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455325, KEGG FRIHE B & 4R Al SR i/ X 2622 R ek SE 1R I 2t 4 S AR A AR 0 6 i ARIHE A2
BAVEFSE 20 MR, Hd SEEVE ML Lhcad Lhebl (Lheb2  Lheb5 \psaA psakl psaG psal .psaK .psal. .
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atpA .atpD , £ 75 F A AR L R, P A AL BE AR 5C 3L R DL B8 78 1R & B I (5 5 38 5 A G 3£ IR BGLUTT  BGLU46 .
BGLU23 \BGLU24 BGLU34 PYR/PYL SnRK2C W) Fik/KF- 13 i, qRT-PCR IIESS R ok 4k 8 M2 R RE
B M FRIEKT-5H RNA-seq Frill 25258 —20, 25 BRTiR B 0 @ G AR P g 2 40 B ik i Lt
LA 53 i LA R A6 75 2% ARG [ 0 10 25 6 3

KGR AW BOUMNE; Fatd; 2RFIRER,; TRkt

FESES . 0945.78; Q946-33; S718. 43 XEARER: A XEHS: 1674-7895(2022)06-0052-11
DOI: 10.3969/].issn.1674-7895.2022.06.06

Variations of physiological and biochemical indexes and differential expression and functional
analyses on related genes in leaves of Emmenopterys henryi under high light stress SONG Lili, WU
Qiong, JI Xiyan, LUO Ruili, LIU Wenna, ZHAO Huagiang”, HOU Meifang@ (School of Ecological
Technology and Engineering, Shanghai Institute of Technology, Shanghai 201418, China), J. Plani
Resour. & Environ., 2022, 31(6): 52-62, 83

Abstract: Taking illumination intensity of 54 pmol » m™ « s™' as the control, variations of some

physiological and biochemical indexes in leaves of Emmenopterys henryi Oliv. seedlings under high light

- s™") were analyzed; differentially expressed genes

stress (illumination intensity of 180 pwmol + m
under high light stress were screened by using RNA-seq technology, and their functional and expression
analyses and qRT-PCR verification were conducted. The results show that under high light stress, net

photosynthetic rate, ribulose 1,5-bisphosphate carboxylase/oxygenase activity, and chlorophyll content in
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leaves of E. henryi significantly decrease, activities of superoxide dismutase, catalase, peroxidase and

ascorbate peroxidase, contents of anthocyanin and abscisic acid significantly increase. There are 6 776

differentially expressed genes in E. henryt under high light stress, in which, up-regulated and down-
regulated differentially expressed genes are 3 063 and 3 713, respectively. The GO functional enrichment
analysis result shows that the up-regulated and down-regulated differentially expressed genes are enriched
into 2 022 and 1 835 GO functional items, respectively, and there are 196 and 129 GO functional items
enriched significantly, respectively, the gene function contains three categories namely biological

process, molecular function, and cellular component. The KEGG metabolic pathway enrichment analysis

result shows that these differentially expressed genes are significantly enriched into 20 metabolic pathways

including biosynthesis of secondary metabolites, metabolic pathways, photosynthesis, etc. In which, the
expression levels of photosynthesis-related genes Lhca4, Lhebl, Lhcb2, LhcbS, psaA, psak, psaG,
psaH , psaK, psal., psaO, psbC, psbK, psbO, psbP, psb(Q, psbR, psbW, petA, petC, petG, petE , atpCl,
atpl, RBCS, rbecl., RCA, HEMAI, PORA and abscisic acid synthesis and signal pathway-related genes
NCEDI, NCED3, CYP707A, PP2C51 are significantly down-regulated, while those of photosynthesis-
related genes psbS, atpA, atpD, anthocyanin synthesis-related genes, antioxidase-related genes, and
abscisic acid synthesis and signal pathway-related genes BGLUII, BGLU46, BGLU23, BGLU24,
BGLU34, PYR/PYL, SnRK2C are significantly up-regulated. The qRT-PCR verification result shows
that the expression levels of eight test differentially expressed genes are consistent with the RNA-seq

detection result. Taken together, E. henryi mainly responds to high light stress via regulating

photosynthesis, antioxidase system, abscisic acid metabolism and signal pathway, and anthocyanin

metabolic pathway.

Key words: Emmenopterys henryi Oliv.; high light stress; transcriptome; differentially expressed gene;

functional analysis
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MRS BV A A, 5557 48 b JE, RAEIFE
FTAHOCHE BRI E 37 o
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COR 22 ] ) I 7 AR H B A 1 X6 2 b (R v ol 5 5k
R, ESGIECR AL HOIR, i AR ER
500 pmol + s, CO,HREEH 400 pmol « mol ™,
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F B SE L E AL RS (SOD) it A LB (POD) i
AACEE (CAT) MU I R 1o S Ak P g ( APX) B9 1%
P R AL 1, 5- R R 72 Ak i/ o S0 4 A
B (e EEEREARAA, =W HS
BCO440) Il 5 I 1 9 R B A 1, 5 - Wi 2 2R AL i/ in
AT 2 MRS I E ABA F i,
123 2} RZARABRER >  FHMPLLE
B 6 BRAE AR , 43 ) BURE B R 04 1 XX AR e By
6 NEYFES WA G BT -80 °C UKAE T
1E TR SRAL Y, Skl TAE R iR
Az 2R W BB A BR A A 58 B, SR A Trizol (35
Invitrogen 23 7)) HEHUH &L RNA | B S 4G -& 4% 5
T cDNA CERFEE £ FH Nlumina HiSeq “F 15 ( & [F
Hlumina A 7)) #4442 (1) cDNA SCESEAT IR, X i

FeAa B JEUh R T 25 BRAR i 81 ek im e e
N HWIR T 5% 1) reads S5AbF, 75301 i 57k 145 200
7 504 (clean reads ) ; f#f FH Trinity 4 ( https: /Y
trinityrnaseq. sourceforge. net/ ) ¥ clean reads #£1T de
novo H %% , #:4% unigenes ; {ff i DESeq2 BRAOEDS R AT
B 22 5 Rk, 22 5 B EARTEDN | log, FC | >
1.P - adjust < 0. 05, H:tf| FC 2 2% 5 % % (fold
change) ; X 22 5 R Ik B R HEAT GO Ty RE & 4 20 A Al
KEGG i i w5 5 7047

