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PLDy. PLDS fll PLDC ¥t # £, PLDB il PLDe
Bl i PLDo & P H A5/ DL 10 AR i
AN iy 25 R 4 AE 0 HG B M 6 Ca i 44K
P, PLD W] 434 C2-PLD., PX/PH-PLD #il SP-
PLD 3 MW, M, C2-PLD &M N i & A —
MRS Ca® KBTI ENR 45 & C2 L5, THE
454 Ca” LAZERFEEIE E"Y; PX/PH-PLD HY N ¥
TIEE—MHEI PX (phoxhomology ) F1PH (pleckstrin
homology ) Z5#a3ak, JHPEAKET Ca®' 1, SP-PLD
WGBS, T 2007 4E1E7KFT ( Oryza sativa
L.) PREUCEI, HNwmSAESK, AR C2.
PX 5 PH #5435k, M, PLDa. PLDB. PLDy.
PLDS il PLDe J& T* C2-PLD V. % i , PLD(J& T
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AR AR Ak B SR Y PLD . B S 2t 4
FHH IR A AT, AR PLD TEAEY) h
Z SN FZ Y RAFAE, W0 PLD FIG R 5 IF
A 1240 OKFEA 174 A3 (Brassica rapa
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L.) A 194 #i% (Vitis viniferaL.) A 11 P2
KRG (Glycinemax L.) A 18 P4
58 & B, PLD TEAE Py i 1 39 355 380 )2 v vh
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HEVERT,  Atplds 575 (KR Z2 v W G A= ) 1) R0
o7 T Wi 07 K BT ) R SR A B 3 SEIR Y C2-
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e W BT PA R MG BTG 19 i LU B 3 A2 BE Y
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o GRS FE A B P AR B AR~ 2R e ik
A7, AT 4 T B AR 2 R 2R B AR R AIE . I
Ab, FIHSERT 2 5E B PCR FIE HIE 1) & R i
SRR, W PLD S LK i 4l 2L 3Rk ek DA
S ER T3 (e W AR A T AT . AN ST it
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PRVE X HRZH o 3R AR IR AL PR PN A5 AR AR AT RL
AR, ZEFIZH 2L, 4R BUE RNA J5 B %3R5
cDNA #17 qRT-PCR 77, RR4IAEERE 3 1K, R
F 2 88T R HRARN SRIB R R Thtools RIARAE™!,

