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RTINS T U ESAEE FIHiE R EREE
KpPetCHY 5 [ R A1 43 4T

S RuHE ZHRT
(PRACH AL B Ah A2 [E 5 5 sl 80 %, MR B S ESBEER TR, ARG PR E R SRS R 005 0,
MARTETFIBAL B Fh20E B S0 5, SR AEST & P AR TR B ZOMOLFR 5 5 =) 3 S0 =2,
MR SHE AR, Aol K%, 65 100083)

WE  wleERbf AR o u T8 F BRI R T, iRz 2 oMmeyEH, 3
A B TR SAAM AR 62 E, BT R A S T XA AR EA 2945 E L
TR ASR et et B EFILFE AL, VA %#xﬁﬁitiiﬁiééﬂf%ib A4, #) A Li-COR68005. 4
AT At Fodiet A KA 89 té\i LARAT, 45 o5 AL BIR U IE A KA IR A PetCH2F
HBATAE M B F o, XA %BT&EPCR/\#ﬁKpPetC%IEKE]éﬂ,m TR LB o=t b 49
FAAAE XRG4 Ak B Z A A8 KM 1B 3L P2A B BRKpPetCAneGFPH) 32 KpPet CA8 & A K, F
FE84K M F HAT R ITALSEAL, 4 %hm’— SRt 0% K bik B A R ik R L e KT A, A8 CO,
REDZE ST M, ERILRA R LSRRI E2FRE; 7TH BA SRR AT HEF 340
IERA R G ZIR, A BT F IR, A R4t Bt ik e 2 R 55 KpPetCAEAR .
H AT EARARE et AP FEARE, AS AR REERE L7 T, 8. 9
R EAtet i ¥ KpPetCIL B 6 F A ¥ R 35 & Tt R, #0615 KpPetCHR R KX X8 A &
EAK K A, 4R EKpPetCA R Z A TRATHRAASGRE TR EIZRAZ—., ¥, 5
ERTARLL, 480t 28 R AAE 68 ) B R 5S, 3X 7T A6 R KpPetCHA B 4 & 38 % B 497 41, 1245 X385
2R, RAH A B TR E, ﬁfﬁ%ﬁé\fém)\ﬁmeeth&l LR T ek, TR
b TG R BA R AT

xBTS AR, E w%‘L[KEﬁ%J; PetC; BE[R 5 [ ; RIKA3HT; ALk
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Abstract

fer, and increasing the activity of this complex may improve the efficiency of photosynthesis. It is of great scientific

The cytochrome b6f complex is a potential limiting factor in plant photosynthetic electron trans-

significance to investigate key genes involved in photosynthetic electron transfer. In this study, starting from color
variation phenotype in Koelreuteria paniculata ‘Jinye’, and using K. paniculata and its mutant K. paniculata ‘Jinye’
as experimental materials. The photosynthetic physiological indicators was measured by Li-COR6800 photosyn-
thetic analyzer during the growth period. Then the PerC gene involved in the photosynthetic pathway was isolated
by RT-qPCR, and comprehensive bioinformatics analysis was conducted by online tools. Furthermore, the expres-
sion patterns of PefC gene in different tissues and its dynamic expression in leaves of different development stages
in K. paniculate were detected using RT-qPCR. Meanwhile, the correlation between KpPetC gene expression and
net photosynthetic rate was analyzed. Additionally, an overexpression vector containing tandem KpPetC and eGFP
with P2A elements was also constructedand and carried on ectopic genetic transformation in 84K poplar. The re-
sults showed that the net photosynthetic rate and transpiration rate of K. paniculata ‘Jinye’ were generally down-
regulated, while the intercellular CO, concentration was significantly increased. These results indicated that the
decreasing of photosynthetic rate in K. paniculata ‘Jinye’ was mainly caused by non-stomatal limitation. The strong
light and high temperature in July might damage the photosynthetic elements of K. paniculata ‘Jinye’, resulting in
serious inhibition of photosynthesis, and the tolerance to light of K. paniculata ‘Jinye’ was weakened. The results of
RT-qPCR assay revealed that KpPetC presented constitutive expression patterns in different tissues, but high abun-
dant transcripts detected in leaf, and its expression in K. paniculata leaves was significantly higher than that in K.
paniculata ‘Jinye’ in different development stages. And there was a positive correlation between the net photosyn-
thetic rate and the expression of KpPetC in K. paniculata and K. paniculata ‘Jinye’. These data suggested that the
down-regulation of KpPetC gene expression might be one of the main reasons for the decline of photosynthetic rate
in K. paniculata ‘Jinye’. In conclusion, compared with K. paniculata, the photosynthetic capacity of K. paniculata
‘Jinye’ was significantly down-regulated. This might be due to the inhibition of KpPetC gene expression, which im-
pairs some elements in the photosynthetic pathway, and ultimately affects the photosynthetic electron transport rate.
These results provide a basis for future studies of PefC gene function and has important scientific significance for
the study of photosynthetic electron transport mechanism.

Keywords  Koelreuteria paniculata ‘Jinye’; photosynthesis; non-stomatal limitation; PerC; gene clone; ex-
pression analysis; genetic transformation

FEAEARAG . MR WD SR, B G AP R IR, E e E R

SRARAOE B AE FRE ) e G UM BGInARH 7 &Y
BRI = E YR sk B E1EH
Fr AL ] CO,, 1 Dt 28 1) my (R0 T AR R AR K
A CEE, Wl TIRhE RS RIEE LS
Y FHRER ] R s H 3 AR R 1) COL R RE 7 S
o WHTAEA FRARHLA EE AL B RO EERH O & Rk
N NATHEFER A R, $2 s B K- B S R R RE
1 RIS R AT R R — N EE H AR, W
FARBEEAL TRERE F, FEHERSG . 4
3 b6fE & 1K (cytochrome b6f complex, Cyt b6f).
JC ARG IH ATP & B4R s BT R, At
b6fE A4 Qo i o 74 AL i 8L 2 0t R 48 IR &

FAEHRR AR P ZE AT S5 & BT
(ATPFANADPH 7% A48 ) FI3A X F A% 38 ([L ATP 1) 7=
A2, AR D Joi A v bk — 5T A A 2 SR A O TR I R A AR
M, SR BT B AOGE R BE R Rk
28 R b T AR R R AL B, FE PR F AR R
FH AR R E RIR P,

