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# E [B8] WA ME (PGAM ) ZHEEAR &AM Rah — M R EZEAERNEN
Bifg, ABFFINAR amPGAM2 FEF P HIERIE R ik, [F53k] LIE KFIE ¥ Apis mellifera N5
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Cloning, sequence characterization and expression of the
Apis mellifera amPGAM2 gene
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Abstract [Objectives] Phosphoglycerate mutase (PGAM) plays an important role in the glycolysis and gluconeogenesis of
protease. This study intends to clarify the sequence characteristics and expression patterns of the amPGAM?2 gene. [Methods]
The cDNA sequence of the Apis mellifera amPGAM?2 gene was cloned, and its sequence characteristics and expression in
different castes and developmental stages; workers, drones and queens, analyzed. [Results] Sequence analysis indicates that
the full length of the cloned sequence is 976 bp, and contains a complete open reading frame encoding 254 amino acids. The
nucleotide sequence of the gene is highly homologous to that of Apis cerana (98.4%). The gene has 15 potential antigen
epitopes, 9 phosphorylation sites and 5 histidine phosphatase domain active sites and encodes a glycerol
diphosphate-dependent soluble neutral stable protein that belongs to the histidine phosphatase superfamily. The results of
RT-qPCR indicate that expression of amPGAM?2 is significantly different in different castes and developmental stages.
Expression in workers was highest at 3 days of age in the egg stage and at 5 days in the larval stage. The highest expression in
drones and queesn was in the adult stage and in 4 day-old larvae, respectively. Expression in workers, drones and queens

increased from hatching to the larval stage, and from the red-eye pupal eclosion to the adult stage. [Conclusion] The results
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suggest that the amPGAM?2 gene plays an important role in hatching and spermatogenesis. This paper provides a theoretical

basis for improving understanding of the energy metabolism during reproductive development in Apis mellifera.

Key words Apis mellifera; PGAM?2 gene; glycolysis; sequence characteristics; fluorescence quantification

W /R H 9k B2 A2 v B ( Phosphoglycerate
mutase, PGAM ) JZHl I fife A ) 48 B S A i A v
— PR AR AR B U, AT AL 3-BE IR T
IR &y ( 3-phospho-glycerate, 3-PGA ) #4bhy 2-
BEER M AR ER (2-PGA ), FZ& I Al i 4 =X
AR I ALRRIE S 5 = RRIEA (IMBGElE,
2016 ), PGAM2 J& T PGAM ZJGE I, FEAF
TEF AN BB IO A2, wdE A S S
WEREfRL R, I SRS A X ( DiMauro
etal., 1981; Sakodaetal., 1988 ).

Fothergill #l Harkins ( 1982 ) B IRAEREH,EH
RIT PGAM, B PGAM 2 FEMR T4 Al bk
SRR, AMIESfEZMARRAEY R EBT
WHEH. HE4EA (Shanske et al., 1987).,
K5 ( Zhang et al., 2001 ), /M ( Castella-Escola
et al., 1989; Ruiz-Lozano et al., 1994; Szpirer
etal., 1999). % (Qiuetal., 2008; {HLBEHES,
2008 ) FIHE D1 ( Woods et al., 2005) “Z5EH#h |
vabEIFENL T PGAM2 A, DiMauro 45 ( 1981 )
R R, X B B ER T PGAM 3
(R B AR PGAM BTG YEFRAR, & UAE T
FIE 1 UL PR P A7 1 W DI 1k i 5 | I F AR
R, FARRA IR Eagnem, Mmd SAL
IR3Z Bl AN AR 2R SE0E AR . Hannaert 55( 2000 )
WES I H A I % . PGAM A1 Enol ) 5 4H 5
e /NG, AR I R R R A — i e T
Kondoh %5 (2005 ) i ik 34/ ) BV Jif G £T 24 4
IO %) Bl Yol TR A A S e, 3 BH L ] 34 i o e
fifeim g, JHTAMI A AT 4E K . Okomo-Adhiambo
S5 (12006 ) N FHAE 93235 7 5 AR 28X IR YL 5 JF i
HISE B b K A EAT CDNA S 24T , 45 S22 1
165 dUR YL F b PGAM2 %3k Fill, Gizak
% (2015) MR RMBAP A PGAM 25 K
) 20 20 0T (0 T AN A ST B A7 1) Se e %A
PGAM?2 FENAERERE R R e 5 HEAEH,

