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Comparison of the expression pattern of two seed
coat-specific promoters from barley and seedrape
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Life Sciences and Technology » Xinjiang University » Urumqi 830046, China )
Abstract: Promoter is a segment of DNA molecule which locates in the upstream of transcription start site and specifical-
ly binds to RNA polymerase. Efficient genetic modification of transgenic plant requires promoter as the regulatory se-
quence to drive the expression of foreign gene. Specific promoters with spatial and temporal control of ectopic gene ex-
pression are important for acquirement of the transgenic plant and its product with high quality. To understand the ex-
pression pattern of seed-coat specific promoters, based on the reported sequences, two seed-coat specific promoters-Gerh
and Bntt were isolated from Brassica napus and Hordeum wvulgare by homologous-based cloning method, analysis of
the elements in both promoters, then Gerb::GUS and Bntt : : GUS were constructed and introduced into Arabidopsis »
and the expression patterns of Gerb and Bntt were observed by GUS histochemical staining. The results of bioinformatics

showed that multi-copies of seed specific expression cis-acting elements and various stress response elements were identi-
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fied in both promoters. Histochemical GUS staining of the transgenic plant indicated that in seedling stage. Gerb pro-

moter showed strong blue GUS staining with the cotyledon and hypocotyl while relatively weaker of GUS activity with

the true leaves and roots; Bntt promoter showed weak GUS staining in whole seedling; for adult plant, various tissues

(leaf, stem, inflorescence, silique, etc.) with promoter Gerb presented visible GUS staining while with promoter Bnt a

very weak staining was only observed on vascular bundle of silique and the leaf. Under various stresses. the expression

pattern of transgenic line with Gerb : :GUS showed no significant change. however, for Bntt : :GUS, NaCl stress could

cause strong GUS staining with silique and seeds, while no significant staining was detected in other tissues or under oth-

er stresses. These results indicated that Gerb and Bntt promoters displayed different temporal and spatial expression pat-

terns, which may be helpful for screening seed-coat specific promoter in practice, however, the details of regulation

mechanism needs further study to validate.

Key words: seed coat-specific promoters; GUS histochemical staining; abiotic stress; Hordeum wulgare; Brassica
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HME R R TER LY h A R IBFHE S
f4 )3 20 I8 4% 5 91 AT 9K S (Song er al. 5 2000
JAB TR TR R G R BRI RE R S 4G A
RNA REHEH—B DNA 741, & 2 X6 1 5 B 3%
RPEREZW, B3l RS, —RK2d
WRRBRE T 50— KRRREREE T @E
LAF,2010), HIE £ R ALK F B B e
FEPR A R 3, T I S )RR ] A 5 R DR AT A e 2H
AN N RIE, &4 1k A R AR A i K
Z 88 o T #0248 A9 (Hajdukiewicz et al.,
1994 ; Ouwerkerk ez al. , 2001), Ji H 6 F B 4% Il
FET MR B O AR K D RE B B SR B e T AR
filt (Jack et al., 1994), HHEIN H &Rz 28
S AR TR A Bl S A6 R S AE M HE (CaMIV) 35S
J 81T (Odell e al., 1985), SR 48 3 A ) A
T 24 R K] BE 2 0 A W L SE L X AR 245
C B UESE (Laufs ez al., 2003), ¥Rt A B F
Ry 8 M K E B I W A U DR R AR R T A O T
B R ZF B RIEWE3 1. &1k
FRRE S It 30 R A 4RF 2 A I 28 A8 rp A 0T A
DAL o PRTIEG o AR 4R AN ) 75 S8 0 65 24 1) 2H 25 S 1 3l
TARA W E (Zhang et al., 2002),

Pl AR Z H VR SR 3 T e B R,
it (Gowik et al., 2004) 4R (Jones et al., 2008) .
1E(Geng et al., 2009) \JE3(Yin et al., 2008) ,Ff
F (Rossak et al., 2001)., 1 ¥ (Rogers et al.,
2001) 2 B (Yin et al., 1997) %45 5 Kk 8 3h
T WA RS R B T b2 R E AR oo 2 A5 2
Y5 (Carranco et al., 1999; Reidt et al., 2000),
HLURE SRR B 1 W T IZ A A T R E A e 2
R AR LR 2R 5K X S PRLR AR S — R AR, 5

