 P O Sl 1811 VN €) R 4 & S 25 375 e e v 112 0 2 LIS B | B 0 /8
FI, ANREESI RN T iZER RS GFP WY R IEE AR, W R WA BRI AR5 1R
Bz A0 M AR A BE NS, RIAE A B 2 B AR P A0 A A Sk 98 o SN T B RT-PCR 45 5%
W, EAFMAS T, ASGI IRILRAFAEZE S, FEM . 1B IS T RIS EARR R . AsGI S
BRI RIS, K HBE )y AsGI7E FUB A i TR H U, 7E4 H. 6 HRI8 H, AsGIIf)
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Cloning, Subcellular Localization and Expression Analysis of Circadian
Clock Output Gene AsGI from Sugar Apple
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Abstract: GIGANTEA gene plays an important role in several molecular regulations in plant, such as
flowering and circadian rthythm oscillation. A full-length cDNA sequence of homologous GIGANTEA gene
was cloned by employing homology gene cloning and RACE-PCR from sugar apple (Annona squamosa
L.), which was named as AsGI (GenBank accession KR095281) . Sequence analysis showed that the AsGI
gene has a 3 465 bp open reading frame (ORF ) encoding 1 154 amino acids. Sequence alignment displayed
that it was a similarity of 77% and 76% with GIGANTEA of Vitis vinifera, Elaeis guineensis, respectively.
The phylogenetic tree showed that sugar apple AsGl and Musa acuminata GIGANTEA are the closest in
molecular evolution distance, followed by Phoenix dactylifera GIGANTEA and Elaeis guineensis
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GIGANTEA. It was speculated that AsGI protein is transcription factor, located in the nucleus and it is a
non-secretory protein. It do not have a signal peptide. The plant expression vector was transformed into
tobacco via Agrobacterium tumefaciens mediated transformation. GFP expression was observed in the
nucleus of the epidermis cells of tobacco by fluorescence microscopy. The real-time PCR results suggested
that AsGIl gene showed a high transcription level in leaf, flower bud and mature flower. Interestingly, the
expression patterns of ASGI gene are circadian rhythms expression. Under long-day conditions, the
expression levels of AsGIl gene are higher than that under short-day conditions. And the the expression
levels of AsGI gene are relatively high in April, June, and August. This study provides some references for
further exploration of photoperiod pathway of the flower in sugar apple molecular control mechanism.
Meanwhile, AsGI gene could be used as the target gene of molecular breeding of flowering phase.

Key words: sugar apple; GIGANTEA; circadian clock; subcellular localization; expression pattern

F w1 (Annona squamosa L.) KIZF AL, HMZFR LR, A5l A, IRF— e Ass
WK o FEA =S, — M 3—8 AR BB A T — 1 it v, 454 B T slcd Lol v] LA
KRS, RIS, SRR 80% LA fgidt. e 9 HESUE 2 Al X —BBIHAR, FHR MR
R B AR, IR X 56 B AT — 2R AR (Olesen & Muldoon, 2009; Soler &
Cuevas, 2009; B4R %5, 2014),

B AR Y O] LLIE L RN B A B ARk (Daniel et al., 2004; Luetal., 2012) FZET H EK;
[ (1)K, SRR 1 ) Bl TR AL (R TR o 33X 2 R4 5 RS A 3 DR 2 5 ) [ 2 WL A 1) 45 SR (Hayama
& Coupland, 2003). Ak H IR GI (GIGANTEA) &6 JE 3 A2 1 45 JT AL () S FE R 22
—, SRR, T IR R COL FT R IR, JFIE I COL FT RERIp ik, Fitk
Gl A& AT PR A S 5y TR MU TR R 1 /€4 (Tseng et al., 2004;
Jungetal., 2007). HHEIXTIIEIT Gl K (AGD WIS Z, AtGI 5848 T] 5L 7F 70 K H IR
A FIFAELEIR (Fowler etal., 1999), 1M AtGI i R IA M5 {EHHTJF /L (Mizoguchi et al., 2005).
ERRET, TRRALEK H BE A HIR AT, OsGl i ik 42 S EUKREHEIR AL, KUK
Feih OsGI [ A H S AR R I ] BE S M X 1) (Hayama et al., 2003). BEAh, 76 KE. BK.
BAE T E TS BIMI N () G L (FMEE 4, 2012; Bendix etal., 2013; Lietal, 2013). Gl JE[X
TEAN A H R B h K D RE AR AR IR 22 57