FE T EXBIAUARA KR | B IR R g
0 DA A5y T ) EEAE

AR FEE T KR E e Apis mellifera
PGAM2 I, F#4h amPGAM2., FIHA:H)
SREITENN T amPGAM2 KN K 4 bis 25 1
() S ARHE S D Rg, -l id 7 i PCR Al
amPGAM?2 FEREARTR S . AN & B AT 2
RGBSR ARG R 2 e A 5k i AR
(1) B B A I AL B J At

1 #R5EFZE
L1 RERREES RNA 25

SIS BT P KR B R FH R A 2N T R
SRERFRY), A2ULTRABGE - 80 °Clk
17, LA Trizol {5 & 2 HUE RNA . B RNA L 0.8%
T W SR G FEL AN

1.2 R#EFE cDNA

H4 PrimeScript™ 1st Strand cDNA Synthesis
Kit % s GV E UL , JF454 Nanodrop Y
TSR RNA ¥R, L1 pg RNA #EfT cDNA
AL RN 37 °C, 15 min (%
S ), 85 °C 5s (S skWgi R & B )
SR 58 BUR A - 20 °CUKFRPRAT

1.3 519568

Z: 8 GenBank 1 LA 1) PGAM2 B 1K [A] 5
5] (B3R5 XM _625111.4) DL R R H| g
p-actin F:H (BRES . NM_001185146.1), FH
Primer 5.0 XSRS EP 1454 (976 bp ),
FFHEH Primer 6.0 {1202 & PCR 5|4

(2 1) 519 e T AR A B 7 A

1.4 PGAM2 ZH PCR ¥

LA cDNA Syt , 334 KA B % amPGAM?
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x1 AHRFABSIMER
Table 1 Primers used in this study

5|4 Primers 51975 (5'-3") Primer sequence (5'-3") 5| ¥ & Use of primers

PGAM2-F AATACGATAGGTGGTGGGGG ‘

Y1514 Amplified primers
PGAM2-R TGAAACACATCTCTAGAAAAACATC
q-pgam2(s) TCCGATAAAGGTAAGATTGAAGCA
q-pgam2(a) ACGTTCATTTAATCGCCATGTCTTT

ATt RE Bt PCR RT-qPCR
qB-actin-2F TGCCAACACTGTCCTTTCTG
gB-actin-2R AGAATTGACCCACCAATCCA

FHIFH], H PCR YAk ZR N: cDNA itk
0.5uL, L TFWESI94% 0.2 ul, EX Taq i 5 uL,
Jin ddH,0 %] 10 pL; PCR M idFE: 95 °CHiAL
P 5 min, 98 °CZE%: 10s, 50 °CiE-k 30s, %E
ffi 72 °C 90 s, ¥R 30 ¥k, fJGiEfp 72 °C
10 min, 4 °C{f#fE. PCR F=HILL 1% IR W EE L
FL KR o

1.5 wRERNF

% PCR 128 1%H) BRNEHEBEIE LUK
DU [l e iam) & [m e H i R B, R BB R Be S
pMDI8-T ARSI 54 A DHS o 852 2540 Y
IFURAE T LB BAREFRIEIEATH TR (& amp”),
12 h BRI e R s AT 5, R
Fio I EW PCR BiE)m ik Bk T AWy
A PR R o

1.6 A£YEB2ESW

¥ B8 7 91 #E NCBI *h ] BLAST T H

( https://blast.ncbi.nlm.nih.gov/Blast.cgi ) #7177
S| e X%F 4387, FFH ORF Finder T H.( https://www.
ncbi.nlm.nih.gov/orffinder/ ) XJ FF it &l 2 HEHEA T 43
Hr; FIH DNAstar 2547 [RIIE ) Fh 2 B0 51
[FEPES T, FHEH MAGE6.0 #4148k
( Neighbor-joining, NJ) ## RGE LR ; RH
ExPASy HJ7EZEFE ¥ Protparam( https://web.expasy.
org/protparam/ ) il & K% PGAM 14+
T AR EIERRLH S A A AR R A
Jit; FIH PredictProtein 7EZk T.H. ( https://www.
predictprotein.org/ ) 1 SWISS MODEL 7££k T. H
( https://swissmodel.expasy.org/ ) Tl 2 FH 5t —. |

