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Identification of Key Amino Acid Sites in AtGDPD-Like3
with Role in Arabidopsis Root Hairs
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Abstract A:GDPD-Like3 encode glycerophosphodiester phosphodiesterase-like GDPD  proteins and shv3 its
family gene AtGDPD-Like3 mutant has serious root hair defects. To identify key amino acid sites in AtGDPD-
Like3 we constructed S A VA and D** A single site mutation of AtGDPD-Like3 which were expressed in
atgdpdl3 mutants respectively. The results showed that AtGDPD-Like3 with V™ A or D*® A mutation could
completely restore root hairs growth defects of atgdpdl3 whereas AtGDPD-Like3 with S™ A mutation partially
restored root hairs growth defects. These indicate that Ser™ is the key amino acid site in AtGDPD-Like3 which
affects function of its protein. Meanwhile it implies other key amino acid sites in AtGDPD-Like3. The results of
this study would lay a foundation for further exploring the functional mechanism of AtGDPD-Like3 protein.
Key words Arabidopsis thaliana AtGDPD-Like3 key amino acid locus point mutation
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GDPD-Like GDPDL W/~ % AtGDPDL 3£ %
WBEALEE T A5 AlGDPDLL-T 545 G2 4Ll pg It
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PD Z5 k3 © kA B SY @R AtGDPD-Like3 %:
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AtGDPD-Like3 Fll AtGDPD-Likel X %8 A8 K shv3svll
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MURELE 73 e e el AE F O™ AL R 4 L F Bk
B U0 BRI S AtGDPD-Like3 % (4 Zh E4T
ol g SC B 2 IR AL 1 0 AN Vi A

TEAMEZE T X AtGDPD-Like3 % 5F 1) 2 SE 12
GRS HEIH Leuw®™ Ser™ Leu™ Val™
Glu®™' Asp™ Al fig & AtGDPD-Like3 & (147 {# 1) ik
AN A S — 2P FRAT RN AtGDPD-Like3 1)
Ser™ Val™ Asp™ i 9AF R 3Tt fE 1Lk
W 36 TE HC BB 5 VR 02 argapdI3 58 78 1A R 6 Bk g 3
Al ik AtGDPD-Like3 i [ J5T Y H) 8 G HE A7 43
itk — B R9E AIGDPD-Like3 £ H T BEAT M 1 1F
AL 25 5 LAl

1 %

1.1 K5es#

A= R RE JT 2 Col-0 =25 AiGDPDL3 &
T-DNA i Atk & SALK_137845 g H ABRC O-
hio State University USA

TP RNA $2 U] pBIOZOL Reagent 14 [
Bioflux 23 &) 243 K 21 DNA s $2 B 75 )
Bioteke /y 7] pMDI18-T #k{A& cDNA %5 — 4k 4 iiix;
5] PrimeScript RT reagent Kit with gDNA eraser £l
MutanBEST Kit 377 &) H TaKaRa A% St E
DNA 22 4 filf KOD-Plus 4 H Toyobo 2\ ®] B N
DNA [F[ISGR 5 & Silica Bead DNA Gel Extretion Kit
g E| Thermo Scientific pGWB2 #§{& 4 H Invitro-
gen N H HEH 51 Y G LA K DNA i 7 iy In-
vitrogen /N ) 5E i anti-FLAG [ B 78 [ Piik iy B
ABMART 24 "] HRP FRiCAYF 40 166 — il A
Abcam 2\ Al

1.2 REH*E
1.2.1 AtGDPD-Like3 S EEF 55

AtGDPD-Like3 2 [H {3 L N3G 7 TAIR10 %t
PEE A 3R B https //www. arabidopsis. org/  NC-
BI-BLAST £ & 2 M HC ) 95 5 P 4 I 2 25 12 7
51 F BioEdit HXT 43 M P~y & 52T 51
1.2.2 #H#E RNA E[FEZH DNA Z2ELF0 cDNA
E—HEH

HIY) B RNA B9 42 BRI cDNA 5 — i i) 5
WS REGH] & PR BUE BRIR I 1T T — 2k
FEA B ZH DNA PRk 4 I 0] £ IO 4 35k P 40
DNA
1.2.3 PCR y S EBRMI AR