AT TR T B Gl JER, I LT AE S B AR, AR 7 B A
WAL A2 110 2 TR s AL B 3t — 20 N FH AR 1 23 7 7 o B ik

QY Vi SRS DARFA

11 M &I

5 AR T 7 AR T 0 B DY A B By SR G T AT AR, A B

2014 4F 7 A ARAEZR . TEE. W B3 BORIE RIS r) S T4 B R etk Rk A

2014 4F 3 H 10 HAE[F—BRm kB AF0 1 B — 30 8 AR o 3 KRR 70 ~ 80 cm
)1 AR T TR R 4% 3 K, o 1 BN LT 2 CREIXF D 1 B LT et 1 B eTiident, F
3 H 25 HEUBA IR 2y, H T e AR B 75 4t
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— AT 7 A ARG BT T AN DG R R AR B A R M . AEKHIR FRTE 20d Ji5, ik

ALY ST HIRERE (P 30 em ZiAT, WERER 10 LA D, 12014 45 5 AT G FRFE T kAT R H R
(9 h/15h, 8: 00—17: 00 YD) K HMALRE (15h/9h, 5: 00—20: 00 M), B/REE BN

25°C/22°C, AHATEEE 65%, JEHGRIE 220 pmol - m™ - s™. 72 h 5 K H R H IR 5 B0 B3t
ICREI B2 = O B IFA6RE 4 h BIOFE 1R, 3% 6 iR

3T 2014 5520 4. 6. 8. 10 H, BEH 15 HRSET7 R EFEAR 301 5 F AR A H
TN Ay RIE W

IR E RACEIY T 3 R BURE S oL R R G TR T - 80 CUKAR A% .

1.2 RNAHRJZEIFACDNAE BX

& M EHER AT TS, <% RNAprep pure fH4) 5 RNA $#HBUAFI & CRIRAED 2w 177
VAR RNA. SF ] TaKaRa A 7] PrimeScript™ RT reagent Kit (T3 72 ) F1 PrimeScript™ RT
reagent Kit with gDNA Eraser (] T€ & PCR) RF I G0l RNA sk o 5 — i B 4MiE DNA

(cDNA) . 5% ] B 4 1 S B8 5 ¥ 4% I TaKaRa /4 7] PrimeScript’™ RT reagent Kit Al
PrimeScript ™ RT reagent Kit with gDNA Eraser &7 & i3t W] 5347 .

1.3 AsGIEEEKHIE

FIH] DNAMAN =9 8A45%5 AR 1) GIL [RIEE R P S HEAT RIUR LLXT o0 #r, 3k 3 G JE R
DR P A D, IR st — XK 7 5 1490 3GSPL Fl 5GSP1 (3K 1) LA A s e sk
FEYI R, Sk PCR 33836 75 Kl GI LIRS 57 1 Be o IONAR 20 T : RNA YK JE N 2 pg - uL™ 1) cDNA
1.0 uL, 10x LA Taq Buffer 2.0 pL, 1 mmol - L' dNTP 1.0 uL, LA Taq Polymerase 0.5 pL, 10 pmol |-
NS 1.0 uL, #E4AiK 14.5 uL, ZARFN 20 pLo SOVAERE: 94 CTiARTE 5 min, SR 53T 30
AMEFR: 94 C 30, 55 C 30s, 72 C 90s, {EHALEH )G 72 CHEMH N 10 min, 4 CHRE-
1% (1) B e I HL VKA U PCR =4, 438 B 43 H (9 BedtAT DI R IRDlic . K [RIic ¥ PCR =41 55
JP#fk pMDI19-T ME#)S, AL DHSo 2840, 720N 5 5 2 PP BT (e, 7
28 PSTI B ) ksl J e 4536 B0 2 v B B AT 0 1