=gt , FEE R Rasmol ARAFALFE = 2t 2544 ;
XM IEDB Analysis Resource 7F£E#2/F (http://
tools.immuneepitope.org/beell/ ) Fiil B 4 fgfi i
Z{if ; Motif Scan 7EZRF2 7( https:/myhits. isb-sib.
ch/cgi-bin/motif scan ) 5 &ML, o

1.7 amPGAM2 E:FH X4

- wNIIE: 3 P N S N A= i L
cDNA H£ SRS FERR B 100 fi51E MM, 3 KR 2
¥ B-actin FEPFINNS IR, A RDEOEE &
PCR {317 RT-qPCR il . W& &R (20 pL ):
2xTB Green Premix Ex Taq I1 10 uL; F R34
£ 0.8 uL; cDNA #i4% 2 L, ddH,0 6.4 pL. X
N FE: 95 CCHIASME 1 min; 95 °CAEME: 10 s;
60 °CiRK 30 s, RFAFEMIFAT 3 A FATES,
K 27T B A F kR . FH SPSS 21.0 #k
PEHEAT N R O 2 T M 2 E g, IR
GraphPad Prism # {47 RR AL PR

2 HR5S

2.1 PGAM2 & PCR i 4R

PCR 4" 57 e s 1% B EE I L DA U
(B 1), 4PREMLIPRERE R, Al
B—, HEBUY IS

22 BERHEYE anPGAM?2 KN FH /4
J#3F NCBI 19 BLAST JE8I LXT40 8T, HiAE
FRAS 9 2 KR % e PGAM?2 7%, FTdn 4l

amPGAM?2 . ¥ amPGAM2 EHNFHIRZE
GenBank, H& 55 8. MK713968., F|H] NCBI
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M 1 2

1 EAFZHE amPGAM2 £ [F PCR ¥ s R
Fig. 1 PCR amplification of amPGAM2
gene in Apismellifera
M: DL2000DNA Marker; 1: FIPEXTRE;
2: amPGAM2 X PCR ¥ 1724,

M: DL2000DNA Marker; 2: Negative control;
2: PCR product of amPGAM?2 gene.

i ORF Finder Zr#r)a &F, ZFH4 & —4>
765 bp FIFF LR SEAE , gafs—A~H 254 DR IER

AR E R
23 ElRtEHEX S RgH U RaE

FH DNAstar A4 amPGAM2 FEREAT
R 73] 55 HA [R5 b A% R e 91 2R 47 W] R
OyHT, RS AR Apis cerana . K
Apis dorsata . /N Apis florea . F&I AE
Bombus impatiens . WKINAEWE Bombus terrestris .
B & VIntiE Megachile rotundata . #%VH &) 2 4E 14
Eufriesea mexicana . [FI5%% Habropoda laboriosa
MR EYE Dufourea novaeangliae “5H)Fh 0¥
GUARLEE 73534 98.4% . 97.6% . 96.1% . 88.1%.
87.8%. 87.5%. 86.8%. 85.9%F/ 83.7%, Kf %14~
VIR PGAM2 FERITY IR Y 5 AT 2 )7 41 L
X, JEEA MEGAG6.0 P R G bR, &
W amPGMA2 FEWNTE T4 b5 55 A
RN —3, RIEHRE /N e R A — i
(& 2),

Habropoda laboriosa [F1 5% #XM_017940395.1

64 Eufriesea Mexicana B2VG 8 2 4L XM_017898278.1
{ Bombus impatiens 3 fEEXM_003487393.3
79 100 Bombus terrestris KXY BEEEXM_003401415.2

Apis florea /NEEHEXM_003696110.2

Apis dorsata KE XM _006609020.1

100

95 Apis cerana FHEEENM_001328486.1
—sl_ @amPGAM?

Megachile rotundata E 15 Y IEXM_012285519.1
Dufourea novaeangliae B E XM 015579360.1