B4R Y 4 4 48 (Koelreuteria paniculata
Jinye’), KBS A4, 25N (Koelreuteria
paniculata) 578G H R RAR ) AP R
HIEEIRBARALL , AEGE 1 P AN A SR H ek 55
P Ll E G TN o i 1L e N Ve s 5 SRS ]
FERUZBI, (0 A 1) K AR B B R s 457 T,
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o B 3l e ek 55 1 2 PR A T 20 R o0 T ML B A
WHFT . ASLEG T HIEL A b s SR o, i i 7 A%
5 Cyt bofE A 7R AH I K] Per CHE R W A4 I
I RIR ZE R, AR 25 A FH ek 35 AT
REJE 1T PetCHE R 3RIE T, 520 Cyt bor& A M1
Y%, HET R G HL TR I TS B0 S 1 IR
31051, Cyt b6 G A R [FR — SR G5, B
AN 8NV LA ), PetCHI PetM FH 41 i 1% 3 K]
YH YRty AR L H - R A R 2H g B 1620, ARy
Cyt b6fE AR M) EAZ ML ILIE, PetCH] REAE R A4
(A DGR . AR FUR I, IpIpi s e N
PetC AL B IITF R SRAR PR 78 Ak = Cyt b6f5E A4
(LA LY, [ 5 E B % R AR AR BE = A Pet Clf 3%
AR, T P £ A 2 R 4 B P T 35 e A5 i ) L i R
AEREMR P UF T SRR JFAR T 1) PerCR A
AT BE 20 2% Cyt bofE A A 72240 iy H AR 4 Fh tan A
DL, TR AR M (1) Pet CHAT AR AN e k240 2522,
AP HARUNGER, 506 B TRIEN PerC.
PetF I PetHBE R 3RIE 38 R, (536 A1EH fa 4%
ST, N BT R R K E T AR AT R
AN K G 4ERF PetCER /KIS 2 i) 5e W
[R5 G2 09, Cyt b6fE AR I 5 i /0 — &,
HRA LM 7y 2RO F M 2. Cyt bofRE S
PRI AR AN R — AN R IS AR, 20 Hoph
ZImis TS i, (B2 5X— 2 5 mE R
R M A e R T, BARZE AR BAT e
FNgEF ERSE A, RO FIEE R B, PetCEE
I FI B T T Cyt b6F R A A 3 0390,
PetCHERTENAIEH R EZEEHCEEL
P B A S VAR R AR 2 T 58F , (HIE AR A HE
Pyrp A O . A TR A TR AR 8 AR S 1K
—ILG, FNIE I 53 BT AR AN 2R A KR A N IR
HHRFESHL, 574 28 G s 28 U 11 32 B PR )
R, 46 i S L A o BB 7 R e & 2 TR Pet CHF:
XF AT G B0, b FLAE AR A 28
R RIEE A L IEEAE KN RE E R, %S
I3 Mt Pet CEER 3 TA 5 64 0 5 TR R AH DG 1, 5K
PetCHE[H [ Ih RE I 78 B4 5 JL itk

1 MR5ERZE
1.1 SERRARER SRR
ST J I SRS B A ) A AL R

WX BARETH , T20234F 7 H 1S HIERO3 KK A —2
I RAEZER , AR FAR . 250 mh. TEZFRIFN T AR,
W 5 PR AT —80 °CHF Ml - A Hudls & 2 7l T
202347 14H . 8 H25H A9 18 H k4T, JF T4 H
14:00 K5 M Fr s R J iy (el s 5, FH T e 2R I 2E
RIKFEF T SR JC B 4G v G R T S S R
175

T4 DN A EU 5 £ F0 DNABE R [F1 505 &
B B R RHECA R AR 5 S sl R & F TB
Green Premix Ex Taq™ II FAST qPCRiAF &34 5
TaKaRa”’s 7] ; & RNA$EHUAF & H Omega /A 7 ;
pGEM-T#/&E H PromegaA 7 ; K AT DHS ok
M H AL ER YRR A IR A .
1.2 WX
1.2.1 A, et RA RIS AZABFRE  (E
20234E [ 7H « 8 A9 F 73 il de 5 BTG KUK R
{4 F Li-COR6800{# 45 ' 4% (LI-COR, USA)%3 7l
IR AHAL . ST HOPR AR LU AR A 28 D'
24, MR 84 8:00%5 18:00, F: 8] 4% [HI[H 2 hilll
1R, BRSNS EE . SEllER R
FE15 6 A3 % (net photosynthetic rate, Pn). 78/ i#
K (transpiration rate, Tr)F1}E[H] CO,¥ & (intercellular
CO, concentration, Ci)%5. | & M A ik FErg i A K—
B3R AR AR (BFH0.5 em L By K50 em
DA b)), BEAR AL 2% 30 B IO AE K — B0 1) BH D e A
R o IS R SR v LR R
T80 °CLrRAF, LLH T d M AN [R] H 4 1) KpPetCH:
DRIk 2 7 70 AT o
122 KpPetCHRR &L I HEYDNATR IR
7GR sk RNA S 77 & 20 79 52 IR A AR A 1 238
H IR DNARIRNA, FF NanoDrop 200043
Y6 (IMPLEN, CA, USA)IE Fi$2 DNAFIRNA
(AR BRI AR, 1.5% 3¢ I W 8 F2 b, k00 5 1
AJgE & o A FH s 3 s iR R RNA SRS Sl cDNA,
T-20 °CLRA7E M

S VR I W e s A s, M AE M)
vli Primer3Plus(https://www.primer3plus.com/index.
html) %45 5 1% 514 KpPetC-F. KpPetC-R(% 1).
CAZER I B DNAFT cDNAHSAR , 33 KpPetCHE[A]
(2L [ 2L DNAFT cDNAS K751 o 4738 s S A% &
420 pL, £13%0.3 uL LA Taq, 1 pL dNTP Mixture, 2 pL
10x LA PCR Buffer I, I, F##5147%0.5 uL, 2 uL
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PR, 13.7 uL ddH,0. $ 382544495 °CTIAE S min;
95 °CAEPE30 s, 58 °CiB k30 s, DNANHLARES 72 °C
FEAH2 min, cDNA NIRRT 72 °CIEH30 s, H:344ME
;5572 °CIEHS min, 4 °CZ LR . PCRI=4
1.5%35 HEBEBERR HLUK 73 B )5, ) DNAER Y7
&aith, ¥ H 5 pGEM-T#EURER, A Z KRG
DHS5a/& 522451, iRATE IR A% 3= (Kan, 50 mg/L)f
LB Vi Ead s 7% . BRICE v b 1 V& IR /T PCR 5
ik, FHPE R IE S B4 TAY TERM AR A
AT o

1.2.3  KpPetCHA B &) £ 15 & F 447 *H
DNAMAN 84 T H LR 7 51, M GSDS2.0
A (http://gsds.gao-lab.org/) % il FE R 45 44 ] 5 A
FHAE 28 8 ProtParam(http://web.expasy.org/prot-
param/) 3 B 8 5t () 2R A BRAL 1% T 5 £ SOPMA
53 #1 IH (https://npsa-prabi.ibep.fr/cgi-bin/npsa_
automat.pl?page=npsa%20_ sopma.html)F1 SWISS-
MODEL (http://swissmodel.expasy.org/) 7 7l Tl
BEM MM =45k it SignalP-5.0

