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Effects of different concentrations of phosphorus stresses on
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Abstract To investigate the effects of different concentrations of phosphorus stress on soybean seedling growth and
the genomic DNA methylation level, methylation sensitive amplification polymorphism (MSAP) and real-time
fluorescence quantitative PCR (gRT-PCR) were used to analyze the DNA methylation level and related gene expression
in the root of soybean material *CP016” seedlings under different concentrations of phosphorus stress. The results
showed that: 1) With the increase of phosphorus concentration, the plant height, fresh weight, root length and root
surface area of soybean seedlings increased first and then decreased. Both the phosphorus-free and high phosphorus

(1000 pmol/L) stresses significantly inhibited soybean growth, while the low phosphorus stress (100 pmol/L)
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promoted the growth of above ground and the extremely low phosphorus stress(10 pmol/L) promoted root growth.
2) With the gradual increase of phosphorus concentration, the POD and CAT activities decreased first and then
increased in the root of soybean seedlings, while the SOD activities, starch and sucrose contents increased first and
then decreased. 3) The results of MSAP analysis showed that the DNA methylation rate and full methylation rate of
soybean seedlings increased gradually with the increase of phosphorus concentration. Specifically, the DNA methylated
rates of soybean seedling roots treated with phosphorus-free, normal phosphorus and high phosphorus supply were
43.04% ., 48.52% and 51.05% .

of genes that regulate the activity of POD and synthesis of starch, and the methylase gene DRM2 up-regulated

respectively. 4) The results of gRT-PCR analysis showed that the expression levels

significantly, while regulated SOD activity and sucrose synthesis, and ROSI down-regulated significantly under
phosphorus-free stress. In conclusion, this study showed that the phosphorus-free and high phosphorus stress
significantly inhibited soybean growth, disturbed its antioxidant enzyme system, and reduced the content of starch and
sucrose. However, a certain degree of low phosphorus stress could promote the growth of soybean seedlings. The

levels of DNA methylation in the root of soybean seedlings were decreased and increased under phosphorus-free and

2020 4 55 25 &

high phosphorus stress, respectively.
Keywords

polymorphism (MSAP)
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3H 23 2 A R SRR R A A AR R LA
/N S T 3 IR (ER X (1 7/ B R NI
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L0 I AL B3 Soymap 2 HY L O R SRR AL AR I
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R R G AEARBE W0 T 09 22 3 Rk B K E 2 K
G T W B A0 AE fE AT 3 A O Y S AR )
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soybean; phosphorus stress; DNA methylation; antioxidant enzymes; methylation sensitive amplification

.

DNA AR 75 38 422 58 [N 36 a5 4 45 B [N A B2
PE AWK R E R Y AR A Yy 30 58 W 36 e
G REE BEAEMS . B EUERY 2 S
(methylation sensitive amplified polymorphism,
MSAP) $iARREAEY H 7 BEREZ Z 51 (amplified
fragment length polymorphism, AFLP) # K f¢ %
filt b ke ok (. BB )iz a5 HITE AR 4 0 2 I A
DNA HILAL A8 ht . B 42138 J§ MSAP
BRI T R 58Fh Je H R A/ DNA W JE L 22
o B aE H MSAP $ AR 20 B T K BE S R b 18
X R DNA AR 7K - 1 52 0, 2 B B8 g T 1
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VAW AT AR 52 6 Wy 38 it S B0y Y Ak 2 BN K - 1
KR o DT 8 i 6 T 30 3 004 15 5 . RO R
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k. R W40 53K G DNA B Z AL K7 L O
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AEA:= Y38 B AR SC i = AR Th e R AR Z IR
2 41 7 DA R Bt PR AR DG BE R AT | B4 DNA
H A 5 T 1) A DG BIF 5% B0 S A e aE . A BIF SR R D
MSAP il qRT-PCR 45 AR . 5 G2 53 B A 7]k B 1Y
Tl iR 30 0F R 2 4 AR VAR B AR A L DNA S AR A
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T SCHR A - A [R] v JEE W8 I 30 %k R R A A IS SRR R DNA Y B AK K B9 52 1R 1

AR OGFE R AR OK - 1 B2 W 5 AE W1 B W a8 K
A H AR K DNAHEE AL 7K S 78 Al 254 00 LAY
Oy 32— 25 B 5 R T e 50 AR M) TS A 1 £ B
RMHEESE,