12.4 2% kix AR qRT-PCR it R 5%
SR AR R AR A ) BEATLIE 3% 8 22 S ik Sk
NEAT qRT-PCR 2087, S5tk e S 2 I P e M 245 2R Y
AlEEYE, ] Primer Premier 5.0 {4, AR 4f% 70 J
P CDS P9 T2 L 5 B e S 5 1 9, DL A SRR
GAPDH FE[F ( TRINITY_DN54866_c2_gl ) £ Jy P 5 5k
SR RS YRS ISR 1, BT A 51 A= T
AW TR (i) U AT PR A A5 . R A Thermo
Fisher QuantStudioTM1 Plus ¢ Y& 5 ¥ PCR X ( 38
ABL A A)) #E47 qRT-PCR ¥ 1, ¥ 87k R SR
20.0 pL,f#E SybrGreen qPCR Master Mix 10.0 pL.,
10 pmol « L™ IEMI AR 0] 5414 0.4 wL cDNA AR
2.0 L, JI ddH, O ¥4 38 4 R AR BN L = 20.0 pL,

®1 RATERMERRIZEE qRT-PCR BIEHI5| ¥ /F 5!
Table 1 Primer sequences used for qRT-PCR verification of
differentially expressed genes of Emmenopterys henryi Oliv.

H: A Gene Gk )2l (5'—>3") 2) Primer sequence (5'—3") 2)
GAPDH" F. CTTCTGGTGTCTTCACAACGG

R: GGAGCAAGGCAGTTAGTCGT
MYBS F: TGGCGAAACATTCCTAAAGC

R: AGGTCTTCTTCATCTTCAGCAAA
F3H F. GCCTCCTTCTGCCATTAACTAC

R: CTTCACCGCCCATACCATC
MYBI113 F. CATCACGGCAAGCAACATAG

R: GGAGTTTCATCGCTTGTCGT
SnRK2C F. TATGCGGCTGGAGGAGAA

R: TGGGGCTATACTGCCATTTAA
atpD F. GGTGAAGGTAGAGGTGAGGGA

R: CGCCCATCTCCAACAAACT
PORA F. CTGCTGTTTACTTACCAACTGCTA

R: ATAATGAGTCTCTTTGAAGGGTGA
Lhebl F. GCGACTACGGATGGGACAC

R: TGGGGTTGCCGAGGTAGT
psbO F. ATCACATGCTCTCTGCAGTCTG

R: AGGAGTCAACACCGCCGT

D (25K Reference gene.
2 F; IEM51% Forward primer; R: JZ[H5[%) Reverse primer.



Fo

RTHAT, 2 FOCHRE T A R A B A AR bR A B DG [ 2 S A M T BE B 55

PR .95 CHIZEME 3 min; 95 C 28 15 5,60 °C
iRk 30 s, 345 AMPEIR, SRA 278 kiR E R A A
Xf gkt A log, FC, LI 5 RNA-seq Kl 43
Bra R T A
1.3 HEAMER ST

i SPSS 17.0 #RAF X #4758 150 Br, R
AR T 224311 (one-way ANOVA) Fl Duncan’ s 7
2T T 22 A M 2 LR

2 BERApAT
2.1 HARMHETERRI R EEERIERHTL
R 25 3 (% 2) R 5 X (O IR B
54 pmol - m™ - 57" ) AH L, = G E (G BREREE 180

R2 EothmE TERMM K EEEAIERHTLY

pmol « m™ « s71) T AFHM I 1O A A R
WE1,5- W R A2 AL T/ S G V6 1 A 4R R A
BN FRIR N9 K 48.44% 26.69% F1 35.71% ; 4E
HR O ALY A YE o S B P i
AL SR  HUIR I R o 48U L0 1y Tl % 1 A 7 T
HRETE, WIES 9N 56.25% 10.14% . 52.66% .
35.57% 34.06% 1 1 116.46% ,

22 BARMETERWNERSRIEIERGERINAE
ST

22,1 EZpAKARFLE SiTLEERN. 5
(OEHESRIE 54 wmol - m™? « s™') AHEL (DGR F 180
pwmol + m™ + s7") | EGHNE T AR EA 6 776 122
SFIREN  Hop, B RRIAENA 3 063 4, T
MR RIBENA 3 713 14>,

Table 2 Changes of physiological and biochemical indexes in leaves of Emmenopterys henryi Oliv. under high light stress')

sl

PUEALEHE YL/ (U - g7")

Antioxidant enzyme activity

Tre: Pn Rubisco Chl Ant ABA
reatment SOD POD CAT APX
CK 1.28£0.09a 494.70+6.32a 207.86+4.0la 0.16+0.01b 296.00£2.65b 84.50+3.12b 183.67+2.31b 307.33+6.55b 20.17+0.18b
HL 0.66+0.02b  362.67+3.51b 145.65+3.65b 0.25£0.01a  326.00+£5.57a 129.00+5.22a 249.00+6.25a 412.00+2.08a 245.36+4.23a

DPn. %64 3% Net photosynthetic rate ( umol -« m?2 .

s7'); Rubisco: B EIWE 1,5- W B2 3R 1L/ 5 B8 1% P Ribulose 1, 5-bisphosphate

carboxylase/oxygenase activity (U » g™'); Chl; M4 Z & & Chlorophyll content (mg - g™'); Ant; f£7 E A X & & Anthocyanin relative content
(mg - g™'); SOD: HAYILLAEE Superoxide dismutase; POD: 1 E LIl Peroxidase; CAT: i+ & L& Catalase; APX: PLIR ML AT E LY
fitf Ascorbate peroxidase; ABA . T 1 2 & Abscisic acid content( ng - g’] ). CK: XFHE(OGCHRERE 54 pmol - m2.s! ) The control (illumination

intensity of 54 wmol + m™? - s7'); HL:
pmol + m~2

0.05 level.

