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Abstract: In this study, to investigate the formation reason of pigment mutants of Pyropia haitanensis, six
strains with different color were used as research materials through physiological and transcriptomic analysis.
Based on the chroma values, six strains were divided into a red-yellow group and a green group. The former
group included three pigment mutants ( Red, Orange and Purple) and a wild strain, the latter group included
two pigment mutant strains ( Brown-Green and Olive-Drab) . This study found that the average content of phyco-
erythrin ( PE) in the red-yellow group was one time higher than the green group, but there was no significant
difference in the content of phycocyanin (PC) and allophycocyanin ( APC) between the two groups. In con-
trast, the average content of Chl @ in the red-yellow group was 35% lower than that of the green group, which

resulted in that the ratio of PE/ Chl a in the red-yellow group was 1.7 times higher than the green group. In
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addition, the expression levels of heme oxygenase 1 (HMOX1) and ferredoxin oxidoreductase ( HY2), the key
genes of phycobiliprotein synthesis, were higher in the red-yellow group than in the green group, different
strains within the two groups showed significant differences in the expression of the key genes for pigments syn-
thesis. Among them, the expression level of hemA, the key gene for chlorophyll and phycobilin synthesis, was
up-regulated, which accelerated the synthesis of plant pigments; the expression levels of CHLG and magnesium
chelatase were up-regulated, which accelerated the synthesis of chlorophyll; the expression of HMOX1 and HY2
were significantly up-regulated, which improved the synthesis of bilirubin from Heme, and then elevated the
contents of PE and determined the chroma values. The above results indicated that the expressions of the key
genes of the pigments synthesis pathways in the P. haitanensis resulted in different ratios of PE/Chl a, which
thus determined the colors.

Keywords: Pyropia haitanensis; phycobiliprotein; chlorophyll a; transcriptome; pigment mutants
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SRR IR BTHEL N 20 123650, MR E LR EA R RS —, 2017 AE2E ST
K 17.3 x 104" Hodr | 352538 (Pyropia haitanensis) W77 20 5 2 FE S350 75% , 7P R E
K, SV AT BRI, AR A s SR SRR L BUR WK, TR IR AR LA AR Gy kAT
ApE L DIRGVRE B AEFP Oy AR RS SRl 15 IR M B AR AL . R BRI, B R RS
LR A W =LY b= e e D

IS FOR U A A, — BRI i 2 v LU ORI (e, Zeading & FRalife il (6 2 5848 R
YRR ERCHR, I Z A TAiRET . 1258300 R S IRAE LR AT 73 A A= = 5 e v () 1 FH A (6
HEEURBL, ™ 2ut R T 2080 R OK Al b 2538 10 PR A M b AT i AR b 28, 753 T ARAIK . B
R A RBIRNL A 5RAE, PE)J\{;EMHFUJEH%M\?J%?EET, Xt R BEEESE (Porphyra yezoensis) Flin 4%
S A AR T AR A B, BT, A e R RS A 226, JEH I — e K s
P K TE /NS AT AR A B D PR AR B R SR AL S A IR A T R, 2 e s
AR EPE A LAY, WAEA SRR, BREATEM, TREa ZRAKR, B RERaa, 7k
T AT Co — vy HIERFRHTIA S [ th 2RAA WGBS 20RAK TAC e B PR A B Y (0 2 8,
VB Sh R B AE VR T R TAE5E, 25 A R0 e B B AR SR — (A, 175 T e AR 2R AR T
RENGEBEMEFERGE, 203 Cks, R&RE T MU R LA 2 (WE15), %
Pt B E P I e, SEARTE M AN S &k, R IR SR (ME 1S MR IR
B, MR AR A I S X R, B A S R IR 2. 14 5, Hohsea
FaE AR, MR a SRR E S T A, 7RE7i, SSEmiRn @ Rt S 3eg
il b i L R IR R AR, A MFIT A SR R S s 2R th O A E R S R A
Bl i AT L, RIT S R S R AT L R ek A R E