1 #Rl57R*®

1.1 RIe AR R b 12

ARG LK T CPO16” il 3 b4 8}, 25 % W0
FE R RSB B Y TR 2058, J5 R K
Rk gl v R AT R RV B ) HL PO, AR, s B %
FEA RS OG/ G A WIS 9 h/15 h, il EE25 °C L6
HRFE 20 000 Lx.{BHE 60% . B 6% Fl T 3%
H,O, {H# It sk )5 . WA M i & A v £
B (27 em X 18 em X 9 cm) H, 5 # 5E = M 58 UL 78
WK, B3R5 dJF. i KHE ML 90 #kH T
ARG Bk 5 AN Ab B RS ALEE 6 AR, 3 IR AR
HE ., LB R A F A A b A
10 dy o 9 0 & b O e b PR, b PR DL R
Hoagland # 7% ¥ B J7 hy S Al , 48 3L rh (1) KH, PO,
Bk KCLA H PO, DL gy 5 #h 70 80 Fss . 45 4b 34
¥ihm 74. 58 mg/L ) KCL LA F8 80 . 2 J5 43 3l i A
[l B (0,10,100,500,1 000 pmol/L) Yy Hy PO,
Frab R, T 2 SR A Al T A A A PR
pH 6.0, MR4EAHCSCHRL14 ] EY) 00 o &, A
K ,500 pmol/L Yy H, PO, &b B4R A 1F H £ 8 K
F-,0.10,100 Fl 1 000 pmol/L 4 H, PO, 43 BI1E K
TC W AR AR ARl A i 1 a6 Ak B
1.2 #YFEHEREEEERONE

N 7 45 A 30 2H &) 1 0 A o 2R R 4 i T A
Yz kR, O A AR & 434 4 B AU CEPSON
EXPRESSION 10000XL) % #2 £ 347 #1443 #r - it
R AR BRI AR FR AT . Z 5 B AR AE T
—80 CUKAE, TR etk 5. 430 R H & o mg
B AR B R R A 43 o O A I E AR
Z 110 A B ARG (SOD) | 33 48 4k 9 il (POD) 1
W EAL A (CAT) i PE, AL RERRHA
B2 & B 3E By (5% 5. BCO700) 1 BE B (1% 5.
BC2460) 1% 2t K6 M 38 751 & 0 5 AR 2R 1) JE A A RE B
T,
1.3 HBELHRY S SME(MSAP) S

Z M8 Tang %' ) MSAP Jy i Jf W i i 2k, X6F
T4 A B L T AR R UE AT DNA T 3E AL KOS 43 #r
BRI R CTAB 1 2 B R A4 R} i 3 3 41

DNA,ZJGH EcoR 1 /Hpa Il F1 EcoR 1 /Msp 1
2 NG B AT UG D), L TR R R TE YT
N Sl R O R T NS § (
MSAP Z &M &4 #HTtRic Mg it. #3LF5] .M
PG AR W 1M T A LR 1

MSAP Z &AW id ik T [ — K28
F.EcoRT /Hpall #1 EcoR 1 /Msp | B HI# A 4
R TR CEW A s EcoR | /Hpa Il Y14 45 1M
EcoR 1 /Msp | B VI T, ich 11 B CF B BG4k 5
EcoR 1 /Hpa ll BFYITCH 1M EcoR 1 /Msp 1 B V14
ey I A (4 4D EcoR T /Hpa 11 A1
EcoR T /Msp T BYIER Jot . ic o IV A (4 H 564k .
DNA B ALK G it ik an T - W S 8= 1
AU [ A+ IV A, B AR = I A+ I A -V AL /
CT BRI T8+ 1B+ V) X 100 % 5 2 B Bk Ak 4548
Bo=10 A, e e =11 2/ C T &+ ] &+ [ 2
+ V) X100 %0 5 4 H Ak Aty B0 =1 20 + IV &, 4=
HALR=(MAB+NE) /(T B+ TR+
) X100% ,
1.4 qRT-PCR 4 #f

ia IR 5 0 ECRR WYL 43 0l 5 BUAH R A1 R
RNAS, F] BN i 058 A v vk A0 8 i 52 40 40 6ok
FET RGN RNA A 5 5 fvk B, 2 5 il B /ol i e
B R EA RS A R N & (5 S
R223-01) [ %% 5% i cDNA, I LA M B 4T qRT-
PCR 438, LA Btubulin N SFEH R 272y
PO RS A X ik i, qRT-PCR 519741,
W% 2,
1.5 #iEaiE

f8 ] Excel #A% i 47 848 53 B K B 36 00 4
{8 F§ IBM SPSS Statistics 22 B F 47 4= ¥ % 55 i
AT