222 GOwies Kot LiMZERFIEERM GO
Uit E s R R . Bk LR R Rk N w4
F GO ThRESHIA 2 022 4, Hih B 5 40 GO
Yite sk BA 196 4>, 50 AV L (97 A) T
(70 ) FN4EMI A 43 (29 4>) 3 2K, KRB P EAER
JEHEAA AT 10 19 GO DIREACH LR 3, th3k 3 nl L. 7¢
AR, AR B A R R L 25 S SRk O
K2 (155 1) s e T Hhfeh , 9 s 4R 3 E 1k ik it
FiE TG R 1Y) b H 25 SRR R R 22 (196 1) , B 4R 51| 24
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E45 7% e I S B O i) O 7 A R N e L N )
R RN L A 352,299,206
179 />, & E ARG H 0 L 22 5 3k S R
i 30 1>,

THZEFRIBEERE GO YIRE T £ Hras 1 W
7Ny IR 22 R A B E A B GO PhRE sk H AL

= 6 W (O BE SR 180 pmol + m™?
gt ). [a) ) Hp A 6]/ NG FE R TE 0.05 7K |2 5 8.3 Different lowercases in the same column indicate the significant difference at

- s7') High light stress ( illumination intensity of 180

£ 1835 4, Hih i 2 F LR GO TIResHA 129 1,
SRR (76 AY) 3 FIIRE (39 ) T4 ML ZH 53
(14 1M)3 2, KA EEREHEATET 10 19 GO )
RESRE MR 4, h®& 4 0] L. e B b, & 4 5
WERR AL FZBRAS AR % 5  RNA A= ¥4 i 72 . DNA #
M e 53 R 1 T T A 1) T O 2 S 3Rk R TR )
15040, FAER KR FAHM IR E R RAERA
115~ 117 A5 Fofeh , e 2 R i ie v e B
PTG R (et ST R L) MARTE T (FERT TR |
VS T IR L R i 1 ( AR BN A2 (R
M5 K DNA 254 10 T 8 22 57 2R S B8 18 150
M EEINHRFENTHZE R RIEEHNE 69~95
A FEARMIZE Sy v, B AR BRI T I8 22 S A B P i
Z (718 1), BEHEE] MCM Z AW T i 22 7 ki85
DA > (AL 4 4, B R R A BT 2
SRIIEEFA 19~30 4,



56

EIE7/B R SRS R N e

%31 &

®3 BARETERMEAZRREEEN GO EEEEN T

Table 3

GO functional enrichment analysis on up-regulated

differentially expressed genes in Emmenopterys henryi Oliv. under high

light stress')

R4 SAHETERHTRAEZRREERN GO EEEEN !
Table 4 GO functional enrichment analysis on down-regulated

differentially expressed genes in Emmenopterys henryi Oliv. under high
light stress')

DS AL
Functional classification Gene
number

H: )it 2 Biological process
F AL )RS 2 Oxidation-reduction process 155
a—F IR ff 3 2 a-amino acid catabolic process 20
21 i S SE R 53 it i F2 Cellular amino acid catabolic 20
process
HAZAM i 72 Glycine catabolic process 11
22 FIRF W HE R 73 i3 B2 Serine family amino acid 11
catabolic process
HE BT Glycine metabolic process 14
HHLER ST 2 F2E Organic acid catabolic process 21
FRIR 3 f# L B2 Carboxylic acid catabolic process 21
L-ZK N E 2 L-phenylalanine metabolic process 12
AREERE 4R/ B IR MG I 9 TR 2 R R AR AR5 e 12
Erythrose 4-phosphate/phosphoenolpyruvate family amino
acid metabolic process

4+ FHIHE Molecular function
AL S Oxidoreductase activity 196
& A I S (R ) 15 T Glycine dehydrogenase 8
( decarboxylating) activity
AR SR BRE (UL 8 b 24k fE T CH-NH, 8
F A it 1& ) Oxidoreductase activity ( acting on CH-NH,
group of donors, disulfide as acceptor)
RS Ammonia-lyase activity 9
7 2K =A% /R A 15 1 Naringenin-chalcone 5
synthase activity
BT LIRS Violaxanthin de-epoxidase 5
activity
RN B R S B 75 1 Phenylalanine ammonia-lyase 8
activity
RGBTk (R R e LB OT B AT | F R A ) 19
Transferase activity ( transferring alkyl or aryl groups, except
methyl)
LR EEEPE Lyase activity 48
EAIE JF R M (MR TR R LK) Oxidoreductase 19
activity (acting on sulfur group of donors)

2143 Cellular component
JF4k Plastid 206
2§44 Chloroplast 179
FUAFR Y Plastid part 86
244843 Chloroplast part 81
2B B 4 Cytoplasm part 299
ZHHfLT Cytoplasm 352
(K Thylakoid 50
-2 AR FE K Chloroplast thylakoid 33
FARZEFEAA Plastid thylakoid 33
RAERJE Thylakoid membrane 31

DLVES IR
Functional classification nurfll;;r
H W2z i3 F2 Biological process
A U FR 1L Protein phosphorylation 152
R 1L Phosphorylation 202
KRR % 5 Nucleic acid-templated transcription 168
RNA 4914 a2 2 RNA biosynthetic process 168
DNA FibR 5% 5 DNA-templated transcription 161
KRR 5% S 4% Regulation of nucleic acid- 117
templated transcription
RNA 49145 33 B2 Regulation of RNA 117
biosynthetic process
DNA B 5% 545 Regulation of DNA-templated 115
transcription
RNA R A2 3% Regulation of RNA metabolic 117
process
AR A A S AR Regulation of 117
nucleobase-containing compound metabolic process
43 FUIfiE Molecular function
PABEGPE Kinase activity 281
TE A 1 Protein kinase activity 228
PR RS BTG 11 ( AT 3L 3214 ) Phosphotransferase 232
activity (alcohol group as acceptor)
RS (B8 L [A]) Transferase activity 291
( transferring phosphorus-containing groups )
DNA %54 54 5 A F1% ¥ DNA binding transcription 69
factor activity
RS WG Transferase activity 440
e SR B F-1% M Transcription regulator activity 74
B BT 22 F R/ 7 A TR ARG I Protein serine/threonine 95
kinase activity
AL TG (VR F A ) Catalytic activity 290
(‘acting on a protein)
DNA %54 DNA binding 151
Y243 Cellular component
5 Membrane 718
4% Microtubule 21
REY ML YE Polymeric cytoskeletal fiber 21
MCM & &% MCM complex 4
BOTEEY Supramolecular complex 21
By TREY Supramolecular polymer 21
AT £F 4 Supramolecular fiber 21
A HLER 43 Cytoskeletal part 30
HHHIEE Cell wall 19
AR 45 External encapsulating structure 19