2 KA NJEHEZER PGAM2 EE RS # L
Fig. 2 Phylogenetic tree of PGAM?2 gene based on NJ method

24 BAREZE amPGAM?2 MRS

FIH ExPASy RUFEZFEF Protparam 43Hr
amPGAM2 HH /T . /- T4l 2R
2 AR B AR AR R I, SRR (R 2)
amPGAM2 4> T4 28.99 ku, SFHLEH
7.07, THH P EER; AMREEEUNT
40, R H MR EERMA; BB EKRE
-0.505, AMATEPER M. 20 Fha B &,
HiziR (Lys) oilbamerm, 5 S 2RI 9.45%,
Kz R (Cys ) 5 HORAR, AN R IR 1Y)
0.39%.

2.5 EKXF|ZHE amPGAM2 G5 54

FIFH ExPASy 1 InterPro 7EZE T 5 Pl 45 #)
B, 45 WK amPGAM2 & 1 & T4 2 MR Bk IR it
HZ % (Histidine phosphatase superfamily ), H.
A5 AL IR AL ( ZH 2R IR
Histidine phosphatase domain ), ZAJERR1V B 435
A 10R, 11H, 62R. 187H. 188G,

2.6 BAFMZE amPGAM2 =4, =&
VK

FIH PredictProtein B2/ 704 amPGAM?2 &
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#2 EARFIEHE amPGAM2 ERIEWMER
Table 2 Physicochemical properties of amPGAM2 in Apis mellifera

& BT AR

Physicochemical properties of proteins

TR 25 R
Prediction results

433 Molecular formula

CI3O6H2050N35003SOSS

25 H 15 Isoelectric point 7.07
1 FEL T LR R 5% S B ( Asp + Glu ) Total disability of negatively charged amino acids (Asp + Glu) 35
1F o R LR 7R B ( Arg + Lys ) Total disability of positive charge amino acids (Arg + Lys) 35
AFaE TR Instability index 39.24
BOF 4 25 K P 228K Total average hydrophilicity coefficient - 0.505
-3 Half life 30h

1) s, 25 51 i R 1238 1 T REAEAE o-18iE
(H)10 1~(42.13% ), B-#r&(E )5 1~(11.02% ),
TeRL R (L) & 46.85%, MIRAHMAL, 18
it SWISS-MODEL F2 J [] U ## A5 (A% A -
demb.1.A; [AIJFSR 55.56) FUEE 1 =45,
T2 Rasmol FRIFALEE, 15 % 85 1 — /&5 Ha( &
3), P33 AN X ek 4 G R i R Tl A 1L
O iEMERRA, (10R, 11H, 62R ., 187H. 188G ) ,
H =450 5 s My w45 AR

187H; 188G

3 BEAFEE amPGAM2 EA =LA
Fig.3 Tertiary structure of amPGAM2
protein in Apis mellifera

2.7 BEAFZE amPGAM2 A B AN ER
R i

% ] 1IEDB Analysis Resource F2 ¥ 4 #r
amPGAM2 £ /Y B 4l HT R4, 258 Bsix
EAEABORAPURE (B 4) , FFHEAE 154
WIEPURERN (£3) .

#*3 EKXFIZME amPGAM2 S EFEFTIH
BERRRN

Table 3 Potential antigenic epitopes in the amino acid
sequence of amPGAM2 in Apis mellifera

i FRROE  WEDUEERALF S PN

1 13-16 ESEW 0.915
2 29-38 HLSDKGKIEA 0.860
3 43-45 KAI 0.530
4 76 Q 0.400
5 79-80 IT 0.580
6 92-93 YG 0.403
7 98-110 LNKAETAAKYGEE 1.259
8 118-131 SFDTPPPPMEPDHK  2.850
9 140-153 PRYANDPKPEEFPK  2.269
10 166 P 0.350
11 177 K 0.404
12 200-203 EMSN 0.556
13 224 N 0.353
14 226 K 0.406
15 237-241 EETVK 0.935

