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RER, L, BER, 2%, FFF

(IR b, B SO R TR 5 BORE OISR, JEaT 100102)

WE: T BT (Phyllostachys edulis)FiHA ifiL g i AL ¥ (ascorbate peroxidase, APX)HE K 5% i i3 £ A [RI 2L ZLRIAE £ P
R IFIBR, R A0S B 0578 B AT B R A A e rp S s 49 31 7 4% APX ] LS K] (PeAPXs), AR HH SV 4H i A7 751
MR 53R 3 M BAIEH G 2 TP F R AAEICR . TR IetE. BT PeAPXs 18 7 MNMALIH I RIEEEAR
M, AAHALYFE. gRT-PCR &KW, ET57. HACREMIE T SRR P REESFEERKES, K PeAPX2 1 3
Fi il R ¥4 FR B I RIBKCE s (RIEMHEXT PeAPXs A FAEH, HERARYE R TRMHE T, PeAPXL [
LE T, RANIE] PeAPX3. PeAPX6. PeAPX7 Fik; ZhMHMAT, Bk PeAPX3 #ll PeAPX6 4, HANEEKFIAE i, Hik,
BN APX FF T RE S 5B R R E Y E S B E BT AR KR B BRI S EEMEA .
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Identification and Expression Analysis of the APX Gene Family in
Phyllostachys edulis

SONG Xiao-long, KONG Bo, GAO Zhi-min, MU Shao-hua, LI Xue-ping”

(International Center for Bamboo and Rattan, State Forestry Administration Key Open Laboratory on the Science and Technology of Bamboo and Rattan,

Beijing 100102, China)

Abstract: In order to understand the expression patterns in different tissues and under abiotic stress of ascorbate
peroxidase (APX) gene family in Phyllostachys edulis, seven PeAPXs were obtained from the genomic database
of P. edulis. PeAPXs could be divided into three subfamilies, including cytoplasmic, peroxisome and
chloroplast/mitochondrion types based on the predictions of subcellular localizations. There were drought, cold,
and light response elements in promoter sequences of each gene, such as Box-4 and G-Box. The expressions of
PeAPXs were different among seven tissues, showing tissue specificity. gRT-PCR revealed that there were great
differences in the expression pattern of each gene under drought, salt and low temperature stress. The expression
of PeAPX2 was maintained at high level under three stresses. The expression of PeAPXs were induced by low
temperature stress. Under drought stress, the expression of PeAPX1 was down-regulated, while the expressions of
PeAPX3, PeAPX6 and PeAPX7 were not detected. Under salt stress, all of PeAPXs were up-regulated except
PeAPX3 and PeAPX5. Therefore, PeAPXs may be involved in different abiotic stress processes and play an
important role in the growth and development stage of P. edulis.
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UHRIEA T 25, MUK L5 BTHAKMN D1,
R K PR i SEWNUE B N =K /b1 B8 2817 S ]
N, — 7 D 36 3 O 5 T R A I A ) &% o 2R AR
b, BE WY (WL PTE NS AR R
S ek e i G F S, S —Tr i, i E B
WEB S T @ AL, & Y S B R R
RWEG AR B G R B S G R A
% BAMEDIR NPT PR A P
1LHE(SOD). FiLIA M f i AL G (APX) . 1 &k
FUHF(CAT) L K55 ; Fe s Al 72k K] NAC. MYB. ERF
5, EI IR RN R I, S RS 1)
M52 g6 i, @45 Rk, SAEBTHEEH 25k
RIZHE, wn MYBE, WRKYS, HsflI45: 44 5% 4 7,
FEXTHAE B AL ™ KR D REHAT 7RI 5RAIE

U A 1 1R i 45 1k W) ¥ (ascorbate  peroxidase,
APX)WE N —Ff B BB A VG, 7537 B P18 2%
THAEH H202 J7 T K ¥ E B, JUH M4
PR HoOp FEH APX JERREL, rikififiRid A it
Yl B 5.7 3% 32 (Spinacia oleracea) M4 44 % T,
J& T HEA Y 21 3% i S A Al e 5 e 011 AR I
MM E AL, HY T APX Al 4 PR 4 i )i
AL MSRARAY 2R BRI S A e R AL 12

