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Cloning of QaGDU 3 gene from Quercus aquifolioides Rehd.
et Wils. and its genetic transformation into
Arabidopsis thaliana ( L.) Heynh.
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2. Beijing Forestry University School of Grassland Science Beijing 100083 China)
Abstract: We cloned the QaGDUS3 gene from Quercus aquifolioides Rehd. et Wils. and
obtained transgenic Arabidopsis thaliana ( L.) Heynh. using ligation-independent cloning
(LIC) and floral dipping transformation. We evaluated QaGDU3 expression and analyzed
phenotypic changes in transgenic plants using quantitative real<time polymerase chain reaction
(qRT-PCR) and image analysis respectively. We investigated the structure sequence
divergence and evolutionary relationship of QaGDUS with related species. Structural analysis
showed that QaGDU3 is an acidic and unstable hydrophilic transmembrane protein.
Phylogenetic analysis indicated that GDU3 may only be present in seed plants. The qRT-PCR
results showed that overexpression of the QaGDUS3 gene in transgenic plants activated the
expression of the AtPR1 ( PATHOGENESIS-RELATED GENE 1) AtACD6 ( ACCELERATED
CELL DEATH 6) AtCBP60g ( CAM-BINDING PROTEIN 60-LIKE g) and AtPAD4 ( PHYTOALEXIN
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DEFICIENT 4) genes involved in the salicylic acid ( SA) pathway. Furthermore the rosette size
of transgenic A. thaliana decreased with the increase in QaGDU3 expression. These data
suggest that GDU3 may be a seed plant-specific amino acid transporter and that
overexpression of QaGDUS3 can affect plant growth and development.
Key words: Quercus aquifolioides; Sequence analysis; Gene function
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1
Table 1 Primer information
(5"-3) (5"-3)
Primer Forward primer sequence Reverse primer sequence Fragment length / bp
Sca495 AAAGAAAGCAATGGCCGCAGC GAGCCTGAGGTCTCATTGGCTTG 541
Scados- CGACGACAAGACCGTGACCATGGC- GAGGAGAAGAGCCGTTCATTGGCTT- 519
CGCAGCAAGAGAGCC GAGCCTCTCTCTCTC
UBQ5-RT ACACCAAGCCGAAGAAGA TCCACAGGTTGCGTTAGG 128
Scad95-RT AAGCCTAATGATTCGCATAA AGAAGATGACCTACTTGACA 116
PR1-RT GTAGGTGCTCTTGTTCTTC CTCTTAGTTGTTCTGCGTAG 153
ACD6-RT TTGGTGGAATGAGTAATGG TGAAGAATTGAATCTCCTGTAT 103
PCC1-RT AATTGGTTATCCGACTAGAGA ACAACTCATTATGGCTTCG 100
WAK1-RT CCTTGTTGGTCTATGAGTTC GCGACTTCTATTGCTATCTT 115
1.3 QaGDU3 rialL.) . ( Gossypium hirsutum L.) .
ExPASy ProtParam  ProtScale ™ ( Citrus clementina hort. ex Tanaka) . ( Vigna
unguiculata (L.) Walp.) . ( Theobroma ca-
TMHMM v2.0 caol.) . ( Carya illinoinensis ( Wan—
SignalP Server v4.1 * genh.) K. Koch) . ( Castanea dentate
Predict Protein % ( Marsh.) Borkh.) . ( Quercus suber
Robetta = Prot— L) . ( Quercus lobata Née)
Comp v9.0 Mo- ( Quercus robur L.) QaGDUS3
tifScan % . MEGA7 v7.0.21 ¥ ( Maxi—
NCBI conserved domains ( https: /  mum likelihood ML)

www. ncbi. nim. nih. gov/Structure/cdd/wrpsb.

cgi) BlastP ( https: //blast. ncbi. nim. nih.
gov/Blast.cgi)
DNAMAN v9.0
MEME v5.4.1 * Motif.