RSB EIE E R BRI R K R, SRR Mg, R, &
BRPEIP OB RN OR T EREEMREA MR, A6 R (Chla, PE, PCXAPC) B
T RIUAH B 22 1) 9 L e T SRR G R A R A B 1 AR A BE - (RNA SRR B ( Glutamyl -
tRNA reductase, hemA) JEANHRA BLRFR 55 — A St PR G, BEAS AL R &M G L 5 - E LR
%R (5 - Aminolevulinic acid, ALA)'™_ ALA AJ LAV Chl a M4 K27, $2% Chl « MO
RGN ke, B, B ALA o LA 2E/NER ¥ ( Chlorella vulgaris) 1T A& 41 Bk 3
( Haematococcus pluvialis) B2 A RS s A KU Bk & S L 3% (Arabidopsis) HIHF
FERM, hemA FETE Chl o AEW A BT FE Rk & W2 N RE, ULBIAHOCHE & i >, 3 Chl o
HHEL, EFRMOESM S, SR MaOZZHMEAN RN T RMLE, 25RO KR

http : /xuebaobangong. jmu. edu. cn/zkb



3 4 BB, A5 RSSO R R A RN R D - 163 -

A8 AE Synechococeus sp. PCCT002 3 #5 8 BRI\ T R B2 HE cpeF M epeE WA 2507 #3578
A2z A A ) S B R A S AR Ak, AR DOE T B AR ROR U IX b AR MR A M A BB R AR B, i L
PR T o - 84 i BRI IE R NEREEM RS R B, TR R R Mg
BRI IR GRS, 1S MR LR Chl o & BUBREE , FeZ0E /N ERBE Chl a &5 /0 FI R BTE
wAL

SRIMT, EHTOG T 5630 (0 38 A MG i LA B 6 3 G /IR AR 7 A 1 4 F LB IS AE 2 IR, AR S
ARG BE B A, A5 R O (0 3R I S (8 3R 5 OGBS [N e SR K P A, IRFTIR SR (I
B3 TR, R dE— 2D B 28 S A5 R A T B i) B TE SR R i A B AR

1 MHEEFE
1.1 SEgtrel

SEBS AR AR A IR S SRR TR, RS H A RNAAS B R AN [ B € 1 (5 R 5 A
K, AR TG4 A ek & NO. 8 1T (Orange) | LIABAIRT R Z -26 -R (Red) . 03K R
I} (Purple) . BPAE@EIARSZR PX43 (Wild) | FRERE AR R Z -26 - BG (Brown Green) ., LR
5 % NO.9IV (Olive Drab) .

IEHE R, RE (21 £0.5) C, JBHEERAE 50 ~60 wmol/ (m® - s), JEHEJEM 121 12D, 7
B KRR, A3 KE 1 Ik, BAORRRIIRE 3 MY EE
1.2 BEEIE

B GEA R TP BENLIEE I 3 BRE D SCE AR, BEACFRET @RI g A 1, A CM - 700d 4356
it (MK 3EREIL, Konica Minolta #/B/A R, HAY) TE Tk, Ml sikpyhis, BEEMHE o
BT b (B, o (EHBRFIR BRSO E, o (H8/NFRR BRSO BRSO b (B8R TR BRI
IR, b (/NN BRI i €
1.3 MEREMBEEEAMNNE
13,1 MRRREEANZR (& 2 0 I

