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Abstract: The growth hormone binding protein ABP1 has been shown to function as a growth hormone re-
ceptor. Based on ABP1 from Arabidopsis thaliana, we screened the ABP1 gene and protein sequences of
quinoa by BLAST, and analyzed its physicochemical properties, subcellular localization, secondary and ter-
tiary structure, motif and domain analysis, phylogenetic tree, and promoter cis-acting elements by bioinfor-
matics methods. The results showed that: quinoa genome has two genes encoding ABP1, CqABP1.7g and
CqABP1.17g, which are located in Chr07 and Chr17; the isoelectric points of CQABP1s are from 6.03 to

ks 2023-11-15 f8F  2024-04-16
EE TR KRF A E R CRTH (YZGC104) 3% - B ARR (AR 0 53 i 32k 77 48 3 4 e 1y [ G158 Hh 0 2 4 100 H (SBGIXTZX-
KF-11). FEFAARAHA(31971994). (P54 5 g U & 1HI(201803D221012-2) A0 v [ A3 v 42 B T H (K'Y202-002002).




1158 TP A B 244 www.plant-physiology.com

6.35, and the relative values of the content of aliphatic side-chain amino acids in the proteins are from
90.88% to 96.22%, and the subcellular localization is in the cytoplasm and endoplasmic reticulum. The
secondary structure is dominated by extended chains, irregular curls and a-helices; the ABP1 of quinoa is
more closely homologous to that of sugar beet, and evolutionarily diverged into monocotyledons.
CqABP1.17g is expressed at a high level in quinoa flowers, whereas CqABP1.7g is expressed at a high level
in seed development; multiple insertion deletion (INDEL) variants have been found in CqABP1.17g, only
one INDEI variant was detected in CqABP1.7g, and no code-shifting mutation was detected; the predicted
interacting proteins included Auxin efflux carrier, Guanine nucleotide exchange factor SPIKE 1, CRIB do-
main-containing protein, etc. The results of this study provide a theoretical foundation and experimental
basis for further exploring the function of CqJABP7s gene and regulating the growth and development of

quinoa.
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%37 (Chenopodium quinoa)7&—Fh 2R 2 J& 1)
AR, Bk A ERR & AR ZU(FAO) A SE
JIME— B B AR AR . B DA AR (B 2n=4x=36),
H LR 2H K /N A 1.45~1.50 Gb (Jarvis2:2017). #
2 B YRR R, B B E R, AL E]14%~22%,
RAER S ERMZ, HhHOF L FFHER, Rl
e A R S B A R (k)T AE2021). B
F 57 Foh R RS 1) AN W AR DK, 0 22 22 DR 20 2 T
i 2H 2 AR B A A SR MR I QTL & Az e
FEEW R AR EE ., B EEA KNP TAEE
20164F 58 i, AJ7E 52 K 41 /K~ b R 4l 20 2 i B
PRIF T ffe He 24 . Dfg(Yasui%$2016).

A K F (auxin) & — PP E E R EY WIRECR, 10
AR 5|k 2,2 (indole acetic acid, IAA), 2 514
YAERKKE V2R, EYRR e, =
IR R N 5. T TAA = B i B 2 R (Trp) 77 24,
T IPA & 420 A2 R A v 2 3 LA e OR <7 1R 2B ) 6 Ak
A%, T H AR A Trp i 44 8 TU AR A2 W FF 4738 4T
(Casanova-Saez%5$2021; Normanly%51993). TifE4
R S R O A g 2 T B 4R 1] W-3- P B
I (indole-3-pyruvic acid, IPA)& 2. M5 Wk-3-2,
W s 1% . o & A5 NG| k-3~ 2,45 5 145 2 (Wood-
ward fl1Bartel 2005).

A4 K & 45 A 5 [ (auxin-binding protein, ABP)
T 19854 rh )N F oK b SE 4 e ok, Biam 4N
ABP1 (Lobler fIKlambt 1985). i Le4F 3k, Bt #r
BRI A JE, XFABPIAWIHLIR AW TE, D22 A ok