PCR §"84{A & 20 wL 13.5 plL ddH,0 2 pL
dNTPs 2 mmol- L~'" 2 pL 10 x Taq Buffer FF
% 10 mmol- L™' £ 0.5 L cDNA #E A7 1
pL Taqg DNA B4 HF 1 . PCR RN FLF TS
PE94°C 3 min AE Pk 94°C 30 s 5] ¥R KR
56°C ZEfH130s T-DNA %58 il ACTIN2 JEH 34
G300 30 #0125 MEES A LR AR AL I ] A
Z: I, MutanBEST Kit fr4 4L ik
1.2.4 T-DNA EANERERTHEE

PEIRR S WA AR L PR 2 DNA FEBOHR A
SALK _137845-LP F1 SALK _137845-RP SAIK _
137845-LP #11 LBbl LBbl 1 SALK_137845-RP =
X5 AT 28 X PCR 714 %f T-DNA 4l A 72 {4
PEATSEE NI BE M e b BI04 14 9 DNA Bt
4 pMDIS-T AR XJ 46 A F Besa By 40
W TS 1) KOF 912 D3R 1
1.2.5 HYREHFEWERIETEEEL

HAI R B AR M F) HER F Gateway R4
R I ALR IR AE TR T R HIaA ) 8 Sl
WAt T L Ak
1.2.6 ZFEHJE Western E[JiE4 7

PR I i e PR A AR AR Y FLAG-Fil 5 45 14 T
KGR ] Western i BRI ™ 48 BUkY
WAL E A B T SDS-APGE % SDS-figg vh 2
MR 2RI W OB PVDF | H] 5% it
Rk TBST 4CE LR SRS A 1:2 000 Fi
FERY anti-FLAG B ST REDTIR TR T HE 1 h
30 min TBST ¥EJE 3 k)G A 1:2 500 %5 B HY
HRP #RiC B FE PR IgGC —H TEIRTHE 1 h
TBST Y[ 3 Y5 ECL k2% & b 4 W i 17
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Table 1 Primer sequences used in this study

EIL/E

Primer name

51973 Fi&
Primer sequence 5'—3’ Use

SALK_137845-LP
SALK_137845-RP

TGCTGGGAAGCTTTTCTCACTTT
CAGTAAACGTCGTCTTTAGCTCCA

T-DNA %5¢ T-DNA

LBb1 GCGTGGACCGCTTGCTGCAACT
CDS-up CACCATGCGAGGGTTATTACGAGCTTC
CDS-down TCACAGAAGTAGAAGAGAGGCAAG
mF CTTATCGTCGTCATCCTTGTAATCACTTTTAGGTTTTTTACTTTGAGC
mR GATTACAAGGATGACGACGATAAGCCATGGCCAACGCTCACTGGTG
S538A-up GTCATGATTCAGGCAACAAACAG
S538 A-down CTTTGTGGCTGTACTATTGCTG
V556 A-up GAGACTGCCTACAAAGTTGAAG
V556 A-down GTACTGGCTCTGCTTCTTGAAG
D628 A-up CATATGCCTTCTTTGCTGATGC
D628 A-down GTTGAGATAAAAACTCATTCTG

AtGDPDL3-RT-up
AtGDPDL3-RT-down

ACTIN-up
ACTIN-down

TGCTGGGAAGCTTTTCTCACTTT
CAGTAAACGTCGTCTTTAGCTCCA
CCCAGTGTTGTTGGTAGGCCAAGAC

determination

FLAG il Fusion of FLAG tag

S8 A ¥ 5 ZeAF S A site mutation

V30A PA N g2 AR S30 A site mutation

DO A Pt g2 7F DO A site mutation

FEFLN %7 Determination of transgene

4K CDS §1% Amplification of full length CDS

ACTIN N Z:ZE[H Internal control gene ACTIN

CATAGCGGGAGAGTTAAAGGTCTC

1.2.7 WMEFREESUBEENSIT

X} 1/72MS i3k FAEK 7 R ST 4 i
AR A I AR B R B KA
MG EIBOR IS 522 B4 A BTR 4 mm X
R PTARE  Bdigeit-R A SPASS Giitk
PEAT SRR 2R T 2208