Phytozome v13 ( hitps: //
phytozome-next.jgi.doe.gov/blast-search)

QaGDUS3

24

( Thuja plicata Donn. ex D.

Don.) ( Picea sitchensis ( Bong.) Carr.) ;
( Brachypodium dis—
tachyon (L.) Beauv.) . ( Zea mays L.) .
( Oryza sativa L.)
Moench) ; ; .
fera L.) .

Gray) .

( Sorghum bicolor ( L.)
( Vitis vini-
( Populus trichocarpa Torr. &
( Amborella trichopoda Baill.) .
( So-
lanum lycopersicum L.) . ( Glycine max ( L.)
Merr.) . ( Corymbia citriodora ( Hook.) K.
D. Hill & L. A. S. Johnson) .

( Aquilegia coerulea James) .

( Isatis tincto—

Bootstrap method 500 bootstrap .

1.4 QaGDU3
1.4.1
4C (WT)
: 3:1:1
pJG081-QaGDU3
EHA105 50 ug/mL Kan  Rif
YEB

(MS 5% 50 ul/L BREAK-

THRU® S 233( Evonik) ) .

30 s.
22C 24 h
1.4.2
4C TOo
( 10% CLOROX 0.05% )
15 min 3~5 25 mg/L
1/2 MS
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Fig. 1 Sequence information of QaGDUS from

Quercus aquifolioides
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A: QaGDUS3 . B: QaGDU3 . C: QaGDU3 . D: QaGDU3

A: QaGDUS3 hydrophobicity. B: QaGDUS3 signal peptide. C: QaGDU3 transmembrane structure. D: QaGDU3 sec—
ondary structure and interaction site.
2 QaGDUS3
Fig. 2 Basic properties and structure prediction of QaGDU3 from Quercus aquifolioides

3 QaGDU3 QIGDU3. QrGDU3. QsGDU3  AtGDU3
Fig. 3 Multiple sequence alignment and motif prediction of QaGDU3 QIGDU3 QrGDU3
QsGDU3 and AtGDUS proteins

N c .
Rainbow coloring shows orientation of protein chain with red as N terminus.

4 QaGDU3 (A) QIGDU3 (B). QrGDU3 (C). QsGDU3 (D)  AtGDU3 (E)

Fig. 4 Comparison of tertiary structure predictions of QaGDU3 ( A) QIGDU3 ( B)
QrGDU3 (C) QsGDUS3 ( D) and AtGDUS3 proteins ( E)
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2.1.3 QaGDU3

GDU3 3 M 0.375%.
. QaGDU3  QsGDUS3 T 1
( ABK21085.1) . 33 Ti
QIGDU3. QsGDU3  QrGDU3 2.3 QaGDU3
( 9 QaGDU3
2.2 QaGDU3 3
TO 2 ( 6).

Length of each branch represents evolutionary distance and number at each node indicates bootstrap ( BS) value.

5 GDU3
Fig. 5 Phylogenetic tree of GDU3 protein

6 QaGDU3 AtUBQ5
Fig. 6 Relative expression ratio of QaGDU3 to
AtUBQ5 gene
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(3 (4 ). (2 )3 QaGDU3
). (4 ). (2 ) 2 AtPR1. AtACDS.
( 70 A 2 AtCBP60g  AtPAD4
3 o QaGDU3
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( 7 B)s . QaGDU3
2.4
QaGDU3 (3 ). (8.

*  P<0.05 %t P<0.001.

7 17d T2 (A) (B)
Fig. 7 T2 transgenic Arabidopsis thaliana seedlings grown on 1/2 MS medium with
hygromycin for 17 d ( A) and their rosette size statistics ( B)

8 AtPR1(A). AtACD6 (B) . AtCBP60g (C) AtPAD4 (D)
AtUBQ5
Fig. 8 Relative expression ratios of AtPR1 (A) AtACD6 ( B)
AtCBP60g ( C) and AtPAD4 ( D) to AtUBQS5 gene
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