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HEE TWEIKREIRSEZRE
HREPHERZA MSAP 4547
KET, WAL, WA, AEE, BLE, LAz

( NR2E AmBle2gbe, AYRESAESHER T IE S LK E, B 610065 )

7 E. T REA SR E T, B A LR R AR IR R Y s ke U B AU 38 2 S B0 A 2R
RBIRE R . N TERERE T A 20K BN R AR 07U, A58 2 X0 A 20 2R e A7 B AU
254 MSAP ¥ BIFST T RN A 21 3R 7 il U0 aE R MR R 2R SR R P B R AL AR KO I AR b A5 R R
B BRI E 0~72 h HATR], R A Z0BRBE A 1 BN | AR 3R AR R 2R AR TR AR 12~ 24 h W 1H], B
Je BRSNS RIS X SRR 0,24 .72 h (YRR AR 2T BR 3L R 41 DNA #E A7 T 3R AL U Y 188 2 28 0 45
Br, AEA5 80 T 291 AN H S 2 S PEAL A, Hoh & AR B AR AR AR A9 7 S5 7E 0~ 24 h R 24 ~72 h 4300 o5 S Y
29.90% M1 53.95% , TEBRANIE 24 h 4b DNA 2 AR IR ( 12.71%) , 4 FEAL R IR AR (hy 26.80% ) 5
BRI IE 72 h Ak DNA 4 AR 7 i (4 28.52%) ,~F TR (O 1.72% ) o iIX K W] DNA F AL 3
5 A AR SR AR AR R R v ) — e R A

K BERF, B, WAL EREE, IR R, IR L

RESES, 0948  XEAFRIAEG: A XE4HES: 1000-3142(2018)09-1155-09

Genome MSAP analysis of Haematococcus pluvialis
astaxanthin accumulation under nitrogen depletion stress

ZHANG Keya, QING Renwei, LIU Kehuan, LIU Qianqian, HOU Xingguo, LAN Liqiong "

(' Key Laboratory of Bio-Resources and Eco-Environment of Ministry of Education,

College of Life Sciences, Sichuan University, Chengdu 610065, China )

Abstract: Haematococcus pluvialis is the best resource for natural astaxanthin, which has multiple biological
functions. Nitrogen depletion can result in astaxanthin accumulation in H. pluvialis. In order to explore the molecular
mechanism of astaxanthin accumulation in H. pluvialis under nitrogen depletion stress, the growth rate of the algae was

found to decrease during 0—72 h, the accumulation of astaxanthin mainly occured during 12-24 h, and then slowed

Wis B HI: 2018-05-15
EE£WB . BXRBRFH4(40976092) ; M)A R THH (2014)Y0171) [ Supported by the National Natural Science Foundation
of China (40976092) ; Program from Sichuan Department of Science and Technology (2014JY0171) ],
YEB®A: KW (1991-) , & WAL A B E R0 A FENF RS EHI5E, (E-mail) keya_2016@ 163.com,
CEEEER A, W, B, EENFFREISY, (E-mail) lanlq@ scu.edu.en,
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down. MSAP analysis of stress time point at 0, 24 and 72 h got 291 methylation polymorphism loci, among which
29.90% of 0—24 h methylation loci and 53.95% of 24-72 h methylation loci changed. After 24 h of nitrogen depletion

stress, the DNA semi-methylation rate was the highest (12.71%), and the full-methylation rate got the lowest ( 26.

80% ). On the contrary, full-methylation rate was the highest (28.52%) and the semi-methylation rate was the lowest

(1.72%) after 72 h stress. DNA methylation changes appeared to be a vital regulation for astaxanthin accumulation.