g =

o

FAVE A BOR 454 TR 455,

R IA R 3 T IR A B REWE 2 75 2, R I A
RE TE 4 5 A0 M v o i BT R PR Rk, TR B R T
2 BEAT B 2235 SRR TR 10 e S )8 B AR e 2
AL i B R S B4 R Bl v O R A Sk R e 2 AL R
TR E B T e b R e R R A R IR )
AT RLR i A 72 N R T By 77 1 T b AR S A ) R
SRS 25 1, A AR R AN IR R X Y Y B AR 3 B
(Zhang et al., 2002), Fh Bz & Ff ¥ B a6 1/6, 52
ST I AHET 2 0 B RR IR 3 R B e S R S B
T30 S O 4 e Rl R R DA 1 2 8 DT o 3 Ao 1 o it
P # B R (Aliaa et al., 2009), {HHRTHA
/D EFR B 4 S S 3 F (seed-coat specific promot-
er, SSP) M ¥ # 43 & H 2k (Debeaujon et al.,
20095 Wu ez al., 2000), P, A UEEETZ I
KIash ¥ Tk — 2 1 i H R AL S Aol A
A W 1915 B (Zhang e al., 2002) , AHFFEM
KZF (Hordeum wvulgare) FlH W5 % 3l 3% ( Brassica
napus) g BE T R R SR B o Z A A d #
GUS e 5 He i B3 e AL R T 5 R DA W) 2 &
i Bt e AN [ AE 2 i ie T GUS e &A1 0L,
A8 75 PR b ol 5 R S 03 2l 7 IsF i) R 23 ] R GA AR =X
AR R SR A T SR S

1 #MEEF*

1.1 EY#E

W R R EM P TR2RE : BEA
(1: DRAEFP,T 20~25 C.16 h /8 h
B OISR FE S 2 000 Ix BIRE R R, WA
TR BK R 2 AP 1 IR Hoagland 5 7 (AF



6 34 PERIRAT « R 5 ISRl B s 58 3 7 RaA B H R 855

foceal et al., 1993), 1~2 A J J WU - 4] 45 Jik [
4 DNA, HTHALRIPLEE IT (Col-0) il T N T H;
FEE T (20~22 °C,16 h JGHR/8 h JAKE , G IR EE
4 000~6 000 Ix, FHXTIEEE Ky 40 %6 ~60%) . AL
Kk 8 JA A A B IF CEAE R AE 1D SE 17 R AT B A
FHAL
1.2 ik
1.2.1 # k4B TR DA L X BIRGHE
WOMBE B FEI (Wu et al., 2000; H4HEEH %,

2007) F R FUH 5 B =R Rl 2 RE S R 3h v Bt
FE5 4w 24 K Gerb (K ZZ) Fl Bute CH #5131 52
Wit 5l ¥ h Gerb il 51 %) 5'-CCCAAGCTTA-
ATCCTTTACTCTGTCT-3"; F % 51 ¥ 5'-CGG-
GATCCATTGTGAGTTGCTTTGTCA-3' . ¥ 14 4
25 850 bp WY A B, Burr E3F51 4.5 -AACTG-
CAGGTGGTCTAGGGTTTTATGA-3"; F % 5l
¥ :5'-CGCGGATCCTCTCTTCTGTTAGTTATAG -3,
P2y 1 600 bp B,

W5 IE W1 Gerb T Bute J5 811 Fr Be oy 44
# = pCAMBIA1391-Z 3k # MK 1 £ v B 1 45, 1%
AR EA RS s TP A GUS #5 3 H J— A4
RS ol e T (O I I I S 7/ BT = R N
pBI121 EYIF 800 bp A CaMV 35S J3 zh F ¥ 51,
Bl 4 A pCAMBIA1391-Z B GUS KA | i fE
S BH PR X BE L FE AL TR 2K 2 IE B S 4 0 Ay 4k
pCAMBIA1391-Z-Gerb , pCAMBIA1391-Z-Bntt il
pCAMBIA1391-Z-35S (4 il & # A Gerb . : GUS
Bntt . :GUS, 35S::GUS; GfkA SSP..GUS) . I
T T — LA IT .
1.2.2 #A R M &I iF 2 & PCR &l R E R
R Rl (Clough er al., 1998) ¥ DL b = Fh 8 41 Ji
KAk =R AT EHALOS i@ i B p iR Y ik
S AL AL TF AR R IR WCEE To AU 7L Bl 5 #5 To 48 Ff
T TE 30 mg « L'HIRE R A9 MS Fi R4k B R 5%
8~10 d. Fifiik i B2k i 7 B 2 T0 W R 1 MS
WREREAK 1 HERKRELIRS - 840 ¢
DIRAGHE P, FALERERER 1~2 AK . #%2
B 8 Z DU bR 1 3L 4L, E 1T PCR %78, #5 5E
K Pk & e 2 T3 AR,