BREASERNE, SO [22]: 1) 2516 5L K IEB VKRR A1 MR R s i, f 3
o3 Gy ARREEE SR (W) JEE T 105 CHUART TR 2 h, MARICTE (W), D@ Bk & KR
(We); 2) Wy 3 (nsERfe s e, AEBIA AR IFEE th 7E S AR, B R EIA 50 mL
HAFE T, AP BIMATEEY 0. 05 mol/L BEFRENZE MK (pH =6.8) ZMEM4 G, FHBERR SR ik
PREERIFER 3 R DAL, CRRAAE A R AR SRR S I 25 mL 224y, FARSEALEEEEG; 3) BRI
-20 CHKFETERUR, FFRekifn, BULGAE TEIR FECMA, RERE 6 LI L, HA4 <
UKEE R, BIRIRBGEIREE A 4) 300 B4 MO ES G UE 2 S0 mL B, HBEIRENSE
MR PERAEAY, T4 °C. 10 000 t/min B0 20 min, B FWEW, EHHRUENSRRPEAR
50 mL (V), #EA)EREEER; 5) HAMEEETHNE HAE 565 nm, 615 nm, 650 nm F1 730 nm I
KT ODMA (A4) . FIFHARSGHITHE 1 ¢ SR EaEA (PE), BERA (PC) FRIEEEEA
(APC) WM& H w (mg/g):

w(PE) =[0.123 (Ags —Apyy) —0. 068 (Agys —Apyg) +0.015(Agsy —Aryy) 1 X V/[ W (1 =W,) ],

w(PC) =[0.162(Ags —Aryy) =0.001 (Ags —Apyy) —0. 098 (Agsy —Aryy) | X V/[ W (1 =W,) T,

w(APC) =[0.171(Agsy = Aszy) —0.006 (Ages —Aryy) —=0.004(Agys —Aryg) | x V/[ W, (1 =Wo) ],
1.3.2  BPRIRIK Chl o & EH9INE

Chl o SHEIE, ZHICHR [23]: 1) 4351EL 6 4378 Az K HE W UK R AR A7 B9 IR A e 4 5 He
3 EERFREUEEE (W) BT 105CHAAT T2 h JFFARICTE (W,), MEERN&KE (W) ;
2) W3 P EEARAERCIREE T, R R AR TP R R RR, B R EIA 40 mL 2 TH AR
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BB D, TG 90% MBI BGR 3 438, I 90% Wy T BV W P e i bk 3 WL I, 35
s 3) FEERET, BTG 24 h, WIEHEH Chl «, F 300 Hifids MOEAFES i U8 2 50 mL &5
LW, T4°C, 10 000 r/min &0 20 min; 4) B EHER, EBHHREENERRPERE 50 mL
(V), $51; 5) JHAMEERE TN E HAE 666 nm ., 730 nm K FHI OD A (A) , A4 EEATChl o
& (mg/g), o (Chla) = (A —Azy) x10V/ (890 (W, (1-W.)).

1.4 RNA REUEHZIANF

1.4.1 RNA 21

FIH E. 2. N. Z ##BOLR & (OMEGA, f8[E) HRIUASIR] A28 AR FE L RNA
1.4.2 ForAMY

FEIUFE TS RNA J5, RSB VEIg Gy, oA BTis J iy RNA FEaf,  HERIIAE R BE A By A R 24 W )
F BGISEQ - 500 r&yf sl 7 - S kniill, SR J5 AR 92 50 iS22 B D241 2 5 4t
1.4.3  RNA — Seq M504 i) 4b 24

PP 200 reads, JEI A1 T DIRAEIRARTT clean reads: 1) FEREA M FFHEL Y reads; 2) EBR
IR T 10% B9 reads; 3) EBRACFIEAY reads (i Q<5 BYHRIEEL 5 31> reads A9 50% LA 1) ; 4)
45 clean reads,

1.4.4 Clean reads

I ICS 3 SR AU 2E 4K Trinity X clean reads #ET7 E 2% 40 %%, 153154553 Unigene, XFH2%E H
i Unigene HEATRE MG | IR | NS0, AR/ NG PRI SE T,

1.4.5 Unigene HIRETE B

B AL T 3RAR Y Unigene 75138 1 7 51 HU X #51F Blast + 76 7 K& % (Nr, Swissport, KEGG .
GO, COG, KOG, Pfam) {78 X}, #5201 Unigene FYZNREF BAE B,