Key words: phycology, nitrogen depletion stress, Haematococcus pluvialis, astaxanthin, methylation change

W A= 21 BK 38 ( Haematococcus pluvialis ) & — F
TRK A I RN 2 3, T T B 1) 4 9 2 AT
HLLBR BRI o FE AR BB (ot &
HhomEl E IR Z ) 2 UK Y JE BE 4t 1 R
RURE R, IR LB U A shan i (B R REE,
2017) , ¥F7 & (astaxanthin) & —Fh @ T &3S
( xanthophylls) FUZETA B N | BIRM 4 (0, fb2F 45
I ZE LT B-HH % b & ( Martinez-Delgado et al,
2017) I AFAE TUR g f0 D) R RS B2 o R
H BR B GBI RESL, I8 A AR 5 0 BT A AL T BR
R BE S5 D5 T BE 7, A PR 47 40 M 5 32 S AR 15403
INERA =R LK R, B 35,37S;3R,3'R;
3R,3'S(4r BN 7ETié A e NI E) (Ambati et al,
2014) . WIAZZI3REE (H. pluvialis) 122 9 (3S,3'S)
SR (Wan et al,2015) . Liu et al(2016) A 55 %
B BR T 2R =R S A e 4 4 A8 T SR AR TR MR IR R
(3S,3’S)>(3R,3’R) >(3R,3'S), HAHI, HAR
HIRIR B IR 3R 2 2T T H 2l e 3 (e B A 4
B, R R A 21 BRI KR R R 0 SRR AR
(BAIEHESE, 2016) , WF R P HBA mAUEY 5
P TSGR 3 AR R [ P A A T 58 T

FE[RIZH DNA WL AL RE 2R Al ) 2k I 4H P g AR
SE LAHE B A )R 5 ( SHIRVR S, 2013) , i AE I
THYWIEF AR ET S FE N, e 3t
FEAL 5| i B OB A5 (AR 45,2009 ), H 3
LU Y 3 £ 5 ( methylation sensitive amplified
polymorphism , MSAP) J& 7E 9" 3 b Bt K & 2 &k
(amplified fragment length polymorphism, AFLP ) [
FERl I A& B2k (Vos et al, 1995) , F H [F] 24 fif
Hpa Il /Msp 1 X5 7 51 CCGG 1) H 3 Ak i g vk
AN, P AN A ) DNA Y1 BOk 8 78 T EAR A7
SL(ZEIRAE,2012) o TR ORI, R BUE =
N2 P Py 0 g BIR A G A7 22 T RE W] IS 43

MrE AMRERL (REH 25,2017 , H Al E MOk M #b
FHTREAS Y5 R 41 DNA H ALK - R A ) 3=
WL % 27 AR 5E v B R A 1 o S, B4 X
FIAE 21 BR i 09 BF 98 B0 T 1w & 57 (Jaime
Fabregas et al, 2001 ; Zhang et al, 2014 ; 2% 4 %
2005) , R R A R BOUR R TE (B R REE,
2017 ;25/NEESE 2015) Lh K HF 75 R LR S5
JoT A BT (0 L5 5 o A 35K i 45 ) AR 1A R TR T
(MDA ,2012)  RFERESRAT T RO A2 20K e R
FRUGR AT B 1 B A 41 MSAP 43 BT 14 oK L AiGE
T3 BB 58 %) 48 7 T A2 21 3K P AE SR 251 TR
R AR B R A E R L, ABESE X
AR ZEBRBEFEAT B A8 , 255 MSAP 2 #R5E [
Az CEBRBEAE B30 T R R AR R P A
2H W BEAL KV 2L, W0 20 4 7 TR A 21 KR kR
JBih3E 1 3 R BIL R, X TR A 5T B 38 R R AR 203K
BEAR R R R AL —E B BRI OF B
BWRAER Mm% LI N4,

1 MHEF*

1.1 ##t

A £1BR  ( Haematococcus pluvialis ) 3 Fh , H
PO K2 A Bl 2 2 B e 2R S 00 = B R R A
1.2 Ak
1.2.1 ¥ % % R BBM i B sl hiE
(Vi t Vi, =98 1 2) IRE (22£1)°C LI
H12 h = 12 h,OEHEEREE 900~1 100 Ix, FRSLEK
HIJC AT TRE 35 R AL TR KA BEdE 12 10
R 7E L IR PSSP e o N I oo M )
Fel: 6o MBI E | L = MmN, R E
SRR G R i B oI R e R
PRBUBT L Y BBM ik 2035 77 25 vh E AT e, X B2
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F BBM 215 572 FE A7 1E H B 5%

