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Cloning and Sequence Analysis of NHAI-like Gene from Melam psora larici-populina
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Abstract: The poplar leaf rust caused by Melampsora larici-populina (Mlp) is an important disease of
poplar. Phylogenetic and BLAST analyses revealed that ID 45128 was the lineal homogeneous gene of
NHATI from Saccharomyces cerevisiae and 1D 116278 was the relative gene of NHAI ,which were named
as MIpNHAI and Ml{pN HATI-like, respectively. The gene Mi{pNHAI-like (wh03) was cloned from the u-
rediospore cDNA of M/p Chinese strain using the homology-based RT-PCR approach,with a 1 545 bp ORF
encoding 514 amino acid residues. Protein sequence analysis showed that the deduced MIpNHAI1-like
(wh03) protein has a conserved c¢_cpal domain and several hydrophobic transmembrane domains as well as
the NHA1 protein. The subcellular localization prediction indicated that the deduced MIpNHAI1-like
(wh03) protein was localized at the plasma membrane. This study is helpful to understand the roles of MI-
pHOGI1-mediated signaling pathway during pathogenesis and responses to environmental stresses in
M. larici-populina.
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K 0,28 W (Candida albicans) CNHI J:PY
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Table 1 Species used in phylogenetic analysis of NHA1 and results of comparison

Wb Wy 4 DR 21 B4R R Ll Xt 3R 4 114 i 358 2 1K)
&S — B M55 B (Melampsora larici-popu-  Joint Genomics Institute (JGI) $% 3§ # Chttps://mycocosm. jgi. 1D 45128
lina) doe. gov/Mellpl/Mellpl. home. htmD) 1D 116278
AR %5 B (Cronartium quercuum {. sp. ]G BU¥E JE Chttps://mycocosm. jgi. doe. gov/Croqul/Croqul. 1D 659971
Sfusiforme) home. html) 1D 651384
1D 9798
JG %4 i Chttps://mycocosm. jgi. doe. gov/Pucgr2/Pucgr? 1D 15199
INEFFE I (Puccinia graminis £ sp. tritici) " = 5 ps://mycocosm. Jgl. doc. gov/ucgra/tucgre. D 14309
ome. fitm ID 14303
1D 15192
JGUHCR P Chttps. // m. jgi. d /Ustma2_2/Ustma2 1D 2710
TS (Ustilago mayelis) 2; 1 tn l)ps; mycocosm. jgi. doe. gov/Ustma2_ stma ID 2032
_2. home. htm D 2619
JGT 45 Chttps:// sm. jgi. d /Magorl/Magorl 1D 6687
FERL 4 (Magna porthe oryzae) ! 5 }f. . ps://mycocosm. jgi. doe. gov/Magor agorl. ID 7422
ome. htm ID 4088
1D 3958
. o o . JGI % ¥% E (https://mycocosm. jgi. doe. gov/Fusgrl/Fusgrl. 1D 9097
ARAH T HE (Fusarium graminearum) home. htmD) ID 12568
1D 8831
Gl % https: sm. jgi. doe. Schpol/Schpol. 1D 1463
24 W EE (Schizosaccharomyces pombe) I He i 7% Chitps://mycocosm. jgi. doe. gov/Schpo chpo
home. html) 1D 19
. GI 45 % Chttps:/ sm. jgi. X “analbl/Canalbl.
E1 6 25K B (Candida albicans) JGT 4 % (https://mycocosm. jgi. doe. gov/Canalbl/Canalb ID 2928
home. htmD
1D 117736
B b B2 (Mucor lusitanicus) JGI 4§ % Chttps://mycocosm. jgi. doe. gov/Mucci2/Mucci2. 1D 144908
home. htmD 1D 128923

1D 150860
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A Primer Premier 5 Witfem P #5149, L
W51 116278-uF1(5' CGAAGAACCAAGAGC-
CACAAG3"), T W 51 ¥ 24 116278-uR1 (5" GT-
GAGCCATTGAGATTGTATG 3",