B8 % IRUE AR R BHABPL A DU TS AR K R 2R Dh
(Joo%52005). Steffens®5(2001)3 B fir T Ji7 £F Jii 44
b ABP1BE B A A Ji A o 44 i K 1) AR K2R A5
55 I HABPLICA i & A AT LA, v e BE 1 A
K 20T P ) A S T TE 1) 2R TR AR B 2 K
ABPITE 5 S5 A 24 DR 57 I R B I e FR 0k
R Ui KDEL ¥ #1 F124™ 2 Db 2 BR Wk A, — A ST ik
FABP1 28 FE R Uiy, 25 = AMUAZ T Trpl 51152 2
K i (Napier 2021). Friml %% (2022) i i abp 1 58 4%
AARAE LA A K 2R i i B8] PRk 4 e e R 0 A K 2R A
KRB EREFSEEE JJUE T ABPL& 515 i
1 (transmembrane kinase 1, TMK1)# 41 i & [
9 SMAEKER 2K, 32 R R B
ARKEEN. FA—NEKZE M, ABPLALLE
I T R R A o 1 SR B B A, 3k RS A i o
. MR RKI, FEETNEAS
ABP1EH SHAFDRE 4K =% {AABL1 (ABP1-
like protein 1)FfIABL2 (Yu%$2023), 71 H ABP1#l
ABL A DL i 8 [ 45 04 (1) AR AR S B Dl e M2 AR
N, BET 5 TMKAEE B T2 2 &4, 7B 9 a4t
ARKERILZ RN FEKRE 5 KB B POE B
(FLFEHE452023).

AT 5N B2 FE ABP 1 ERAL 14 J57 LK 0 40 il 7
Frv =M =2 451, & A7 51 B motif & do-
main, RGN S B3R AE H o EAT 1
I3, RIS ABPIIE AR L A K K F 1L T
PR o
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1 RS

1.1 EEEER

DAL EE IF [Arabidopsis thaliana (L.) Heynh.] ]
ABP1Z IR 7 HI1E N2, {EEnsembl Plants (https:/
plants.ensembl.org/index.html) #{ 4% /= I NCBI £} 45
JE R AT Blastd8 S FLEXS, SRIFABPIHE R 1) 2
7% 4fid 741 (coding sequence, CDS). & 318 741
% 57 (Chenopodium quinoa Willd.) 5 &t 32 (Beta vul-
garis L)JABP1 5 [ 7 J7 515K H NCBL; 513 [Sor-
ghum bicolor (L.) Moench.]. /NZ (Triticum aestivum
L.). /KF&(Oryza sativa L.)I{JABP1 5 (i 741K H
Ensembl Plants %{ 4 J¢ (http://plants.ensembl.org/in-
dex.html).
1.2 EMEEESH
1.21 BZABPIEENEREEMEQELMER
S

1 FH #0472 Phytozome v13 (https://phytozome-
next.jgi.doe.gov/) % 2232 () ABP 1 5 K (1) 2 A A 2.3t
AT M GEA I A52023) . HRE RN S ) 2222 [ ABP1
A 7 58 FTE 26 ¥ fFaExPasyProtParm (https://
web.expasy.org/protparam/) Xf H 45 L & A X o
T, MR R ECEEEANE U AT o A (e 5
2020).
1.2.2 #EZABPTEREREFE LM

{8 F1GSDS 2.07E £k # 4 (http://gsds.cbi.pku.edu.
cn/)_EALCDSZE . B[R Z5 44 S, % CqABP1s%:
Rl S5 BEAT AT AL 23 #T (HUSE2015)
1.2.3 BEABP1ERAMESHK. LMAEEMNKE
P& &5 ¥y 3 B Tl

F|FH SignalP-4.1 Server (www.cbs.dtu.dk/services/
SignalP/)fEZL T Ho6f #2532 ABP1 i H 145 5 Ik AT
i 0 ; 38 i+ PSORT Prediction (http://psortl.hgc.jp/
form.html) T 5%} 32 42 ABP 13EAT 0400 it 52 o7 ; )
TMHMM Server v2.0 (http://www.cbs.dtu.dk/services/
TMHMM/)%} 223 ABP 12K [ 5 iR 2 e 3k 47 70 .
1.2.4 FEFABP1ERHM KK = RLEEMTN

K HISOPMA (https://npsa-prabi.ibep.fr/cgi-bin/
npsa_automat.pl?page=npsa_sopma.html)%} %27 ABP1
AT Z G0 S50 (1) PN 487 F Phyre2 (www.sbg.bio.ic.

