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Abstract: The purpose of this study was to explore the structural and expression characteristics of ABP gene from

Impatiens uliginosa. ABP gene related to spur development of I. uliginosa was cloned by using RT-PCR method, whose
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homology and phylogenetic analyses of protein sequence were analyzed by using DNAMAN and MEGA softwares. In
addition, the spatiotemporal expression patterns of ABP gene were investigated by qRT-PCR method. The results were as
follows: (1) ABP gene of I. uliginosa was successfully cloned, whose full-length cDNA sequences was 627 bp, encoding
208 aa, and named [uABP. The protein encoded by ABP gene had the typical structure of Cupin superfamily
proteins. (2) According to the result of its homology analysis, it showed that the homology of ABP gene of I. uliginosa
reached 71% with those of I. glandulifera, Rose chinensis and Manihot esculenta. Based on phylogenetic analysis, it was
found that IuABP and Impatiens glandulifera clustered into a branch, with the most close genetic relationship. (3) qRT-
PCR analysis showed that the IuABP were expressed in both three stages and two different parts of spur development of
I. uliginosa. With the development of spur, the expression level of luABP in the blade had a tendency of declining at the
beginning and rising up later, and reached the highest in the blooming stage, while the expression level decreased

gradually in the spur cup. These results provide a theoretical reference for further studies on the function and the

43 %

expression regulation mechanism of IuABP gene in spur development.

Key words; Impatiens uliginosa, spur development, ABP gene, gene cloning, expression analysis
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ABP (auxin binding protein) J& — Fl 4 K &K 5%
& fu3% ABP I _ABP Il ABPII, Dl Je/E K Kz
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i) = 4 23 [a] 2549 ; F1 ] DNAMAN v9.0 X} TuABP &
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GTTTG-3") \ActinR (5'-ACCTTCCGCATAACTTTAC
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K 60 °C,20 s; ZE{H 72 °C 20 5,40 MEH, BFE
AT 3 AR R 270 R, KA TR
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6.95, ML FE 3 162 MR 7, AR E N
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FA(E 2:B), K4 R ABP F N AT B 45+
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AT, % B TuABP # H HA Cupin # 5 HE H
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iz i NCBI 5045 )% 1Y BlastP T &E, ¥ IuABP
PR G i 1) LR P 91 5 HAW ) A ABP 2 LR
FEONBEATTE LR LU XS, 25 R R W uABP 5 5 5 i ik
JANAE ( Impatiens glandulifera XP _047342663.1) |
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( Prunus persica XP _007202573.1)  f 4% & 40 &
( Nicotiana tomentosiformis XP_009600028.1) | Hf &L
% ( Fragaria vesca XP_004287628.1) B s5 % 1] 4
( Erythranthe guttata XP_012830892.1) | 3¢ [& 111 #%
Bk ( Carya illinoinensis XP _042972396.1) 0 H Z&
(Rosa chinensis XP_024182988.1) . #A Bk ( Juglans
regia XP _ 018844294. 1) . ¥ M ( Morella rubra
KAB1209489.1) . FF > H ( Pistacia vera XP _
031267949.1) . & 45 % ( Solanum tuberosum XP _
006342915. 1) . K 2 ( Manihot esculenta XP _
021596589. 1) . # K ¥ ( Hevea brasiliensis XP _
021647439.1) #J ABP & H [/ IR, If B 5 ENMTHA
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P, e REAL S I 38 oy 5 T AR AERELBE B b, 7R A A
W Rk B, BEJS B W R . MLAL, uABP SE
TETFL K 4 KU AL S 0E 3 v 30k o e v, HOIRG2 T8
ARTIINE R T, "I RE S IuABP 3 R 78 JH K 4 RUAE
FRAETR A AN A K 5 9k POk B B A K
W, FTRAHE I TuABP K PR7E T /K 4 RUAE B 1Y) 240 i
BB R T EEEM,

3 W5 E&%®

ABP X H A I G 0 045 K B B B

(A AR R PR O 0 3 9 4 A S — A AR K R i
TEZARE M (RIS 2018) . IT4ER, Bk B £ 1)
ABP FE R [R5 5 v 1 ok, 3 X 3
NREAE AT TWE9E . ABIF 5T DL K 4 KU 18 2
el T AL R B AL wABP , H: cDNA &K h
627 bp, %t 208 aa, & T H /K EFREH M, Cupin
S5RY B PSR g b, B AR e b Eg
HAEAF R B R (FF R 55 ,2021) , ABFSE P IuABP
FEPR B AT LAY Cupin-1 254448, = 425 [a] 45 4
HLAT MR/ INRIR 3T B S5 48, 5 T3 2R 45 (2019)
Xt H 28 ReABP19 Jk PR 45 44 (1 Y 5 25 5 — 3, #E I
IuABP J& T Cupin BE %, FIRES 5 T LB L BT
TR A AR, R 2 A & B T K
&R ABP FEH 58k 5 DRAERANE  H =595
ABP SE R [R) R PR B e, B IR T1%, 5K 8 AE
(2013) X} Bk ABP1 4T T WF5T, A& BLAE Ak 7 S 5
KE LT T ABPL M FHES KSR, K
WA R Y ABP A Re I M i E R ERG
5IRA A P i K AR R S L, K 4
R ABP 258k ABP1 2 (1 5 A ALK T fE
75 #E— LB 58, R 5o i A6 4 B 3 W K 4 R
ABP JER 5 5 D R HE R AR R — 32, SR &%
KRR,