T H (https://services.healthtech.dtu.dk/service.
php?SignalP-5.0) il il & = 115 = ik ; #IH T™M-
HMM-2.07E 2k # fF (https://services.healthtech.dtu.
dk/service.php? TMHMM-2.0) 73 H7 £ [ J51 1) 75 [ 45
M3k ; SR I NCBIEU# /% (http://www.ncbi.nlm.nih.
gov/Structure/bwrpsb/bwrpsb.cgi) 73 HT 8 [ 5 [ 55 5%
g5 R3Ek ; JE3d Plant-mPLoc serverfE £ A (http://www.
csbio.sjtu.edu.cn/bioinf/plant-multi/) 317 .41 i &
(AU S N WA AN c X V=W 7 R V=
3 ) 38 ok 7E 28 B F PSIPRED (http://bioinf.cs.ucl.
ac.uk/psipred/). PROSITE(https://prosite.expasy.org/)
1 Netphos3.1(http://www.cbs.dtu.dk/services/Net-
Phos/)iEAT 43T -

| H NCBI# i ZE (https://www.ncbi.nlm.nih.
gov/) T .5 KpPerCRIE It LA = 1 LA P Fh 1) 2
JER P 5, FFH DNAMAN#BEAT £ 741 Ext 434, O
F|H MEME 43 #71 I. & (https://meme-suite.org/me-
me/tools/meme) T 73 7 {4 <7 5 JF (motif), F H
MEGA AT} 8% S HAB T PetC 25 A HEAT R4t

®1 5|97
Table 1 Primer sequences
ElEVEAS FF3(5'—3") &
Primer name Sequence (5'—3") Application
KpPetC-F ATG GCT TCT TCC GCT CTG TCT CC Gene cloning
KpPetC-R CAA AGC TGA TCA ACA CCA ATG Gene cloning

KpPetC-Spel-F

KpPetC-Spel-R

KpPetC-qPCR-F
KpPetC-qPCR-R
KpActin-F
KpActin-R
OE-KpPetC-Kpnl-F
OE-KpPetC-Kpnl-R

OE-KpPetC-F
OE-KpPetC-R
qPCR-PopActin-F
qPCR-PopActin-R

qPCR-Pop-KpPetC-F

qPCR-Pop-KpPetC-R

GGT CGA CAT TTA AAT ACT AGT ATG GCT TCT TCC GCT CTG TCT

CAT GGT ACC GGATCC ACT AGT AGC CCACCAGGGAGCTTCA

TCT GTC TCC TGT AGC CCC TTC
GGAACCAACATG ATG CCAGTT

AAATTAACGAGGACACCAATGC
GGG TAT GGA TAT GGC GAT CTT A

TAC GAATTC GAG CTC GGT ACC ATG GCT TCT TCC GCT CTG TCT

TCT AGA GGA TCC CCG GGT ACC TTA CTT GTA CAG CTC GTC CAT
GCC

GTT CCAACCACG TCTTCAAAGC
CAA CAG TAC CAC TAG CAC CAC
CTC CAT CAT GAAATG CGA TG

TTG GGG CTA GTG CTGAGATT

GTA GCC CCT TCT CA

CAACCCAGG TGGAGCA

Construction of subcellular localization

vector

Construction of subcellular localization

vector
Gene expression analysis

Gene expression analysis
Gene expression analysis

Gene expression analysis
Construction of overexpression vector

Construction of overexpression vector

Detection of transgenic plants
Detection of transgenic plants

Gene expression analysis in transgenic
plants

Gene expression analysis in transgenic
plants

Gene expression analysis in transgenic
plants

Gene expression analysis in transgenic
plants
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AT, W Z YR RGO, JFE T ITOL T
H (https://itol.embl.de/)SE L BELL Y o
124 KpPetCRARR&Tminzis  LE{ApCAM-
BIA1300 48 48, M4 KpPet It R 5 51 ¥ i1 514
KpPetC-Spel-FA1 KpPetC-Spel-R(# 1), 5 A\ Spe 1fi§
VIGL R, LAZER cDNACH B Y 3 KpPet CHE[R . H]
Spe IXf 44k 5 i) pCAMBIA 13005 RL i AT g ) . %
JFH [R5 5 41 35 ARt KpPet Ci [ 45 Spe TR VIR 55, #)
A 020 M 5 AL A, F Hdir 4 9 pCAMBIA1300-
MASPro::KpPetC-eGFP. #4756 1IF J5 5 1b 2K
FFE GV3101, ¥ pCAMBIA1300-MASPro::KpPetC-
eGFPAl pCAMBIA1300-MASPro::eGFPZ % {4 13 5t
A MRS AT BRI 0k, BERE TR 12 WG, OO
R 7724 h, THOGHL R A BB T WL
1.2.5 AT %A ZZFPCR(RT-gPCR)SZHT /37l
HR[) — I 1 1l 4 2 25 28 20 S A [R) F 4 2 0 A
RIS RNA, H R 5 F i cDNA, Kl KpPetC
(112235 7K o HEAE KpPet CHEDRIM 5 45 5 | it s
26 B 5 (R 1), LLIRW ActinERE AN Z
FE R BEAT 52 5 6 E B . A TB Green Premix Ex
Taq™ 11 FAST qPCRIAFTI &, 75 S} 9% & S PCRAX
(7500 FAST) b #47 RT-qPCR M 7. A T Faf %35
MHERTE, BRI EINEYEERE . KA
ZN10 pL: 1 pL cDNARR (5 ng), b T
0.4 pL(10 pmol/L), 0.2 uL Rox Reference Dye, 5 pL 2
Green Premix Ex Taq II, 3 pL ddH,O. MAERA: 95 °C
AR T30 53 95 °CARES s, 56 °CiE k34 s, 72 °CLEfH
40 s, 82 °CIEMR L s, 45 MG . =W 2 5 il
AR M 2RSS 5, SR 2724 E R S A Rk AT
FHXT 58 B 43 BT,
1.2.6 # L H 84K# 4 kA7 PLE A& pCAM-
BIA2300 48 48, il 1L P2A S B KpPetCHl e GFP, 14
i 25 #4k pCAMBIA2300-35S::KpPetC-P2A-
eGFP. HALFUF BV AR R A 7 G RS
KpPetC 3'3ii 45 26 1B %05 T 11100 bp. P2AFleGFP
5'%7 100 bpf)J7 41 7 B, ilid Overlap PCR¥4KpPetC .
P2AFI eGFP By HR I, 9% 3| pCAMBIA2300%k f4
(1) Kpn 47 ki, 9734 51918 OE-KpPetC-Kpnl-F Al OE-
KpPetC-Kpnl-R(F 1). #7580 F 5 7 40 2 AR AT
#GV3101.

IS R A2 0 5 KpPer Cid 3k
WKL R 84K . SAKMAEK I A KA, ik i

I ThRent, FIfRS )RR E Rk, R O, 78
AEMBTERM AR IR & s PR3k, H
F5 9% 28 DoofE N0.6~0. 8 I A AT 11 B K 1 44 10 min, #
T2 1 TRV TR B AN I AR R A s R R e, E
MG AERIR 3R HERE WG, BRI
M E NN T R A8 EF % (Kan, 50 mg/L)M b 85
Frdk b, R A E 2F, 10K A e — IR 3%
A, BAREEKE 23 ecmif, B FARE L, iE
IS Kan(25 mg/L) A= i 7 JE v dh A7 AR il 3% 9%
Rk . $REGRIS I SAK MBI 2 - 5 DNA, F
FAAS I 51 % OE-KpPetC-F A1 OE-KpPetC-R(# 1)
WA AL 5 35S )8 8T Fl KpPetCJF 4111 500 bp /e
Fi 0 F BEEAT DNAZK T (I PCRAGIN , LAt ik 4
JFCRERSARAE D9 BH 5% HEL, JI0 B R 7K R A B AR AR
PE B0 R o BRI 3 DRI BH PR AR 1 RNA, %
Sk cDNA, FIH %t € £ 514 qPCR-Pop-KpPetC-
FF1 qPCR-Pop-KpPetC-RiF 1T mRNAZK T[] & &
PCRAZ AN RT-qPCRAM T, LAMGI Actin B2 RAE N
ZIEIN | F5 351908 qPCR-PopActin-F il gPCR-
PopActin-R( 1),

127 #4B432 {8 Excel {5t Huds E 47 9% ik
JEEL s A SPSS 22,03 A R 47 B i e it e o At
bR IR R 1) 22 S 8 1 R FH BRLIR 3K T 22 40T
(One-Way ANOVA); J£4i Ff] Origin 2019347 & (]
k.