AR BEDRIRE 72 5 |40 PCR 4714 ()38 B R RIS AR 57 7 41 Mas RACE #24E T 37 vk T 3-RACE.
3§ X514 (3NGSP1). 5-RACE. 5'HX514) (5NGSP1) (£ 1), FHBskisi%E 5t 1 cDNA 5 1
o 55 1 SOV AEE A 94 °C 305, 72 °C 3 min, 5 MEFR; 94 'C 30s, 70 'C 305, 72 ‘C 3 min,
SAMEHR; 94 °C 30s, 68 C 30s, 73 ‘C 3 min, 25 MG B S pL F=YRb47 H kA, Frfs PCR
PR e . FIFEE 1 %8 PCR 12011, 758 2 W1 (514953514 3NGSP1
A1 SNGSP1), #8444 : 95 'C 5min, 95 ‘C 30s, 68 ‘C 30s, 72 ‘C 2 min 35 MEHK, 72 C
7 min. FFJON T PCR #3845 B mDcll e o ARFEI P25 L, it 1 AR 5149, 71 AsGI KEA
(*) ORF BLASHE, 5147054 : ORF Up 1 ORF Dn.

14 AGIERHEEBRENESESN
FF} ExPASy Proteomics Server |- [#J7E4k 1. H Protparam Chttp: //web. expasy. org/protparam/) X
AsGI [R5 11 1 BEAGAE SRR T 20 F 700 s R SOMPA (http: //'www. expasy. ch/ tools) il Phyre2

TELERRAT (http: //www. sbg. bio. ic. ac. uk) 73 5% AsGI K&K 2wt (1) 5 U BEA T — R &50 73 At 55 3D 45
FEAR, ] SignalP4.0 Server C(http: //www. cbs. dtu. dk/ services/ SignalP/) HEAT 43 £ [ 750 5
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) FAE 2654 ProtComp v.9.0 Chttp: //linux1. softberry. com/berry. phtml) BEAT 2K [ & 245 5 Tt »
GI 2R 741 LRI NCBI 2 1 507 20 R T 2R, I Clustal W 3SR T 44 ]
iid MEGA 5.1 #4% Neighbor-joining RZEHEMAM, bootstrap T IKECH 1000 1, HAR A ERIA %
EQ

15 TEHIRASGIERTHMRELRLE

Fe ke AsGl GulibFEF ¥ ORF J¥41ii ik PCR ¥4, 1% NEfAk pH7FWG2.0 f= /£ [ GFP K1k
MG 3UE . SRR GFP 5 AsGI BRI C RumAHRG, JFAE 35S 98 8 I H T Rk, 2,
RIS WK 1. BlGRIAEAR, ¥\ DHSa, PCR. B FH 2k v 5, 06 BHAPE o B ast
AT IR o Kb g 50 e IR Rl G B AR T B h, I S R il AT AR 4, 58 bk I Rk .
A5 PR 26 6 i il LSM710 (Carl Zeiss, Oberkochen, Germany, http: //corporate. zeiss. com/) M
£35S VI VARV
1.6 EERHAEEPCR

FEMUAFE NS RNA, LA Oligo- (dT) A5, T AMV Skl idT [, 2 PrimeScript
1 Strand cDNA Synthesis Kit (TaKaRa) J77E#ET. H ¥R IE 1 cDNA 1EBNR . A THEXRNES

(R e, Bl SE 28 PCR #5551 (AsGI-qRT-F I AsGI-qRT-R) (& 1). HHEHT I e 21
T iR XL R AsActin Wil — X 2 5N S 514 AsActin-F Fil AsActin-R (% 1),