DNA 42 0 K AR AE 4 44 DNA 2 Bt 5
& (Tiangen, dtu0) UM H 1T, PCR WA R .
94 CHIAEM 5 min,94 CAE M 50 5,55 CHE M 50 s,
72 CHEM 1 min,30 NMERJF .72 CHLEM 5 min,

1.2.3 KW d 709 3k £ phab s 22 430 AR
W D s AL B AU OY T3 MR R A bR, (D
EEWria . FH 150 mmol « L' NaCl & # (A Hoagland
EFRWBCHD AL FAE Y P38 b B R AR 7 iR 4
T 150 mmol « L' NaCl # ¥ s (2) ¥ % Ak #1
(ABA) : 1 100 pmol « LAY ABA AbFEAEY) 5 (3) 7
f it (37 OO MM E AR 37 CIERAT (EYE-
LA NDO-400, HA) w, Jhia 4b 21 6] 48 2 R 22 B
TR KSR, &85 50 P 24 h J5RE
TP AR 20 ZUREAS (R 46 M AE 7 L AR B R ) 2%
FH . AR AL BRAT BEAE g 0T BE

1.2.4 GUS e ml RN LIH T GUS 36 1)
HEUE e (0 2 IR Jefferson et al.(1987) W) %k,
A XoF HR B A BRZH (0% 3 AR AR I T BB Y PB R
(50 mmol « L' #fR N5 i ., pH 7.051 mmol » L'
EDTA;0.5 mg » mL"' X-Gluc;0.4% Triton X-100;
100 mg « mL' & % % ;5 mmol « L' W25 4L 4
ORI 37 CIE O, MEHE R 704 4
e R K LBt s R . TR fBE (Nikon
SMZ 800, HA) T WG Y (45 1 IF 41 i

1.2.5 B o) T A6 shae A1 B HIAE R 40 T R0
PLACE(Jefferson et al.,1987) 43 ¥ Jg 8 T " A [
JLIFRYItE .

2 HERH54M

2. MEBREEHTFEINSES SSP::GUS i
53 IR 22 R H Il 32 5 41 DNA i PCR
P 31545 850 bp A1 1 600 bp MR B F A B, ¥
G HT B, 5 ERIE B Gerb F Bntt J¥ 35 (Wu et
al., 2000; HHEE,2007) ik 99 % F1 99.25 %
M — 3t K AR TR ATEEZE T .
PLE W BT R BLA 1) 800 bp 1Y 35S 3 Bl F A B
T =ANRsh IR GUS Y Rik®R Ak, H
R BEEWE 1 Pros BRI E S R E 2 FR .
2.2 Gerb, Bntt 1 CaMV35S B FEMEBRZES
FI AL 3 Hr i PLACE X = A8 80 7 F B
AT 4 52 1 (Gerb) . %% 2 (Bur) F$ 3
(CaMV35S) fiiR. Gerb J3 3T F 9 b 40 & K&
5 GURE R EFRak AR AR W0 38 A G Y T B
it R L Pl e R S 3R AR G TR A1 AGAAA,
CATGCA.GTACGTG,CATGCA % ; mi i &b 5 5l
o e KR . ABA %F ) GATAA. GATA. AC-
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EsmHl Gerb
’ ! > Hindl1|
Pt} Bnut |
ﬁass ”
TB(L) Poly A [ CaMVv35s PolyA TB(R)
F&ZI 1 Gerb: :GUS; Bntt::GUS, 355: :GUS *’Q@

TB(L), TB(R). T-DNA [ Z. 5 i1 #; Poly A. % 1k ¥
CaMV35S. 35S Ji 3 15 Hyg'. W& RHUMEREIN ; MCS. 2 v
M5 GUS. BB FR B ; 35S. CaM V35S 3T ;5 Gerb. KEF
e RE S 8 F 5 Bnee. ISR B RS ST .

Fig. 1
Bntt and 35S recombined into the binary vector pCAM-
BIA1391-Z 1B (L). TB (R). Left and right borders of the transfer
DNA; Poly A. Terminator ; CaMV35S, 35S promoter; Hyg'. Hygro-

mycin resistance gene used as selectable marker; MCS. Multiple clone

Construction scheme of three promoters Gerb,

site; GUS. B-glucuronidase; Gerb . Seed-coat specific promoter from
Hordeum wulgare ; Bntt. Seed-coat specific promoter from Brassica

napus ; 35S. Constitutive promoter of CaMV from pBI121.