15 Rk, CAEZEY T T APX 2
A, fn4bhEg 7+ (Arabidopsis thaliana)lt3241, Tk (Zea
mays)'3 |, [t Hi A (Gossypium  hirsutum)el | 7K FF
(Oryza sativa)l*l. 4 IH- 4> 22 ¥k (Hypericum grami-
neum) 281 I P54 I B (Hevea brasiliensis)i2¥, 3%
HIRERAT 7 I . MO KA 7 Hr R i, 8
IR, BTHRH 6 D APX FEFELE i, WHE
5ot iam B ocRo, (R, RPN E, &
T APX WGV, S5 EMERER, PR
T2 B 4 . 8 T Bt FEBATH APX A
IG5 PR AR T 5 IR AN SR ria 2 1) AR
H, AW FON BT 4 2 R A B e AT i, %
EIH APX [, @ AEE B DLRAE T
BRI SR e T RIAEE T, IR APX ]
EBITPURA IR TORERIER, DU R EITHIT
P53 B PR AL B R LR AN L JE A

1 MRS

1.1 Akt
F47 (Phyllostachys edulis)f 77~ [ ) A kE M b

X, FETERE 10 cm A A RS FRILT, 5557
M)y 24°CHEHR 16 h/21°C 20 8 h. F 200 mmol/L
NaCl. 20% PEG 6000, 4°C 4 Hlfflmsh. T 5 A0
IR e, X5 3 H W 1 B AT ST A 1 (B3 s 4
20 cm)IEATALEE, 4300 TALEE 04 3. 6. 12, 24,
48, 72 F1 120 h HL4h 0 AR FIAUAR LA R A= KR AS
R F, WEGEG 5 R 7 T-80°CukAf+, H
T RNA FIFEHL

1.2 41 APX FERIFIRER R S e FIAEYE B4

M NCBI #d 2 (https:/imww.ncbi.nlm.nih.gov/)
N EUKTE APX AR H1(OsAPX1, XP_015630498.1;
OsAPX2, XP_015646556.1; OsAPX3, XP_015635863.1,
OsAPX4, XP_015650808.1; OsAPX5, XP_015618477.1,
OsAPX6, XP_015618175.1; OsAPX7, XP_015635863.1,
OsAPX8, XP_015623105.1), LA A#REE, KA
BLASTp 2y 51 ZE%5 B A7 2 D5 4 £ 47 P (http://www.
bamboogdb.org/) i 7K %, KR FIETF 5. A
NCBI [ NCBI-CDD T_H DL K& AEL 44 SMART (http://
smart.embl-heidelberg.de) % %% £ 4T APX & H 771
TR G IBHEAT 73 28, B 2 3RA5 HAT e BE IR &5
P38 APX TG FE R 7 4 o i AE 26 B4 EXPASY
(http://expasy.org/) %t APX & HEEAL PR SEA T T, A
FIAELE3F Plant-mPLoc (http://www.csbio.sjtu.edu.
cn/bioinf/plant-multi/) & Softberry (http:/linux-1.soft
berry.com/) 1 A7 V.40 i & Az T . {3 A AE 4 T A
GSDS (http://gsds.chi.pku.edu.cn/) %} 4T APX 3 ]
SEREAT ST o FTEZR T2 MEME %HE4T APX
RIS IR P AT 0 M. A H] Plant CARE
BT 3 2 000 bp J& 37 7 SR AE F oo AT
3K