2 HERERH

2.1 ZERANSEITIRE KHEE &4

2.1.1 FRAREDTAIESN  FOLEEER
e REHEYCAEH RIS EZERR, — Rz
s R RE W) 1% ' 6 THUR 1 2R B S TR TR A AR AL
(1), DR LG RE 40 11 5 G o 20 A0 52 T AN ) PR AR AL R
. WM FTR, 7+ 8+ 9 A ZERH AR 2R Fr g
AR HARERARL, ¥RIUON g th 4, AL
IR E) LG PR IS . TH, 258 Pnléfd H L
14:00, 155 16.00 pmol-m=2-s™', #2580 /E H I
7£12:00, 4 7.41 pmol-ms™', 2 J5 PniZ i T 44
18:0055 B EAIAH - 81, 25 Pl fE tHHLAE 12:00,
N 11.27 pmol-m™-s™', 45254 (H H BLLE 14:00,
H9.96 pmol-m™2-s™'s 9H, ZEH FIEE 45 Pnlg
¥ HBLAE 12:00, 43719 7.80 pmol-m™>-s ' Al
5.14 pmol'm2-s™'. 8 HAN9H , ZEH FIERIHZ5 ) PnfE
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12:00 % 14:001% 2 A8 5 1281 R %, ¥I7E 16:000% 2
B, JE1E 18:008& A Ft 5. X Al gEA
A K. MPnHZBMERKEKRE, 3 APt
BRI BRI IE, ZRMR I TH >8H >9 1, Hint

== PNIIPS

IRRIMASH>TH>OH . WER2FIR, I8M LIk
K HBEALE 3.68~9.97 pmol-m s, FHH-Z875 64 1%
FKHBMEAES.73~3.29 pmol-m2-s™', P S Fh LI N
TH>8H>9H . [Rl—MFLEAE H 78] Pnefb 2 5

(A) 207 —xp (B)167 —xp (€)1 -=—KP
184 ——KPJ 14 ——KPJ —KPJ
164 8
- 144 121 -
ﬁr"n 124 :’nlO- .;'n 6
£ £ £
5104 —E 8 5
= 81 E £ 4
=] =} =
6-
~ A 4 ~
44 2
24 27
0 0 1000 1200 1400 1600 1800 0750 10700 1200 14700 1600 18700 0500 10700 12500 1400 16:00 1800
B 10: 12 : : : : : :00 14 : : : : 100 14: : :
(D) Time (E) Time (F) Time
0.0187 e xp  0-008] e Kp 00077 —aKP
——KPJ KPJ
0.0164 0.0074 —— 0.006] ——KPJ
- 0.014 70,0064 .
< 0.012] 5 20,0057
£ £0.0054 &
= 0.0104 S £0.0044
£ £0.0044 s
= 0.0084 = .00a] £0.0037
0.0061 0002
0.004 0.0021 :
0.0024 0.0014 0.0014
O T 1000 1200, 1400 1600 1500 0000 500 1000 1200 1400 1600 1800 " 530 10700 12:00 1400 16:00 18:00
! 10: 123 14: 16: 18: : 10: : 14: 16: 18: : 10: : 14: 16: 18:
(G) Time (H) Time (I) Time
390- : :
—=—KP 400 —=—KP 430 —=—KP
3804 ——KPJ 3804 ——KPJ 200 ——KPJ
3704 3604
3601 - 1350
3360 L 340 5
£350] £320 = 3001
£ 340] 2 300 El
= = =250+
3304 5280 o]
3204 2604 2004
3101 2401 150-
300 220

8:00 10:00 12:00 14:00 16:00 18:00
Time

8:00 10:00 12:00 14:00 16:00 18:00
Time

800 10:00 12:00 14:00 16:00 18:00
Time

A. D\ GHTHIIESIE: B. E. HASH MM EHE; C. F. Do RNIEEHE . KP: Z85; KPJ: #ilft-28.
A, D and G are the measurement data in July; B, E and H are the measurement data in August; C, F and I are the measurement data in September. KP: K.

paniculata; KPJ: K. paniculata ‘Jinye’.

1 ZERAIRI I A AR B B

Fig.1 Diurnal variation curves of photosynthetic indices of K. paniculata and K. paniculata ‘Jinye’

®2 T9RABEI @M EAESHBELR

Table 2 Multiple comparisons of photosynthetic parameters of two species from July to September

Ay ps B #6E A /umol-m s Z& B A /mol-m s ™! Jifl[5] CO, < & /umol -mol ™!
Months Cultivars Net photosynthetic rate Transpiration rate Intercellular CO, concentration
Pn /umol'm?s™! Tr /mol'm s Ci /umol-mol ™!
7 KP 9.97+4.60° 0.007 8+0.003 6* 324.88+14.69%
KPJ 5.73+£2.38" 0.007 2+0.002 7* 349.82+15.80*
8 KP 6.91+4.35% 0.002 60.001 9° 299.08+45.82"
KPJ 4.82+3.02" 0.002 7+0.001 8° 342.77+14.74*
9 KP 3.68+2.75¢ 0.001 7+0.001 4° 265.44+68.46¢
KPJ 3.2941.36° 0.002 9+0.001 6° 330.70+£27.80*

[ Z B J5 AT R P B FROR T 8 3 22 5, A RVNG 7 BER IR 22 5 (R 35 (P<0.05); KP: ZERf; KPJ: £ 28

The same letter indicates no significant difference in the same column, the different small letter indicates significant different at 0.05 level. KP: K. pa-

niculata; KPJ: K. paniculata ‘Jinye’.
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K, FER R T7~9 F 6 B S ek 55 BT et . 78
7 8+ 9H, PR FP A R H AR
ISRESERIEAS . SEA KR, S IRE — RIS &
HRAR A T H P E ) BB AR T 25, 7R IR
I B212:00 82 14:0011) 064 3 5 22 S e K, 3R B A 28
YA BE TR A B SIS .