M 1

2 3 4

K 2 pCAMBIA1391-Z-Gerb #1 pCAMBIA1391-Z-
Bnit (A), pCAMBIA1391-Z-35S (B) T 20 i %r HY 1
PIMSE  (A) M. FRit DL 15 00042 000; 1. & 41 Fi %
pCAMBIA1391-Z- Gerb; 2. it # pCAMBIA1391-Z- Gerb,
BamH 1+ Hind 11 B WY1 3. 54 ik pPCAMBIA1391-Z-
Bntt ; 4. JFiki pPCAMBIA1391-Z-Batt » Pst 1+ BamH 1 W],
(B) M. Fri DL 2 000; 1. B4 ik pCAMBIA1391-Z-35S;
2. Jiiki pPCAMBIA1391-Z-35S . Bam HI-+ Hind 111 X 1],
Fig. 2 pCAMBIA1391-Z-Gerb and pCAMBIA1391-Z-
Bntt (A), pCAMBIA1391-Z-35S (B) verified by restric-
tion analysis  (A) M. Marker DL 15 000+ 2 000; 1. Plasmid
pCAMBIA1391-Z-Gerb; 2. Digestion of pCAMBIA1391-Z-Gerb
with BamH 1+ Hind 111 3. Plasmid pCAMBIA1391-Z-Buzt ; 4. Di-
gestion of pCAMBIA1391-Z-Bntt with Pst 1+ BamH 1. (B) M.
Marker DL 2 000; 1. Plasmid pCAMBIA1391-Z-35S; 2. Digestion
of pPCAMBIA1391-Z-35S with BamH I+ Hind TIL

CGACA.YACGTGGC %, b £ 4> 15 5 5 50
R CAAT & (FE D). B B TR SH K
5 Gerd RS FHRMM T (R 2). ZHZN
WAFAE—SE X 5], 40 Buee WA 22 Rl a0 5 2454 K 1Y
MYBIAT J¥ %1, Db K %% 5 K o & &6 7 5

TATABOX2 il TATABOXS5 4, 5 Gerb 1 Bt
HHE . CaMV 35S P A H B T — 2 5508 37 Kl 4
FeRRiETTM GATA 4 (R 3) . H L2 RN
FEIR B IT A e SR NG DU K B E WL oA
(Benfey et al., 1990; Tjaden ez al., 1995),
23IEEEMETHHRESEE

Gerb: :GUS, Bntt::GUS K 35S::GUS #1k
IR T 2 S e 1S 3] T3 A Ak (B 3), K&l 3 4%
REW.=ZFEFEREES RN IR ENLA Y,
2.4 BEFiEMERK N

X} Gerb J Bntt Ja 8+ K Bt Bl ov T3 UM
BRAR R & & By BERAS R 41 8L B fh iE A7 GUS ik
B2 BT, % 35S Ja 3l F 19 3RS O 1R S BH 1 XF
R WP A VAR T 4R S B M X R

X (1 ~4 ) iR 285 5 8w (& 4-1), 35S
Ja s F 3K 8l GUS £ 4 Mk A [A] 5 467 3 Oy B8 0 3R 5K
(& 4-1:B, F, J, N)s K& Gerb 3 sh FH 5 — A
— IR B A H A K IR B R L AR IR
FEINBER  ELOT AR ) ek A XS (& 4-1:.C,
G, K, O);iM3¢ Bt Ja 8l FE4 i A Y R R 855
FrF A ERENME (K 4-1.D, H, L, P), B
A TR T 2 R AR B GUS e s (& 4-1: A, E,

I, M), 7ESitk (& 4-1D ,Gerd . :GUS FEM . 7
B AT EPYE 2R RE ARPELER

B (F 4-11:B. E. H, KL ifi Bate . :GUS {UFE A 2R
YA A et A s 3R e A U R I (s
(K 4-11.C, F, 1, L), 35S::GUS 7E A [FHEUERAH
ek (F 4-11:A, D, G. ],
it — W IX L IS B 1 B R AR DL R i e i