T4, MALEG T 12 (http://www.arabidopsis.
org). EAKEIEE (https:/Mww.maizegdb.org/). JGI %
5 £ (https://jgi.doe.gov/) LA K PLAZA %4 7 (https://
bioinformatics.psh.ugent.be/plaza/)?4 f % 48l 15 IF
(AtAPX1, At1g07890; AtAPX2, At3g09640; AtAPX3,
At4g35000; AtAPX4, At4g09010; AtAPX5, At4g35970;
AtAPX6, At4g32320; AtSAPX, At4g08390; AtTAPX,
Atlg77490). £ K(ZmAPX1, Zm00001d047757; Zm-
APX2, Zm00001d007234; ZmAPX3, Zm00001d025047;
ZmAPX4, Zm00001d053223; ZmAPX5, Zm00001d-
023582; ZMmAPX6, Zm00001d028709; ZmAPX7, Zm-
00001d016802) . — 1 % 4% & (Brachypodium dista-
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chyon) (BdAPX1, Bradi3g45700; BdAPX2, Bradi4-
g41180; BAAPX3, Bradi5g10490). 7 jiii(Lycopersicon
esculentum) (SIAPX1, SolycOlg 111510.2; SIAPX2,
Solyc02g083620.2; SIAPX3, Soly c06g005150.2; SI-
APX4, Solyc06g005160.2; SIAPXS5, Solyc069060260.2;
SIAPX®6, Solyc09g007270.2; SIAPX7, Solyc11g018-
550.2) F11E 4% (Populus trichocarpa) (PtAPX1, Potri.-
006G132200; PtAPX2, Potri.009G134100; PtAPX3,
Potri.016G084800) (1) APX &K 741, KA Clustal
X2 HAFREATEEXS, BRI MEGA 7.0 B fExt APX
BIEM P B AT R KM, RSB %% (neighbor-
joining, NJ)4 i R Gt HEAL A .

1.3 APX FIREF AR RIABEA

M NCBI (&it5: SRX082501~SRX082512)]
SRA ¥ e b R 8 BAT 7 AL A RAERE.
Mofefi, 250 MR, 20 cm mPT% . 50 cm T )
R MEE . N T TS, BEERIEENH log,,
FRATE MeV 2 4 &

1.4 JEAEMIBET APX FIREFREHR T

K H Trizol VEHRECET B RNA, i 4EHE DNA
BRI (R BLER) 2B 2E R4 DNA, B 1 ug RNA, 1%
HE B 7 53675 £ (Promega) 1t B 13 S 5 cDNA,
HARTET—20°CokFaEh & .

1 F Prime Primer 5.0 # {4 %t € &5, X
F NCBI ) Primer BLAST F& 58I 51 4 1 %5 =
YE, WZEIYIREIE N R E 41 B2 (TIP41)R,
g1 B AP BR A 7 & (3 1)- qQRT-PCR
B Z )y 2%xSYBR PCR mix 5 ul, b FiEs1
(10 mmol/L)#% 0.2 uL, cDNA #i#% 0.8 uL, ddH,0
3.8 ul, MAKZR N 10 ul.qRT-PCR [ NFE T N: 94°C

# 1qRT-PCR E &5t

Table 1 Primers for gRT-PCR

1min; 94°C 105s,62°C 10s, 72°C 10's, 45 MEH.
SKEL, 4 MEARET, 7 qTOWER 2.2 (Analytik
Jena, Germany)sER} 2 & PCR X LT & & 7 ¥,
FH 270067 X &5 AT 73 A28l

2 SRR

2.1 Fr APX ZRFRHK AL E

FIRAEME BT, BT AR H 5
BTG, S8R 7 A APX BRI KR 5L, 5
Wl 49 PeAPX1~PeAPX7 . AN 51 4 i i) 2K 1
JFR AR & A 4T 3 45 & 18 (Heme-binding) . i % P67
A (Active-site), ' PeAPX6 1 PeAPX7 43 Wil 74
2 iR APX 3 4 K445 (Choroplastic-domain)
(K1), J&T MR APX [F TR, 57407
ZERM (R 2).

2.2 PeAPXs G5t B FLgmtB i 2R H IR BRAG 1 R 4 A

K H GSDS 7E4k T. A X PeAPXs [N & F141 &
TEERIBEAT 00, S5 RR W], PeAPXs HA ALK
FEREER), % PeAPX6 il PeAPX7 4b, PeAPX1~
PeAPX5 #1E A 9 MIMNE T (B 2).