2 HRE5SMH

2.1 AREREBPEIKELHHEEYWFERO N
R SZ 4 283 A [) 9 8 1 Wl P 3 Ak RS A PR
SAERIE A 2RI . Hoh JE#E (0 pmol/ L) Fl e %
(1 000 pmol/L) 38 F 9 &)y i 76 ¥k 55 . it v K/N Al
R 2R 5 T T A B AR 9, At 3 VR AL LR
M FIE R . AR B (10 pmol/L) FiAK B B 38
(100 pmol/ L) MR R By KF B Bl T f 22
H1 2 3 ] AR B R 38 N 04 &)y i Pk e R B R A
5 R IE R (500 pmol/L) R AR B | 25 B A
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Reference gene)

=1 5|F7
Table 1 Lists of primer sequences
519 4
519 2 Hpall/
EL/E 3! EcoRT (E) Em G —3) Msp T (HMD &1 (5 —>3")
Primer type Primer name Forward (5'—3") Primer name Reverse (5'—3")
EcoR | (E) Hpall /Msp |
(HM)
k5 EAI CTCGTAGACTGCGTACC HMAI GATCATGAGTCCTGCT
Adapter primer EA2 AATTGGTACGCAGTCTAC HMA2 CGAGCAGGACTCATGA
Wy 1454 )20) GACTGCGTACCAATTCA HMO ATCATGAGTCCTGCTCGG
Preamp primer
El GACTGCGTACCAATTCAAC HMI ATCATGAGTCCTGCTCGGTCC
E2 GACTGCGTACCAATTCAAG HM2 ATCATGAGTCCTGCTCGGTCG
E3 GACTGCGTACCAATTCACA HM3 ATCATGAGTCCTGCTCGGTCT
E4 GACTGCGTACCAATTCACG HMA4 ATCATGAGTCCTGCTCGGTGA
wy G| Y E5 GACTGCGTACCAATTCACT HM5 ATCATGAGTCCTGCTCGGTGT
Selective primer E6 GACTGCGTACCAATTCAGC HM6 ATCATGAGTCCTGCTCGGTTA
E7 GACTGCGTACCAATTCACC HM7 ATCATGAGTCCTGCTCGGTTC
E8 GACTGCGTACCAATTCAGG HMS8 ATCATGAGTCCTGCTCGGTTG
E9 GACTGCGTACCAATTCAGT HM9 ATCATGAGTCCTGCTCGGTAC
El0 GACTGCGTACCAATTCATC HMI10 ATCATGAGTCCTGCTCGGTGC
®2 EHRKTEE PCRIIWFTI(5>3)
Table 2 Primer sequences for qRT-PCR (5'—>3")
514 4 B iE ) B[]
Primer name Forward Reverse
CATI TCCTGCTAATGCCCCTAAGTG ATCGGTATCTCTCCCCAGGTT
Cu/ZnSOD TCTTGGCAGCAGCGAGGG CGTCCTCAGGGGCACCG
DRM2 AATCCATCCAGGTGTCTTAGTAGTG CAACTGGAAGATTGTGTATGTAACCT
Fe-SOD GGTTCAGGGTGGGCTTGG TAGGGGGTTCACAGCATTGG
GBSS TAGCAGATTTGAGCCTTGTGGT TGAAGGCACCCATCTGAAATC
Mn-SOD TCGCCAAGAAAGATTCCTCC GTGTCAATAGCCCATCCCAGT
POD TGCTCATCATTGTCAAACCGC TCAAATGTCTTGCGACTTCCAG
POD4 CTCATCAACAAAAAGGGTCTCC TCCTTATCTGCCCATTTGACC
PODI0 TCTTGGCTTTGCTCAATGCT ATGTGTTGGTGGTGACGGG
PODI1 ACGCCGCTACCAACATCCAC TCCCACAGGAACATCCCAGTAAG
ROSI CAACCTTGATGATGAGACTGATAGA GCTCGTCCTCGGAACACAT
SSI AGTGCTGTTGAGAACGAAAATG TCAGGGTATCAGGTGTTATTGTCT
SS3 TTGGGTTTGGGAAGAGCGAA GTCACTGTGCTCCCCGCTTG
SucS TTGCTCTGGCTGTTCGTCC CTCAAGCACAAAGTTGCCATTAG
SucS2 GAACTGGTCAACCTTGTCGTAG GCACCTTGTGTGTCTGCTATG
SucS5 ACTGTGGTTTGCCTACTTTTGC TGTTCATTATTCACCCGCCTC
Prtubulin GAATCTCATCCCTTTCCCTCG CATTTGCTGTGTCAGCTCTGG
(NS
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T SCHR A - A [R] v JEE W8 I 30 %k R R A A IS SRR R DNA Y B AK K B9 52 1R 13