212 AR ED TAMEI  EBEEREE
FEAALE — 2 I [ PN S P T R 2 1 () K o, ik T
TEY 755 VE F (555 , S s i 20K 2 AR g 7 o
S E R T, EMEK R BRI
—. HEATE, Z&ME ) H AR 5 5 A8
FARL, RE BRI <Fg A, 72 1 H
2 )G Teg it &, 16 R4 12:0088 14:00 75 47 ik 21 i
B, HHJG, BT RBHAEFHE 8 58, ST s, K
oy TN ReIZET IR, W R K AE IR A oAb T B
K, Tris B EAE, 7 K PHEE SR PG, S Triz
W, THRISH , BRIEA-I 4, 284 FER 28 Tr
ERIAK . TH, ZER IR H 28 7E 14:001k 3114
&, 77 7150.130 0 mol'm2-s'A10.110 0 mol'm s’
8 H, ZEB AIER 2543 T £E 12:00 1 14:0078 B W& AH, ¥
790.005 7 mol'm?2-s™', 9H , ZER AN 2R Tr 7 i
5, ZERFNER I 2550 B 4E 14:001 12:0008 B IEAE , 4
2N 0.004 0 mol'm™-s'#10.005 1 mol'm™-s™!, #7H
IR TrE A RFFE T 280 . M Tr H ARG I 5 KB R
E, SRR I8 RN TH >8 H>9H . Wiz 2T
TN, 2P 78 W T R H H{E 4£0.007 8~0.001 7 mol-m 257,
BRI S AR TR H MM AE0.007 2~0.002 7 mol-m s,
MG E HIMERE, ZEMRINATH>8H>9H,
W ZERIANTH >0 >8 1, (H9H M8 H Z A&
= X PRI AR A F T AN [0 R R B 5 A
T 72 R R E

2.1.3 JARICOMRE B ZAMAENAT  HYIH
6] COLIK JE AT LLRAE AN 7L COLHENFEYI M A IR
AN 2 B KR COREIHIZ), RN A2 2R )
W AL S AN e A T R A 2 BT, dn
1HR, 5 iR CiH A8 4k 28 AR AL AR AL, 76 5
JEANGE G AR ST, COLMIMIS R = T 4
R, AR CHE T =, 1B TR ARG 5R, CHEIZHT T
B, Cildefi 3 B A - a5 et 4. 7E7.8.9H,
BRI IR AR N I Cidy) i = T 280 . sk 2P, 28
RECiH Y18 #£324.88~265.44 pmol-mol ™!, I 25CiH
{E#E 349.82~330.70 umol-mol™!, )\ CiHIEKE ,

PRI RIATA>8 A>9H o 1E[H— A1y, B4
Citi{H 22 = T 250 (P>0.05), " HEA2 B TR
AR ST, AR COA IR, S AHi15 COLME
1 it e 32 AR 2R S B

LRE KA, RN ZEI Pn H A0 5 T Ak
RIAIEM, 5 BRI —E WA, &
B 28 B A 1D i R = B 5 S AL PR il F A S LR
1] B840, ASFLPR 12 B A AR 7 T
SHLZ R ALK, COBEANM %2
BHUY, JESFLIR SR IR AR REEE TR, b
AN ZAR, BT EdRE SR N, SAEHRUET
TR, FEOCERETHEW, 28 CifE %
AN 033 5535 5 20, (EPn R A B BRI, A
IR R 1S 2 T ARALIR S 3 01 Co,
ASJE SR, HEMAR 28 PP AR 5 22 i T e
M A SRR T R 0, JERFLRR SR H R R 5.
SEA AT T RT I S B R B, i A T
f& 16 %E T Cyt b6fE 414 Rieske FeSER [ PetCHE[A]
T B I 28 v R A AW O 5 B 9, A0 B 2 e
F 52 3B S LR H1 AT §E 2 BT PerCHRE N 3RIE T,
S Cyt bof R AR 2%, (16 A MU Z 80T S
EVQIN
2.2 KpPetCERE R ESLEMS T

PAZER TG T 2H 85 B 7 1Y DNAFT cDNA YRR,
FRIh 5 B H 2 AR Per CHE IR, 4 oAy 44 N KpPetC(2).
IR RS h DLERE DU A4, BN 2H DNAK
%792 856 bp, cDNAK & H 684 bp, gwhd & 2274
RAEMRRAERN E A . I HGSDS2.04: 1 KpPetC
(36 DR 45 F P (1 2), i R 3 SN A BT R4
N, MR ES A N39 bpy 242 bp. 118 bp.
183 bpA1102 bp, 41 & T I FE /A 7E 116891 bp
N,
2.3 KpPetCEREWMERFEDI

ProtParam 7l 5§ 2.7, KpPetCHELR Fr 2w i 1)
g&%@ﬁ??ﬂ Eg% Eﬁ%ﬁy‘j C1074H1706N2920312812, 63\
THN24.09 kDa, HEHEAFE RECN 26.39, 55 A
N8.74, TSR K A DM0.004, uFa e FIsm i B K
WH. ZREMTN I HT 8R, KpPetCH1 23.79%11)
oBZIE, 15.86% 1 IEMHIBE, 7.49% [ B /1 F1152.86%11]
TEHUN A 2 A, ol AN JC N5 A R T 2R 45
R E B4 (13) . @i SWISS-MODEL /3 #11% 5
FI3DE5 1 (K13), R A = 4540 32 2L i ol
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KpPetC5'  ——
| | | | |

|
0bp 500 bp 1000 bp 1500 bp 2000 bp 2500 bp

Exon Intron

A: KpPetCER [ 535 B: KpPetCR:K 45K . M: DL5000 Marker; 1. 24} HI48 T KpPet CF: K ZHDNAFIcDNA 4 K.

A: cloning of the KpPetC gene; B: gene structure of KpPetC. M: DL5000 Marker; 1,2 represent KpPetC genomic DNA and cDNA full-length, respectively.
E2 KpPerCE[E ) 7 12 R L F 4540

Fig.2 Cloning and gene structure of KpPetC gene
(A) ®) ¢

iIH
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||IIIIIIHIIIIIIIIIIIIHI||“IIIIllllnll
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200 =)

©) (D)
ik L.
1.0f-
z8 208
£ 5 0.6
°4 E 0.4
& &£ 0. ;
............ 02 l
0 20 40 60 0 50 100 150 200
Sequence position Sequence position
SP (Sec/SPI) — CS--- OTHER - Transmembrane — Inside — Outside -
(E) | (F)
Theesame —
T =
1 yresho 10 20 30 40
é‘ L MRS s ALS PVAPSQUESSKSGLASPSRAFLVKPTRTQUVTKERGUKI KCQA
5 SUTS[TAROXVPOMGKRECUNTLLUGATSUP T[S NEVPYAAFFAPPGLGGGAS
-§ TOLGTVAKDAI GNOI I AEEWLKTHGPGORTLSQGLKGDPTYLVVEKDRTLAAF
A T516INAVCTHLGCVYPENTAEKKEI CPCHGSQYNDQGRVVRGPAPLSLALAN
201 ANVEDGKVVETPWTETOFRTGEAP WWA
0 0 100 150 200 Disordered structure []  Disordered protein binding []
Sequence position
Serine — Threonine —  Tyrosine — Threshold —

