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Functional analysis of encoding gene PdbGSTU for glutathione S-transferase in
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Abstract: [Objective] This paper aims to provide genetic resources and resistant germplasm for tree
resistance breeding by analyzing the disease-resistance function of encoding gene PdbGSTU for glutathione
S-transferase in Populus davidiana x P. bolleana. [Method] PdbGSTU was cloned in P. davidiana x P.
bolleana by PCR, and bioinformatics analysis were analyzed. The tissue specific expression patterns and
expression patterns induced by plant hormones of PdbGSTU were also analyzed by RT-qPCR.
Overexpressing/sciencing PdbGSTU plants of P. davidiana * P. bolleana obtained through transgenic
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technology and function of PdbGSTU on disease resistance were verified by observing and comparing the
phenotypes and concurrent lesion areas of leaves after inoculation with Alternaria alternata. Moreover, the
contents of H,O, and the activities of antioxidant enzyme were measured in leaves before and after 4.
alternata inoculation. [Result] (1) The open reading frame (ORF) length of PdbGSTU was 753 bp, which
encoded 250 amino acids with the protein relative molecular mass 29.01 kDa. The PdbGSTU was a stable
hydrophilic acidic protein located in the cytoplasm. Systematic evolutionary analysis revealed that
PdbGSTU in P. davidiana % P. bolleana had a close relationship with KAJ6918316 in P. alba x P.
berolinensis. The analysis of cis-acting elements in promoter sequence of PdbGSTU showed that, this
sequence contained multiple cis-acting elements related to plant response to stress or phytohormones.
(2) RT-qPCR showed that PdbGSTU had the highest expression level in apical bud of P. davidiana x P.
bolleana, and the lowest expression level in root. In addition, PdbGSTU could response to MeJA, SA and
ACC, and show up-regulated expression. (3) After inoculation with 4. alternata, the lesion areas on the
leaves of wild-type and PdbGSTU gene suppressed P. davidiana x P. bolleana were 6.42 and 16.46 mm?,
respectively. However, on the leaves of plants overexpressing PdbGSTU gene, a small number of
inoculation sites showed obvious lesions, while the rest of inoculation sites only showed fading.
[Conclusion] PdbGSTU is positively involved in the resistance process of P. davidiana % P. bolleana to A.
alternata infection, and can enhance the resistance of P. davidiana % P. bolleana to pathogens by clearing
reactive oxygen species.

Key words: gene expression; Populus davidiana *x P. bolleana; glutathione S-transferases; Alternaria

alternata; disease resistance function
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Fig. 1  Structure map of overexpression vector pPROK Il (A) and RNA-silenced pFGC5941(B)
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Tab. 1 Primers for fluorescence quantification
5 K 44 B ER S FH1(5—3) KB IFES1(5—3")
Gene name Forward primer sequence (5'-3") Reverse primer sequence (5'-3")
PdbGSTU CAAGACACAACTCAAGTAAAAGAAAG CCTCAAGCTTTGTTCTTTGTACTCATAC
PdbEF1-a TGGGTCGTGTTGAAACTGGTGT GGCAGGATCGTCCTTGGAGTTC
Pdbactin GCTGAGAGATTCCGTTGCCCTG GGCGGTGATCTCCTTGCTCATT
F2 MBEHMEPTASIMIIR
Tab.2 List of primers used to construct vectors
Bk X EE S YFHI1(5—3 S5 A1(5—3")
Primer name Forward primer sequence (5'—3") Reverse primer sequence (5'-3")
GSTU-OE CGGTACCCGGGGATCATGCAAGACACAACTCAAGTAAAAG CACGGGGGACTCTAGTCATACTTGCTCTGAAAGCCTAT
GSTU-anti  TAATTAACTCTCTAGCAAGACACAACTCAAGTAAAAG GCAGGTATTTGGATCGCTTTGTTCTTTGTACTCATAC
GSTU-cis TTACCATGGGGCGCGCAAGACACAACTCAAGTAAAAG AATTCTTACACATTTGCTTTGTTCTTTGTACTCATAC