R3 AERE HPO, LEWNAEHEHEDFZERNOF D

Table 3 Effects of different concentrations of H; PO, on botanical characteristics of soybean seedlings

H, PO, Ab# ¥k g/ P ZEHM/mm /g MK /cm HFE WA/ cm? AR/ em?
5/ cm
(pmol/L) Hm N Stem Fresh Root Root surface Root
eight
H; PO, concentration diameter weight length area volume
0 37.92 d 2.70 a 18.07 d 88.94 b 17.79 ab 88.95 b
10 41.16 b 2.52 ¢ 19. 67 bc 105.33 a 19.94 a 105.34 a
100 42.58 a 2.64 b 24.00 a 98. 54 ab 18. 65 ab 98.55 ab
500 41.16 b 2.48 ¢ 20.77 b 100. 33 a 18.32 ab 100. 37 ab
1 000 38.73 ¢ 2.39d 17.77 cd 71.14 ¢ 14.37 b 71.14 ¢

H L RPARF/NG FHER R P<0.05 KFEFBE, FH.,

Note: Different lowercase letters in the table indicate P<C0. 05 level difference is significant. The same below.

JCH A B I TE 5 ALl AR AR A BN Al AL B 2
[F1) 4 77 A 5 1 22 5, DR W] — JE R A A B M 3 T
IR R G4 K. [EMREEN . 4 7E T
I 38T 25 Bk v i 38 R 2R AR R L T R
SO T A R A WIS N AR . TES AR R
KB T7 1T AR B 3 AR AR ARG AR 3R T BRI AR
PRBRE fc K, RO I Rl AR B A JE B L 4 AN Ak
B AR LR ENZES . M TRARR
e 28 o 5 H Al v BE b BRAF AE B 3R 25 5 L BEITAR IR
BREFR B30 T DU o R AR R KA K
R0 SEROR S E N NN /N B vt 24 7] 51 18
2.2 AEKREBRBENAESHRARANEF

MRBKLENEENTM

HT D 1 AT B a6 A B A S AR K R 4 AR
R YA ACHE T VE R BR K AL S & . AN R R
JriE AR R A SOD 1 P 52 58 T 5 R AR A e 34 i
I # (10 pmol/L) FE#E (100 pmol/L) kA N AY I
P s H K 2 OB AN OE LB (500 pmol/L) 4b
B m @RI (1 000 pmol/L) R ik M F Ak, POD F1
CAT 15 P 1 A48 Al #a A A [, 1 52 58 B AR S T i
F e A v R R L A BRI TR M e L2
/w0310 8 R (N S\ L (177 B R AR 5 & g e |
TR i 1) 70 A AR A (] L 5 S T R AR
kS, IE H HE B AL B (500 pmol/L) TR & Y i
W3 i e e s FLUOR AR AR AR Bl 3 L B S5 R TE
Fs B E . AREE 0 NAR R A BRI
YR AW AV Tl 0 1 8 (Ll A 2R T W R o W 8 R
TR AR JF BARBE M 8 T A RN & R S e T
3 f5 A AT

2.3 AREREBDENKEHERERE DNA BEHL

/B

B2 7] 0, R R4 AR &R TR G B R
(1 000 pmol/L) 38 T ¥ i Ik 22 53 v Be.
4 FIFR 5 A AT, B A WU RS 08 W 1S i, R 4 B
MR DNA H AL 5 F0 4 BB R B B T s 2
AL 3 2 W AR . TE 5 HE 8 (500 pmol /L) &
TL.RGAEHZR DNA B 5L 3R 2 5L AL R
SR AR A 5 R 48,5200, 14, 35 %6 il 34. 18,
JCWE 38 A AR 2R i DNA T EE {1 52 0 4 F L 4k 5 [
I, P EAL R T & . B A AR R Y DNA I
LAl AN 4 P AL AR T, 2 AL R PR AR (B 25 1k
W EE R /N . ER T B L B B R R LA AR R A
DNA H ALK, B IJCBE M8 b w038 04 28 46 iR
JEHE R,
2.4 HEUNUBRAEEAMNLHEXERR qRT-PCR