EYN

Ar TREEHTN, L0 SEAPEE; Rt BT B0 ol SO TN i B ST, £ O K TR AL (1 A9 [2Fe-2S |45 A E; C:
55 BRTIO; D: #5525 R 3 T E: WRBR A A st I F: O PP A A i T o

A: prediction of secondary structure, red: the extended chain; green: the f-fold; blue: the alpha helix; purple: the random curl; B: prediction of tertiary
structure, and the circle indicated by the red arrow is the conservative binding domain [2Fe-2S]; C: prediction of signal peptide; D: prediction of trans-

membrane domain; E: prediction of phosphorylation sites; F: prediction of disorderization sites.
E3 KpPetCEHMLEMFEHES T
Fig.3 Analysis of structures and features of KpPetC protein

T AN TG H ) 25 1 2, 55 2 5 e B 1 T 5 SR — 1) PetC & 1 &5 M AHBL BEAR &1, UE W PetCHE FHEUHN
H. 5COWIEWHIE (Saccharum officinarum). ) frap 87481 TMHMM2.0A1 SignalP5. 07 28 5144 Tl
It (Arabidopsis thaliana)F 7K ¥ (Oryza sativa)“% KpPetC £ [ I 45 FRFIE(BE3), 45 R B 7RKpPetC A S
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F5IK, BT AR, /26991 A LR X A —
AN EH A B APPSR A R I, HEN O NSRS . T
it Netphos3. U6 HZ JE TR 7 4113047 4047, 45 R a1 3
i, EARAE 2R . HERANEZRUERIL
7 g, o 22 SRR AN TR E BB R A A i s, 3R
% 8 ] e 2 IR AL A H 4% . DISOPRED3
EEALFFA SR (K 3) iR, KpPetCE HF 51
HANTFALX IR, 8 67N IERR, ALy
29.5%.

NCBIfRSF M3 AT &5 B R , KpPetCE A
FH F It 2 R R 4 0 R 4L A I Rieske S5 M3, & T
Rieskeit Z % (c100938). RieskefE Ikl C-ifi , /&
Rieske 5 i 8 [ £ BHRFAE™., PROSIT /T 45 B R

PetCH B A —MEMEAL AL, N RieskeZ5 k.
T UF T RIS KpPetCar 1 5 HAR Y A H] 11 &
GRKE R ZR, HIENCBIFblastikHL | 5KpPetCJ7 41
AEAPARE LA ) FAB 2 LA, B35 R (Mangifera
indica)~ KHE (Hibiscus syriacus)~ 157+ (Arabi-
dopsis thaliana). XF& (Oryza sativa) % (Durio
zibethinus)55 (1) PetCHr 741 . @it Megall &Rz
FH %% (Neighbor-Joining, NJ)#4 & #E AL, 3471 000
K BootstrapAt 1T x4 . £ 2 741 L 45 R (K4)
7R, KpPetCofith (1) & FE 12 Fr 51| 5 Hopt 21N A )
PetCH FE D e XIRAR PR 5T, F74E N i I 54 7% 2
JRIXH8 5 5 ol i X 38 456 [2Fe-2S] [ Rieske[X
RN FET CoR U 1 il 2 R A X 4. A ] MEMEBE 42

Transmembrane -helix

Transit peptide

KpPetC 11
MiPetC_XP_044503632.1
HsPetC_XP_039019332.1
DzPetC_XP_022762486.1
GaPetC_XP_017632100.1
CsPetC_XP_006469814.1
GhPetC_XP_016666275.2
TcPetC_XP_017971970.1
GrPetC_XP_012479759.1
GmPetC_NP_001237648.2
HbPetC_XP_0S8006071.1
PsPetC_KAB2610SS1.1
PePetC_XP_011047481.1
PyPetC_AWD2€907.1
EgPetC_XP_010060487.2
PpPetC_XP_007215926.1
MdPetC_XP_008341937.2
Z)PetC_XP_015896571.1
AtPetC_AT4G03280
OsPetC_0307t0556200
ScPetC_MH333037
NtPetC_X€4353
Consensus

e e R R R R e R R e s R R R R e

EE R R R

+ .VKGEGFGRERVE........ \
TEGKE . . AKGEGPGMGRE . ........ RACSIT[C:
LSSV, . SCCLIVKEME INSHGLGRDKR . HEVH 1A

£

111 a slp

KpPetC
MiPetC_XP_044503632.1
HsPetC_XP_039019332.1
DzPetC_XP_022762486.1
GaPetC_XP_017632100.1
CsPetC_XP_006469814.1
GhPetC_XP_016666275.2
TcPetC_XP_017971970.1
GrPetC_XP_012479789.1
GmPetC_NP_001237648.2
HbPetC_XP_058006071.1
PsPetC_KAB2610551.1
PePetC_XP_011047491.1
PyPetC_AWD26907.1
EgPetC_XP_010060487.2
PpPetC_XP_007215926.1
MdPetC_XP_008341937.2
23PetC_XP_015896571.1
AtPetC_AT4G03280
OsPetC_0s07t0556200
ScPetC_MH333037
NePecC_X64353
Consensus

[2Fe-28] ligand domain Pro-loop

2146 5 HER 7R PetC AR IE [ A 7 2 L ML /77« MiPetC XP_044503632.1: T54; HsPetC XP_039019332.1: Af#; DzPetC XP_022762486.1: 143%; GaPetC
XP_017632100.1: B{H5; CsPetC XP_006469814: HIHi; GhPetC XP_016666275.2: [t ; TcPetC XP_017971970.1: R W} ; GrPetC XP_012479759.1:
A ; GmPetC NP_001237648.2: K5 ; HbPetC XP_058006071.1: #2/55H ; PsPetC KAB2610551.1: Y ; PePetC XP_011047491.1: 4% ; PyPetC
AWD26907.1: #1t; EgPetC XP_010060487.2: Eif#; PpPetC XP_007215926.1: 1k; MdPetC XP_008341937.2: 3 IE; ZjPetC XP_015896571.1: &; AtPetC
AT4G03280: LRI FF; OsPetC Os07t0556200: 7K7#; ScPetC MH333037: H7H; NtPetC X64353: f{%,

Red squares indicate the reported conserved motif of amino acid regions within the PetC. MiPetC XP 044503632.1: Mangifera indica; Hs-
PetC XP_039019332.1: Hibiscus syriacus; DzPetC XP_022762486.1: Durio zibethinus; GaPetC XP_017632100.1: Gossypium arboreum; Cs-
PetC XP_006469814.1: Citrus sinensis; GhPetC XP_016666275.2: Gossypium hirsutum; TcPetC XP_017971970.1: Theobroma cacao; GrPetC
XP_012479759.1: Gossypium raimondii; GmPetC NP_001237648.2: Glycine max; HbPetC XP_058006071.1: Hevea brasiliensis; PsPetC
KAB2610551.1: Pyrus spp; PePetC XP_011047491.1: Populus euphratica; PyPetC AWD26907.1: Prunus yedoensis; EgPetC XP_010060487.2: Eu-
calyptus grandis; PpPetC XP_007215926.1: Prunus persica; MdPetC XP_008341937.2: Malus domestica; ZjPetC XP_015896571.1: Ziziphus jujuba;
AtPetC AT4G03280: Arabidopsis thaliana; OsPetC 0s07t0556200: Oryza sativa; ScPetC MH333037: Saccharum officinarum; NtPetC X64353: Nico-
tiana tabacum.