D R W) B SRR HEA 1T 10 A9 H The table only list the items

with enrichment of the top 10.

D e 0w SRR EEHEA T 10 AY45 H The table only list the items

with enrichment of the top 10.

2.2.3 KEGGC R g £ ERERILEHED
KEGG Ui i & A g 5 (2 5) £ Lk B
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Yo R YA R O AR BRI K T IR i i A -
i R SR A ) B S R R 2R AR Y 9 22
FRBIEA 10~29 4>, 1005 4R BDLE A W 19 Bk [
SE R SR G R R = R A R e
A5 T AR E PR Y b 2 S Rk R P D (AT
101 6

M 5 AT L. BRI 22 e R BRI . 3
3 5 S ACHHE B b, Fh S 86 2 SRR,
Horpr, 5 5 SR — 5 I ARH AR ] R IR AR 5
B 3 MAPK {5 53842 - MY 19N I 22 5 Kb KL K]
XL 4354 29 .28 I 18 A, & 4 51 ] B 14 422 Al
TSR M AR U 8 28 S R B R D 433
HATH 44
23 BAMETERMNERREEENRESHT
2.3.1 RetEAMXEFEAZEA>A  EOLG
ARG A VR IR OG22 5 RAB FL K A3 Br 45 21 (R
6) o At RS 1 PR S Y (LHC 1) Ay 5
lhead V4 R 4 2258 1 v S vpo 288 A 26
psaA psak psaG psaH psaK psal, Fl psaO B3k 7K
P E R, MR 5 1 bt E S5 (LHC )
(3L Lhebl | lheb2 F1 ThebS P I %t 2 46 1 i AR
KA H B9 psbC . psbK | psbO | psbP | psb(Q) . psbR Fll
psbW HYFIBIK -2 B 25 R R, e, G b 40 Y (0, 3R
bt EEYIIIER petA petC F petG, i GE o T4
1A A AR S R A FE A etk , Gt ATP & A A0
FEH atpCl TN atpl HFIEIKF-3 25T B 5 G i A% i
B 1,5 WEMR AL/ AR /L FERY LA rbel

F6 BAMETERMASIEREXESREEENN

H1 RBCS V4 2 S i AZ B 1,5- Wi IR R AL/ hn 48
S RCA Rk K- 3 F R Bt gt 2 &
BB B A e — (RN A 340 5 i 0 Ji - 4 25 R s 4 1k
WIS A (FEH HEMAT F1 PORA (R 3235 7K A0 e 2%
TR, IURISYCRSE T b 22 ku & Y psbS FE[H L)
K Gihh ATP 5 1 o W31 apA FEHRT ATP 4 A%
fitf 8 BERY apD FER IR K B3 LT

£5 BAMETERNERREZEEN KEGG REBREEDN
Table 5  Enrichment analysis on KEGG metabolic pathway of
differentially expressed genes in Emmenopterys henryi Oliv. under high
light stress

N LR %
i g W
. Sene
Metabolic pathway
number

L AZE 5 FRIEH A Up-regulated differentially expressed genes
AR A W) A B Biosynthesis of secondary metabolites 83

1414848 Metabolic pathway 122
HEVEH Photosynthesis 19
ZE WA W) A B Flavonoid biosynthesis 11
bk N2 Z2 R Porphyrin and chlorophyll metabolism 10
411 i JE - 2574 )& Cell cycle-Caulobacter 5
KPR 142 -I% L Longevity regulating pathway-worm 14
R I HE %42 Pentose phosphate pathway 9
KA E N FE A K Carotenoid biosynthesis 5
YA F A=Y A ) Biosynthesis of antibiotics 29
HaER 22580 BRI Glycine, serine and 7
threonine metabolism

RN E R Phenylalanine metabolism 6
BB Thiamine metabolism 5
G A WA [ %E Carbon fixation in photosynthetic 9
organisms

WRACH Carbon metabolism 19

T2 SRR IR I Down-regulated differentially expressed genes

FEH -5 JFAR A A Plant-pathogen interaction 29
Y E (555 S Plant hormone signal transduction 28
MAPK {55 &4 -H% MAPK signaling pathway-plant 18
[A]B %42 Gap junction 7

TR 2K 5§ B4 95 i Brassinosteroid biosynthesis

Table 6 Analysis on of differentially expressed genes related to photosynthesis in Emmenopterys henryi Oliv. under high light stress

P log,FCV
Gene (X=SE)

i H

Encoded protein

Lheal -0.30+0.00 LRSI FRRHCE AWML o/b 458 A 1 Light-harvesting complex chlorophyll a/b binding protein 1 in photosystem
Lhca2 0.28+0.00 JG&ESE [ FHRHIEE AWM LEE a/b 45468 H 2 Light-harvesting complex chlorophyll /b binding protein 2 in photosystem
Lhca3 -0.99+0.01 YRS | PRI CEASYTRE /b 855FEA 3 Light-harvesting complex chlorophyll a/b binding protein 3 in photosystem
Lhca4 -1.25+0.11 NHRSE | PR SYMSE o/b 555 4 Light-harvesting complex chlorophyll a/b binding protein 4 in photosystem
Lhebl -1.34+0.12 RGN T E SV SR o/b SE5EN | Light-harvesting complex chlorophyll a/b binding protein 1 in photosystem
Lheb2 -1.37+0.07 RS N PR SV SR o/b B58E A 2 Light-harvesting complex chlorophyll a/b binding protein 2 in photosystem
Lheb3 -0.50+0.00 RS I TR SV SE o/b BE5EA 3 Light-harvesting complex chlorophyll a/b binding protein 3 in photosystem