VE: B AR E AT Note: the vector sequence is marked with horizontal lines.
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Tab. 3 Physicochemical properties of PdbGSTU gene and its encoding protein

TiH Item PdbGSTU
FEH K Gene length/bp 753
A AEBR K Amino acid length/aa 250
B H AR 47 & Protein relative molecular mass/kDa 29.01
£ A Isoelectric point 6.36
A 5E R %L Coefficient of instability 35.59
ki K Hydrophilicity ~0296

SE4H A0 %E {37 Subcellular localization

41U Cytoplasm

ZAELERITN B 2B R Z B A Bl 2 AN
A, HAALT N oW BN, AL T C i
TR K TR, 32 AN I 5 ph 5 1 2 R T 2 A
B, NGRS GST & A IS5 FRS 55
2.3 W##% PdbGSTU EAMH UM AT S S F 5
tb 3

It BlastP LEXT, % B 1 5 PAbGSTU &

FIARBUE S i 8 Rl GST & A7 41, #3472 1741
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Fig.2 Two-dimensional structure (A) and three-dimensional structure (B) prediction of PdAbGSTU protein
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XP 034918006 RVR ERGVEYEYE [NEVETEIE o1flEsT 1TV Y TOETH E @S ELLPS DEYER 2GS, DEVDGEIFDLKGEMINEA
KAG6775120 RVR EFEVEYEYE INEVHEGETE k= IMESETIVEYIDETH K @ SELLES CEYERAGS) DEVD@KIFDLKGRMINEA
XP 011048926 RVR [ERGVEYEYE NEVHERTE ESTESINIVEYIDETHE -QSPLLESDEYERTRS NEVDEEIYDIRGRMINE R
ADBI1381 RVR [EKGVEYEYK INEVERKTE ko 1flESTNTVE Y TOETHE @S ELLPS DEYER THS) DEVDGEVC--KGK 2
KAHS518068 RVR [EKGVEYEY SEQDLENESL NEVHEKIE £ eVESE TIVEYIDE VK DRAPLLES CEHERAGS DEvOKElyD- FGERINAT
ANO39974 RVR FREVEYEYSEQI NEVHEERTE rsvllEST TTV@¥ TOD VR DR A BLL RS EYERLES DEVDEEL YD-TERKINET
OKX24688 RVR [ERGVEYEY SEQDIRKRS NEVEERIE KevllESH TIVEYIDE VK DRAPLLES DE YR AQS DEVOKEE YD~ FGRRINAT
A A
Glutathion S-transferase C-terminal
PdbGSTU EEEET] v X |ANERT. E: G5 DS VE S Aupn__m KLRFI »eE EQV-
J6918316 EEEEZ; V. K |ANERT. E: RDSVSKSLEADECRIY ELBRIYRESEQV-
XP 034918006 EGEEEEX. v} Y B ANEST E: FDSVSKSLADECKT ELREIYRUSEQV-
KAG6775120 EEEER] V. 2! |ENEST: E: RDSVSKSEADECRIY ELREIYRESEQV-
XP 011048926 EGEEREX. v} Y B ANEST KDSVSKSLADECMI ELRRIYRUSEQV-
ADBI11381 EEQER; X 2! JENEST! E: EDGVSESLADEREIY ELREIYRESEQQV
KAH8518068 ED@E 2 Bl | YFll T GNENT! B RESVSFSIRDEHRVY MLRFELGLE-———
ANO39974 ED@ED) v YElVGNENT E! EEESUSES: Enpcxvsavvmnaam E————
QKX94688 EDGE?) v ¥ iV GNENT E ERESVSKSIEDECKVSDEVVMRRRNLGHE————
A

A G-site A H-site

KAJ6918316. 4814 Populus alba x P. berolinensis; XP_034918006. 4R (144 P. alba; KAG6775120.
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Fig. 3 Multiple sequence alignment of PdAbGSTU proteins
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Fig. 4 Evolutionary tree analysis of PdbGSTU protein
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Fig. 6 Analysis of expression patterns of PdbGSTU gene
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