T

K& 3 A ,.Gu/ZnrSOD .Mn-SOD F1 Fe-SOD
B R 3R Gk B KR g2 TG BE W 3B T L OE R Mt B
(500 pmol/T) 4k H A4 A% . LT M5 # 52 . 35 P A1
POD.POD4 .PODI0 1 PODI11 %:[N#) ik 25T
TowEM A T B ERE.CATI RN EEERE.
d B 3 A R 4 T AR iR DG R P i 3R 3R K
S o DT A28 e 4 Tl 9% P & e A T 7 5 A R
PIAE EME M. WKL 45 45 BUE A 43 B GBSS
(Granule-bound starch synthase, GBSS) Vg # &
fitf (Starch synthase, SS) & V& ¥ & W o 1Y 56 4k il
T Ay ST L EE VE R R SCEE VE B A R
GBSS.SSI Ml SS3 [N ) & ik i #RE T Pia T Lo
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— 05 (¢) CAT a L6r (d) JE#y Strach
g a A
g 04+ —
-z ab \;CC 'E 14
2E o3} ab £z be P
=2 < 12F
22 (o) ¢ pug- -
£ o1t m HP10F m
o
() 1 1 0-8 1 1 1 1 ]
0 10 100 500 1 000 0 10 100 500 1 000

Hf()JLl‘IH{%{E{/(}LmOl/L)
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H,PO Kb B/ (umol/L)
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1 ARREHBPETREHERFNENBEERBRKUENIENTUL

40 (e) JEHH Sucrose @
35t ]
® =
R
= ¢
o o 25+
gg% 20l b b
7 c
“og B0 R
. . . . s
0 10 100 500 1000
H,PO &b iy 5 /(umol/L)
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Fig. 1

Changes in antioxidant enzyme activity and carbohydrate content in roots of soybean seedling

under different concentrations of phosphorus stress

IEH ML T B FR S, A B SuS(sucrose
synthase, SUS) & 18 # #F 17 1 bl AR 35 79 5 3 Bl =2
— X VERY A A Bt B T R . AR &
M SuS.SuS2 F SuS> K& H ik g AE LW T
3 A, 53X 5 00 A5 Y RE R A R AR Ak R —
1.

DRM2 FI ROS1 4 5| 2 t8 ¥ v 8 22 1P 5L Ak
it 1 25 AL L A BIF T & B DRM2 3 DR A8 JC 1 i
N B F TR ROST BE K AE Tk i 30 F & 25 B AIG .
iE— 2 0 B B 0 £ K S 4 B DNA L4k K S 1
AR,

RIE & . 0N

AR 30 T LA AR R A R 1 G A T
J R R 2 o R AR A B R R AR AR

WM E R, KT 32 258 5 R OR R A K DR X
A IR AT LA 3 7 A B 45 9t v A8 ik PR AR R L s o B
SR AR AE W K B T 3E AR E K TR R
‘CPO16" 1y &)y 1 AR AR AW I 38 T 40 1 7 < 34 ik
55 . AE AT g b 2542 oF AR AR 3% T AR AR A R A L i
AP 2 Wt e 280 o o 7 2B 1) B B A L 10 Wt A2
TRTE 110 1 0035 TR 780 5 b (B A BR AT