1.4.6 JEPRIAERTTE

YR L ZE R, i H Bowtie2 HAFHL BN HEANY clean reads LK X% Unigene, ZJ5{# H RSEM
(reads per kb per million reads) 13588 i i 2K R R TA K
1.4.7  ZE530K B N (i i

X283k RSEM 3k F HE XF 45 21 Y gene read count $#, 225 Rk AT edgeR #4708, B&
FZ IR LR BT EARHE A FDR (false discovery rate) <0.05&log, | FC1 > =1, F NFERFIERE, CH
WE— L0 38 5L PR Y e BB
1.4.8 GO Fl Pathway i % & #5047

HAELHA 22 R AL 15 KEGG R /% (http: www. kegg. jp/) 451> Pathway WSS, 15 454>
Pathway FEERIECH , AR5 I R JLfI ARG 30, 4R M 5 85 BE IR 20 22 S RGN L DY 35 & 4R 1Y Pathway
FDR<0. 05 1Y Pathway & S22 5 B[R o i 35 5 42 119 Pathway .

1.5 BESITMARE ST

ARWEFEH, EHATRIAEITER, RAHIE FPKM {H (fragments per kb per million reads) Zé7n3k
PR AR kB, FPRM A9 & FPKM = 10°C/ (NL10) , N JhyfE— Hett 1) 2 2% L R Y 5
BEEC, LMK,

FRAEFE R AT R B, IR A Gl A S, A R 15 gplots £ (http ; cran. r — pro-
ject. org/web/packages/ gplots/index. html) H' ) heatmap. 2 155 X} 13 #6 5 K] %) 32 38 7K 547 R 200 #7
XA I 4 6 ZEA: ot 7E D B DR A AR ) B AP VR RRIR S3-Ar 368 e 96 ot 222 ) 7 7 o R L 5 i A
IFRIBIKF,

1.6 HIBBHH
K SPSS B LB IME, FFHEAT B R T7 2080 (ANOVA) , LA P >0.05 25 A W&,
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DI P<0.05 HZESRE.

2 &R
2.1 SEIGHEM RNA RIRENE REHEN

FHF 26 RNA A 5L EE AT 500 ~ 1000 ng/pL ZJA], E KT 50 pg, Ay/Ay HT7E1.9 ~2.1
ZI], Ay/Ays o [ERTF 1.8, HITKZER (WK 1) BoR, FrAFEmAM e, W, TR, #EA

24288, 341888, DIM1 45844,

[} (o]
(4] = [] gl
> @ g <) LT
o c a T©
© o = = © o = R =
= Q = Q 3 =
5§ ¢ & © 5 & & © =
. . ) o -
W Rk W Wk W B WK e
ngE nof i mE mE of DE OB 5 g
4
4 € Rl g 4a @ @ F g
E W YE TR W OE = s B
] 2 4 9 7 8 A M |

ULHT .M 2 DL2000 DNA Marker; 1~8 J i .

Note: M is DL2000 DNA Marker; 1-8 are samples.

3 o
c 0] c [
@ = o
¢ o O 8 o &
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NS

1 IRZEES RNA B R Bk E
Fig.1 Agarose gel electrophoresis of total RNAs from P. haitanensis

2.2 EERTEERRTENEEENE

AR AR MBI @25 B, WEBEER DI RE Bk, AREET &R @R X 5
M, WG R o (AP HMERK (21,95 £0.29) |, BEMOI RN o (EFHER/DN (-6.90 £0.24)
BEmRSOOH AN o HESFAHE (P >0.05) , BFEAGEVES TLEHAMBTENR (P <
0.05) ; FRegmRURILRGEG RN o (H5 (P <0.05) o K, ABFFOR @ REEA T LA i
RIER—, SRR A MG, AEAMAFEFEMNR, AR, FOMRMTANR, S0
ARG OMAMGESRER R (WWE24), 8EHAMN o HTIH(18.66 £3.50), LR o (HT-H
(=3.1£3.72), PIFERIZESIHE (WL 1) (P <0.05) , Wi b (EFIE L, PI4LRES JCH 22