E4 ZERPetCE RS HMIMIEARLRLXT

Fig.4 Protein homology comparison between the PetC protein from K. paniculata and other species
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BRI

T3 73 A1 Pet CFP 1 AL & IS5 3K, S5 SR NS PR,
PetC R [ it & 8~9 ML J7 , H L7 40 A for B AH
Lhe BT YA B A motif 1~7, RAAEY) B A motif 8
Fl motif 10, motif CAHEAAEYIIHE ., FUFTF. /KFE
AH BE A TR Mmotifs 8 H AR 75 Hr 45 R (5)
IR, IR PetCEE 572 RAMIAE M55 5% R IRl
2.4 KpPetCERFE ML LHAAE L 57
Plant-mPLocserverfE 4 F {4 Filill 5 SR 2.7, Kp-

PetCEER e LR 2744 . R 1 58 HERf HLAf 2 KpPetC
EHEAIMAMRIEAE, FIHpCAMBIA1300-
MASPro::KpPetC-eGFPAE ) 32 15 H A4 B i 4% A0 0 5
R AT AR B E AL BT, 25 SR (El6) B XS REZH
eGFPY AT 5 72 A PO 0 i 3 52 4 A P 4 A
2 . J5 R 20 S XA oA, AE SRR 2 AN
Y B 5 o 55 A) LRSI B KpPetC::eGFPRI& 25 1 ) 9¢
A5, ULBH KpPetCnl GRAE 244 24 o s R 240 g

GaPetC XP 017632100.1 I Motif |
GaPetC XP 016666275.2 | p— — E] Mot 2
GaPetC XP 012479759.1 B Motif4
=l Motif 5
DzPetC XP 022762486.1 | [ T Motif 6
TePeiC XP 017971970.1 I ) e N T E ot
HsPetC XP 039019332.1 El m;::‘]’o
@ KpPetC | ol aa——r= | s
MiPetC XP 044503632.1 | NN e
CsPetC XP 006469814.1 S BRI el o
HbPetC XP 058006071.1 | N (NN s SO T
GmPetC XP 001237648.2
PePetC XP 011047491.1
EgPerC XP 010060487.2 | N NI o
ZjPetC XP 015896571.1
NtPetC X64353
v AtPetC AT4G03280 jEmy - e —( [ |
100— PsPetC KAB2610551.1 | NN I s
45 MdPetC XP 008341937.2
96| PyPetC AWD26907.1 [~ iaeaa—f= | I
99— PpPeiC xP 007215926, N NI el N
[— OsPetC 050710556200
100L— ScperC MH333037 I.IlE![:ll——I:!I:
0aa 50 aa 100 aa 150 aa 200 aa

2165 [ e A i W KpPetCo HFiont 86 & [ 4.

KpPetC is marked by red circles. The interrelationships between species are the same as Fig.4.

&5 KpPetC5HE thifhPetCHI R G (LR 4347 5 motif LM

Fig.5 Phylogenetic tree analysis of KpPetC and PetC in other species and their corresponding motif prediction

eGFP

Chlorophy II

35S-eGFP

35S-KpPetC-eGFP

Bright field Merged

E6 KpPerCE[E I 4HARE {i
Fig.6 Subcellular localization analysis of KpPetC gene
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0- Root Seed Leaf  Flower  Stem 0= 7 8 9 0
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A: KpPetCREH VR 5 R IL 0 Hr; B: 28 ARSI Fy KpPet CHIRN RIS BRI Gl MMM KP: Z804; KPJ: HiIFZ8. ANF/NE 5
REFRI A) 22 57 825 (P<0.05). **P<0.01.
A: analysis of tissue-specific expression of the KpPetC gene; B: correlation analysis between relative expression levels of KpPetC and net photosyn-

Month

thetic rate in the leaves of K. paniculata and K. paniculata ‘Jinye’. KP: K. paniculata; KPJ: K. paniculata ‘Jinye’. Different letters represent significant

differences at P<0.05 level. **P<0.01.

E7 KpPetCEREFIEER
Fig.7 Differential analysis of KpPetC gene expression

iR BRIk, X 5 2 wHE R R E — 0
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RIEEX A EHEX TR
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AR 22, WL TEZFAMF 41K E4T RT-qPCR, &
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XF7v 8+ 9H RAEMIZEM A 2R 1y ity g AT
RT-qPCR, 1R FLKpPetCHERTET. 8+ 91 ZEM R
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AR R 25 (P>0.01). FEAE 4 i3gin, 28w
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IR RSB, P MR — 52 1 IR AR
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(2B (B 8), FeAb AR AANEY) 84KH7 , il it RT-
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ST I G R T, AR R IE &4 0 1.03
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H—L e s, g K- EIR, OE-5F10E-6[1]
MRk B BITE R T 4.98137.3, 5EF AR A
BREZER, KpPetCid KL H LR EE ISR NG
BEKpPetCH: R DN BE A FL 2558 1 Fkit.

3 SR

C3V B & 0 28 38 5 9% A N 2 %2 2% B
B -1,5- 1R (ribulose-1,5-bisphosphate, RuBP)#2 1t
YA RE TR PR I, T RuBP P AR 33 26 Bk 7= A2
NADPHAI ATPH) & HL 715 i it /1805 55 RuBP
AR R SCIEPA TR BTSSR moaE 1R S 4
B E RN B RBog R L —, FEC3INICAtE
YR 35 TR B, JE e i Rk oA s ) SR DR R AR
AR 3 ] 7 A T e Y[R ER 44T Per CHE TR
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A: KpPetCit 25814 7R % K, B: KpPetCeF:IEAKPCRIGI; C: KpPetClk R PRI Mk 2 5E BPCRIGI; D: KpPetCliEJE K I FERT-qPCREGII; E:
S R ) 16 B A A S R R (0 AR KR4S . M: DL2000 Marker; H: ddH,0; WT: BFA=%Y; +: pCAMBIA2300-35S::KpPetC-P2A-eGFP; 1~8:

AL . ns: P>0.05, *P<0.05, **P<0.01, 5WT4 EL4% .