ABP1E AR ZGF S BAE T AHZ K, AL
RE 6% R 45 B SR A0 M T R, I e S IR 2 AR K
F N B B S, A PLT | Aux/IAA DL I
ARF FEIZE N2 55 40 M4 5k A 40 i 34 5 | 2B K
B 4% 45 3 2 (Chen et al., 2001; Kim &
Triplett, 2004 ) , Steffens %5 (2001) BHF 5T % B, fiE
i A AR AR AR K 0 A K R AR5 R o Z 3R
HEJFRSNE ) ABP1 2 HE S, Kk ABP1 3
PR R i el e e 3 B A% 4R R 40 i X A K
RIHURGE ), A5 L qRT-PCR 438 & 21,
TETEL K 4 RMETR | uABP HE[R () 3% 1k 1 Bl 25 46 BE A0
KB G T, AE B A IR B 55 A B
IuABP TR 2235t AE A R i e s, B AR R &
B IRWIRFAL, X 5 ABP1 JE RI7E A0 55 20 i A K 15 BR
F14) R 30 2 K o 58 o, T 7 200 DR 45 B Ak e e 3k
BRI L — B0 (B R A4, 2001 ) . ABP SERITE
FEP AR [R) 3R 1) 2235 T REAF AR K I 25 5%, AR
WEFEH TuABP 3 PR 7R T 7K 4 RUAE I 04 A 350 0 B 5
e TR LA I, 31X U BH TwABP 3 R 1 R K 42 R
A6 HE TP (0 FE I A 8 I S RN 4H 2 S,
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S1 S2

S1. fEHI; S2. HRAEN]; S3. HEAEN].
S1. Bud stage; S2. Beginning flowering stage; S3. Blooming stage.

B1 HEAERELZTINRENBEERER2 M>AREER

Fig. 1 Three key stages of flower development and two different parts of flab in Impatiens uliginosa

B
{55k Signal peptide

; Cupin_1

Cupin-like superfamily

1 GCGCCTCGTTTTCACCCTCTTCTCAATCCTCATCCTTTCCCACCATGTTTCGTCA

61 CTAGACTTTTGTGTAGCCGATCTGAAGGGCCCGTTAACTCCATCCGGCTACACTTGCAAG
Ly @ F ¢ NA B B K G P L & BPi§ N T (e K

121 TCCCCGGCTAGTGTAGTTACCGAAGATTTTGCCTTTTCACTTGGCAAAGCCGGAAACACA
S P A S VVTE D F A

181 TCCAACATCATTAAGGCTGCTGTCACTCCGGGCTTTGTGGCTCAATACCCGGGCCTTAAT
S NI KA ANV TP GE YAQ Y PP G L N

C 241 GGGCTGGGCTTGTCTTTGGCACGACTAGATCTTGCCCCGGGTGGTGTCATACCATTCCAC
00 TN S O S SO s I PO ot - AN € 0 S O
301 ACACACCCTAGCGCAACCGAGGTTTTGCTTGTTGTTCAAGGCTACGTTCAAACCGGATTC
TUHE P ST AN T ENV BNV Y QTG E
36! GTTGCATCTGATAACAAGGTTTATTATAAGACACTTAAGAAGGGAGACATATTTGTTTAC
A VIR o 7 G A s A I 0 < e O v B T
421 CCACAAGGATTGTTGCATTTTCAAATAAATGCTGGTGGGATCGCGGCTGTTGCGTTTCCT
P Q GLLHTF QI NAGGTIAA AV ATFTP
481 TTCTTCAGTAGTCCCGATCCGGGACTACAAATCCTTGATTTCGCGCTGTTTGCGAATGAT
F FSsS PDZPGLQILDTFALTFAND
541 TTGCCTACTAAGATAATTGAGACAACCACTTTCCTCGATGAAAAGACAATTAAGACACTT
005 ey i s 3 O S 2 e ) v s < N
601 AAAGGTGTTCTTGGAGGAACCAATTAA]
K € VL &€ 6T N =
/MR B A1

Small barrel folded structure

A: M. Marker 2000; 1. ABP, B. ABP MRS F4E#8, C. ABP & H A %S ) 45 F4 T |
A: M. Marker 2000; 1. ABP. B. Conserved domains of ABP protein. C. Spatial structure prediction of ABP protein.