1.2.2 | o3t 2 A AL A O xof BE 4 RN g5 S
HAMNM A LR BEAE R TR 2 0,12 .24 48 .72 h B}
3 IBORE ) 4 1 U0 % 3 440 L TR 285 01 T 1l 3R 3
B A A A H

1.2.3 SFF A AF g f o B4 fn ik 200 38 4
T A ZIBRBEAE R 52 28 0,12 .24 .48 .72 h B 4333l
WORE HEATIRE RS, RS L E Cy-
anotech 2 & 1Y 5 15 ( B B R ™ /NZE 2007 )
BT 15 mL 08T R A 1 g A3ERPANS
mL DMSO,45~50 °C 7K ¥ 30 min, A4 5 min
WiEPR% 30 s(F 6 1K), 3500 r - min" FE& L5
min [F4IIEY) R PCHE, LIEFE A 10 mL &P,
BB FIMA 1 mL B, R HENR 30 s, 3 500
r+min’ N &5 min @éﬂﬁﬂ@%}ﬁ/ﬁﬁ,%fﬁ{%@
10 mL S, VA 2= e 3k, B E L
THRFEAT A (WIEHE/NT 0.05) . HNETEEE
10 mL, K5 75 bR BER AT, TS ~ 10 mL ik
ABLE,3 500 1 - min R E0 5 min DABR 22 AT TH
SRR A BRI . 474 nm PR I SE i KL
JEE (BRSO IR o OB R T 1.25, 1
AT i FE DR 5 8 S TN, s R A B — Ak
1:5~1:10, B3N EL, IHELARWT .,

H I | E T ()= TOSOGIH A

250
(IR ) > BB A
e an B MR (m

ﬂa%ai=ﬁ%ﬁﬁx£3
1.2.4 MSAP 547 R E AL FE 0 h( B8 b F AT,
YERXTHR) (24 72 h BTN A 208K H Ezup A0
YIS DNA G0 & [ A TAEY TR (L) By
A BRA T 4T DNA 25, 2 18 Xiong et al(1999)
IR IS AT U TRy R
R TR, MSAP 4387 r ok FH B 23k 7 91 T 1
Sl RGEBE T ST LR 1, kMBI
B TAY) TR (1) e A BRA Rl G R, BR
HilPE N YIEEE A Thermo 23 ], T, DNA Ligase 1 H
TaKaRa /A #] , PCR mix W4 [H AR 4 Bl b B A 1) $7
RAEWRAH

XFH2 RS DNA 43 3l #E 15 EcoR 1/Hpa 11 Fl

X 10 mL

x 80% ,

EcoR I/Msp 12 NG Y], VI B AR R 20
wL:EcoR 110 U,Hpa I & Msp 1 10 U, 10xTango
buffer 4 wL,DNA #£fh 300 ng, ddH,0 %M E 20 pl.,
37 CHEYI 10 h, EEUIR NS5 RS, FH 1% 3 IR bE Bk
Ji FL Dk A O il U)K, B AT R Sk R
R EIE 20 pL: BEVIF=9 10 wL, EcoR T #3k (5
pwmol - L) 5 Hpa 11 (Msp 1) #3k (50 pmol - L)
# 1 pL, T, DNA Ligase 350 U, 10xT, DNA Ligase
buffer 2 wL,ddH,0 M & 20 pL, 16 C#$# 12 h,
YRR 10 A% )5 AT Y, TR A R
20 wL, G4 8519 EO(10 wmol - L") 1 pL,
H/MO(10 pmol - L)1 pL, =9 10 1557 Bk
5 wL,2XPCR mix 10 wL, MZE/KAMNE 20 pL, § 14
FEFF N 94 °C 4 min;94 °C 30 5,56 C 1 min,72 C
1 min,30 PMEIF;72 CLEM 10 min, KNZEHR)G,
P3G 7= W R 30 A EAT IR RR R HG .
PEY AR R 20 pl, 145 EcoR T 3£ MEY 3 51
(10 pmol - L") 1 wL, H/M ¥ £ 8514 (10
pwmol - L)1 L, Ty 4 7= 4 30 {55 BW 5 L, 2%
PCR mix 10 pL,ddH,0 #h & 20 pL, ¥ 3T H
94 °C 5 min,94 °C 30 s,65 °C (FMEHE 0.7 C)
30 5,72 °C 1 min, 3 12 PMEH ;94 C 30 5,56 C
30 5,72 °C 1 min, 3£ 25 MEFF;72 C 10 min, %
PEUEY B4 AR IR B 2 ~ 3 pl T 6% 48 M
RN M Tt Bl BE S R UK, HLOUK 45 RS R R R GF
(2009) (77 W6 U Ja HEATAR G F O IRAF 5 R
HLUKGE SR ¥ Hpa 1/Msp T Y 7= 4 00 %35 ik
fibpic, LA IE N 0", A &Hid N 1", G&it
B ELHEH |, H Excel 2013 #4745 59097