A: schematic representation of KpPetC overexpression vector; B: PCR assay of KpPetC transgenic plants; C: semi-quantitative PCR assay of KpPetC trans-

genic plants; D: RT-qPCR assay of KpPetC transgenic plants; E: growth status of wild-type and transgenic plants with the same propagation time. M: DL2000
Marker; H: ddH,O; WT: wild type; +: pPCAMBIA2300-35S::KpPetC-P2A-eGFP; 1-8: transgenic plants. ns: P>0.05, *P<0.05, **P<0.01 vs WT group.
[El8 KpPetCiFAH A R FE £ EERHIEE

Fig.8 Schematic representation of KpPetC overexpression vectors and identification of transgenic plants

Zifid [ Rieske FeSHR [14& Cyt bofE A A4 2% 1) Stk
5EVERB IR . KT PerCHE R I 703 i £
TR ) A A, TEAR A (AT 5T
FAXFE D o AHEFE NS 2R R IR K, TR
Iy M Za A FER - 25 s & AR B b 22 RO AL |, 3R
TG EAE F SR 5 Per CHRER e 1k 2 [A] AR D, LA
WA N Pet CEEIR T RE IAIF 7E SR AL BRI 1 4%

e R R s ER AR Ay RO, B R PE G
IR AR T AL 2 BE NS, VA A IE & 1)
KRB RO, JeA RS 5R S AT DL
TP AR S, ol Al R R RNV & 1
F SRS A 1 — MO F8 R, FI 5B EE . S
LS. MRIEICOMKESESHUEVIM K, JL R
VIR G AR o I8 T 28 RIS 28 7229 H (16
EAFERR, BRATRI: FH 3 e AR ETE9H
Y5 EART 250, X PR IR & T IR R il
B, FTRE S BT AR B S B AR IR e A Re
T o AR RIS AR IR Bl H AR R LA
“RIG 2R, LKA i BLE 12:0025 14:00. M

P H AL KAE R, ZER 0 & T R 1 o KE
HILAET H, T 2R 0 I AES H, aX 2 B H 2R
5 RE AT B PR [R] IS 36T 5 6 PRI 52 1 k55 . P28
X5 SEINERURK, A T R B AOE I, A
G RCR T . e =R ek 95 1 Ji DAL AT B A
N ALBRFIAN AR AL R 1) B4, < FLPR )2 T4
RIS T B FRARAETS iR, SEUEYLIESEFr
HETERII TR R AR LR AR I Fr 2 Tk
A CEARMEEVESA . e R, BT
it i R S S SR R 2 B B RE T 0kag . R 2R
FE7. 8« 9H ML Gl R B BN T- 28, [
JELIE] COLMR FE RN UG 2% i T80, R W] COMR LI AN
Fol & A ek 5 (M PR A R 3R, HEBR - 2ROE S RE T
BEARE t T AR AL PRI R S B . Fe L dr 4l
Ry, w2 25066 i AR 18 P ) PerCHR: A
RIB R R AN ZFEAR, HED R 20 A8 R PG
FBEAE BT PetCEERIRIL N i, 73066 R G nlt
W, A FEOCEREIIN T

PetCHt FI7E ML FUZ B K LRt i, 15 9l



BRI R 2O SRR S e & T A% SC B IE D Kp Pet CIA v I S RF I 20 979

A E 1 B - SR AR R B KA T R B 22 K
B, AZ KRS AN S ERTTA, HEF
[2Fe-2S]HH O IRIBC A 50, ZEAHIE T v, 2B i 4
PetCH [ i1 H 42 DUIZ B K KpPet CHntD, %55 R 4K
2 856 bp, CDS}y 684 bp, 4wl 227 MR, JEfaE
PIREPEBKE . ZEEAETESIE, £69—91%
FEIR X A — A H BSOS I 5 f 3, B iR
I B2 B AN 41 22 R 2H i Y Rieske 45 #435, J& T Rieskei
FKI (c100938) . V4 g i 137 45 5 27, KpPetC] &
LR SRR . Al i B A g0 i i, X 5 H JE ScPetC
(R 4h B—3, K28 K pPetC R (5 HoAh21 /M F
() PetC & [ HEAT £ 7 41 Lt (B 4), 45 SR B oRHAET)
REDX AR OR ST, AA7E NoR i (36 4% 2 JIKIX 3. 5 i o
BRHEX I, 454 [2Fe-2S] ) Rieske X 3 A HE 1T C K Uity
I IRIA X . ARAAEY) 5 AV PetCE H
BT & motif#§ 2 57, AU I+ MHE. KHE
AH BE A — M 10 motif, ZEM PetCEE H 515 R
MG ISR R R . AU I Per CEER A 31
Fr Bt 5 B-F M FR B (B-glucuronidase, GUS)#R & 3
AT il ZH RS A 2 DR A 400 R I AT B 7 4 i A
PRIty 250 FEAI A R AR AT I B GUSTE T,
{RLEAR A R 21, 78 3 BE DR =, SR AR
gk, AR RNE AT FIGUSTENE, HIHGUSIHTES
HZRAR A AE A IR SR AR PR T, R4 Per CHZRER
BB 45 R (B 7)2oR , KpPetCREFIFERR ., 25\
. AEZE AR T 2 R R, 7R ERIE K
Viem, A5 HARH B AR 2 R, KpPetCH)
Fib g 5 MR AAE — PIA G . 2560 &
N A3 Pn KpPet CYEM Jr R I RIS, K Pnt
KpPetCFRik AR —F, f77E— 2 FIIEFH I,
R B 2R 45O A T R PR AIC T e 2 BT KpPer C it
R ) ik 32 24, SEOGS BRI R 2 5 m
A FEOCEREIES .

TERRIE CAMMCAAE R 2 B2 B R IE 1
PELAIN Y, 2H i i e ik A FE B v () Per CEE K], 3B+
AR SR ES 4 B R 1 Cyt bOER AR & & T, 3
fth e & B A I A B AR, PerCid Rk M bk
TEPFP G R G0 AR I B ) e e 3 iRk 1, 7
R R I R PerCHETR], BLAR L T-4% 156 R0 COL Ik
RS R B I BT, (AR S A2 Xt
EIA IR K I R RLFE AR, S RS P2 & AT CO, [F]
A 38 et 3 0 Y, 2 B PetC Rl (1 76 CAREI N He 4%

i B EENER . 1 RIE PerCHE R [ % K4
ST DL Cyt bof S A A4 H Al 37 I %y & 11 14
T, % 2R G T HL 4% 38 9 230 R C O, Rl T8 28 7= AR AR
W, FERRAR T AR et ok 23, FER
ARSI, K& KpPetCla, Y6 FR G0 15 4
e J2E (I ) 2 B 32 AR SR AL FE P o v, I LRt 5 4 R
ARk, HL - DT A B A B B0 R G T B R
P, P 8 BL CO, [k B R 253 IR 0 FR 4t
Hhn, X R INZE AV AR IR R R AR AL
20 T 19 00 520, I 2SR TR 38 A% e A Ak R ORT AR
R RMANTEE, AR T 53471 KpPet CHE R AR 1T 12
ML DRI, ASHE 7858 008 KpPet Cidd 35 3]
KAAEYI84K 7+, i i DNAFIRNA K T HAG, 3t
FRAF 3WR T ALE AR P 3R IK KpPet CIY) 84K e JE IR bk
AR, HHOE-5FIOE-6 A X} A T2y HIIAE] T 4.9F1
37.3, NJE Bt — B S Pet CIER T fE 2458 1 FEAt .

TEAREFL A, FATTCUER R €75 53 I 5 R 1)
NS, AT T 2R R AR TR AR A 1) e AR B
TRVR RN 22 57, I G 1 S AL B e P 4
M 76 E TR IS e L K] KpPetC, 33— 0 1F 84K
Wi 4k KpPet Cid RIK 3, FH3R1G T # B R
Pho %W L NS G PetCHER ThRE BT 7T #2481
WA, NGB AR LR O Fe B T S6ad, B
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