BB 45 R B, PeAPXs A
H 250~479 FEMR, FHILSEH 58 5.20~8.93, FHXT
YN 27.26~52.51 kDa. s 23R K M GRAVY
IR, BB 7 A PeAPXs ¥ NERKEEH . &
PeAPX1 11 PeAPX4 4, HAth PeAPXs (1] FHI AN Fa
TERBIIKT 40, NAFREEE . W41 E A7 T
M&E R LH, PeAPX1. PeAPX2 il PeAPX5 & fir
TR, PeAPX3 Fl PeAPX4 5E fir T-id E AL ¥yl
&, PeAPX6 Fll PeAPX7 & fr T M- &4k 1 22 ki Ak
(& 2).

£ Gene L7514 Forward primer (5'~3") NS4 Reverse primer (5'~3")

PeAPX1 CCTACGCCGATCTCTACCAG CCGAAGACTTGCCTTAGGTG
PeAPX2 GACTTCCAACCCTTTGATCTTT CCGCAGCATATTTCTCCAC

PeAPX3 TCCTGGAAGGAGGGATTCTT CGAGCTTTCCCCAGAGTATG
PeAPX4 CTAAGGAGCCTCTGAAGTTTG CGTACAGGTAGCCCACGATA
PeAPX5 ACCCTCTGACATTTGACAACTCTT ATCCGCAGCATATTTCTCCAC
PeAPX6 GGGGAGCAAGAGGAGTTACC GTCTCCCCAACACAACTGCT
PeAPX7 AAGGTGGTGGTCGGTGAGG GGCAGTGGGTTGTCTTGAGG

PeTIP41 AAAATCATTGTAGGCCATTGTCG

ACTAAATTAAGCCAGCGGGAGTG




258 P AT IR AR %28 %
PeAPXI1 [ ML 110
PeAPX2 ] LL 110
PeAPX3 I KI CLL 109
PeAPX4 LKI SHCLL 108
PeAPXS L3I NL 110
PeAPX6 LI NSIRIALT 193
PeAPX7 LIN LI 171
Active-site Chloroplastic domain -1
PeAPX1 158 HEKERSGFEG. . . . . . _ . .. ... ... 212
PeAPX2 158 HKERSGFEG. . . _ . . _ ... ... __. 212
PeAPX3 157 ARPERSQFCG. . . . . _ .. .. ... ... 211
PeAPX4 156 AHPERSGFEG. . . .. ... .. .. .... / 210
PeAPX5 158 HEERSSFEG. . . . . _ .. .. . .. ... 212
PeAPX6 193 SRP VCKPETKYTKCCGPGEPGGQ 247
PeAPX7 226 SRP VCKPETKYTENCGPGAPCGGQ 280
Heme-binding site Chloroplastic domain-2
1 PeAPXs MIIERR T 41| LT
Fig. 1 Amino acid sequence alignments of PeAPXs
PedPY] H—EB—0—8 ® 4 ol
PedPX? [ L 2868
Pedpy; @—E—0—0 90— 6 @B
Pedpys @ - +—eoo— 006 -
Pedpys DG & 208
Pedpys ED—E——8 00— 86 80 8- & - L
Pedpy; E—E—0—0 L o 20 -
I I I I |
0kb 1 kb 2kb 3 kb 4kb 5kb
= 45T Exon —— M T Intron
2 PeAPXs 3[R [ 45 )
Fig. 2 Gene structures of PeAPXs
2 PeAPXs 5 ARG 57 40 A R IV 448 Bl s A Tt
Table 2 Physical and chemical properties, and subcellular localization of PeAPXs
55 HLiig S i ) L
H wED B g voteoutar  NEERE gy TRIAL T
Gene Gene identifier . weight (kDa) . Y Pl P GRAVY Subcellular location
acid index index
PeAPX1  PH01000033G1800 250 27.38 40.76 5.84 75.80 -0.434 )5 Cytoplasm
PeAPX2  PHO01001658G0060 250 27.26 36.56 5.48 72.32 —0.403 HEJ5i Cytoplasm
PeAPX3  PH01001942G0260 291 32.25 45.67 6.67 81.20 —0.364 S E B Peroxisome
PeAPX4  PH01001490G0340 291 31.88 38.36 7.03 87.53 —0.288 S E B Peroxisome
PeAPX5  PH01001010G0010 250 27.34 41.59 5.56 75.80 —0.429 JiuJ5i Cytoplasm
PeAPX6 PH01002051G0210 479 5251 51.11 5.20 67.35 —0.665 -4k | LRk
Chloroplast/Mitochondrion
PeAPX7  PH01000825G0410 388 43.11 46.00 8.93 66.83 —0.541 Gk ISk
Chloroplast/Mitochondrion
2.3 PeAPXs FUEIIRAKAHT TP DRE. R R S R