2.8 BAFEE amPGAM2 EANEIERFEM
Livd =

L WS B AL T, HEI amPGAM2
EESAMBEE B0 1 DB
b7 (178aa-181aa); 2 DWEEEAL A7 &
( 78aa-8laa, 169aa-172aa); 1 &R (IS 11
WAL A 5 (202aa-205aa ); 1 >N S EBEAL AL A
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=== [FJ{E Threshold ( 93aa-98aa ), 7 N FIPAEE C BEMR 1L A7 A5
( 31aa-33aa, 66aa-68aa, 84aa-86aa . 156aa-158aa .
190aa-192aa. 230aa-232aa. 239aa-24laa); 1 )
fi% 2 PR W W B IR Ak A7 51 ( 68aa-92aa ), H
amPGAM?2 4 [ g W Tl B AR A 1) B R

e R R

_1‘ 1 1 1 1 1 1 1 1 1 1 1 1 a Y
%0 20 40 60 80100 120 140 160 180200220240260 29 EAFIE amPGAM2 EEFZER 5347
{7 & Position

1843 Score

W9 ER PCR K T amPGAM?2 F:H

B4 ZTAFIZEE amPGAM2 EH B AR RS NG NEEE=AT b=k e o
Fig. 4 Analysis of B cell antigen epitopes of /—EIIEJ i THZ{ H HT/EH Eﬁ%\éﬁ hE] Bl IH%E

amPGAM2 protein in Apis mellifera R (ELS), amPGAM2 JEHTEATR] fndk . AR %
B A 1 R LR S, A A ARMRLERDE (P<0.05). ETHLHT
{32 T LA RO 2 5 Y S s BBt (5. A), B33 Bl 4l
The transverse axis is the amino acid sequence of 5 HibExE RS, HEMEHNS N XBHIET
protein and the longitudinal axis is the antigen index. L . A
The peak interval above the critical value is the HAGL BRI s AEANHUNT 7-11 Hie . 10U
potential antigen epitope. Wy AHREEE . ZDHR A . R, kRO
61A - ;
. a a ’ 25 5 154 ¢
% ‘% 204 B
I 2 4] i 2 i 2
4 M1 %
g 2 5] g g 10 ﬂé o
gE|0 c B3 5 ¥ 3
] cc®ccoec S C]
"o 509 84 ¢ " o 0 5 O, S O "o x5 0N L 3
Vo D X Y D X 05 VDX D040
RAGRAGPQEEY AR DAARRS RARINBBE LS
TR F RS s H B T RE HA
Development stages of worker bees Development stages of drones Development stages of queen bees

5 amPGAM2 EFEEAFIZETFEREK. TRLXBENHANRIAER
Fig. 5 Expression of amPGAM?2 gene in different grades and developmental stages of Apis mellifera

G-2: THEOPHI 2% G-3: THEOPHI 3 Hi%; G-5: TE4hdu s Hilk; G-7: T4l 7 Hid; G-9: T #4) b
9 Hil%; G-11: T#eghdl 11 Hig; G-Y: TUHEHUMIY; G-B: TUHMREY,; G-H: TN, G-C: T
B X2 HEREDII 2 Hit; X-3: HEREDR] 3 HiR; X-4: Ml 4 i, X-6. HEweshdi 6 Hilt; X-8: I
Mg Ut 8 Hilt; X-10: Mg dil] 10 Hify; X-12: Mg b 12 Hit; X-Y: BESEERD; X-B: M iR,
X-H: MWL IR X-C: MEMeR A . W-2. WeTURM 2 Hild; W-3: ORI 3 Hik; W-4: M40 4 Hil;
W-5: B TL M s Hiy; W-6: M T4 6 Hi; W-7. BT4mM 7 Hig; W-Y: ¥ EHURY; W-B: BT AR
W], W-H. % ELIREI; W-C. 9 T AR . M LARA AR TR ERR LB FE R T 24025 8.3 (P<0.05, Duncan

IRZH LKIE) ).