PCR & M Mk & 50 pl: 5 X TransStar
FastPfu Buffer 10 pL, 2. 5 mM dNTPs 4 pL, 10
ueM 5] Y1 pL,cDNA Bt 1 pL, Trans-
Star FastPfu DNA B&5HE 1 ;LL,?E%ﬂ( 32 pL, -
HARRF .95 CHIZEE 1 min; 95 “CAEME 20 5,58 C
Bk 205,72 CHEMH 50 5,35 NEF; 72 CHEM 5
min, 16 ‘CHRAF. 38 58 i . 76 PCR ™4 A
0.6 pL. Tag DNA B4 .72 ‘CLEff 30 min,16 C
fRAFE. PCR Y1791 1 1. 026 SaUg M B8 10 s Tk A
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2.0 L HM ExPASy £ 4t 1T H Protscale TE £ /0 1T
FI A R P 20 it 25 1 125 165 45 ) R 22 5 TR I 97 56 K/
Bk PE . AT SOPMA 7848 T B il B i & K G
ME AW g, A 4 M 7E LKA EuK-

mPLoc 2. 0, WOLF PSORT, CELLO #l PROT-
COMP B 73 A F Y 2 B0 S0 40 R £ X 3

2 HERH50M

2.1 BEEEENHE

AR BB NHAL 2 ()5 50 4 75 10 . 76 7% v #i
— W M4 B b M T bR 98 AG3T 4 3 [N 4H Bl I (vl
0) th #EAT HexF 453 2 A48 ¥ 41, Protein 1D 43 3l
A 45128 F 116278, 11i 1& HCHH - 5 4 85 T8 0 1)
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LA 3NN SN 4] IS A NS KPS 7S
WA B AR 75 5 2 R R LA B LS 3R
BT S NHAL AW & 7 9 17 R g ik
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s — A7 M5 A1 s v TR R 98 AG3T i Y T 2R [l R 3
HE D4 MIpNHATL, 1D 116278(v1. 0) H 4R
AT A AV 2 DR PR 1) 8 A R P R 4 3 )
B PR b 7 5 AR A0 B X A5 B 0 — 2R S R
NHA1l(e-value & 2¢-59), F H HEmEBEHEREAR S
NHA1L #H [6) i) £ 57 45 # 3 (¢ _ cpal, e-value H
5.92e-97) . iy N MIpNHAI-like,
2.2 BMEREMNTE

PR A — b S T b B R AR who3 B A
A RNA IR 5% cDNA 1R P A, i T A
PR 98AG31 BRI IE A ID 45128 JF A SEHE L 1
KuwlEliZ & H B ORF F B, R4 ID 116278
1P SN BT RE S 5 dEA T A9 e B, PCR 47 414 5 15 3]
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RIS AEHL A (pD 2Ky 5. 81, LA mER M . 0 i R e
Fe BN 36. 56, AT 40, HED B TR EEH.

TG R NHAL 2 (2 A & B K i N it 125
i 55 F) 38k R S K B C am&s s . FIH NCBI <7
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cpal (Bl 2A) . FEL M SMART 4381 45 44 50 7w
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4 e W 1L CLE D) 14 DX 388 2 7R i /K 1) DX 388 i 4 {1 1)
AR DX S K DXL o3 B 4 2R s TR0 Y i K
DX 355, 5 85 DX R AR — B (B 3B)

100 |
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’7 Ustilago maydis|2032
49
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100 L— NHAI yeast

— Ustilago maydis|2710
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70 Melampsora larici-populina 45128

05 97— Cronartium quercuum|659971
W DAY R 5 NHAL A0 G0 BT A 8 )7 51— [ A 2 R G 3R 0B 5 2) B R )G 19 B0 AQ SR TE TG AR 1 4 b B0 1% b 19 2R 1Y 5 (Protein

ID);3) H B L HERR T 8.