REGR B EIR PeAPXs FI 0 A 3T, (B 3).
i i MEME #01F# 78 PeAPXs {57 [X 183 /55 4>
APX3 fll PeAPX4 % N2 B, PeAPX6 Fll PeAPX7  HTIEI(El 4), S5HREKH, E1T PeAPXs ol &H 7
BAWHK Co WREKRAKRE, BT PeAPXs 58 AT, 73704 Motif 1~Motif 7. Motif 1. Motif 2.
FAEYIKFE . RN SRR R BT, 50 Motif 3. Motif 4, Motif 5 f1 Motif 7 {77 TFrfi

. PeAPX1. PeAPX2. PeAPX5 E AN A, Pe-
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Fig. 3 Phylogenetic tree based on amino acid sequences of APXs in plants. Pe: Phyllostachys edulis; Os: Oryza sativa; At: Arabidopsis thaliana; Pt: Populus

trichocarpa; Bd: Brachypodium distachyon; Sl: Lycopersicon esculentum.

PeAPx2 -TEED— S D G Motif 2 B Motif 6
PeAPX3 - — 4 TS . Motif3 Motif 7
PeAPX4 SNDEEED— @ -a—— B Motif4 Motif §
PeAPXS SN D0 D S
PeAPX0 s -G 0 G O D
PeAPX? — 2 1
0 50 100 150 200 250 300 350 400 450 500
FHALER Amino acid
[ 4 PeAPXs IR 57 o3 A

Fig. 4 Distribution of conserved motifs in PeAPXs

PeAPXs t1; Motif 6 RAFET A 5 B K1, Motif 8
RAFAET C . G751 L &5 3R 1, Pe-
APX1~PeAPX6 I 7 HIFALL, HEFFIZE, AL
BEAMKEWEEAR S R, PeAPXT 1 PeAPX8
BHA IR T

2.4 PeAPXs B R o4 e

TR PeAPXs Thfig, Xt 453 R SR dh A
_F3i7 2 000 bp ()& 3T e A0EAT b, G RR M,
ENTEA PeAPX a8 P EARIR . T R4k
AW e NG, TR KB e B R G-

Box. Box-4 Al TCT-motif 25/ 5), H#4& 4 %4k
ST,

2.5 PeAPXs FIEMER T
25.1 HAKIZE

KA MeV 2241 PeAPXs 78 7 N )=
L EAE(E 6), REKH, 71 PeAPXs fEA R4
L RIBFFEAEAEZE R, HP PeAPX1 1 PeAPX5
18 7 AN RIS R PeAPX6 fE/: 7 AL
FHfFRIA B m AR A A I RIA B K; PeAPXT
TERRAISE R IE B s, FE T FIAERR ) Rk 24
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08 4%

)G Light {Eii Cold 5 Drought
b % G
PeAPX] [ 5 0 1
PedPX2 [ ] 0 |
PedrX3 [T 1 o 0
rearxs | o o], | :
peaPxs | o | 9 | 4 i 5
PeAPXs | o | 7 0 |
PedPX7 | 1 [ 1 | 0 1 1|20

