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Expression of Genes Related to Photosynthetic Energy Metabolism
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Abstract: Leaf photosynthesis is the energy source of plant life activities. However, some macadamia varieties (Maca-
damia integrifolia) planted in southern China are prone to generate the etiolated leaves under the continuous high tem-
perature in summer, which seriously affects the shoot growth and fruit production of macadamia trees. In order to ex-
plore the mechanism of photosynthetic energy generation in the etiolated leaves of macadamia, the genes related to
photosynthetic energy metabolism were identified and screened in this study, based on the previously obtained tran-
scriptome sequencing data from the leaves of HAES344 macadamia at different yellowing stages, and the expression
changes of the key genes in photosynthetic energy metabolism were analyzed during leaf yellowing of HAES344
macadamia by qRT-PCR. 96 genes with differential expression in the etiolated leaves of HAES344 macadamia were
identified to be related to energy metabolism according to KEGG functional annotation and enrichment analysis, and the
number of the differentially expressed genes enriched in the oxidative phosphorylation pathway was the highest, fol-
lowed by carbon fixation pathway, and the least genes were enriched in the antenna proteins. After screening
(RPKM>0.5), a total of 43 genes related to photosynthetic energy metabolism were obtained. Among these genes, the
expression level of 27 genes decreased significantly in the yellowed leaves, while the remaining 16 genes did the oppo-
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site. Through the qRT-PCR analysis of the relative expression level of key functional genes in the photosynthetic energy
metabolism, the CAP10A gene encoding photosystem I (PSII) antenna protein, the ATPC and ATPF genes encoding
ATPase subunit protein, the enzyme genes related to carbon assimilation (GAPA, GPD, At4g2652 and rbcL), the
0s0590200100 and CXXS1 genes encoding thioredoxin, and the TIC32 gene associated with plastid protein transmem-
brane transport showed a significant lower transcription level in the etiolated leaves of HAES344 macadamia compared
with the normal leaves, while the SIR and APR3 genes related to sulfur metabolism and the PGR5, ndhB and ndhD genes
mediating cyclic electron transfer did the opposite, which suggested that the greatly changed expression patterns of
genes related to photosynthetic energy metabolism affected the production of photosynthetic energy in the macadamia
yellowing leaves. The results of this study would provide a reference for further exploring the mechanism of photosyn-
thetic energy metabolism-related genes in the etiolated leaves of macadamia.
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Tab. 1 Primer sequences

51414 FK Primer name

Em514 (5'-3") Forward primer (5'-3")

K514 (5'-3") Reverse primer (5'-3")

MDH GCTGGTCTCATCTATTCTTTCC
CAP10A GAGAAGCAGAGCTGATCCACG
ATPC ATTGGGGCAGGAGGCTATG
ATPA TTGTAATGTAGCGGGCGAGT
ATPF ACCCAGGATTTTTCCAGCCG
RPI2 AGTTTGTTTCGTGGGTGGATAG
At4g2652 ACATAGCAACACCAGGAAAGGG
GAPA CTGCCTTGCTTGGATTGTAAA
GPD TTGAAGGGTGGTGCGAAGAA
rbcL TCTCCAACAACACGCTCGATG
RCA CGTTTCGTTTCTGCCGTGTT
ndhB TGCTGACAAAGAAGCCACAAG
ndhD AGGAAATAAGGTGATTCGCTGGTA
ndhK ATGGGCAGATTTGATACGGC
TIC32 CTAAATCCCTCCTACTCCCACC
PGR5 GCTCCAGTTGTTGTTTATACCCG
CXXS1 AATCATGGGGTTTGCTCGTT