1 NHAL Rtk
Fig. 1 Phylogenetic analysis of NHA1
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B
| mex s

MipNHAL-like(who3) JHHHHHHE 514

B 2 MIpNHAI1-like (wh03) % B4R <F & #4313
Fig. 2 Conserved domains in the MIpNHA1-like (wh03) protein
iz 1] SOPMA e H i 2 H 4548, Bos
MIpNHA1-like (wh03) 8 FI % 454 £ 2t 4 FE
A 4), 50508 45, 33% ) o~ B2 7€ (Alpha he-
lix) .3. 89 % 1Y B-F5 A (B-turn) . 13. 42 % 4 FEH 5 (Ex-
tended strand) Fl 37. 35% A9 Jo # W] % #i (Random

coil) , Hor o~ BRHE R JCHE I A5 1 Sy 3 2 G 4544
2.4 BHRERFESBEG I E S5

1 41 A 7 1 800 R Oy Jis 2k T e A o 4 it
2%, RHH 4 AL B A EuK-mPLoc, WOLF
PSORT.,CELLO fl PROTCOMP %} MIpNHAI1-
like (wh03) & (1 #4740 g 2 457 T 43 B . EuK-
mPLoc U 45 58 7R H 19 8 FE 7 7 41 Ccell
membrane) X3, HA 3 FhHA4: TN 25 B 1A A
BO(E ok B, KR (E B D0 TN o B M R OR
WOLF PSORT #4150 7 B0 B i 2 A~ IX
WM IR (plas: 13) FIZE R AA (mito:9), CELLO i
0238 5 4 R o I DX 3R A0 B 8 = T H At X 8 (Plasma
Membrane: 4. 943), [+t , PROTCOMP #% {4 i il 45
SR TR DX S 8 B B T LAt IX 8 (Plasma
Membrane:9. 85), I L L o e 18| T AN
MIpNHAI1-like (wh03) 8 [ 52 {3 78 5 i [X 35
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YiB RGEKE T T H A AL X B R R v
B, ARAG V& A — M AE T b = I bk MIpNHAL-
like (wh03)3:H ORF F Bt, 3% H oY 3 K 45 15
FA 2 A 235 4 0 I 440 i 2 A7 0 43 4
M R G B, T A — A AR B
ID 45128 5 EEHE B NHA1 B 78 59 [R] — 4k & w9 4
FEB R &R IT, JF HL7E % 9 1b B it a4 b i 12
55 IR A Ak B 5 I3 ) b Ak A A — B0 IR
JITA % 0 3 R AL 45 1D 45128 ¥ 5 R RE B NHAL 3%
BE B AR FFEEN, # ID 45128 4 %4 A
MIipNHAIL, 1D 116278 FHH gy 35 £ [\ I8 1 A, i
T BE SR W RE NHAT JE KA I B8 45 <7 1 F
Ha 4 MIpNHAT-like, X2 NHAI-like 3 A
{UAAAE T I i b — A 45 T L A AR AT 45 181 RN 6K R

F TR X 3 FHH T b TR A Y /N 2 AT B T
THREDY A TR, RIERE LT T4 KA
R TE R N TR R AR AR BRI, NHAT B2 S
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F FHH R R HOGL 5 NHAL B AE 3144 H
BEER b T B X Ah R B B R B e, WOk
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M4 B3 E B AR 98AG31 v H i 5E X 1 1 4 75 v [ 1
P b R AT [ U5 52 B H MIpNHAT %5 A 58 4%
HHT MIpNHAT bR S ik, 5206 22 i 2
il 7w B 5 1 A R4S MIpNHATL FHH f ORF Hr
Bt, it NCBI H GEO DataSets ¥ J% 5 4% by 1
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2 B, o B AP R S & W B ik i
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T b bk B 27 4l

F cDNA MR B R B R KW, 528 AW
Ao HBP E B whos Rk [ ¥k A B e T bR
98AG31 H MIpNHAI-like % H 09 8% B 82 ¥ 51,
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sy A7 WoR. B W 1 MIpNHAL-like
(who3) B A 5 B A NHAL & A — B8 ~r 45
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H W C o 4. 40 i A B0 3 i & A
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I g SR — B, [ T LA R R A A
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G567 9 L X 43 B R0 A A5 5L 2 S0 43 B A B
HA —@ MAr e . I EERE HOGL 5 NHAL 1)
C ity DX 358 B A I HL 1 £ DA B EsF g 7 b L35 3%
FE a7 A — A M B R MIpNHA1-like
(wh03) i 5 MIpHOG1 M H/EH 2 5 0w i3 &
B AL 15 3% 9 30 7E Y1 45 B0 B 85 bk 38 07 25 T B,
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