RNA $#2H0 . [ 5% & qRT-PCR: F D) &
RNA #2 B & ( MiniBEST, TaKaRa) 2 HUE
RNA, 5K PrimeScript ™ RT reagent Kit (Perfect
Real Time, TaKaRa ) i@ %% RNA 3815 cDNA
AT qRT-PCR., MRYEZOCE &5 Wit s, #
H NCBI Primer-Blast ( www.ncbi.nlm.nih.gov/tools/
primer ) T ELB IR PER PrPLD FKG I A € &
5191, LA PrACTIN HNZHEH (£ 1), Jflid
PCR. HL K30 E 5| 945 52 1B 7E 383K ABI
7500 SEATHEE B PCR A EEA TS, (RRAT:
2xTransStart TOP/Tip Green qPCR Supermix 10 pL.
FNFERES I (10 umol-L™) 0.4 uL, ¢cDNA 1.5 uL,
Passive Reference Dye (50%) 0.4 uL, fll ddH,0 £
20 uLo W FRFF: 94°C 305;94°C 5s, 60C 15 s,
72°C 35 s, P 40¥K; 95°C 15 s, 60°C 1 min,
95°C 30 s,
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Ll 6 SR A 1 i R 28 50 A 3] 18 s 1A
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(% 2). ¥H4if% PLD & 2B Rk L C & iy 44
j PtrPLDal 3| PtrPLDE3 (362 ); [ARf, %t PtrPLD
FIE RS ER IR T, 4553R, PorPLD
FNG L R G B 1) Z L TR R FEHCh 645~ 1141,
Iy N 73.79~129.02 kDa, FHIS 5L 5y 5.41~
6.90. A~ HKD S5H3sis B AE 35 NRAEM AL 2
AN HKD S5 Fgsfa] &I 7E 300 MR A A (F£2),
V20 5E 57 T % B, PtrPLDol Al PrPLDa2 &7
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Table 1 PtrPLD quantitative primer sequence
ik GIEY B F3ii 5| PP 51(5'-3") R 51 I 510(5'-3")
qRT-PCR F-terminal primer sequence R-terminal primer sequence
primer name (5'-3") (5-3")
PtrPLDal TTGATAAAGATGCAGAGATTCAGGG AATATCAACCTTGTGCTTCTCCA
PtrPLDa2 GAATGGAAGCCCCACTTACG AGTTGAGGATTCGGCTTTCC
PtrPLDa3 GCATGGCTTCCTCCACAAG AAGGATTCTGGTCCTCCCAA
PtrPLDo4 TAGGCCAGCTTGATGACACT CCTGGTAAATCGTCGTCCAA
PtrPLDa5 TCATTTGCTCCGTTACCCCA TAAAATCGGAGGAGCAGGGA
PtrPLDa6 TGGGAGGATACCAACCACAT ATCCTGTTCGAGAGTTTCGC
PtrPLDBI1 CCTCACTCTGTTTTGTGGGC ACAGCAATCACAGCCTATCCA
PtrPLDS2 AGCGTCCTCGTAACCTGAAA TGGACAATCCCCTGAACAAGAA
PtrPLDo1 TGTGACCAGGTGAGATGTGG AAAACCCACTGGTTGCTCCT
PtrPLDO2 CACACAAAGGGTCACGAGGT CAGCCATTTTATTGGGCGGG
PtrPLDO3 CTCAGCTTTTTCAAGCAGCA CATAGCGGCCATCACAAAGA
PtrPLDo4 CTTTGTGATGGCCGCTATGATACACC GAAACTTCGTCCAAACTCTGACCATT
PtrPLDOS ATACCAAAAGCCCAAGGCAA ATGCCAACGAGTGACCTTTT
PtrPLDE] CTAGCTCCCGGCTTGATTCC ATGGCGCAGAACCCTCAAAT
PtrPLDE2 TTGACCACGTTGGCTGGTT TTAATTGCGCTGACGATGCC
PtrPLDE3 CCACCTTTTGAACGCTTCCAG GAGAAAGGGAGAGACGGTGG
PtrActin AGGCAGGTTTCGCAGGAGATGA TCCATCACCAGAATCCAGCACA
*2 EFRY PLD EREXKFr4mi5E AR
Table 2 Characteristics of PLD genes and encoded proteins in Populus trichocarpa
£ [ Protein
FEH AR RS FEFALE
Gene name ID Gene location(5'-3") FEBREy  FHE STE/ V41 i 5 S HKDfz &
aa PI kDa Subcellular localization Location Coordinates
PtrPLDal  Potri.003G035300.1 4527 8754 531 587 645 6.16 73.79 C 185-221 493-520
PtrPLDa2 Potri.003G037700.1 4909 2604 912 047 759 6.73 86.87 C 300-336 608-635
PtrPLDa3  Potri.003G032800.1 4092 8104 086 017 808 5.41 91.75 E,V 326-364 654-681
PtrPLDa4 Potri.018G131200.1 15 250 553—15 246 358 808 6.57 91.83 EV 327-365 655-682
PtrPLDa5  Potri.001G193000.1 17 591 592—17 585 937 808 5.63 91.82 E,V 326-364 654-681
PtrPLDa6 Potri.006G253900.1 25 888 555-25 896 527 791 5.85 89.89 EV 309-347 637-664
PtrPLDBI  Potri.002G152100.1 11493 281-11 501 595 1141 6.54 126.41 Chl 655-690 992-1 019
PtrPLDS2 Potri.014G074700.1 6 036 483—6 044 469 1122 6.4 124.16 Chl,C 639-674 974-1 001
PtrPLD6I  Potri.007G060300.1 6495 119-6 501 652 867 6.90 98.19 C 367-402 715-742
PtrPLDo2 Potri.005G105600.1 8078 955-8 085 766 882 6.65 100.29 C 382-417 730-757
PtrPLD63  Potri.005G246000.1 25011 569-25 017 349 836 6.77 95.29 C 345-380 684-711
PtrPLDo4 Potri.002G016100.1 930 355-925 137 794 6.77 90.27 C 303-338 643-670
PtrPLDO5  Potri.003G015000.1 1911 667-1 901 766 853 6.87 96.57 C 362-397 701-728
PtrPLDE] Potri.013G012300.1 813 485-807 432 1111 6.26 126.35 C 485-512 907-933
PwrPLDE2  Potri.008G211100.1 16 452 650—16 466 873 1140 6.4 129.02 C 513-540 938-964
PtrPLDE3 Potri.010G006300.1 579 514-567 938 1123 6.26 126.77 C 496-523 922-948