(P >0.05) ,

®1 AEAMFANGBEESZITSN

Tab.1 Statistical analysis of value chroma between red-yellow group and green group

Group a b
FAN-gi| Red-yellow group 18.66 +3.50" 16.36 +9. 05"
éj%éﬂ Green group -3.10 +£3. 72" 22.30 £5.54°

Y EART AR RN
Note: Superscripts represent significant difference among treatments.
2.3 MREEBEEBMChl o HEE
1 PE SHITH, L0 AT ERAE, Y875 my/g;
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65 mg/g; BFAERRAN 50 mg/g; BRER A RFARLOMN R E R, 5300 20 mg/g FI 15 mg/g,
16 PC SHTH, LOMARE, AN27T mg/g; TEMRBLAN1T mg/g; BEEEOMER ., REOHAEM
LI ZAIN10 mg/g; WO RZIN 2 mg/g, AT APC iF, 28005 R MEF LM RS R,

JEIRK BRSO R . REOMR | MOmRMAaeMR, HEE AR 10 mg/g (WK 2a), Chl a
SHEMELE R TR, BEOMEAN Chl o« TEANS my/g, BEHTHMME (P <0.05) , Hh,
FRE i R | RGO R B A R AN 6 mg/g, ML AMAMEAHRTEAN 4 mg/g (WK 2b),

Greenyellow Reddishyellow W & Orange
3510
11
j 0] 7" = L1 R Red
Q\d' 251 A LR Purple
2 :?) o " W SR Wild
0 AL i ® fEL0 5 &R Brown Green
5 @mé LD N &R Olive Drab
Green Red
15 10 5 0 Blue 5 10 15 20 25 a

a) PR A T3] B €0 €0 3% S A 1Y (2 (.
Value of chroma between the different color pigment mutants in thallus
100 1
80 A b a
60 A c

1 €8 i &R Orange
2148, i A Red

S0 R Purple

40 A o chl a %ﬁi;ﬁl% Wild

FR &0 i 32 Brown Green
20 A d cc ® a b LA 5 FR Olive Drab

(=) S Ne o len)

and chlorophyll a/(mg-¢g™)

AR ORISR Y A
Content of phycobiliproteins
%
b
o

WL W HEEEA
PE pPC APC

bR AACAS [) B0 0 (0 3R SR 7 (A Y B IR EE 1 AT 4% R a i i

Content of phycobiliprotein and content of chlorophyll @ between the different color pigment mutants in thallus

04 A
g a
¥ 503 -
D e
g’é 1 €8 i &R Orange
HE02 A = 2005 R Red
4 *; By . (05 R Purple
e £ & o B 0 A Wild
D01 A a = LR R Brown Green
é d d b R 2 5 R Olive Drab
0

BAEAMSE mEEAMSE BEAOEAMEEEA
w(PE)w(chl @)  w(PC)/w(chl a) w(PE)/w(PC)

OGREATEILHE
The content ratio of pigment proteins
i AR TR A R R B 22 5
Note: Superscripts represent significant difference among treatments.
B2 HRETAHEEIRTANEEE, CRSENBRIELE

Fig.2 Value of chroma,content of pigments and content ratio of pigments between the
different pigment mutants in thallus
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MM AROREASTEMIVETLUEB. SOMAEH RN w(PE)/w(Chl o) 48 16, fEE,
ZH w(PE)/w(Chl )%/ 12, B4R B w(PE)/w(Chl o) 210 9, FR&:0 5L R RS0 50 R
w(PE)/w(Chl a)¥I/NT 5, 65N ZAN w(PC)/w(Chl o) i, 20 6; WM ZEN w(PC)/w(Chl a)
K, AM0.3, WEOMAN w(PE)/w(PC)HE, ZIh30; L05AR w(PE)/w(PC)Z 8.5, %M
AR, WAERR, FRORAMRZOMARKAREER, w(PE)/w(PC)EARETS (WE 2¢),
2.4 Chl o THREZEA G XEEIRESHT