2 R 594

2.1 MAAKEEREMETHERKBAEZERRM
U4

T4 21 3R 7E 1 % BBM 1A 1Y BBM 55 33
B KB 1 s, AR IE
R R A 2Bk AR KRS R AT, 2 72 h A,
B T 5 13.2x10°; ik A& 4 12
BREEA A BB T R AR e BRI (72 h) 20
MR B TE R 8.7x10° A4S, I Xf BRLH 1Y 0.66 1%,
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&1 MSAPFTAMELRESY
Table 1  Adapter and primer for MSAP

Gl s3]

S A FRU S FH (57-3")

Name and seqence of primer(5'-3")

Type of primer

EcoR I(E)

Hpa Wl /Msp 1(H/M)

3k
Adapter
fE/ L7

Pre-amplified primer

EA1: CTCGTAGACTGCGTACC
EA2. AATTGGTACGCAGTCTAC

EO: GACTGCGTACCAATTC

WA 5 AL No.1 GACTGCGTACCAATTCAGC
Selective amplification primer group
No.2 GACTGCGTACCAATTCAGA
No.3 GACTGCGTACCAATTCAAA
No.4 GACTGCGTACCAATTCAAC
No.5 GACTGCGTACCAATTCAAG
No.6 GACTGCGTACCAATTCAAT
No.7 GACTGCGTACCAATTCAAC
No.8 GACTGCGTACCAATTCAAG
No.9 GACTGCGTACCAATTCAGC
No.10 GACTGCGTACCAATTCAAC
No.11 GACTGCGTACCAATTCAGG

H/M1: GATCATGAGTCCTGCT
H/M2 . CGAGCAGGACTCATGA

H/MO: ATCATGAGTCCTGCTCGG

ATCATGAGTCCTGCTCGGTCCA
ATCATGAGTCCTGCTCGGTAG
ATCATGAGTCCTGCTCGGTAG
ATCATGAGTCCTGCTCGGTAG
ATCATGAGTCCTGCTCGGTAG
ATCATGAGTCCTGCTCGGTAG
ATCATGAGTCCTGCTCGGTAC
ATCATGAGTCCTGCTCGGTAC
ATCATGAGTCCTGCTCGGTAC
ATCATGAGTCCTGCTCGGTTG

ATCATGAGTCCTGCTCGGTTG

BONEEEE RN R 2 Fios . TEBRE MM A 0~24
h BI1E], B9 AR ZEBR A4 B35, A 72 h
I, A T AT LA N TR A D R R AR,
22 MEREETNL

K3 A R P iR RS B,
P 3 ] UL, Bl A R ER R S R S AR
Hh—E e TR IR, HsRk AR E AL B 12~24 h
W B 7 2R B 2R BE 0, S 1S R AR R R I B
WO, BRAAER S R & & I, B TR, st
RAGXFRAAE W30 72 h &b 22 S8k, e At ik 4
HIERE 2R & a X RRZH Y 2.64 %,
2.3 GREAHMIE T M AELLEKE DNA B9 MSAP 434