e C: 4T E: RN Ve WL Chl: WA,

Notes: C, cytoplasm; E, Endoplasmic reticulum; V, Vacuole; Chl, Chloroplast.
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B 1 ERGEUET PLD ZEERKNRERBEHUD,
Fig. 1 Phylogenetic analysis of PLD gene family in Populus trichocarpa and Arabidopsis thaliana.
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REU, G55 E . BRM 16 1 PorPLDs R¥%)
WAMAE 1. 2, 3. 5. 6. 7. 8, 10, 13, 14 Al
18 Syeafk |-, Hrp, 35tk BAT 4 NEA
25 M5 Sk A 24, HAmY ik Fgu
H 1A PrPLD FIGHE (#2),

TR PrPLD % 35 26 1 43 1 LA K ¥ 31
Blastn 43 #1 45 3 % W] . PwrPLDal F1 PtrPLDa2 .
PtrPLDa5 Fl PtrPLDa3. PtrPLDBI Fl PtrPLDB2 .
PtrPLDS1 1l PtrPLDO4 LA} PtrPLD62 . PtrPLD63

Al PtrPLDO4 . PtrPLDE2 Ml PtrPLDE3 H5 I £k M 56
Z HIRNE A B FE L KT 300 bp [R5 M 80%
(£23), PG bk 3 PR 2t ph 2k PR A i) = 42 1) 3
TEIE i 55 ZR AR SE R e+, Horp ) 3 S e ik -
I PorPLDal . PtrPLDa2 F1 PtrPLDa3 1 1Y
LN (E 2), PwrPLDal 1 PtrPLDo2 [a) IR
& (#3), W, PoPLDal 1 PtrPLDa2 2 H 3
PRIEREC S il fmi ., 25 LR, 2% PorPLDs
HARNE RIS, RNENEHIZE PrrPLDs 5%
ki EEEA

Y W B B R AR PtrPLD SRR 1
Fi, FIH Tbtools 434 T~ PerPLD 5% i i) Y5 3 [H Y
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r<s S b-pyrPLDOAS PirPLDSSS 8 S 3 S LPtrPLDEO LPrPLDELS, =
& & =¥ D & & & | VAR & &
) o B @) @) @) @} ol @) o @)
PtrPLDe2: ~PrPLDal . __PtrPLD{1 / ~ \-PtrPLD2
> L PyPLDS2 I 7/_____. I
r | PuPLDA \___ A
Al B /
/ N
d -PLDE _PtrPLDoA
_PtrPLDo5”" . __PtfPLDeé/
'\
i ™\
__P}"?LD‘B PiPLDab

Yeta (KK Chromosome length/bp
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T A EIERFRX LR R T— MR,

W AR R A

Notes: The homologous PtrPLD gene is connected by a light blue line, and the red box indicates that these genes belonging to a gene cluster.