= e — o~ — —

Lheb4.1  —0.37£0.00 RGN PR SV K o/b 45 EM 4.1 Light-harvesting complex chlorophyll /b binding protein 4.1 in photosystem Il
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%31 &

4536 Table 6 ( Continued)

HH - logFCY g

Gene (X+SE) Encoded protein

Lheb4.2  -0.37+0.00 YRS 1 PR GV SR o/b G55 HE M 4.2 Light-harvesting complex chlorophyll a/b binding protein 4.2 in photosystem Il
Lheb5 -1.37+0.12 RGN P ESYHSE o/b S5E5EN S Light-harvesting complex chlorophyll a/b binding protein 5 in photosystem I
Lhcb6 0.16+0.00 ARG I TR SYMHSE o/b E55EH 6 Light-harvesting complex chlorophyll a/b binding protein 6 in photosystem I
psaA -2.06+0.31 RGP o BEIEEN AL Chlorophyll a apoprotein Al in photosystem |

psaB -0.75+0.01 &% 1 P4 E o PAHIEE 1 A2 Chlorophyll a apoprotein A2 in photosystem |

psaD -0.76+0.01 Y &% 1 RIS H .0 3L [T Reaction center subunit 11 in photosystem |

psak -1.92+0.13 YRS T FH B HLIEFEIV Reaction center subunit IV in photosystem I

psakF -0.90+0.01 Ye& RS I B HLIEFE T Reaction center subunit I in photosystem T

psaG -1.98+0.21 RS T HH B HLIEH V Reaction center subunit V in photosystem T

psaH -1.21£0.11 YRS T A9 H O T3 VI Reaction center subunit VI in photosystem [

psaK -1.2620.13 LR RS T HFH RN H 0 IEHE X Reaction center subunit X in photosystem [

psal -1.4920.12 SLRSG T HH R H 0 EHXT Reaction center subunit XI in photosystem [

psa0 -1.37+0.22 SLRS | F 1A Subunit in photosystem |

psbA 0.24+0.00 JGFRSE I H1(# D1 #H Protein D1 in photosystem Il

psbB -0.81+0.00 LRSI H ¥ B H .08 H CP47 Reaction center protein CP47 in photosystem 1l

psbC -1.25+0.06 Y6 FRSE I H 4 50 H 0 BRI CP43 Reaction center protein CP43 in photosystem 11

psbD 0.89+0.01 Y& % 1l Ff Y D2 & H Protein D2 in photosystem 1l

psbK -1.17+0.08 Yo &S 11 H A 5 #0211 K Reaction center protein K in photosystem I

psbO -1.62+0.10 RS [ it E R 1 Oxygen-evolving enhancer protein 1 in photosystem I

psbP -1.08+0.07 Yo &4 1 ARG A I RE 1 2 Oxygen-evolving enhancer protein 2 in photosystem I

psbQ -1.29+0.06 YCER % I Py E & 3 Oxygen-evolving enhancer protein 3 in photosystem I

psbR -1.42+0.03 RS T HH) 10 ku ZJK 10 ku polypeptide in photosystem 1T

psbS 2.10+0.13 RS T Y 22 ku I 22 ku protein in photosystem I

psbT -0.64+0.00 RGN HHI 5 kuEH 5 ku protein in photosystem I

psbW -1.29+0.08 Yo RS T N 0 FEH W Reaction center protein W in photosystem 1T

petA -1.30+0.01 Ziffif1 3 f Cytochrome f

petB 0.18+0.00 ZHfi (5% by Cytochrome by

petC -1.2020.08 AR bt Z ARG Cytochrome bgf complex iron-sulfur subunit

petD 0.80+0.01 i E bef AR 4 Cytochrome bgf complex subunit 4

petG -1.57+0.11 A EK bof ZARIWIE S Cytochrome bgf complex subunit 5

petE -1.61£0.23 Jii{A# & Plastocyanin

atpA 1.39+0.13 ATP & B o W3 Subunit « of ATP synthase

aipB -0.94+0.01 ATP & SHFH B W2 Subunit 8 of ATP synthase

atpC 0.32+0.00 ATP £ ALY v W3 Subunit y of ATP synthase

atpCl  =1.05+0.05 ATP & {19 y1 & Chain y1 of ATP synthase

aipD 2.76£0.25 ATP £ Y 6 4% Chain & of ATP synthase

aipkl -0.50+0.00 ATP ¥ 5l & & Chain & of ATP synthase

atpF -0.24+0.00 ATP & 8EER b W% Subunit b of ATP synthase

atpH 0.38+0.00 ATP £ i HEFHY ¢ W% Subunit ¢ of ATP synthase

atpl -2.12+0.14 ATP & /A a W3 Subunit a of ATP synthase

RBCS -2.21+0.17 ¥HERBE 1 ,5—:@&@2#&4{%/}11]%%%4&[% Small subunit of ribulose 1,5-bisphosphate carboxylase/oxygenase
rbel —-1.20+0.13 #ZHi#E 1 ,5—:%&%{£M/Jju’ﬁﬁ@ﬂﬁﬂﬁi Large subunit of ribulose 1,5-bisphosphate carboxylase/oxygenase
RCA -1.42+0.06 ¥%[BE 1 ,5—:@?@2%{1{%/}][]%%@1{1? Ribulose 1,5-bisphosphate carboxylase/oxygenase activase