#1 3199F7

Table1 Primers used in this study
5|¥1Hi& Description 5|94 %% Primer name 5141751 Sequence (5'-3")
AsGI F: A A B4 2 3GSP1 CCTCTGGCTGGTTATATTTC
Isolation of AsGI fragment
H205 14 Nested primer 3NGSP1 GCTGCAGCTATGGTTGCTGC
AsGI F: A A B4 2 5GSP1 AGCATTTTTCTGTTTGCTGC
Isolation of AsGI fragment
#5051 Nested primer SNGSPI1 CATAGCTGCAGCAACAATCT
3"-RACE 514 3'-CDS Primier AAGCAGTGGTATCAACGCAGAGTAC (T) 30VN
Rapid amplification of cDNA 3’ ends
5-RACE 514) 5'-CDS Primier (T) 25VN
Rapid amplification of cDNAS5' ends
it FH 5149 Universal primer BD SMART IITM AAGCAGTGGTATCAACGCAGAGTACGCGGG
AsGIl T 5[5 152 HE fry 4 14 AsGI ORF Up ATGGCGGCATCTTTCGAGAA
Amplification of AsGl ORF AsGI ORF Dn TTAAGGAATGCCAGTACCAG
AsGI #[1 GFP ik # Ay i AsGI-GFP-F GTTACCATGGCGGCATCTTTCG
Construction of GFP expression vector of AsGI protein ~ AsGI-GFP-R GTCGACAGGAATGCCAGTACCAG
PG w514 AsGI-qRT-F GCCACTCCAGAAACACAAATG
Real-time PCR of AsGI AsGI-gRT-R GCCTTTGTAGGAGATGCTGATA
BNE e BB 4 AsActin-F GACACCATCCCCAGAATCC
Real-time PCR of AsActin AsActin-R CCCCAGAAGAACACCCTGT

<18 SYBR® Premix Ex Taq™ #:/E Ui ], LA AsActin i NS LK, 7 Bio-Rad iQ5 %45 # PCR
3 FREAT PCR 3789, K56 A R G R 04 . 9906 2 & PCR WA R 20 pL: 2x SYBR® Premix Ex
Taq™ 10 uL, 10 pmol I FiF5 445 1 uL, RNA ¥4 2 pg - uL™ () cDNA B 1 uL, #@2liK 7 uL,
RA AL, PCR MNVFEF K 96 CHIAYE 1 min, 95 CASME 15s, 60 ‘CiBk 15s, 72 CHEfH 45 s,
40 AR . RN BRCE 3 KT . FIHIE & PCR JHEEI10 CT 18, 5 AsGI 3L K 7E %A Al ke
A AR RE B, 78 AsGI JER 2% B B S PERIE T, R AR target transcripts = 274 1157
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B EREAC AsGI 3L A 1838 3 AsActin 23— A AL B R AR 2 h FIEE IR #4% B FE AL
HRF AR Rk .

2 SRS

21 BHBASCIEEEKFIIRITE

FIFH Gl RIS i BEAR S (R P S0 T X519, A s i LR ZH DNA DA, it
PCR HiARMGHI T 14 1219bp HIF 4 (B 1, A). MFPEREN, ZABRS M. #d. 58
T WA Gl KL LR, RSB0 5123 2 AL G RIEEER B v Bro TR A5 15 21 (1)
Tk Gl FEFr S B, Wil TS5 K& 1 4 3-CDS 514, 1 4 5'-CDS 514, MIhidtit T
RACE wfE. 33175 B H Tl — B KL bE . 5k TARKIT S ES1Y), AsGl ORF
Up Fl AsGI ORF Dn, ifiid TaKaRa LA Taq DNA R&EY 4K MR (K 1), 557 3 465 bp
4K CDS J341l. H AL T G FI C LS & 50000 26.35%. 28.43%. 23.95%H11 21.27%. #4i%
cDNA 741l 4k AsGl, 4% 5% GenBank, % %'5 k) KR095281.