M AHOCEE R R IR ACTH IR R, TEfG R | SO R ARG AT R hemA HER YR
RACPESE (W 3) o 7E Chl a FIEEARAR F B4 Gl B, A¥ 24 E — tRNA 2811 hemA S84 521 AE
S - EHEEER (ALA) (WK 4), ZJ5, 5 - ZRM R Z S R IMKIX, FE2ead Mg - 2
4 (CHLL, CHLD 1 CHLH) ffbA: suseFnhmkIX , 7EARSLEh, Mg - A MEROM R, £6
i F FBF A i R P BRI . AN, MRS U (CHLG) JEG K Chl o Y CHERE, BEJEAR
WkIX 284 CHLG % — RN AE N Chl a AF5E I, CHLG TERGEM R, AL AR M RAR
S R B E LIRS,

CHLH

hemA

HMOX1

FAms RHOAHR A6EHR WBOARR RESAHE EOALR
Wild Olive Drab Red Orange Brown Green Purple

3 MEEMEREASHRBREXERNERELH
Fig.3 Clustering analysis of the differentially expressed genes in the biosynthesis of chlorophyll and phycobiliprotein
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EERMEANASBGEES, MaRA Ll (HMOX1) A2 2 A sUIH SR 2 10 SR g, [
MRIX o0 — RV A RINLZL 2R, M40 R F-40d HMOX1 b & UIHER R . fEARLEKH, HMOX1 1E
WA, EEMAR | RN R ARG EN RIRILACE & T HMG R, ISR FLS SR E A
ki (HY2) SF— RV NN, RAGMEIEEN, I HY2 fEfGm AR, Lami, B4
FR ARG R IR IR R

GluR A 4E-tRNA
hemA v
5- G R ALA

y
JEHRNIM IX Proto IX

CHLI ,CHLD
&CHLH | v
Mg—Proto IX %JEEFWH‘ IX 413 Heme
i lHMOXl
CHLG | IEEE T

Y y HY2
Chl« M%EE a BIHEH PBS

VLT JR O Sk R AU LB R — AT (SR B0 285 LAl S LI 25 R (B4R
Note: Black arrows indicate the metabolic flow directly to the next enzyme (solid line) or combine several enzymic steps (dashed line).
B4 MERMEERDSHER
Fig.4 Biosynthesis pathway of chlorophyll and phycobiliprotein

3 itig

ARG, LLEA RN PE S84 3.5 %, M PC Ml APC S EHAEADEESR. FH
W, LR Chl o SHBFM/TSA (P <0.05) , PR SmAEERAES G s, K
&P XFAREEZE (Pyropia crispata) (R FARRPIBIFREE LRI, 05 R9EE (PC-ZH) B PE &
B E T HAMSE NS, EER WA, EESRE AW PE SRERGOAR AN TZ
W, ARBRFTH, REf . S0 LM SR w(PE) /w(Chl ) B, HA G L0 ML (AR Y
w(PE)/w(Chl a) KF 10, REEOMEEAH R w(PE)/w(Chl o) /NP5, HEAFENERE, B,
S0, AOMTERR HBERTFREOQAGONR, g6, S6, aamiyE Rl R2Ma
o, MARGR AR 5 R BBk,

