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Comparative analysis of structure, function and genetic variation of
upstream sequences adjoining tuf gene in paulownia and jujube
witches’-broom phytoplasmas

YU Shao-Shuai’ LIN Cai-Li' PAN Jiao> REN Zheng-Guang® PIAO Chun-Gen'
WANG Lai-Fa' GUO Min-Wei' TIAN Guo-Zhong"

(1. Key Laboratory of Forest Protection of State Forestry Administration, Research Institute of Forest Ecology,
Environment and Protection, Chinese Academy of Forestry, Beijing 100091, China)
(2. College of Life Sciences, Nankai University, Tianjin 300071, China)
(3. Plant Science and Technology College, Beijing University of Agriculture, Beijing 102206, China)

Abstract: [Objective] Exploring the difference of structure, function as well as the genetic diversity of
upstream sequences adjoining tuf gene in paulownia and jujube witches’-broom phytoplasmas.
[Methods] Thermal asymmetric interlaced PCR (TAIL-PCR) was used to amplify the upstream
unknown sequence adjoining tuf gene in jujube witches’-broom phytoplasma. Recombinant expression
system was successfully constructed with promoter-probe vector pSUPV4 and tuf gene upstream
sequences from paulownia and jujube witches’-broom phytoplasma. Genetic variation and promoter
activity of tuf gene upstream regulatory sequences from 16Srl group phytoplasma strains including
paulownia witches’-broom, chinaberry witches’-broom, lettuce yellows, mulberry dwarf and
periwinkle virescence phytoplasma strains and 16SrV group strains including jujube witches’-broom,
cherry lethal yellow, Bischofia polycarpa witches’-broom phytoplasma strains were analyzed and
identified. [Results] The sequence length of intergenic region between tuf and its upstream gene, fusA,
in 16Srl group strains was 129 to 130 bp, with putative complete promoter conservative structure.
130 bp upstream sequence of tuf gene in paulownia witches’-broom phytoplasma had promoter activity.
There were four variation types in the intergenic region sequences from five kinds of 16Srl group
phytoplasmas including 35 strains; the sequence length of intergenic region between fusA and tuf in
16SrV group strains was 53 to 54 bp, with predicted incomplete promoter structure. No promoter
activity was found in 144 bp and 346 bp upstream sequence of tuf gene in jujube witches’-broom
phytoplasma. There were two variation types in the intergenic region sequences from three kinds of
16SrV group phytoplasmas including 20 strains. The fusA-tuf intergenic region sequences were
comparatively conservative, and the phytoplasma strains belonging to different groups were
distinguished clearly by the phylogenetic tree constructed based on the sequences. [Conclusion] The
methods and results of the study would lay a beneficial foundation in further investigating phytoplasma
gene expression and regulation, revealing phytoplasma regularity of growth and propagation as well as
its pathogenicity mechanism.

Keywords: Phytoplasma, Promoter, TAIL-PCR, Upstream sequence, Genetic variation
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Table 1 Information of the different phytoplasma strains collected in the study

No.  Phytoplasmal name  Group Sampling sites and strain codes g‘;‘;’;i‘”s
1 16Srl (PaWB-sdyz) (-jsnj) (-jsszl -jssz2) (-bjhr) 20
(-hnzz) (-hnpy) (-hnly) (-hncs)
(-ahhf) (-jxne) (-fifz) (-hbbd) (-Indl1
-Ind12) (-sxtyl -sxty2) (-sxxal -sxxa2) (-sxwn)
2 16t (CWB-hnsyl -hnsy2) (fifzl fjfz2 -fifz3) (fiya) 10
(jsnj) (-hncs) (jxnc) (-gdgz)
3 16SrI (LY-fiyal -fjya2)
4 16Srl (MD-ahhf) (-zjca)
5 16Sr1 (PeV-hnhk) 1
6 16SrV (JWB-jsnj) (-js7j) (-bjhd) (-Indll  -Ind12 18
“Ind13) (-Inhldl -Inhld2) (-Injc) (-hnzk) (-hnpy)
(-hnly) (-ahhf) (-sxwnl -sxwn2 -sxwn3)
(-cqwll  -cqwl2)
7 1651V (CLY-scxc) 1
8 16SrV (BiWB-ahhf) 1
pMDI18-T DH5a PCR PCR
TaKaRa PCR 1%
DNA FDTUF-F1/R1"! JWB-jsnj tuf
BLAST JWB tuf
pSUPV4 3
TAIL-PCR SP1 SP2 SP3 2
DNA AP TaKaRa
«C ) PCR SPI AP PCR
1.2 #55 DNA {2 SP2 AP PCR SP3
DNA AP PCR TaKaRa
16S rRNA PCR
R16mF2/R16mR1™"" PCR 1%
PCR ( pMDI18-T
) ( ) DH5a 37 °C 24 h
13 tuf BE EsREFIFEE Jtt-l SP2 168tV
(Onion yellows tuf 3
phytoplasma OY-M GenBank AP006628) T 2
Pfl  Prl T 2 14 FHISH
PCR 16SrI DNAStar DNAMAN 5.0
tuf
3 PCR iPhyClassifier (http://plantpathology.ba.ars.usda.gov/
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Table 2 Primers used in the study