HEMAI -2.52+0.13 % Bt—tRNA 3B J5 1 Glutamyl-tRNA reductase 1

PORA -3.15+0.17 JREM-S LA L5 A Protochlorophyllide oxidoreductase A

HEMC  -0.17+0.00 fH {5 2 5 i 24 it Porphobilinogen deaminase

HEMF2 -0.33+0.00 NPk - T4 /L8 2 Coproporphyrinogen-1II oxidase 2

CAO -0.79+0.00 M-4EZK LR a JI% [ Chlorophyllide a oxygenase

D FC. 2ZFA5% Fold change.
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232 wEELSBRMEXEFEAXIAASN FCH
R R AT A A C 25 55 Rk FE R o A 4
(F7) WoR.: i AET 2R A BUOCH N Iy 5L K PAL |
CHS .F3H . UFGT6 Fl UFGT3 Wik /K FE¥ W # I
T, RIS, 2 5% A6 T 2= G B Sk 7 1 36 R MYB6 |
MYB7 . MYB8 . MYBI2 . MYB36 . MYBI111  MYB113 F
GL3 WRIEACL 2 T,

KT BABETERRNEFSERANEXERREERAST

Table 7 Analysis on differentially expressed genes related to
anthocyanin synthesis in Emmenopterys henryi Oliv. under high
light stress

B log,FC"
Gene (X+SE)
PAL 3.87+0.13 KNATRZLSFEF Phenylalanine ammonia-lyase
CHS 3.07+0.22 2 /REIE Wi Chalcone synthase

F3H 4.50+0.34  HkElE 3-#2 1L Flavanone 3-hydroxylase
DFR 4.77£0.32 " FIEEARE 438 )5 Dihydroflavonol

4-reductase

4.85£0.25 UDP-H&iH . 63 M 3-O0-FEH L1 3
UDP-glucose : flavonoid 3-0-glucosyltransferase 3

3.53+0.23  UDP-FiZik . 28 3-0-WHH %G 6

UDP-glucose ; flavonoid 3-0-glucosyltransferase 6
MYB6  5.05+£0.31 %% 5:[HF MYB6 Transcription factor MYB6
MYB7  3.01£0.21 % 5:[HF MYB7 Transcription factor MYB7
MYBS 3.45+0.18 5%+ MYBS Transcription factor MYB8
MYBI2 4.36+0.24 #E35%K+ MYBI12 Transcription factor MYB12
MYB36 2.62+0.19 #E5%HF MYB36 Transcription factor MYB36
MYBI11 8.60+0.35 #:5%K+F MYBI111 Transcription factor MYB111
MYB113 1.75+0.12 %5%#K+ MYB113 Transcription factor MYB113
GL3 3.87+0.13 3% F GL3 Transcription factor GL3

A E A

Encoded protein

UFGT3

UFGT6

D FC. 25455 Fold change.

233 RAABEEAMX EZFEXAR >N EOLIE
THEREMYUAIEE 25 LR HE MR (£ 8) B
7R :Fe=SOD Cu/Zn-SOD ,CATI ,CAT2 .CAT3 .PER2
PERI12 PER48 APX1 F1 APX3 & A 1) 33k K1 i
E 01

234 BLERERBAS T BIARK £ FREKA 5
A TG T R I VR R A AR S 3 A G
ZEFRIBFEW P4 R (R 9) s NCEDI
NCED3 B RIAK- 8 2 T %, BGLUII \BGLU23 |
BGLU24 BGLU34 1 BGLU46 J:H (3535 /K F B % |
T 0 A Ak B0 7 1R A fifk 110 OC B I 87 — 2 Ak il 2 1A
CYP707A WIZRIK K2 T B, D3 ok, gt i 7 12
ZM PYR/PYL A ZK KRR FZEH PYR/PYL V) J X}
TR {5 8 RS 1E ) APV T ) 22 1R/ 75 2 R 2R
WG 2C IR L SnRK2C 1 ik K- 53 FTF,

T X 8 74 R (55 108 3% S F7 1) 9 42 10 P A 6 1 sl e
2C 51 WERTEILH PP2C5T Mk /KA1 B2 TRk,

*8 BAMETERNAALBIHEXERFEERS N
Table 8 Analysis on differentially expressed genes related to
antioxidase in Emmenopterys henryi Oliv. under high light stress

A log, FCV 45 2 1
Gene (X+SE) Encoded protein
Fe=SOD 1.7620.11 Fe— A /LWL Fe-superoxide

dismutase
Cu/Zn-SOD 3.58+0.07 Cu-Zn BEALY AL 4A Cu-Zn

superoxide dismutase 4A

CATI 1.53£0.13 LR L 1 Catalase isozyme 1

CAT2 1.75+0.14 3 E L& IR T.# 2 Catalase isozyme 2

CAT3 1.20+0.08 L& IR T 3 Catalase isozyme 3

PER2 1.20+0.13 5 ALYITE 2 Peroxidase 2

PERI2 2.00+0.19 H5EA LY 12 Peroxidase 12

PER48 4.97+0.25 ALY 48 Peroxidase 48

APX1 1.00£0.05 L-4T I 1fi B2 i S AL ¥ M 1 L-ascorbate
peroxidase 1

APX3 1.75£0.14  L-Hi 3 Il R i S AL ¥ [ 3 L-ascorbate

peroxidase 3

D FC. 5455 Fold change.

®9 BAMETERMRERABRESEBEXERREERS
# (X=SE)

Table 9 Analysis on differentially expressed genes related to abscisic
acid synthesis and signal pathway in Emmenopterys henryi Oliv. under
high light stress ( X+SE)

HH log, FC" 4 & 1
Gene (X+SE) Encoded protein
NCEDI  -3.38+0.15  9-JIsX-FREZHH b FUUMAAG 1

9-cis-epoxycarotenoid dioxygenase 1

NCED3  -3.23+0.19 9-MizU-FRAEIE bR IR 3
9-cis-epoxycarotenoid dioxygenase 3
BGLUII ~ 1.50+0.10 B-HiZ#E 1 11 B-glucosidase 11
BGLU23 1.20+0.04 B-THZ FEF T 23 B-glucosidase 23
BGLU24  1.75+0.08 B-Hi%i W11 24 B-glucosidase 24
BGLU34 ~ 2.18+0.13  B-H#ij%WE 1T i} 34 B-glucosidase 34
BGLU46 1.01+£0.07 B—ﬁ%ﬁﬁﬁ@ 46 B-glucosidase 46

CYP707A -2.75+0.17  8'—J2ALH# 8'-hydorxylase

PYR/PYL 1.44x0.06 JBLyTR3Z1K PYR/PYL HAZ MR Abscisic
acid receptor PYR/PYL protein family

PP2C51  -3.22+0.15 FEHBEEREF 2C 51 Protein phosphatase 2C 51
SnRK2C ~ 1.80£0.20 22412/ 7 2 BR%E H ¥ 2C Serine/

threonine-protein kinase2C

D FC. 22574544 Fold change.