G-2: Egg stage of worker bees 2 days old; G-3: Egg stage of worker bees 3 days old; G-5: Larval stage of worker bees 5 days
old; G-7: Larval stage of worker bees 7 days old; G-9: Larval stage of worker bees 9 days old; G-11: Larval stage of worker
bees 11 days old; G-Y: Worker bees prepupa; G-B: Worker bees white eye pupa; G-H: Worker bees red eye pupa; G-C:
Worker bees adult. X-2: Egg stage of drones 2 days old; X-3: Egg stage of drones 3 days old ; X-4: Larva stage of drones 4
years old; X-6: Larva stage of drones 6 years old; X-8: Larva stage of drones 8 years old; X-10: Larva stage of drones 10
years old; X-12: Larva stage of drones 12 years old; X-Y: Drones prepupa; X-B: Drones white eye pupa; X-H: Drones red
eye pupa; X-C: Drones adult. W-2: Egg stage of queen bees 2 days old; W-3: Egg stage of Queen bees 3 days old; W-4: Larva
stage of queen bees 4 days old; W-5: Larva stage of queen bees 5 days old; W-6: Larva stage of queen bees 6 days old; W-7:
Larva stage of queen bees 7 days old; W-Y: Queen bees pre-pupa; W-B: Queen bees white eye pupa; W-H: Queen bees red
eye pupa; W-C: Queen bees adult. Histograms with different letters indicate significant difference in variance analysis of
single factors (P <0.05, Duncan’s multiple comparison).



4 BRPHEEMESS: AR B amPGAM?2 FR I TEIE . T FIHIE B 36350 HT - 895 -

5o TEMERRFRANHBR (E5: B), Bl
Wik b s ORI 2 HIg B4t i) 4 Bl
FIXGBHT R, NS HUS 4 H %20 AR i H
Rk B EREAR; 7E U 10-12 H | B |
HHREG], RIkETC RS T ERTNE D
B (B 5: C), i) 4 HigRAERE; M
IR 2 H S EI4h B 4 BRI E A Wi,
HAEREJE & F BrBoh ok s B ARREAR .
388 3o 3 2 P10 AN ) it 28 M 300 R ol He B 2 ik
TEOLHATR A AT (L 6 ), 25 5 b /s T e g )
012 PR ) 8 s A vy, I R i
KRB sz, HIT 8 3 F Ui R R
IR G2 S, H 0 B i TR Y SRR i
A,
57 _e- T #% Worker bees
—m— £ Drones
—A— HF Queen bees

[\
(=]

—
(V]
|

()]
|

FXTFE k& Relative expression
o
1

Hﬂﬂé;—

Y B H C
TR B AN [ i 0 0 401 o 30
Pupal and adult stages in different grades of Apis mellifera
6 amPGAM2 E 72 A% i 1[5 s R iHHA K
AR FRIKE T E
Fig. 6 Expression of amPGAM?2 gene in pupal and
adult stages of Apis mellifera

Y: ikl B: FIHRAE; H: Z0HRME; C. Uil
Y: Prepupa; B: White-eyed pupa;
H: Red-eyed pupa; C: Adult.

o

3 itig

PGAM?2 J&— P kB L b REf i, B
ST FNFEREERE M, Sk EWitis | FibRR
WL AEREFEEUME (REMK, 2015), Jf
TENRE AT, PGAM T it — 2035, M a]
VTR S AL ATP P=AE S B DA R A 2
[a) 4 ( Turhani ef al., 2006 ). fEA . /DR,
A WA S A, XTI ER R E A

AN HGE A WU 5 A OG5 7 I
( Hadjigeorgiou et al., 1999; Ohetal., 2006 ),
17 G T 2 1 5 B MR IS B s ik DL i3

YT PGAM2 76 B B U A G b iy 2
FA W30, 16 B R 5 M TP e iz B R AR
WAL A5 v PR B B R 1 amPGAM?2 F
HH 976 bp, HAHE— KN 765 bp I
BeliSEAE , Hedntd 254 ANEIERR, ZHRITS 5%
e (98.4% ) AL, RGBT &
M, BARREGE e G EEER N —3, B
R WA R/ N e SR — T > R B R U 8 1
SRR e (FURTS, 2016), BARMEK
amPGAM?2 £k 30 h, H AR EHBUNT 40