B 2 H/K&R ABP £[F PCR ¥ &R F 557

Fig. 2 PCR product of ABP gene and sequence analysis from Impatiens uliginosa
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B OhiHERANAE Impatiens glandulifera (XP_047342663.1)
BHL Capsicum anmum (XP_016567466.1)

Bk Prunus persica (XP_007202573.1)

BURENEL Nicotiana tomentosiformis (XP_009600028.1)
Bf%#F Fragaria vesca (XP_004287628.1)

BERORTETE Erythranthe guttata (XP_012830892.1)

FE LBk Carya illinoinensis (XP_042972396.1)

'HZ Rosa chinensis (XP_024182988.1)

itk Juglans regia (XP_018844294.1)

Wit Morella rubra (KAB1209489.1)

FF a8 Pistacia vera (XP_031267949.1)

44 Solanum tuberosum (XP_006342915.1)

A% Manihot esculenta (XP_021596589.1)

TR Hevea brasiliensis (XP_021647439.1)

#KE R Impatiens uliginosa

Consensus

BRI RAAE Impatiens glandulifera (XP_047342663.1)
BEHL Capsicum anmuum (XP_016567466.1)
Bk Prunus persica (XP_007202573.1)
PUBENEE Nicotiana tomentosiformis (XP_009600028.1)
BFELEF Fragaria vesca (XP_004287628.1)
B R 4G Ervthranthe guttata (XP_012830892.1)
2 1i#k Carva illinoinensis (XP_042972396.1)
JA 2 Rosa chinensis (XP_024182988.1)
#Ibk Juglans regia (XP_018844294.1)
1t Morella rubra (KAB1209489.1)
FF OB Pistacia vera (XP_031267949.1)
ILEAEE Solanum tuberosum (XP_006342915.1)
AE Manihot esculenta (XP_021596589.1)
QB Hevea brasiliensis (XP_021647439.1)
K4 R Impatiens uliginosa
Consensus

E R RAIAE Impatiens glandulifera (XP_047342663.1)
HEML Capsicum anmuum (XP_016567466.1)

Bk Prunus persica (XP_007202573.1)

BUAENIEE Nicotiana tomentosiformis (XP_009600028.1)
WP R Fragaria vesca (XP_004287628.1)

B EEAE Ervihranthe guttata (XP_012830892.1)

FE LWk Carya illinoinensis (XP_042972396.1)

% Rosa chinensis (XP_024182988.1)

BBk Juglans regia (XP_018844294.1)

ot Morella rubra (KAB1209489.1)

FF L5 Pistacia vera (XP_031267949.1)

44 Solanum tuberosum (XP_006342915.1)

AR Manihot esculenta (XP_021596589.1)

MeIBeht Hevea brasiliensis (XP_021647439.1)

K& R Impatiens uliginosa

Consensus

pqgllhfq

........... NAASLHYSVTKNI DQLFLS
NCINVI PLYI NGSI SPLVAP TKNI DQLLQR!

VEVY|geeinnside] NAGGI AAVAFPF|3
1 M Figeleinm:Iqe NS HAGYTS VGE V|3
1 NVEIge[einneId0 VNGGGTPALAFPS|S
LNVEIJeEIBnside VS DAGYTS VGE VFI3
1 NVEIZ0[eBm31d0 VNGGGS SAVAF VS|3
1 MVyigelenmside] NGGGKTS VAFAS|3
1 NVEIZe/eBm:Id0] NS CNTQALAFVS|3
LNVEIZ0eBR:140 VNGGGTP Al AFPS|3
1 MVEIZ0/eBR:140] NS GGSQALAF VS|3
1 NVEIZe[einm:140 VNS GGS AALAF AS|S
1 NVEIgeleinmeide] NAGGGPALAF VS|3
LNVEIJeEIBnside VSDAGYTS VGY VFIY
I NMVEIge[enmsige] NAGGSPALAFVS|3
I MVEIgeeBmside] NAGGTPALAFVS|3

fss

] DECVEADRITPRRP
"I FFTFVLLLSI SDAAVQIBg@YARYKAEGlY
" 11FI FSLLLSS SHAAVQB@YANL SLIES(

136
137
137
136
137
138
137
137
13

138
138
136
157
168
136

DETKI I ET
DB TKLVGA
DIBYTELI AQ
DB TKLVEA
DB SLVAS
W3S )MLI EK
IRy TEVI AA
DB SLVAN,

184S EL VEK

DIBYTKL VGA'

RS ELI EK
DIBYSEI [ EMV
A DIBYTKI [ ET
I o, I

tfld

pelqi d

E 3 ABP EEWRERIESEERF 5 LT

Fig. 3 Homologous amino acid sequence alignment of ABP gene from Impatiens uliginosa
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