24 SAMETERWMERRKIZEEM RT-PCR
I

R UEFE T RNA —seq AR (14 7 R A 55 Sk 21
s R T FEME B ab 25 S ek B R BEALIE FE 8 A
3% 2R IGR M I H AT qRT-PCR iE, Feitsh
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R(F 10) K. 7E RNA-seq Kl 45 5 rp ) 31X 8 4~ 22
FFRIRFEIN YR IK K5 qRT-PCR Kl 25 R — 2,
VAW T RNA-seq HOAR R A U0 22 S R A B P Kk
IO T RS T EE

%10 ETF RNA-seq #1 qRT-PCR I RHIZHIME TERM 8 M2
RERFEFERIKKFHLLE (XSE)
Table 10 Comparison on expression levels of eight differentially

expressed genes in Emmenopterys henryi Oliv. under high light stress
based on RNA-seq and qRT-PCR technologies ( X+SE)

R longCl>

Gene qRT-PCR RNA-seq
MYBS 1.8120.14 3.01£0.21
F3H 1.4120.07 4.50+0.34
MYBI13 1.090.10 8.60+0.35
SnRK2C 2.28+0.30 1.80+0.20
atpD 1.53+0.06 2.76+0.25
PORA ~4.18+0.42 -3.15+0.17
Lhebl ~3.18+0.21 ~1.34+0.12
psbO ~1.230.15 ~1.62+0.10

D FC, 2253455 Fold change.
3 gtk

3.1 BRGNS EMEREERKS

Y AW (light harvesting complex, LHC) /&—
PR IR 1Y 28 BT, TEAE ) EA T A VR T R A b e 4%
BN IE O CRER HEE I RE . @R IAN, LHC 1 13
1% Lhcal , Lhea2 , Lhea3 Fl Lhead &5 H, LHC 11 245
Lhcb1 ,Lheb2 . Lheb3  Lheb4 ( CP29) | Lheb5 ( CP26) #1
Lheb6(CP24) 1", Hrfr, CP29,CP26 Fil CP24
R 1 SCER R BH RE IR A A% 21 S o Rt Ak, ik v] AT
OGRS T FE R 2 A 1 Kk RE, R BG4
el = SIS , YIFE o7 ( Arabidopsis thaliana
(Linn.) Heynh.) Lhcal -4 F Lhcbl -6 & [H i) 3 ik 7K
VB E T SRR Lhead  Lhebl (Lheb2 F Lhebs
FE R R KA i 2 N R R = e aa vl
[ G R G e B W-RE /6 ¢/ S GO U B2 TN
I ERE ) B ARG IR Y BE )t [ i AR

AWFFEER R AEECIA T, g A SRR
4 1 v e g ot B R psad | psaE | psaG
psaH .psaK .psal, F1 psaO MREKFERFETH, X—
W R SR I A A JE a5 R — 380" S
G, MK NADP J2 1) /Nt ' BRI B2 A8 A T i
AR AR T AR YE NADP J 1R/ B2 PsaA Fil PsaB

HH G RER NTBUECRSE T #9280 A 1,
It H. PsaA Fl PsaB 25 15 B A 45 2 76 25 1 5T %
BRI 2 5 s B B o IR 4, i e an T A S
FE G AR AP N R SOLRSE 1 B FNE 1
AR TEA T O R , Mk — L TRABESE .

ARG N, psbB F psbC F K G (¥ 4% 0> K
2R 425 CP4T F1 CP43 Ll I PsbO PsbP  PsbQ . PsbhR
Y55t mge iy 200 P DA OCY ) PsbK A
PsbW X6 RS 11 25 F R e S CHEVE I 5 PsbS
1t qF BERS e Kb 2R TR 4P A )
Zit IR TR e Y AR, msn
T, A& BB psbC | psbK | psbO | psbP ., psbQ . psbR I
psbW LRI HYSRIB K- 225 T [, T psbS BE PR p 2R3k
KPR R R E O E g LRSS
HAMRAE S OE AR, WS 176
LS IRk S SR 1 AT M o5l | P2 i 7/ bt K v
YRR A, 3ot O RS SO SR 1k b O B ) 4R
B RCEEIE PEe2k  0 B AR D1 D2 CP47 I
CP43 J AL W W R AR AR B 2 RN, SC T SRt
A 0 53 BT v A M | IO S 2 2 R 1 o
WP IE A G RR AT

EOCHNA T, B R A ML AR bt 2GR
petA petC F perG , JEAKEE ZIEH petk UL ATP & R,
il FHOCHER atpCl A atpl WY FeRKFX BE T, =
B = e T A R 10 G i AR i e B A B
MRACI AR Z B2 00, %R e E T LR T R BT
ZiR R AR bof BEYHEN perM H)FRIBIK
V-5 2R HATP A S R R A K I I
SR AR ISR ) b 2 06 R e e i
Wi 17 L A7 25 5

AR 1,5 —WBEROR LB/ i A M 2Ot & 1E
B [l i A o (0 G BT, R AR 1, 5- R TL i/
TR A S 8 AR 1, 5 - WM R AL/
SERBRIE PR I DGR ) , FE R OB TR, A SRR A%
W 1, 5- BRI AR/ I ARU T | /DN IV 1Y) 2 1) 4 A
VAR AZ AR 1,5~ Z B R AR 1 Tt/ fin 4 1t 375 £ it 4 A
A ZRIB K035 O 03X T BB 2 i AR R B 1,
5 WL PR AL T/ 0 A S R )T R A T -
tRINA i Ji il A1 LI 4 2R TR i 4R T Sl 2 3R A
W6 IR AR 1 S e e R ik 2 R
AHOCHE PR 8 2 38 7K - 128 T ) ] R 2 i i A SR v
SR G R D ERIRAEZE RN,
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3.2 BEREWENSRMENEETEREER ST