11 X PSR 1Y 5 | 20 5 AT R A L1 R
DNA K dh i) 23 N2 B AR 0 B (1 4) o X Bk
e AT 251 it )5 |, #% Tang et al (2014) B9 732
AT, AR gk 2 s, WAL —4bf
PUFPZEAY . (1) Hpa I F1 Msp 1 AbI9A 47 (1,1) , B
WA ERERIA; (1) Hpa I JoH7, Msp 1 A

(0,1), NP Mams e & W 3k () Hpa 11
A, Msp 1 JCAE(1,0) , g SN i 185 e FE AL
(IV) Hpa I #1 Msp 140317571 (0,0), i B Ak
e, agit)a, MR & 2R AW EH WK 5 Br
TN HARENT 2650 4541, ik 2L S5 R 15 3] 291
AN Z B S, TR CR AR ) H
w2 fEHAEAEE 0,24 .72 h B 53518 194 176,
203 A~ I 2 AE Bl AL B %) = A~ B[] 05 A8 FE A R
I S 78 R A W38 24 h F1 72 h B 20 T 86.49% |, 7%
R &IV KRB &, 7k A AL B 72 h B ik 64
A TEZARRDS R H 2

XA A HEAT H AR AT, St e T
IV RRAE 2 W AL, B IRfER = [(T+10+
IV)/(I+ T +MM+1V) ] x 100% , & H 3% = [ (1
+IV)/(I+ T+ M +1V) ] x 100%, 2 H AL % =
(M) /(I+ M +M+1V) ] x 100% , Fri5-45 5 0.3 3,
F3LERF], B AL B 24 h Y P AR R
w®Z (1154), B H LR R (39.52%) ; A
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160
140
120
100
80
60
40
20

—— 88 Control

——HRE N depletion

BERE

Alga density (X10* - mL™")

0 12 24 48 72
BiBET(E] Stress time (h)

K1 A Lok A Kt £k

Fig. 1 Growth curve of Haematococcus pluvialis

ARFE 72 h R A B f b (88 ), BV AL
RIAK(30.24%) , W/RTEALFH 24 ~ 72 h W], 5k
LB R R R T 23.48% , 4 W 34k A7 A5
BAEBR R AL 0 24 72 h Z A 2SR K, & H 34k
RIE 26% ~28% , 1 FLAUA A B B AL B O
24 72 h 73502 16 37 .5 4, WRTEGRA 24 h Abf
LAk 2 K (12.71%), b 0 h & FFF T
131.25% , 1Mk 72 h /b FRET 86.47% , b B %,
Xof i W e A Y R A RN 2 PR R AR R 1 1) A A
BEAXATHI (K 4) , WIT R 4 500 R, B A
TET A B i R Ak R 2 b AR b S A 5 = b
B (1) H AT S TEAE Ik, 7R B A AL 2L 0 ~ 24
h i1 24 ~72 h 1R AR AT 2 TEAR TR B E 4301

W AL BUE0 by B. B 12 hy C. B 24 hy D. B 48 by E. B 72 he
Note: After Oh (A), 12h (B), 24 h (C), 48 h (D) and 72 h (E) of nitrogen depletion stress.

Kl 2 FAELLEREESRENE T R Mo

Fig. 2 Microscopy of Haematococcus pluvialis under nitrogen depletion stress

~ 0.8 { —=—XtH& Control

£0.7 { —— &N depletion

o 12 24 48 72
BERtE] Stress time (h)