2 HRESH

2.1 AtGDPD-Like3 5 52 35 {if s 1% 3%

Y58 AtGDPD-Like3 JE[H T-DNA i A 2845 {A
BF LA SALK_137845 fE#kFE[H 40 DNA Jy#it H
2|4y SALK_137845-LP F1 SALK_137854-RP ¥
R HbRAr 1 SALK_137845-RP 1 LBb1 8 1

HAniy PR T-DNA 46 AFEIZIEH X3k DNA
DY 5 75 48 A7 ST Adg26690 25 7 N4 B ¥
260 bp kb RT-PCR 43 H7 i 77% A 46 I 5] AtGDPD-
Like3 JLP%E SE P74 R SALK_137845 J& AtGD-
PD-Like3 J R i b 28 A8 {4

AtGDPD-Like3 4ifih 759 4348 &4 GDPD-
Like Z5t38 AR E R R HiE &% &
KA 22 AR AtGDPD-Like3 [R] P3P #0423
BR 41 — B0 % B8 Led™ Ser”™ Leu™ Val™
Glu™ Asp™ ARSFREIEMRAIE B 1 XEEE IR
AT HESE GDPD-Like Z5HA )RR A CHEN A T
U FR AT O A 3 AR SE A S Ser™ Val™®

AICDPDL3
Brachy

Asp™ B S0 FL B SR LA

%

£
SRR

Seraria talica
Solarum mberosum

Zea mays

1 AtGDPD-Like3 & H[EiRE B S £ F 5 btk 3¢
Fig.1 Amino acid sequence alignment of AtGDPD-Like3 and its homologous proteins
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E 2 AtGDPD-Like3 £ 2 S**A VA 71 DA RITIEHEMIE M. Marker a. 1 ~3 FLAG-tag + N 35{% S ik - B FLAG-lag
+ AtGDPD-Like3 F:WR(5F S k#4>  FLAG-AtGDPDL3 b. 4 pENTR/SD/D-FLAG-AtGDPDL3 ¢. 5 ~7 pENTR/SD/D-FLAG-AtGDPDL3-S°%
A V0N DOBA L H B d. 8 ~10 pENTR/SD/D-FLAG-AiGDPDI3-S® A -V A D% A 4 ik PCR %5

Fig.2 Construction of vectors of single site mutations S A V**A and D**A in AtGDPD-Like3 respectively a.1-
3 N-terminal signal peptides plus FLAG fragment FLAG-AtGDPDL3 without signal peptides and FLAG-AtGDPDL3 b. 4 pENTR/SD/D-FLAG-
AtGDPDIL3  c. pENTR/SD/D-FLAG-AtGDPDL3-S™# A -V*** A and -D®®® A fragments d. 8 —10 PCR determination of pENTR/SD/D-FLAG-At-
GDPDL3-S*33 A -V>%°A and -D% A plasmids
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EERE P i Rt

i
%
FLAG-AtGDPDL3

a b
E 3 FLAG-AtGDPDL3-S**A -V*°A -D®A 1 FLAG-AtGDPDL3 ®EE S FLEE o HIPE bR BT Y E b f3
FAEAR R B & 28 ACTIN R AR E e bR 1 WT. BFA R It L14 158 19-11 Fi L12-15 4352k FLAG-AiGDPDL3-
SBA VIO A DA FI FLAG-AtGDPDL3 3% K At bk
Fig.3 Molecular identification of the transgenes of FLAG-AtGDPDL3-S™* A -V*A -D®*A fl FLAG-AtGDPDL3 ..