WF9E & BR, 58 0% T 5 50 0 1k N FE 7 R 1
7 i Z oA IR, RO R A T
AR KR R 4B R A U
KL FIR DL S e T Z LR 2% MYB Hl bHLH
BSR4 Hodr, MYB6, MYB7 . MYBS |
MYBI12 MYB36 MYBI111 il MYB113 ] iF [ i 42 $1
FIIFIT B F 4% ( Populus tomentosa Carr.) M 257 45
N Daucus carota subsp. sativus ( Hoffm.) Arcang.) [A
iR . H Z= (Rosa chinensis Jacq.) 189 . ¥ % [ Malus
spectabilis ( Ait.) Borkh.) ' F}2 (Salvia miltiorrhiza
Bge.) 6 P AL F AR s bHLH 2844 5 H
GL3 n] fig #F ¢ 21 B0’ B Mk Bk ( Actinidia chinensis
‘Hongyang” ) LT RG . ABF5EH, &
JEWE R, G b A R AL T 2 A G 1Y B K PAL
CHS .F3H UFGT6 T UFGT3 35K 0% FiH,
56T R A BUH C B 5% 5 g 5% 5L R MYB6
MYB7 . MYB8 . MYBI2 . MYB36 . MYBI11 . MYBI13 H
GL3 kK P 3 BIR, UERAZE S ehia T, X
SERE SR 1T BEIE o 6 A R A T A R 53K R
FARIIE ) PRI R0 G, AL R
R ERIn, AWM RENH, S5RTEERS
SR T B A4S 3 2%, B R2R3-MYB  bHLH
F1 WDA40 , i S8 5% 5 P 38 38 i )P B MYB -bHLH
B MYB-bHLH-WD40 & & ¥ ki H EH A
WY ETAEEAM T MYB R bHLH %% 5% 7 2 7]
AR R VS 3 2 [0 i EAEHLH A
AR RAMIR,
3.3 ERWIGNSXMENRELERES

Hao 250K, # 6 haa & S 8O R 4 i
PEEG R LR G I 45 5 EE I,
AT PR SRR 3 o S A T 9 R T AL (n
SOD .POD ,CAT Fl APX &) ¥ " fEmstiha F, %
R SOD  POD [ CAT F1 APX FUTHTE B 5 THi, HF
BB Cu/Zn - SOD , Fe — SOD , CATI , CAT2 . CAT3 .
PER2 PERI2 ,PER48 . APX1 Fl APX3 H: R 1Y & ik /K
-5 2 R U A S RT R I R B S KT
AH T AP il 35 R e oM AR T S AL S 1, D 2
e O R A e
3.4 FEHFRR0GR S SEHME KR E B R 5 RS S8 %
S

Ik 5 R LE B A AR P )RR RS 55 0 9 TR 1) A )

B BRI AEAR A O, 55 158 7 R W 32 K A g A 1)
TG It 7 TR 1) 5 305 e 7 TR A Ak B e R 5
9= - B N R BUMABE (NCED ) 2 AL
IR A B SR, CYP707A1,CYP707A2
CYP707A3 1 CYP707A4 iX 4 Fr4iig (4. 2 P450 Him
SRR P00 7 1R A3 AR BE A SC B 2 e
R TR IE TR 6 OC R BGSEE [ NCED 1% 53R
TR T (A AL OIS 1 0 TR 1) A 3 M O V% TR
BEAK I I T4 R AR JR K f Y S Y BOLU 8 35 1Rk
i, TR B AR R 7 TR 2 ik (1) 40 €2 38 P4SO. B 4 il
B CYP707A Fikm W E T, UL EDCHNE T A
SRR 8 75 R /K V- TH 8 1T RS2 ph T TR 0 i R T B
A T A 0 7 T 7 S 398 o s A1

T 75 TR 2 A 4 el N7 8 BE U 8 ) B AE S
T IRBE W3 v S A W R P B I R K - T
i, VR R 5 HAZ 4K PYR1/PYLs 454 J5 BT J5 3l
KR5S 4 Fi57% , ABA-PYR1/PYLs ZRE AW 5
W AEIREE 2C(PP2C) 454, NI BRI 7E # SRS T
B PP2C | A SnRK2s 37 ; SnRK2s #317 J& 7l
PR AL T U7 bZIP 2876 5k A (0 4% ABIs 55) , AT
TG NN, SR A A AR B AR AR AR
FEGE RN . I T A A 1 B VR R A2 1A 5L R
PYR/PYL JBTETRA% M5 5 TOA 8 1 B 1 it A g 56 R
SnRK2C WZREIKT- 2 1, i V& TR 15 = i A2 1
TR T PP2C ML 3L H PP2C5T 1 3R iE K
N FR TG0 n] A R R A P B 1R 1)
TR HET S BivE TR (5 5 76 S . ATl I 1)
g A T R K V- 32 o a5 5 i & 3,
H 2 B0 T4 R 32 1A R 1) 2k & A, LT 1
PP2C JEHBRBGHE DN A i 3 B 3 5 75 SR A F
FELERATIEW W25 5 T L, 8 7 TR ) s A [ R 47 i)
N = G A HL T BEAEE R R 25 5% .
3.5 it

ZE L RTIR  E e R AR AR AR AR
FH 25 IR ek /K A8 A — 8, Hax e 2% 5
FIRFEH FEE IO AR YR
PRI 55 T A AR A5 B b, 0 20 HE W SR
R 2@ RO EE N PR LR R G Tk R AR
R A5 T B AR 2R A 7 g A

S k.
(1] % 7, SR, H/NEE OGN K M B2 35 4 %K F B 11
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