Ml B
2 000 bp—e-
2 000 bp—e
1 000 b])—- -1 219 hp
1 000 bp—e-
Ml E
1000 bp—s- 3 500 bp e—3 465 bp
750 bp —e- 750 bp=

B 1 AGl 2KERMRE
A: ASGl B B B4740; B: 3'RACE %5 1 56914 4; C: 3'RACE 5 2 #4714 #); D: S'RACE 5 1 #4711
E: SRACE 45 2 %4 3™4); F: AsGl 4xKZE[X ORF §" 3/ 4#); Ml: DL2000 marker;
M2: DNA marker [V (7000 bp).
Fig. 1 Cloning of full length of AsGI gene
A: Amplification product of AsGI fragment; B: The first amplification product of 3’'RACE; C: The second amplification
product of 3'RACE; D: The first amplification product of SRACE; E: The second amplification
product of S’RACE; F: Full-length amplification product of AsGI ORF;
M1: DL2000 marker; M2: DNA marker [V (7000 bp) .

22 BEHHASGIERRBERFEST

FH DNAStar %443 #r a7 i i RACE $iARA B K IE R P, KB AsGl FER HA 458
BT EEAE, 5 3 465 NMIE, i —ANEE 1 155 NMEIERIE AR, ZEAMS TN
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Ce676Hss71N 156001664847, 77 T E N 126.0 kD, Z5HL NN 6.62, 7 1EHEFRIE (Arg+ Lys) 4 106 4>,
BRI (Asp + Glu) 2 119 A HE— D013 3], 1% B ANATE RE0N 49.37, el 2504 95.83,
SRISRIKPE RN - 0.072.

PRI AR GIGANTEA AE N —ANE i hdi R R, COBl i W3 76 6 R IR A= 41 A ki
TR A A EEN/EH (Mizoguchi et al., 2005). Hf— P H7EL SignalP4.0 Server K4
M &P, AsGl & HANE{E K. il ProtComp Version 9.0 FA4- 1IN AsGI &5 FH . 4 i 2 457 7E 41 iy
%, XSG RSG5 5 R T 25 A0 1

SOPMA A7 #T AsGI 8 [ 1) R &)
R, W A o 12 iE(alpha helix, 7 46.19%)
B Hff (beta turn, N 7.54%) AHLL Hh

(random coil, 5 10.83% ) A 4L fHi & 45 #4
(extended strand, 7 35.44%).

FI F Phyre2 7526 R AF3E4T 82 1 3D g it
T, AsGI H 1 IR ST 45 R 38— 4k 25 A A 20 4]
2 iR

LRI LRI R T GIGANTEA A HiAR,
61 MEIEMRIEIL CHEANEAM 5%) 55X
B ELAT 61.1%MAHLEE « AsGI 2 11— 4E 451

T AR AN R, R AR G H R B2 ASGI BB =HEHTN
H LR KRR g . Fig.2 Three-dimensional structure of deduced AsGlI protein

2.3 EZHRASGIZEH T MAEE L

IR L 3 Bz A0 Bl I AR AT T 3 45 B AsGI 2R L4l L e 47« FIH RACE J5iioe
BEFF 201 AsGI FER 14K cDNA J#41), # T 35S: AsGI-GFP 344, 18 Hide N AL F 36 5z 40 it
b R IAE AN MR A S 58, UL AsGL R 8 A AEAN MR (1 3D o i &5 BERIE i 4K A+ ProtComp
Version 9.0 Tl (1) 25 H— 3,

B3 FHH ASGlI EOITHMME L IE
A: WERLET: B: WIRHLET. ®iskprde. EAES.
Fig. 3 Subcellular location of AsGI protein
A: Dark field; B: Bright field. Arrow: Localization signal.
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24 AREEYMMCIZEFIILX SRESH