FEIRE O o X IR PR T 54T T NaCl, ABA
37 Caigabs, &5 Bon . 2 mt .5 Gerd F1
Bare J5 3 F B9 R RR 5 0T LUK T 2] GUS 36 M, K3
Gerb JA B FH M R K B BRI K ¥ ) & 3] 9]
15 B AL T FIFP R DL 8 (] 5. A) 53¢
Butt Ji 8l FAUAE M3 CRERR ) o7 38 21 3R 6
(B 5.:A )., ABA 2R, Gerd J2 8 F1EM f1ZXh
FeIh AL A R R UL R g 5 (K] 5. B ), Bt
E@%E%ﬁéﬂéﬂ{miﬁﬂwmﬂ@u GUS 4L 4 (] 5.

o 37 CHMAT sGerd JA B FHE AR LU ¥ %Rk
ﬁﬁ Bntt J&i 8l W0 A A I ) B 8 e (181 5.0,

3 it

e PR T R e A TR 2 T AN R



6

PERIRAT « R 5 ISRl B s 58 3 7 RaA B H R

857

R 1 Gerb BERZTF IR MR ER TS

Table 1 List of cis-acting elements in the putative promoter sequence of Gerb identified by using PLACE program

e SR A5 T 44 R 3 )7 57 5 B SRR AR L 2R B B ke 2% 3k

Name of the site Sequence Position from start Function Reference

ABREATCONSENSUS YACGTGGC +697 ABA B %701 Kang et al.»2002
ABA-responsive elements

ACGTOSGLUBI GTACGTG +624 JUR LA S 22 3K T i T Wu et al.,2000a
Required for endosperm-specific expression

CAATBOX1 CAAT  +218,+261,+300,+396, CAAT Ja3hTIH 75 Shirsat et al., 1989

+566, +774,+879,+934 CAAT promoter consensus sequence

CCAATBOX1 CCAAT +260, +299 HARZ A 5"k i X 138 41 Wenkel ez al.. 2006
Involved in oxygen-response

CURECORECR GTAC +267, 4289, +624, Z 54 80 Quinn ez al.. 2002

+806,+948 Involved in oxygen-response

GATABOX GATA  +119,+274,+727,+802 LMY 5 A LUE Rk P o Teakle ez al., 2002
Required for light regulated, and tissue
specific expression

IBOXCORE GATAA +119,4274 B XU R 4 G R Y A A Terzaghi et al., 1995
Conserved sequence in light-regulated
promoters of both monocots and dicots

LTREATLTI78 ACCGACA +679 AR I8 e o G A4 Nordin et al., 1993

POLLENILELATS52

RYREPEATBNNAPA

RYREPEATLEGUMINBOX

AGAAA  +451,+542,+674,4+173
CATGCA +33,+831,+841
CATGCAY +841

Required for low temperature responsive
genes

e S Rk T

Required for pollen specific expression
it B 45 5 R 3k TC A

Required for seed specific expression

o I 8 2R, 1 4 S T A

Required for seed-storage protein genes

Bate et al., 1998

Fujiwara er al., 1994

Ezcurra et al., 1999

x2 Bt BERSFRIIHMIRKXIERTHESHT

Table 2 List of cis-acting elements in the putative promoter sequence of Bntt identified by using PLACE program

e SRR TC A 44 PR (LR35 L5 SR AR 2 Y BE B ke EE PN

Name of the site Sequence Position from start Function Reference

AACACOREOSGLUB AACAAAC +1545 JiFL g 5 R ik T Wu et al.,2000a
Involved in controlling the endosperm-spe-
cific expression

MYBIAT WAACCA +1538 WK B2 I TE 1 Abe et al.,1997
Involved in dehydration-response

CAATBOX1 CAAT  +414,+517.+722.+1033  CAAT B3h TG F5 Shirsat et al..1989

+1111,+1170,+1499,+1369 CAAT promoter consensus sequence

CCAATBOX1 CCAAT +721 B AW 5 AR S0 X i Wenkel ez al..2006
Common sequence found in the 5'-non cod-
ing regions of eukaryote

CURECORECR GTAC +897,+1221 Z 58 RN Quinn et al..2002
Involved in oxygen-response

GATABOX GATA  +305,+378,+399,+428,  SEHY5HLUERRLIGH Teakle et al.,2002

+506,+538,+636,4+1039, Required for light regulated, and tissue
+1102,+1353 specific expression

TATABOX2 TATAAAT +1377.+1412 It SR Ak 2 SR B TT R Nakaminami e al..
Critical for accurate initiation 2009

NTBBF1ARROLB ACTTTA +430 YRR R R K FIE S oo Jain et al.,2013
Required for tissue-specific expression and
auxin induction