( Guruprasad et al., 1990 ), UiH] amPGAM?2 3
FAE o a-B2HEM BB L5 . 57, Al
i A%, HMESPuikmRS, AE R A4
REFEREEN ( B#ERESE, 2003), &RA i
amPGAM2 “RZEMA T o2 HER B-HrE
ik 53.15%, A H B3 amPGAM?2 45
PR AR E o B T B JC R 0] e A hn i, 5
KA P18 XA NEI R BRI AR R, B
AIRERCAPTR A, (B HERESE, 2003 ), KA
B amPGAM2 () 245 2 it , oA it
ditbik 46.85%, #E/RAlREEA Z PR ELN,
] B 4 bt B e o7 7 25 S AR — 2. B AR
FANEYUR T rh SHuiRRe SRS A A, 8
HWH 5-15 ANEIERRARL, ATEREE B
FREbUASEEE (£J%, 2011),

O A I 78 52 8 B AR 3 R 5 LA i A K
FUIMISE (LBEMESS, 2008 ), HEAWERRH
iR A5 57 B PR R, BLIAR Y2 3h A K & 2 3™
0 ( Zhao and Assmann, 2011 ), FUFEE I
1) BRSBTS A 400 43Fh( Garavelli, 2004 ),
T8 T2 e U2 1 B9 i 468 M v 3 3 A7 76 1 L4
B, B BB ER b AN 2o i R bk — mT 3
R, ETE ARG . RH . BRI
JLFEA A 4n i shid #2 ( Delom and Chevet,
2006 ), FN45 5 R R % % amPGAM2 £7
1E 9 IR AL, EL& A T R R 1
DML, R\ KA E SNz, HF
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AL AR R F BT RE R EEEAEH.

Mt ST amPGAM2 FEH (IhEE, X &
KAFVE WA AR R E ] PGAM2 F:IA
1R EBLHEAT T A AT o A7) 5 25 B 1 K R0
WEAk 2= 4 R B B iz SE R SRR B AR R, T RE T
ZIE S SR oL RO OE R AR K R B IR AR
HAeE, I LR UL 2 A AR Y (A% R
BRI ), X5 Tennessen 55 (2011 ) WFFEHEE
il AE DG BE PR 9 SRR A AR . T | e S e
H B 995k 22 4 1R B A ph 21 HR 0 2P 1k 2 A L By
B, HFRRHE bIt&s, vaeh TAFR LB
W A B L A0 3 3 5 I 8 (Liw et al.,
2015 ), X} ATP J/EWpht (AR . A AEMRST )
PR T SIS SR, DA TITT i e A e A 23 L 2 A
PREHTIE G AT 2K o U0 DA T A 2 42 2 B e
PEIFGG A FE AN ML BG5E (ARImMAE, 2019), B
PR A AR DG I Y B2k 2 B0 T Dh R 32 46t ( iz 3l
RE I BEAR . ToA S B 5% % 4F ) ( Ferramosca and
Zara, 2014 ), Hd iR R A TR 70
I ARG B 4S A (Hereng et al., 2011 ), e
BLH Y amPGAM?2 PR 335 5 e, H UG AT A1
W 1l LA B 200 RTORS - 118 394 B e R A 0 0 A
AR, HAZEE A E HEAE ] . DN e g e
i 7= A P DR T T D 4T R R AL, Sy B 200 i
149 B RORI B 1) AE K B AL R I A ot DL AR IR TE
HWHERKAEET (Suetal, 2009; Lietal., 2011;
FEM, 2011), HRIMNEFRUIE LM Rk
TR A A DG L DR 1Y) B o 1 B A ( Krisher and
Prather, 2012 ), #F s Pz BE PR 0 Rk 1 AL
1o, T TS ARG AT, AT 2R 2 6 DR 7 e 1 9 B
KOBF B DR R EEAEH . vTREH TH
FHNIPI Akt Tl e, DN S5 A& T R, A
HEM BB A Il 2 B3 .

AWFIE RGEHXT K #E . amPGAM?2 &
F AL R Z5 A DRt AT 1 B0 A A, I8
W HOEE R PCR FORIHT T AR S . A&
B amPGAM2 FER F IR, IR ARFEIX
FE PR e R e A K R B o A v ) VR AL
BE S LA, R MR TR AT A DG 38 [ T 5 AR AL S
Hedls
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