ac.uk/) AT A2 ABP1EE [ il = 45 KB ) TN
1.2.5 #EZFZABP1&EAFFI#Imotif 53 4 & domain
P2

| F 7E 28 T. EEMEME (https://meme-suite.org/
meme/) %} 22 22 (1] ABP1 5 51 HE AT motif 73 A 57 41) £ 5
FAE, SR )5 18 F TBtools 247 W] AL (X 2 452016) .
1 FINCBI% i /% 75 2k T E.Batch CD-Search (https://
www.ncbi.nlm.nih.gov/Structure/bwrpsb/bwrpsb.cgi)
X 2237 (1) ABP1JF 513347 domain 3 A1, 44 i 4 FH 4K
{4 TBtoolsi#E4T B] #14L, o
1.2.6 EEABP1RGH LA AIE

i FIAFMEGA 7.0%F #52. Fif5e. Mk Ir.
IKFE N R EIABPLE 7 547 HoX, JF
EFENTER LI R G AL
1.2.7 BEABPTERFIIHB RN FIRKAER T
S

FI I 7E 28 T B PlantCARE (Z54% W 2011) %} 22
% ABPIFER 5 51 J& 3l B9 M G A F o A 3E 4T 73
W, JER R ABP1)E 51 oA R0 2K 5 BE 4T
IS
1.2.8 ZFABPTERAEA R EHLAFHIRIES

MNCBI]GEO ¥ 3 (https://www.ncbi.nlm.nih.
gov/geo/) T 3% L& 20 e Ab 3 1 Y 8 1 32 3 AN v
AR G RS2 A 2 1) 5 2 B4R (GSE-
139174); f3RHLCqABPI 3Rk &, J## FI TBTools
B 221 CqABP1FE R 32 ik v K, 34T CqABPIT
AL BT (TR AR 2552011
1.2.9 ERITRA BRITEIABPTEEMRIZ S

VR BB N A REEIMELZ MR T
20224F5 H 205 A T 1 78 RO K 28 AR A Bt S B
Hep s, TRFES. 164 24H132 dHUFF R L
RNA (R E2018), 1% H L& AR A w47
RNA-Seq, Il 5& %32 ABP 13 [F 1 F15 7K -, F s
SN, LA A A E RS MR R
ML TRAF
1.2.10 41323 SCgABPTHIINDEL DNAZ R 4

Q3. Q6. Q8FIQ9 4F 2 it ff T-20224F5
2075 Mot T 1L PE AR R S AR o B S R 3 i
HOBr e, BB A AR, R HEEAEY)
B2y 7] 34T DNAE M 7, FHIBMKcloud.com*f- &
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21 RNA-Seq3 |4
Table 1 Primers used for RNA-Seq

FEA] RGP 5(5'—3") IG5 —3")
CqABP1.17g ATCCTGGCCAACCTAAAGCC TGCTGTCAGTGTTCGAGACC
CqABP1.7g TGCTTCAGACTCGCATGGAA AGCCAACAGTTGCAGATCCT

53 HrCqABP1FIDNAZE 70T, Q3. Q6. Q8HIQ9
KRR F i R 35 R b 5t B, HR AR TR A
WA fRAF -
1.3 EEABP1EHEEFN

FJFISTRING (https://cn.string-db.org/) ¥4k £,
LA S (Spinacia oleracea L.) N2 [, Xt %3 ABPI1
AT HAES T

2 SCEEER

2.1 ZZABPIEEMANEXRER

I NCBIZJE % . Ensembl Plants %4 J% i3
ITBLASTLLER, 3R133 | 2242 (11255 B H P 51/(AUR-
62033690-RA. AUR62036778-RA). FEHZEMI24% K
HFF. WA EEF. KER3%EA
P NERBAEATI. mRMI&EDTH.
#i 5% ABP1%: A4 AUR62033690F1AURG62036778 2
AR, A ARLELT TS etk b, B3 T4
AR 1 H 3 X 8, 530l i 44 9 CgABP1.17gF1 CqA-
BP1.7g; Hrp H R AUR620336901E 175 YLt 4k 1)
55049597~5505511147 &, & fith [ 51K & 276 bp,
% 15 25 4 AUR62033690-RA, fiy 4%~ CqABP1.17g;
FERAURG20367784E7 5 e 4k [1)51665322~516-
788364 H, Zhi% 7 HIK A1 041 bp, Hahd A
AURG62036778-RA, i % NCqABP1.7g.
2.2 FEEABP1ERIIR MRS

i 3 75 28 % {4 ExPasy-ProtParm 73 #7222 ABP1
[R226 B P HIIART > 1 S5 HL . SRR

CqABPI.17g

O H A, A, B3 ABP IR 40 hid (1) &
1 H91~238 N BE R 2H A, %5 LA (p])M6.03~6.35,
S F RIS 961.28~26 799.93 Da, fIEf 2% N
90.88~96.22, &4 -F-335% KM 9—0.055~0.19, A FasE
ZHONAT.T8~62.66, K T40, 24N A A E
E=P
2.3 FEHZABPTHIERE M AT