TATABOX5 TTATTT  +185,+191,+333,+740  FEatAGan i ook Grace et al.»2004
Critical for accurate initiation

RYREPEATBNNAPA CATGCA 4340, +1306 b Bz R 5 R 3k oo Fujiwara et al.,1994
Required for seed specific expression

RYREPEATLEGUMINBOX CATGCAY +340 Tilt - I 5 2R F R S T AR Ezcurra et al.,1999

Required for seed-storage protein genes
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Table 3 List of cis-acting elements in the putative promoter sequence of 35S identified by using PLACE program
TSk T A R 8 35 ) 3] Ja 3 e B R o A A Tifig EEPEN
Name of the site Sequence Position from start Function Reference
ASICAMV  CCACTGACGTAAGG +102 s SO 75 Benfey et al.. 1990
GATGACGCACAATCC Activation sequence in CaMV 35S promoter
CAATBOX1 CAAT +142,+268,+337,+386, CAAT JazhTIH )75 Shirsat ez al., 1989
+469,+595,+664,+713 CAAT promoter consensus sequence
CTRMCAMV35S TCTCTCTCT +19 EiR SreL T ST Pauli er al., 2004
Required for enhancement of gene expression
GATABOX GATA +8,+95,+132,+249, TV 5 4R 5 R B TR Teakle et al., 2002

+327,4361,+420,
+576,+654, +688

Required for light regulated, and tissue spe-
cific expression

M

Gerb

E 3 HlEE T & R b 5 H 4 PCR il
Bntt J3 3 T#i 4577~ 1 600 bp,35S &8 T #ik$8 7% 800 bp,

Fig. 3 Genomic DNA PCR of Hygr-resistant Arabidopsis plant with three promoters

2 3

358

Bntt

M. DNA Marker; 1-3. ¥l & £ P PCR 458 ; Gerd Ja 8 F i 387~ 850 bp,

M. DNA marker; 1-3. PCR result of Hygr-

resistant plants; The band with arrow head represents 850 bp in Gerb promoter, 1 600 bp in Bntt promoter, 800 bp in 35S promoter.

PRI 2 B R v 19 8 AR 3 L T Bl X 3 TR A
SR B3 R PE TR B T pe M (Bate et al. s
1998) . R 35 PR R 19 s oy 1 AR 3t 1 A 3L
Jash ¥ (Liet al., 2001), HATE MR FAEY 55
B KRS ST . REMNFRIE S FRIIREA B
FRAT T i o 3 P 3R 1 i 23 A8 5K (Inaba et al.,
2007) , AHFFEE i b A LRl R Rz 5 5 v IS s 1 i
Feak A, W Ol S5 S 1 M DG F O e B A 3 W R B
TR

Tt 2 R 5 Jit 8 - BB A A50H 1 U5 Jk PR ASLE D Bz
ek DT AT N T AR A R R R B R AR L |
B E A EH AR, 2012), B
Ja 8T A W) b S 5 1 Bl e R S R Bl TR B =
FURG T o B A KR 5 08 3 7 AdGILT (GAMMA
INTERFERON- RESPONSIVE LYSOSOMAL
THIOLREDUCTASE) & % 4K gh iz 15 3% P 75 7ih 3%
B4 A0 Fh Bz H 4 S 32 3k (Tiward et al., 2006; Wu et
al., 2011), #1F§IF Banyuls (BAN) K2 3 7
(ProAtBAN)#EALIN 32 878 1% 36 F 16 F 52 A
R PRGOS, H ProAtBAN BYBGE K AETERIG A&
FLIT B B 4 JEAE 8 2 (PAD (1 B B3R (Nesi et al.

2009) . BRPLEEIFAN, MY b & BT B R R
Ja B AR AL 2 2 (1 3L Y Gh-sp » HUTE B
Tl v A I 2] 3% 5 3 F 9 6 P (Song et al.
2000) . BRI IE)E B F 4 F,ATT #8105
BFEIRHAREREZ L,

Jit Bl F R IR R T} 23 R ik i U2 I 3h 7 R I
ANEFH T 55 AR 5 s - DR TRl VR TS 45 2R (Fu et
al., 2009), AWFFEHRYE T & F 0 SCHK 5 51 N K 2
F =2 b AR A5 A Bl R R RS B Gerd HI
Bntt ., PLACE #A4-%0 ¥ Gerb 1 Bnee 5 K& B, Fi
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