HE W) 18 32 AR A W i B i 38 05 L AR N R R R
BG4, SOD.POD Al CAT 48 3 [\ 41 i bt &
(A 3 VS 3 AT =R S Gk R SR (EP =Y aa:
A AR A= W 30 23 fo 3 P 480 A0 I R S8 25 L L X AR )
S Al O RN NI 1 T LIl (37
(100 pmol /L) A% K # M 38 (10 pmol/L) . G % 1
= (1 000 pmol/L) i TR & By SOD,POD Hl
CAT 3 PE b IF % (b m db BN AR fL T K, 3X FT B2 TC
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K SCHRAE - A [e] 9 BE Bl A 300 8 O 2 4 A K AR 2R DNA I AR K S B 52 1 15

bp M1 2 3 4 5 6 7 8 9 101112 M

800

500

300

200

M,50 bp Marker;1~6,EcoR | /Hpa Il B ¥);=#);7~12,EcoR
T/Msp TEEVI™¥. 1,2,7,8 25 0 pmol/L B9 Hy PO, Kb 2 i) K 5h
FEHI53,4,9,10 3 500 pmol/L iy Hy PO, Jb B (1 RE 5 7= 455,611,
12 2 1 000 pmol/L #y Hy PO, AbFRAYEE S =4 . M@ HE, T BCE
FSAE) s R T AE T 280 CF B AR s 20 6 J5 A T 280 (4 R e Ah) 5
0,7 HE IV RS (4 3R AL

M, 50 bp Maker; Lanes 1— 6, digested with EcoR [ /Hpall ;
Lanes 7—12, digested with EcoR [ /Msp 1. The lane 1,2,7,8; 3,
4.9,10; 5.6,11,12 represented the concentration treatments of 0,
500 and 1 000 pmol/L H3PO,, respectively. The white blacke, red
and blue frames represented the type I (non methylation), type [l
(hemi-methylation), type [l (full methylation) and type IV (full
methylation) , respectively.

2 MSAP B2 TR M5 Bt Bz 58 AL B ik [
Fig.2 MSAP acrylamide gel analysis

R v W A0 ) 4 A K A 0 R Y SR P
— BRAKAE YR YOG ER Y R Y
Fetl W A K& B I (W) RN e i R ORI . A
FIVE W R A 1 & B ) B vh R ¥ 46 B Y
TG A A R R A B AR N A
/L DRI R B RUE R R R R BRI, (R
T R AV A 1 360 0 B B I R RIS T R R R AR
AR E /DN A AREE M0 T 4 AR R R RS i
3=

DNA H AL S5 YA K LT HE X EY
TR DNA 3L AL K B A T — A 3 2485 i 1Y)
ARAS A M 4EFF A ML 5 DNA H L A6 g D)L K
DNA 25 H 3L fb g 2 UI A 5, DNA 3% fb il 32
BH 3 AHEGE WA R L(METL) | 25 44 5ol 5 HE
3L 56 B il (DRMD LY €8 )5t F 36 ARl (CMTHP
DNA £ P B fb il 3 24 4 K : DME, ROSI,
DML2 il DML3™Y 4k )38 52 A= 9 ol Ak AR i
Beria s  DNA HILAEAH G SE R Y Rk e S kB
AR AL, AT S BORE W R 9 ) DNAH S 4k K P
A S DAV X P08 R0 R B . AR O R B, TE
JCWEr e T DRM2 K %k & 2% 18, ROSI
FEHRB D E T, FH MSAP AR50 &3,
TG B T 360 R0 5 W ke 43 590 DNAFR 3£ 7K SF- [ {1
SR R L 2R I 0 FT R R T 4 AR R DNA
TR ZS 1 3h 25 - iy X 5 BEIR T X K DNA 3%
A 15 5 Jolk 380 F 98 45 R — B, AT 5 kB
38 S BOK H 4 AR 2 DNA H 3L 46 K 7 & L i
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Table 4 Statistical analysis of MSAP differential fragments

H, PO, Kb H#e i/

(pmol/L)

H, PO, concentration

1 B %7 4
Numbers of

Type 1 bands

1T %9 4% 8%
Numbers of

Type Il bands

Il 78 2% 71 45
Numbers of

Type [l bands

IV 2 255 5
Numbers of

Type IV bands

500

1 000

135 42 38
122 34 52
116 31 63
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Table 5 Statistical analysis of DNA methylation level
H, PO, 4b3 Ik 4% S RaiEYid R Yid £l Yid ELiEYid
e i / M mj/y P2 W%/ % P %/ %
(pmol/L) Total ! Hemi- Hemi- Total full Full
Methylated
H; PO, methylated ) methylated methylated methylated methylated
ratio
concentration bands bands ratio bands ratio
0 102 43. 04 17.72 60 25.32
500 115 48.52 14. 35 81 34,18
1 000 121 51.05 13.08 90 37.97
451 HPO AR/ (umol/L)
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Fig. 3 gRT-PCR analysis of related genes about physiology biochemistry and methylase
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