Detection of transgenic plants on the transcriptional level b. Determination of transgenic plants on the protein level using the ACTIN protein as a

anti-FLAG

control WT. Wild-type Arabidopsis L14 15-8 19-11 and L12-15 indicate the FLAG-AtGDPDL3-S*3 A -V>*A -D®® A and FIAG-A:GDPDL3

transgenic plants respectively

2.2 S™A VA 51 DA B ARTWAE

SR HE S PCR SEME K FLAG bR K ik
fill 578 AtGDPD-Like3 {55 k)5 ARG IT cD-
NA MM 435 CDS-up/mR #1 mF/CDS-down
PIXT5 kAT PCR 714 15309 18 2a JkiE
1~2 REMEABM - AGDPD-Like3 %A
CDS-up/down 5| ¥ 3479 1% 15 3| FLAG-AtGDP-
DI3 JrB K2 ykiE3 K ZiEHS] pENTR/SD/
D-TOPO #fk I &l 2b 5B FLAG & KT
5l & 78 AtGDPD-Like3 {55 ik Fil GDPD-Like %%
sk 2 8]

LI pENTR/SD/D-FLAG-AtGDPDL3 Ji7 % Sy #5
B 43 3 WF At AR 51 ) S7F A-up/down VP
A-up/down F1 D”* A-up/down HEFTY 14 15 5] S°
A VA Fl DA B 5 548 FLAG-AtGDPDL3 454k
FB K2 SRmERCGEIEE B S50 i
f£ TOPO10 - X sl v #EA7 PCR %58 13 29 A B

SHV R BOR/MARE Bl 2d P45 R BoRER T
SENL RSN T B AR A4S ] LR 4
¥ pENTR/SD/D-TOPO #R A |3iX 4 Fft FLAG-
AtGDPDL3 Jy B4 3] pGWB2 MY KB AR #
HHAL GV3101 AT H TR T atgdpdl3 587%
TRy RE B AN
2.3 EZRIHY AtGDPD-Like3 F1Y, atgdpdl3 ZAS{K
AL XT atgdpdI3 5873 1A 8 bk 117 % Ak
J& 3R15 % FLAG-AtGDPDI3-S™ A -V A F1-D%*
A FLAG-AtGDPDL3 HiithAtikk 4 4 3 f14 #EZE LU
LM RR ¢DNA it F 5|4 AiGDPDL3-RT-
up/down #f 172 % 1 RT-PCR 73 #7 45 2R s
FLAG-AtGDPDL3 3:[H ]2 H: S A VA F1 DA #
MRAIE AE 3G B AR bk rh 7% sk B8 m K
3a  F FLAG HuAd st i s oK - 5 1) e 55 R A b
AT RPZEENE 455 B 78 FLAG-AtGDPDL3-S* A -
VA -D*® A Fil FLAG-AtGDPDIL3 £k B K &
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0 1 1 1 1 1 ]

WT  atgdpdl3 AIGDPDL3 S°#A  V3%A  D®A
b
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100 | -I_ £ M
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WT  atgdpdi3 AIGDPDL3 S¥8A  V3A  D#PA
C

B4 AtGDPD-Like3 ffj Ser’™® Val™ Asp®™ {ii &5 3318
ERBWIER  a WI awgdpdi3 575k FLAG-AIGDPDL3

FLAG-AtGDPDI3-S™¥ A -V A FI-D A #5 3L KA BRI B & b.
ST AAMR T KT o ST SR B2

Fig.4 Roles of Ser™ Val™ or Asp™ of AtGDPD-Like3
in root hair phenotypes a. Root hair photos of WT atgdpdI3
mutants  FIAG-AtGDPDL3 and FLAG-AiGDPDI3-S™ A -V3% A
and -D A transgenic plants b. Statistical analysis of root hair
length in WT and transgenic plants c. Statistical analysis of root

hair density in WT and transgenic plants

K 3b 3% 3% B FIAG-AtGDPDI3-S™ A -V*™ A
-D™ Al FLAG-AtGDPDI3 1§ atgdpdI3 5875 {AA# bk
BIIE R IR REEPRUH T4 T R AR BRI ST
2.4 B 5323 AtGDPD-Like3 3 atgdpdl3 fRETHR
BREREEESHT
TERE SR AL B EBE 3R 7 KRG BAROREMR BAE