3 IMEREEZL
Fig. 3 Changes of astaxanthin

204 F1 134 4>, & B H IR A A7 8 70.10% F
46.05% ., (2) i &R, AL 0~24 h
18] A W AR B 7 5 A 46 A, 5 RV AR S
1) 15.81% ; A AL FE 24 ~ 72 h W 1A] & A= H L4k
DI 73 4, 25.09%, (3) s KA 5 P 3
1k, BRRALEE 0~24 h W] & Az 25 F 3R AR ARG 037 0
414, 14.09% ; S A AL 24 ~ 72 h W1 1A] & A
F BB A 84 4, 15 28.87% . 45 H BN,
201 DNEEBNENL S AE 0~24 h WA 87 NAET
H bl 2 F Ak AR 4, o 29.90% 524 ~ 72 h ]
KA A & B IR A 7 A 157 A,
53.95% ., AI UL, e A AL 3 L AR 5L 24 DNA [
Bf & A B b RN AL, HAE SR 1 (24~72 h) &
AR BT £
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%1811920.21 22~2»3~244\25 zs 2

: M. Marker, BIHEL6 ANUKIE R —2H , 2HN 51 A A AR, I BN HT =R B AL 1 0,24 .72 h (1 A 203K 3
4N DNA i@t Hpa YD, JG = AFE AL EE 0,24 72 h Y BRI DNA 28 Msp TGV,
Note: M. Marker. Every six lanes were one group. In each group, the first three samples were Hpa Il digested genome
DNA from stress period 0, 24 and 72 h, respectively; and the last three samples were Msp 1 digested
genome DNA from stress period 0, 24 and 72 h, respectively.

Bl 4 GRAKLEE 0,24 .72 h FZEZIEREE DNA f) MSAP (83714
Fig. 4 MSAP bands for Haematococcus pluvialis under nitrogen depletion environment for 0, 24 and 72 h

| 8

P

v I AT W

x2 BHEUFFRRASE

Table 2 Methylation band classification 200 194
Fm ®
Hpa 1l Msp 1 Type _g 150
<
1 1 INEIREE 2 ) S
I( No methylation) 5 100
0 1 I (&M f o 56
Il ( Full-methylation ) & 950 37
= 20 16 22
1 0 Il (o Ak )
IIT ( Semi-methylation ) 0
0 0 IV (EEHIEAL)
IV ( Hyper-methylation ) BFE Time (h)

W LI I IV X 7 S g DO e YRR AL S AR
Note: I, I, Il and IV stands for methylation type

3 -i/ﬂ— ‘I/% I, I, Il and TV, respectively.
K5 ANl AL R H UL

Fig. 5 Loci number of different methylation patterns

ROCE MY A K KT AT b AR a]
A HAF R K G 28, 6 40 A A8 L 43 24 A
KA ZEREEM, R AR TE (R 5T SR PRk K g, X5
4 2013) . AICEEEIN AR ERKME R EEWSE(2000) HFFE R AEREF R 3 d, kAL B
BT P IC Z ( Griffiths & Harrison,2009) , Ax  HAKHBEZ" ML, #OKIESE (2009)
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Table 3 Methylation rate

DB I T

WH Number and proportion of loci
Item

0h 24 h 72 h
B LR 291 291 291
Total amplified loci number
SR £ 97 115 88
Total methylated loci number( Il + 1 +1V)
2 H AR A 81 78 83
Full-methylated loci number( I +1V)
S AL R 33.33  39.52 3024
Methylation rate ( %)
A EEfL A 27.84  26.80  28.52
Full-methylation rate (%)
AR 550 1271 1.72

Semi-methylation rate (% )

R, BRI AT T T A 2Bk AR R AR R Y W) B
IR KA A T, T 2 78 3 3 40 i B B A 22 AR
TR, X SAP I AL IE 72 h i RO 1
AR 2D BRI AN O AT RS RE TG
BREUMNE T WA 20K AR K g AR R
AR, R SR A B TR R A S,
X5 FEEAN4E (2000 ) #1 Borowitzka et al (1991)
GGG — B, HAL AT AR 2 P o i AU 38 5 | 40
J PN 35 P SR K SF- 38 0 ( Mendesferreira et al,2010) ,
T A, 35 40 PR | R R R SR BT
SR BT R 200 P 9 1 4 (T B 5, 2012)
R A0 PN 0 R A B AP A, BRAE 2
S e 2 2 B A i iR 75 (Hirooka et al,2014)