Tm (°C
Primer Primer sequences (5'—3") Primer size (bp) 0 Restriction site added
Pfl TACCATGATGTCGATTCTTCC 21 55 -
Prl ATCCATTTGAGCAGCACCAG 20 55 -
FDTUF-F1 ATTGGTCATGTAGACCATGG 20 55 -
FDTUF-R1 GTTCTTCCGCCTTCACGTAC 20 55 -
SP1 GCAACAGTTCCTCTTCCTTTTACG 24 65 -
SP2 GGCATTACTCCATCTACAGCAGAAAC 26 65 -
SP3 TAATCTGCATGCCCAGGACAATC 23 65 -
TPf cccaagcttACAACCTTACACTAAAAAAC 29 45 Hind IIT
TPr cgeggatcCATTTTTCAAAGGCCTC 25 45 BamH I
Jtf cccaagcettACAAGGCAGAGCGAGTT 26 50 Hind III
Jtr cgeggatcCATTTTAAAAGGCCTCC 25 50 BamH I
Jtf-1 cgaagctt ATGGTGGTTTAGTTCTTT 26 50 Hind TII
Jtr-1 cgeggatcCATTTTAAAAGGCCTC 24 50 BamH I
cgi-bin/resource/iphyclassifier.cgi) 16S rRNA BamH I PCR Hind Il BamH I
Softberry (http://linux1.softberry.com/berry.phtml) T4 DNA
(2] DH5a
tuf (Kan) (Kan 30mg/L  50mg/L) LB
MEGA 4.0 37 °C 24 h
(Neighbor-Joining NJ) Bootstrap
1 000 16Srl 2 ERESH
(Onionyellows phytoplasma OY-M) (GenBank 21 AR MK IR R B tuf 2 E T
AP006628) (Aster yellows 3 F0 L MR
witches’-broom phytoplasma AYWB) (CP000061) PCR
165rXIl PaWB-sdyz tuf 782 bp
(CandidatusPhytoplasma  australiense PAa) BLAST 355 bp fusA
(AM422018) (Strawberry 3 EF-G C
lethal yellows phytoplasma SLY) (CP002548) 297 bp tuf 5/
16SrX (Ca. P. mali AT) EF-Tu N fusA  tuf
(CU469464) 5 130 bp GenBank
NCBI (http://www.ncbi.nlm.nih. PaWB-sdyz tuf
gov) GenBank KU095823 Softberry
1.5 twf EE _EiEF5 B FE i fusA  tuf
pSUPV4 Hind III
BamH I TAIL-PCR
TPf TPr PaWB-sdyz JWB-jsnj tuf TAIL-PCR
tuf 130 bp )t Jr Jtf-1 PCR 561 bp
Jtr-1 JWB-jsnj tuf FDTUF-F1/R1 937 bp DNAMAN
144 bp 346 bp Hind III 1 414 bp 84 bp
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Figure 1 Analysis of variation types in fusA and tuf intergenic sequences from 16SrI and V group phytoplasma strains

fusA

tuf “r

Note: Variable sites of fusA and tuf intergenic sequences of different phytoplasma strains were shown in column; “.”” in the sequences

represented base deletion.
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Figure 2 Phylogenetic tree constructed based on fusA and tuf intergenic sequences from different phytoplasma strains

1
) .

(1 000

Note: The codes of the phytoplasma strains were shown in Table 1; Accession numbers of the reference phytoplasma strains were listed in
parentheses; The numbers on the branch points of the phylogenetic tree represented bootstrap values of the tree (1 000 replicates); Scale

length represented genetic distance.
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Fl:l Ej]%lﬁ HEEL‘L 1k TAIL-PCR DNA
PaWB-sdyz
tuf 130 bp pSUPV4 TAIL-PCR
30 mg/L 50 mg/L [20]
Kan LB 24 h
JWB tuf
PaWB 16SrI
JWB 16SrV OY-M AYWB PA
JWB-jsnj tuf r a
SLY AT
JWB-jsnjtuf  144bp 346 bp fusA tuf
pSUPV4 PaWB CWB LY MD PeV OY-M
24 48 h JWB-jsnj tuf 129-134 bp 16SrXII PAa SLY
144bp 346 bp Kan 118 bp
LB JWB-jsnj tuf JWB CLY BiWB
144 bp 346 bp 16SrV fusA  tuf 53—54 bp
( 3) 16SrX AT 65 bp

3 BEFRIEARER Kan 89 LB EFE FRIEKR

Figure 3 Expression of recombinant expression system on LB medium with kanamycin

PaWB-sdyz tuf 130 bp Kan 30(A) 50 (B) mg/L JWB-jsnj
tuf 144 bp Kan 30 (C) 50 (D) mg/L JWB-jsnj tuf 346 bp Kan
30 (E) 50 (F) mg/L 37°C 24 h.

Note: Recombinant expression system including 130 bp upstream sequence of tuf gene in PaWB-sdyz, the concentration of kanamycin in the
medium was 30 (A), 50 (B) mg/L respectively; Recombinant expression system including 144 bp upstream sequence of tuf gene in JWB-jsnj,
the concentration of kanamycin in the medium was 30 (C), 50 (D) mg/L respectively; Recombinant expression system including 346 bp
upstream sequence of tuf gene in JWB-jsnj, the concentration of kanamycin in the medium was 30 (E), 50 (F) mg/L respectively. All
recombinant systems were cultivated under 37 °C condition for 24 h.
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