Hs AN AsGL #7413 A8 42 56 [ [E A2 AR RAF Bt (NCBD I8 1P #1528 (http: //

blast. ncbi. nlm. nih. gov/Blast. cgi) 4T BLASTP AL 2R . A NCBI [#)9ET0 4 8t H 25 4 (N
N AsGI A JE R B S (Pisum sativum EF185297), 4% (Medicago truncatula
MTR_1g098160), M5 (Cicer arietinum LOC101511540), K& (Glycine max LOC100779044),
Al A (Theobroma cacao TCM_035715), EJ#k (Ricinus communis XM_002524295), E#4% (Populus
trichocarpa POPTR _0002s06490g), #H#, (Populus euphratica LOC105138505), #i%j (Vitis vinifera
LOC100254197 ), 544 % (Solanum tuberosum LOC102583457), 7 (Solanum lycopersicum
LOC101255788), i (Nelumbo nucifera LOC104605498), 5% (Musa acuminata LOC103969371),
A (Phoenix dactylifera LOC103704831) iy (Elaeis guineensis LOC105047908) %% 15 44 1
FEAHEAT FR EEXT . FIH Clustal W KA AT 20 6 MR RIS L0, 2553 AsGL HE 1S Fid R EfAH
W P ARABLE s a B G 3 PRI 1 Ak R o g v B R~

T 2o GLE AHEA R M Z AN OC R, FIFH MEGAS. 1 A, K H Neighbor-joining
JNEREE T AR PIRNE Gl & ARG . 15 i P 208% 2 Ol KWK % - AsGlL = H R
TWKKI, SR-FHEA e, RN G & A REER R (B 4.

08 BiH. Pisum sativum EF185297

100 B¥§ Medicago truncatula MTR_1g098160
100 L W§WE G Cicer arietinum LOC101511540
73 X H Glycine max LOC100779044
B 7] Theobroma cacao TCM 035715
90| BFK Ricinus communis XM_002524295

88 B R4 Populus trichocarpa POPTR_0002506490g
IOOD BI85 Populus euphratica LOC105138505
#Wi%g Vitis vinifera LOC100254197
I —— LA Solanum tuberosum 1.0C102583457
100l Bt Solanum lycopersicum LOC101255788
& Nelumbo nucifera 1.OC104605498
HIHE Annona squamosa AsGl

99

il 99 BA Musa acuminata LOC103969371
100 YA Phoenix dactylifera LOC103704831
e i Elaeis guineensis LOC105047908
i
0.05

B4 TEHE G 5HMYH G EAMRSEHL IR
BEAW P B ARE S
Fig. 4 Phylogenetic evolutionary analyses of Gl proteins from different plant species

The value of the evolutionary tree represents bootstrap support values.

25 AsGIEEBZEFRMERIESH

ASGI ZENFEFR B AN R 48 B ThRIR 22 R O A > e > (6% > Tz > =% > 4)
MRS (B 5) . REIFEHH B AsGI JE K [l Rk S B AR R e
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2.6 1EHAIETASGIEEMRIA
THIL 34T AsGI FE R ZE AL AL EE T R IR 2E it kil | (B 6), R Je T 2o f Ab BRI i 2+

AsGI K A (18 s v »

MY FIER

Relative expression
o]

16

12 E

T -

o LI
%

T mh EE RAIE R
Stem Terminal Leaf Flower Mature Young
bud bud flower  fruit

5 AsCl ERERRREPHRIE

Fig. 5 Expression pattern of AsGl in different organs

27 ARZBEBTAGIEENBERRIE

M AsGl FEIAEM R B R AR (| 7)) KRB, K H BRI H BT, M A+ AsGI
1 d WIKZRIA B SERTEAR L, B 0: 00—4: 00 F120: 00—24: 00 B iA & HA X AR
8: 00 I, JHMIFREDE, REREIFMH LT, HREAKR, KHEM 8: 00 BT &, 12: 00
AR, S PR KHBR 8: 00—16: 00 I 1232 54 LA N I B H B v

2.8 AEA#BASGIEERIE
i 8 i LUFE H, 7k AsGI JERIFEAR H oy it Rk &= R, 4. 6 Fll 8 HRIA R

B

X FIER

Relative expression

752 AR 10 ARk EL.

8  ®KHMLong-day O %iH W Short-day
bR Light

ffZ| O'clock

7 AsGl EXREXBREAHTHERRIE

Fig. 7 Analysis of AsGI gene expression pattern during day

and night under different photoperiod treatments

MY FIER

Relative expression

AL TG AR BEATS i AsGI R RIB BN, HATZEA K.