0s05g0200100
NTR2

APR3

SIR

GGGAACCTACAAGAGCACAAAA
ATGGGCAGATTTGATACGGC
GCACCAGGTCTGAAATCCCC
CAGGCTGGATTGCTGGTAAG

CGTCCAACTTCTTCCTTGAG
CACCCATCCCATAAGCAGAAG
GATTGGAGCAGGACATGATTTT
GACAGACGGGTAAAACGGCA
GCGAAAGAGAGAGCCAAACCT
CTCCTAAAGAGCAAAAGCCAAG
GACTTTAATTCCAGGGATGACG
GGAAGGATTGGCTACCGAGATA
GGCGTTGGAGATGACTGGAA
TCTCCAACAACACGCTCGATG
CCGTGGAGTCGTTTGAGGTT
TTCCATTCCTCAAGCCCACT
CTAAAGTTGTAATGAAGCCCGTC
AGATAATCGCTCGGAGTTTGTG
GAAGCTGATCCGAACCCACT
AATCCAAGCCTTTCTCCATTCT
CCTTATCTACTTGGGCTCCTTCC
CTTCGGGTGGACCAATACTACA
AGATAATCGCTCGGAGTTTGTG
CATTCATCGCCCGCACA
GCTGAAAACAATATGGTCTGGAAG
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Fig. 2 Number of the differential expressed genes (DEGs)
enriched in energy metabolism pathway among different
comparison groups (A) and the Venn diagram (B)
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Tab. 2 Energy metabolism-related genes enriched in dif-
ferent pathways in different comparison groups

. R 22 5 AL I R
g Number of differentially expressed genes
Pathway

S;vs S, S;vsS; S, vs S;

R&HEH 0 1 0

JeEEM 2 7 4

Tk [ 9 14 7

EzRiaH 3 20 29 8

RAw) 4 8 2

AR 4 8 0
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Fig. 3 Expression patterns of differential expressed genes related to photosynthetic apparatus (A), photophosphorylation
(B), carbon fixation (C) and sulfur metabolism (D) in the energy metabolism pathway
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Fig. 4 Relative expression levels of differential expressed genes related to photosynthetic energy metabolism
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i, J34h, PSBP il PSBR W {E B LI A i &
PRI, B PSILE BRI 451 58 3 M FIBR 3
HL A4 336 S 10 D) e AT A 21 3R 00

3.2 MK ATP &R

i ) £ A2 - S (A ) 6 S5 12 HP T B 1 TR) £k
( ATP 1 NADPH ) # CO, ik WkaE kit &
Yt RE , Horfr, ATP J&H ATPase fiEfL G A B R
RSP A o IR T A 4R {k ATPase H' CF,
FHH o I ATPA Fl y W FE Y ATPCL 75 FH %0
Fop g 2 FRERIS R FE ATP & A F PSTI
2PN (B 52 PUa 1 35 I B ATPA B
B HFEE, A#FTEH, ATPC FIgiiS CF, &
F a WHEAY ATPF 27 HAES344 IR e 5 35 fk -
AR T IHEL, £ ATPase ) CF, } CF,
EAGEW WA, TR CF 5 CF, &S
WAL, 55 CF, B CFy, #EIMi i ATPase 2
& ATP G IIe RN L ATP B K f# ATP 1935
PR I, ATPA ZE B4k h R BN B35 A
Fik, UL ATPase /Kf# ATP RYREJII5E, 1l AE
S 30 AT R AR R AR R B LT B X ROS i i
TR — P s T 107 2
33 HHKEFKE

HL A% 38 B 2 6 A VB T BRI AE 77 (R 4% 00 35
o TERSAHY kiR T, NADPH E7EGH
LA TR 1 i 5 — 2 RO il i LENR 4k
W JE NADP 1 o AN, A F -k iy
i 1 5 F TIC 25 T LENR Ri{fR 5 H M4l
o L o v A i A SR AR R i AR . TIC32 J®
F TIC EAEKMTE, MG TREEAX iz
AR AW LRI, TIC32 fEHELM A h
TR, BEURE LENR Y I 5 7T e &k A
559, dEMRRE] TR AL, RGeS
it NADPH 4% AE S . X 14 2 nt ¢
Krh ATP G — P EEFREE, F4
PGRLI/PGRS 4 T & 125 NADMP)H il &
(NDH) B &N igte, MHumEREKEE
A 08 BT EEEEHDY. DALCORSO %P
AR, PGRLI/PGRS & AR 0] 5 Ky ot 46 B 15
EAS S MR T AR PR s TR
B, XA AFERCRAL Y PS TT Gl 6 3 i) J2&: 24
T 1) o NDH 519 2R3 i 1% 328 BE A% 27 fif 1 2 A
SRR, 4efEi L AR IR R S
ST, IR ATP A5, HER g A% NDH JER Y
HR 0 7o Ut Uk DT ARHgE b, PGRS, ndhB
Ml ndhD FEFALM v 3 IS, BRE R
PRI B B 3 1 5 24 X L 3ok 2B il ATP FIFE K
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oG, DB S s % S 8 XL R Gl
WG . 9810, ndhK FT ndhB2 78 81k A i
ETR L, BB B NDH &A1k
(37 36 B W kb, R TS NDH &A1k
(i e 5 1 AT RS2 B S i S
34 MERFEEHEFERRES