TEMF SRR IR IEA A R R Rk b (IR 4) , W R | SR 00 RFARSE A R hemA A1
KIEF A FRIRACTE R, BRI IAR T RE R & % ALA, 4 Chl o FIFENRER 109 & L LS 2 i
K, AR TEEBORA, 2287 hemAd JEH T FES pET28a ik [, IF7E KIAFF i TRk,
I8 o 53 B AR B 2 (RNA IR, 2 R PR LW ALA & iEiA 40. 2 mg /L, I i 0 A e
FINE N3 B ARG 650 . € ) S A bk

FEA WG B IS SR, BE B TS A WAL A BUEE R NIRIX B B A A i SR bk IX B ik T
NRBRIX ) R, 7R RS BGE B T, BER TG R AL BE BN IX 19 & 1, Yo Tl B 3R 5
e (ULE 4) , AR AT R P CHLL, CHLD Ml CHLH 285 FE ST, &
SR TEAGMN, #M35 Chl a WE MK, NEREERARGITTEY CHLI, CHLD I CHLH Fzik/K
FIIREAR, GIRRAAK Chl a GG, REBUNKBEREROCEEHER, FR2aE R AR R EER S A
FEEP AR eI, RS R AE S ARG CHLI, CHLD F CHLH F&R 315 /K- oAb i
F (WK 3), s, L e, &I S R R Chl o FiEGs (WA 2b), Uk
e AT B AL UMK X (Protoporphyrin IX) & BUEEJEINIKIX (Mg Protoporphyrin IX) , #ETT&
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B Chl a, 7E Chl a 5 BUE #H, CHLG 2 AL 88 I b otk 5 i Chl o (9 3G 5 B, 7F 5 A #E Q3
(Dunaliella salina) " FIZER WS LB, CHLG ik /K F-HIMEAR, 2 mitatkmsfe, K
G208, FEARWIIET, TS ARMRGEMN R CHLG FEHFR KRS, I B A5 R AR A5 R0
Chl a FEtE (WL 2b), IEAN, WX KB, JM3E (Brassica napus L. ) " HMOX1 ()RR KER, &
] Chl o BIG L, Hem A MRS, WBhR RN A REP XA (Brassica campestris
L. ssp. chinensis) BIMFIEAIN, I£1 20 4AURE 26 1020 28 Ao B v BRI 7 il 21 38 R, (R 21 R &
WA, MARREEMEH ALA &K, ALA G2 iR G i), 48R,

MELPAEMELZR A AL (HMOX1) MBS LE A Sk i (HY2) S5— RSB T, f#
ML R A AN . Emborg 70 & SUIRGIT b il 21 3 I B & A 28748, il i 21 3% 4 i e Bk
G BZI ., FIRE, ABFSE A BT S BER R HMOX1 R HY2 LR, MikGtd R, 4afi R,
e fa b Z A B AR PE S B T HARM &R

PRI, ABFFEHEN, HMOX1 F HY2 iR 3R357KF, TREZ: I Chl o MG, TR =& MUIHSE
F, BATEEEAEE LRI mfEskdlh, BESEAS R HMOX1 kKT TR et
F, RMEREROSRTE CHLG WRIBKFAMR TR AN R, RAFBRESOM AN PE TR ES
TREOMAR (P <0.05) , MM Chl o FHEANTREOM R, FEMT-FBOAER @ 00 R RSO0 R A5
(SN

4 HHig

Zi TR, LB REIR PE AR S w(PE) /w(Chl o) 5, L4 R ER Chl o &8RS
w(PE) /w(Chl a) &, MIFELEAM RBRREIL A, QAN REARZIGREO, P Dm i
TR, SRARBER, Mg - ZEG R 20 3 3 AR IAKF L, SEZ Chl a, 453
PRERER G, ZUBAAN REERT, AT ER A U 2T 3 ARG R B U 2 1 A St L, Al 2L
REWIBSRR, RAGREMEN, (ERBOARR, BAWEE, AU5A BT IE 5Or
R G HUE T OCHMGRITER, ATRITR SR AR G R R LR T LAt

[ &% Xk ]
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