B 2 PtrPLDs BEEFEEH T
Fig. 2 Chromosome distribution of PtrPLDs

*3 REIEEEH Ka/Ks tbER RS

Table 3 Ka/Ks values and homologous status of homologous genes

[ 5 FE A Paralogous gene

IR AT B BE

E[AEPE £ ERE=E =4 [
1 D Ka Ks Ka/Ks The length of homologous e
fragment/bp
Genel Gene2
PtrPLDal PtrPLDa2 0.0356523 0.0647533 0.5505866 1777 0.99
PtrPLDo.5 PtrPLDo3 0.0360217 0.2439526 0.1476586 2426 0.93
PtrPLDB1 PtrPLDS2 0.071604 1 0.2495736 0.2869057 2986 0.92
PtrPLDo4 0.059996 5 0.2616273 0.2293205 1520 091
PtrPLDS1
PtrPLD62 0.2140527 1.707423 1 0.1253659 1487 0.92
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Genome-wide Identification of PLD Gene Family of Populus
trichocarpa and Its Responses to Salt Stress

LIU Cong', ZHANG Yang', XIA De-an', CHEN Xue-bing', WEI Zhi-gang®

(1. Northeast Forestry University, State Key Laboratory of Forest Genetics and Tree Breeding, Harbin 150040, Heilongjiang, China;
2. Research Center of Saline and Alkali Land of National Forestry and Grassland Administration, Beijing 100091, China)

Abstract: [Objective] To analyze the pressure of selection in the evolution of PLD gene family in the woody model
plant Populus trichocarpa, the cis-acting elements in the promoter, the tissue expression characteristics, and the ex-
pression pattern under salt stress in order to provide references for mining the role of P#PLD in abiotic stress.
[Method] Using Arabidopsis PLD gene family protein sequence alignment to obtain the P. trichocarpa genome ho-
mologous gene, and then identify the PtrPLD gene after the conserved domain identification; using the software
ClustalW and MEGA to perform the amino acid sequence alignment and systematic evolution analysis of the PtrPLD
and A¢PLD genes; using MEME, Plant-mPLoc, ExPasy and other software tools to analyze the characteristics of
PtrPLD genes and encoded proteins; using Tbtools software to analyze homologous genes and Ka/Ks values; using
Plantcare online tools to analyze the cis-acting elements in the promoter of PtrPLD; using Phytozome transcriptome
database and qRT-PCR to analyze the PtPLD tissue expression characteristics; and using qRT-PCR to analyze the
PtrPLD response to salt stress in each tissue. [Result] The results show that the PrPLD family can be divided into 2
subfamilies, C2-PLD and PX/PH-PLD, which containing 13 and 3 genes respectively. There are 7 pairs of paralog-
ous genes and the Ka/Ks between them is far less than 1. The promoter region of P#PLD family genes contains a
large number of abiotic stress and hormone response elements, among which the PtrPLDd4 promoter contains 20 ele-
ments. The PtPLD family of encoded proteins all contain Motif 1-4, and the sequences on the same evolutionary
branch of the evolutionary tree are highly conserved. Analysis of the expression characteristics showed that the
PtrPLD family genes have specific expression in roots, stems and leaves, and most members are mainly expressed in
the roots. Under NaCl stress, the expression level of PtrPLD family genes in the roots, stems and leaves showed a
trend of up-down-up within 72 hours. [Conclusion] The results show that the Pt+PLD family genes play an import-
ant role in the response of P. trichocarpa to salt stress. This study will promote the identification of the biological
functions of PtrPLD family genes and the mining of genetic resources in response to abiotic stress.

Keywords: Populus trichocarpa; PLD gene family; bioinformatics analysis; salt stress
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