AL EN (Trx) E—F/NprTFEA, ML
H#S 5 ROS WG R, i A i oA HAA bR IR
RGBT R, KANG 4P
WWH, E Trx RGH, A4S Trx f1 Trx K&
F AT 8 NTR i85, FH L4 iR 1 48 AL 3 JF-
15 AHEFE I, 4% Trx A9 Trxd Al 0s05g0200100
DL Ztith Trx 2646 (A Y CXXSL ¥7E kM- A rp i
F TR, BWE Trx BZhAEATBEZ BIHMH,
SECE AL A0 P B SRR RS A, R
RO TR AL SR, NTR2 35 R iH A,
FWEALM Bl fe kA T AR R, @i Trx
WE SRR, REHER ROS MfE
F1, VN A b o AR TE R AR A K &
BREECEZMIMEM, SIR Ml APR il 784 H
TR 5 TexP e B4k o, SIR il APR3
(AR X e ik B BN, DLPH 29 Trx n]AEfS
R, FH L ERE A i TR FHhT S e e
35 #xEIEEA

TEGA Wk R AL 72, Rubisco A& fix B2 R
HEAE, {0 Rubisco 1% 1E3Z %] RCA MM, L4t
B R P 465 Rubisco KV JEA rbel 76 T H1b
RIS ERN . 5 R R A AR
P TEA T rbel (9T 3RS S B
HHSEEER T BE, PERDOMO Z:PHA %,
T VRER A TR B Bt Rubisco 1 1 B9 A 2 R
RCA 1 132 5] = Y 40 i 1 15 55 336 £k /1) Rubisco $§
TR/ e, ABFFE R BL, rbcl 7EEJE B AL A
g % NI EIA, FIH Rubisco MUKW R AAET
Rfi, v RER AL R ROS 51 B B A il il
2R TR, SR, RCA fIFEIBTEM A kit
ok B A WAL, MW E RCAATRER AT
IRAE, 15 RCA AT i 4L 53 ) AN R4 o
¥, S8 RCA FRAMMAHEP, FHoh, FKIK
AER R ks R 5 GAPDH, FBA . RPI %[ 1)
WK XA B GAPDH LA i
WIF=H) 1,3- B R H M BRI S5k 3-8 R H i B 11
KRV, HIS MR m R AR LA R RO

AR 4k GAPDH | id5%1k K Hi 4
T R, A A TR R AR T
fpT el ARBFST SR EK, 4% GAPDH 1Y
GAPA 1 GPD #E# Akt b i 25 N RERIE, Ui
wALM R ERE I TR, tWEWE GAPDH 1Y
TR AR AL AT RE S Sk AR T 1l A7 1 SR AR TR R A A
%P FBA B AL 9 % 47 T RuBP F2E BB
FEARRR B b4 il e vy [ M ik o ASBF5E
i FBA [ At4g2652 L 7E B kit J o g 25 T~
ik, EWA RuBP M4 RE 10455, 5 HAAKE
AL I LA B v [ FBA 263K 08055 1M 512 %
BAE BB PR A 25 A — B, SRAT, A A% A -
S-BEFR AN RPI2 76 kb B b
PAFIE, ATRESE BRI R X T R BT A L R e 1o
FFE

4 4Eig
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R [ SR B R IA AR i qRT-PCR 43
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ik, MRESECT PSILIAR KL E AR . ok
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% FFEIKRLL & TIC32, 00590200100, CXXS1L
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W IR A AL R S K
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