5 PeAPXs Lilft /A 3713 51t UM LG AR % p B AR
TEH e
Fig. 5 Number of cis-acting elements in promoter regions of PeAPXs. The

data in blocks represent the number of cis-elements.

fi; 10 PeAPX2 7£ 7 ANHZ ik F2 BB
2.5.2 JEAWiE T IR

20% PEG 6000 &b B f5, 4T PeAPXs 5 i fif
FIABER, PeAPX2. PeAPX4 1 PeAPX5 ik K
B ETHE MBS, T PeAPX1 RikE 2T
W, R PeAPX3, PeAPX6 11 PeAPX7 1)
Fik. PeAPX2 TEM: AR H 1A & 43 il 75 b 3

PeAPX]
O Leaf
W H Root

0.8
0.6

0.4

FAAS ik it
Relative expression

02

30r PeAPX4

<
Relative expression

0 3 6 12 24 48 72 120
Ab HRHE] Treatment time (h)

7 TR BATHRAM B PeAPXs ik

Fig. 7 Expression pattern of PeAPXs in leaves and roots under drought stress

JEH) 48 F1 72 h ik B e, Joxt B 16.7 F121.8 £%,
- AR TR PeAPX4 Fil PeAPX5 ik B 7E AL P 5 48 h
KSR, () PeAPX4 F1 PeAPX5 Fik &4 50y
XFHRTR) 22.3 F1 22.7 £, AR PeAPX4 I Pe APX5 %
KR HINNTIER) 12.3 F1 13.4 £5(F 7).

T T2

T3 T4 T5 To6 T7

PeAPX3

PeAPX2

PeAPX6

PeAPX4

PeAPXI

1 PeAPX5
I

0 5.0 10.0

Kl 6 PeAPXs TE BT AR LI KRS T i T2 FUUTERE; T30 Wil
TR, T4: 2%, T5: AR T6: 20 cm 5%; T7: 50 cm %

Fig. 6 Expression of PeAPXs in different tissues. T1: Leaf; T2: Panicle at
early stage; T3: Panicle at late stage; T4: Rhizome; T5: Root; T6: 20 cm

shoot; T7: 50 cm shoot.

30r

PedPX2

PedPX5

0 3 6 12 24 48 72 120
b BER E] Treatment time (h)
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200 mmol/L NaCl 4#:# 5, 6 4~ PeAPXs F:[A7E
AP HREEHEI LEBES, KaN 2
PeAPX3 )32k . Hr1, PeAPX1, PeAPX2, PeAPX5
HFIA B EAL TR IS 1 48 h IA B & &, 2 il & X
) 23.3.15.9 F1 5.6 135 . PeAPX4 ., PeAPX6 fll PeAPX7

30r PeAPXI
0O I Leaf
m 2 Root

]
wn

3]
(=}

(=)
T

HIx &k
Relative expression
v

12 PeAPX4

FHRT ik i
Relative expression

7r PeAPX6

ekt

Relative expression

0 3 6 12 24 48 72 120
LbFERT ] Treatment time (h)

Bl 8 ki FEBATH AT PeAPXs FiA M

Fig. 8 Expression pattern of PeAPXs in leaves and roots under salt stress

ACAREACER 5, ARFIH F AR AR E] 7 4 Pe-
APXs 1315, HEI LAEA . i 5 PeAPXL.
PeAPX2. PeAPX6 [ IA ELEANEE 5 (1) 12 h I8 3 i
K, Hit PeAPX1 F1 PeAPX2 ik &) il 2wt FE )
39.2 1 50.8 f5. PeAPX3 Fll PeAPX7 ik f{E kb #
Ja 72 h ik Bk, 1 PeAPX4 Fll PeAPX5 [ ik &
LR BT S, BRI L, (HB A K.
R PeAPX1 FRiX EAE(KIRALEE 6 h J5 AR IEAE I
HEFFFE R B IR A, 1T PeAPX2. PeAPX3. PeAPX5

MIZRIEBEAHE G 72 h ik BB &, 50 s I )
9.3, 29 1 4.0 f%. EBITIRF, PeAPX5 Hl PeAPX7
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