KA R &l 4a  T-DNA §f A AR K argdpdl3
JLTPAKIRE RIREBFE FLAG-AtGDPDL3 %%
A atgdpdI3 ZE7SK REAE 58 4Pk 52 MR 6 B 2R R
i\ FIAG-AtGDPDL3-S™* A V> A FI-D* A % 4R
BHFAIK R ROR Z A B R S A %848 FLAG-
AtGDPDL3 =35 T2 oWk B AR B BLBE 1 V™A
1 DA 48 FLAG-AtGDPDL3 #1554k 52 #3 B
Fa 4 Y

R T A b R 3 S 35 A5 B ORHR B R A A 25
S IR SR AR B BT 4 mm X [R] A
WERKE M EHIT T RS B4 b~c
FLAG-AtGDPDL3 FIAG-AtGDPDL3-V** A FLAG-At-
GDPDL3-D™* A $5 3L A AR S BF A B L MRBK
JEFE I —3 WAUEER 1 FLAG-AG-
DPDL3-S* A %% 3 [N A ¥R AR B 24 K B2yl > T
25% MRETVHHWEWDT 46% X FEH VA
D™ A {3 B 58 AR 52 0 AtGDPD-Like3 % % atgdp-
dI3 B HE R iz Val™ Asp™ i RS2
AtGDPD-Like3 25 (4 A CHEQ A MR S™A %
5 AtGDPD-Like3 230K atgdpdl3 575 A
FEE G FER £ Ser® v 5 & AtGDPD-Like3 —
AR S AST J5

3 W

WERBMY ELEH/REZ— NITHEYMN T
ISR Y FIRT UE 3% Jones 25 0 SR FH AR
TR ms S th 24 ﬁﬁ%%ﬂr‘ﬁ%*ﬁ%ﬁ’%é@i%ﬁ
Hif RHMA B A58 19 AtGDPD-Like3 3 [H
163X B R {11 %6 %2 AtGDPD-Like3 — /3 1y T-DNA
FHAZASR SALK_137845 %22 A5 {K atgdpdl3
WREAKHERE 5 rhmd AR KRR —FE 5
%5 A FLAG-AtGDPDL3 554K 5 atgdpdl3 AR E 5k
e NIz R TR B A B P fE

TE45E AtGDPD-Like3 JCHE (0 fUIT 5246 2R H]
G bR A K FLAG 560g  FLAG K5 8 M2
FEIR SRS H AR FUBUE R 25 e 2
T ARBUR  anti-FLAG 38 H A5 88 1 B %
ik#e  AtGDPD-Like3 (9 N i & A (5 E1K C 3hiff
TE GPI4S ° BT ABEIR GPL 4% #ifs FLAG-At-
GDPDL3 41 fifd P9 1IE 8 2 {7 SE96HE FLAG S ikah &
TE AtGDPD-Like3 () N ¥t {5 5 Ik 2 5

FHRES IR & argdpdl3 H3 T G FE R IS 50060 48
7€ AtGDPD-Like3 {57 2 L4 117 15, Ser™ Val™ flI
Asp XA B BB K A AR Hop Ser™ S AR )
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AtGDPD-Like3 HEEFR /MK EAR BB FG KU AL
HJE AtGDPD-Like3 SCHERT &5 ‘B4 25 GDPD-Like
SEFER E AR W] BB 2 12 T I 1 K A8 Y A R
A AT LG T Ser’™ 2875 ) AtGDPD-Like3 fiff2fAH ¢
BEER TR E SR USRI AtGDPD-Like3 [

A L 45 A K] AtGDPD-Like3 £77F H:
TR OCHAL S BT AtGDPD-Like3 £ & W A4~
GDPD-Like 453K ° 33 P A 45 ¥ 1 1) 2 B J2 75
TUAEATE R ARSI Ser™ 8248 0 T4 — 4
GDPD-Like 5 ¥ 5% 45—~ GDPD-Like %% 4 3 1
ATREATIEVE TEABESH H 4 E AtGDPD-Like3
PRAFIY 3 AN ERA VR X T HoAt 7 s B 52
i) AtGDPD-Like3 T REV A ¥ & A5 AR R
FHRUE 1,85 22 o7 5 [ B 9 A8 SR W SR iy o2 e T X
AtGDPD-Like3 47 {fi D RERY/E
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