x4 REAEATN

Table 4 Methylation pattern changes

[TA=¢ ¢
= e ol plg A KAz AL, Loci number Percentage
Number Type change Pattern change 0~24 h 24~72 h
0~24 h 24~72 h (%) (%)
1 I->1 T2k 153 125 52.577 319 59 42.955 326 5
No change
2 I-> 10 3tk 6 8 2.061 855 67 2.749 140 89
Methylated
3 I->10I e ¥4 15 3 5.154 639 175 1.030 927 84
Methylated
4 I->1V i ¥4 20 40 6.872 852 234 13.745 704 5
Methylated
5 I->1 EUIE-¥iq 9 10 3.092 783 505 3.436 426 12
Demethylated
6 I->1 b 8 3 2.749 140 893 1.030 927 84
No change
7 I->1v 34k 3 9 1.030 927 835 3.092 783 51
Methylated
8 M->I AH AL 2 23 0.687 285 223 7.903 780 07
Demethylated
9 m->1 JoAE ik 12 1 4.123 711 34 0.343 642 61
No change
10 M->Iv AL 2 10 0.687 285 223 3.436 426 12
Methylated
11 IV->I LH AL 12 45 4.123 711 34 15.463 917 5
Demethylated
12 v->1 EUIE ¥iq 8 5 2.749 140 893 1.718 213 06
Demethylated
13 v—>1I K H AL 10 1 3.436 426 117 0.343 642 61
Demethylated
14 IV->IV Tk 31 5 10.652 920 96 1.718 213 06
No change
15 m->1 P 3EAL — 3 — 1.030 927 84
Methylated
it 291 291 100 100
Total

T > FRMNTERAE NG, " Fon B B,

Note: “—>"represent changes from the former to the latter. “—"

represent no data.
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11T JI A I 2 R 38 7 I A 21 BR 8 40 i 5 P ik A7
f4)37 IF ( Makio , 2003 ) , 3 1 J2& St &0 W 38 5 SR 7
EHEMNENZ —,

MSAP 255 7, DU A B 3L Ab 2 v 1 28 (R
RAEWRAL) K i 2, ok o IV 25 (G 3
fb) . HT B, e B AL BE 24 h bk B L R A
(38 12.71%) , 2 B R AR (h 26.80%) , 1M
BRA 12~24 h I RIHRSE 2 5 a5 20RO, 2 Bk
R, IR R R0 R Z AL H 4] DNA 2}
FAL T T, BREAL B 72 h i IR R A 7E
2 HFH B R R I 3 ZH DNA 4 B 3k
Ry, RN A 32 LA AR R T o T

DNA H 34k 5 25 B 3 b ml DL yR = 2 g 3%
ik, BEad B2 AR AT BEAE AR DNA DLER, AR 4R 3L
2 1) SEHE (A ) A D AR AR, B A H 3 A
S (XPK,2013) , dlH B A RS
il FR35 | kA 2 AL S 1S I ;oK 4 i 5 I
ik (Ik et al,1997) , AHFFEH, by 38 N Gk 50
3, EZIM DNA 7E 0~ 24 h ] [8] & A= W1 5640 1 f5r
ST W AL A, 2R B BTG 2R3k 1 SE B (R
TR A BGR R DAL ) D T e ] i L A ik
CRN IS ERC AR L - S = v e e N
(2015) KB, 2B R F G & E 2 W Rk R | T
FH AR B S 3 N R U A8 B B T
Pas FE P Rk A0, B e DUERHS v FE TR ) 2R3k
TG EE NG 24 ~72 h WA, & A L H e
P 22 T H AR 5, DA 25 AL 3, B s iR
R RHEZNG , T REREIT 7 2 AW FLR A 563
i 22 2y, A 25 R AR T B G . mT AL B R
e T AR R AN R 5 3 4 DNA H IR A AH ¢,
i 3o FH 3G A Fn 25 WY 3 Ak 0 20 45 3R IH G 3Rk
NIIE- AL L= Y iORE S

SE .
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