6 -
*
5 i
4 L
3+
2 L
La f
0 L L
XAl AxREN K&
Control Only Decapitation and

defoliation defoliation

B 6 AsGl EFFEEIELENMEF P HRIAEX T

*RIR S%TES B K

Fig. 6 Analysis of AsGI gene expression pattern in axillary

Mt FRIER

Relative expression

buds in flower forcing treatments

* means the significant level of 5%.
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Fig. 8 Analysis of AsGI gene expression pattern

in different months
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AR ASGI 741 e K H RIS v I8 7 v B IR TR 7 B e B 21 G R IR, s SLkAT T8
Bro AsGl wfih Xk 3 465 bp, il T 1 155 NI, NCBI JFHILLAT 45 R TR, AsGI HILAb
(1) G AR A AL . [FIy, ARG BT R, AsGl HEW AR, AT AES
WE, JEAET AR (o TSN M A TR R e A T AR, 55 GIGANTEA A% N & A 14F
fE, WL Gl JE R R AR S A FH 2K (Huq et al., 2000). HIHEATIL, Froaleit AsGl 44
AR R GIGANTEA (G ¥ [RIYEEE DA, 3 2 B8 Jin 4 i s ATt 5 35 75 B 0% R 38 42 ) T AE LAl
CAK O i@ 40 5 S AL TR A IS AR IR A BT R 2 it T 5% .

Gl BERIAE s SRR AR R, HAARSOGE S, wmN A AeME S, Ay, Jk
ARG P A N N AR (Tseng et al., 2004; Cao et al., 2005; 4k 45, 2014). AsGl 7EHf
s AR O R IA AR R, 3K S I R T SZ IR e N A P R B S B
MUK B B AR DS, e — R LI T AsGl FE A A] LUAF A T A6 5 AR FE T . NIRRT A%
FRAC AR SRR T AR R D ASGIL JEDRIEHT, AWM T %S A R AL BN IR 2F b
(PZRIRAE DL S5 R A2 T L A B A 45 H IR 2F AsGI SEDN Rk s de s, XA — @ 2R By
A RBR T LA, IF 2 himy e RImAN, (EIRF B8R ok, RO R, AsGI BEE A iR K &
Kik.

ER T, AGI 8N G R T EK H A& T I AELEIR (Fowler et al., 1999), T AtGl
o Lk N &5 R AT T (Mizoguchi et al., 2005). K HIE N AtGI #4229 5 10 h 204, 12
h JEE HIA I (Ginl etal.,, 2009). AGREH, F kit o AsGI R4 s m It 5 40 R I [ 3k
AL, BRAE H IR H IR, AsGI ZRIAERAEGIUT 8: 00—16: 00 HAmIRIA, 16BN
IR AN K. XU AsGl Hsgk A F B MR RIE, 2 TR I R )G
TR RS A . K H RS I L H AR EE B3R T AsGL 1 A, e K H
W, BB SRR HIR N 2280 (Liuetal,, 2015). Ak, FHHk AsGl FKIAE 4 H. 6
A8 Arpfik |k, Mfe 2 AR 10 AREEEAL, FAHkr o H A 2 H BI85 T
P e DT RS A 0%, 4—8 H g i IX el 7o S MOG RN RS, AsGI ik & il Be & {2 0
TR AL o IXLEH UL BT 75 B T REE T AsGI 7EK H IR TR B iR R IEm RO A S, bR
e () JAE o
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