NG E (B 1)E W], CqgABP1.17gH1CqAB-
P1.7gH)CDSFHIH N & Forka t, BN S 1
BB K (B2 CqgdBP1.17g A & 4 24N CDS J¥ 41| Jr
B, HAAELE R IEgmASIX, 1 CgABP1.7gN &6
ANCDSFFH B, HAFE N isgmig X .
2.4 BEZABP1EHZREMTIFIESIL. LA
P RE {30 K% 8 RS 45 Ay 35 B T

1IZHSOPMA. SignalP-4.1 Server. PSORT Pre-
dictionflTMHMM Server v2.0%) 5| %t CqABP1 %5 [
JRH —REER . E 5. 4B e AL AN 5 I 2 e
HEAT TN . 25 FanR 2R K2 7R, CQABPL.17gE
B AR . TR A4 B, CqABPL.7g Ho-
W ZEAHEE. OO i = R e
TCRII 2 it FH o852 e 2 2 2 ABP 1R [ (1) 32 B 45 )
TCAF, T B-47 2 U HEL 7 A6 75 B T - Ab . CqA-
BPL.17gfA1E T A b, WA 155K, AfETE
5 5 5 M8 T CqABPL7g 228 T B M, & —
ME T IR, FAAE— DS IS5 R 38
2.5 BEZABP1EH=RLEMIRE

K FH Phyre 251 % 22 32 ABP1 ik 1 1) — 2 25

CqABPL.7g .
5,

3!

0 1 2 3 4 5
Legend:

CDS s upstream/downstream  — Intron

7 8 9 10 11 12 13 kb

E1 FEEZABPTERE LMD
Fig. 1 The gene structure of CJABP1
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Table 2 Analysis of domain of quinoa ABP1 proteins
LB f51/% . - "
HH - V20 B 52 oL (ERERI/N 5 I 45 K 35
-1 e SEfHEE B-Ir TEHI 2 i
CqABP1.17g 6.59 35.16 8.79 49.45 1t i *x 0
CqABP1.7¢g 36.97 16.39 5.04 41.60 P S5 ) H 1 (7~26)

A CqABP1.17g CqABP1.7¢g
) ) 2 T ) e

B 1.2

L ﬁ
’ ‘x?ansmom%:an. * “ (nsldio 8 o{?ls]dt i * lmnsmamslgana 100 inside 190 oulsldozoo
C w S i
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0.8 0.8 f/\/ﬂ\
0.6 0.6 {
§ 0.4 § 0.4 \\/ \
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E2 EEMABP1ERZRLEM(A). 55K (B)FIESERLEIE(C) 77

Fig. 2 Analysis of the secondary structure (A), prediction of signal peptide (B) and transmembrane domain (C)

of quinoa ABP1 protein

P EAT 70 3R 15 CqABP1 £ [ 1) pdb SC 4, T
PyMOL " 414k, 45 B an 3.8 78, CqQABP1 2 H =2
SER B o R A B AN TG R U i A
(1), 5 2 1 Z A5 P 45 SR —FE
2.6 FEEZABP1RImotifS4F L & domain a4

RN Tk T AR S ABPL, XL (A A
AT DR 57 3y NG5 M3 o i, R 57 28 7 43 il d 4
motifl~3. Z5R K48 R, 2232 ABP1IHAE (1) &
HIF A& motifrE X E MR A E AR =,

{H 2 motif [’ #H XS A7 B A 2 7. 22 ABPLIF T A
A FEA35 A motifl . motif2 flmotif3, (E15 57
2222 ABP AR PR A1 o, fR A 5 P R AT I
15 Amotifl. motif2 fllmotif3. X B 2837 ABP1{4
ST R ST PEAR O, T2 ABPLHI2AN B 5 A
A —“~cupin_Rmic-like superfamilyf‘Jdomain, ]
CqABPIHI eSS | W HEI&1E.
2.7 FEXABP1 R G LA EIE

N T WA B2 32 ABPL BEAL 6 &R, K AT
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Fig. 3 Analysis of tertiary structure of quinoa ABP1 protein
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Fig. 4 Visualization of amino acid sequence conserved motifs and domain of quinoa ABP1
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—IL12/MABPLEE T AT RGO BRI
PR (E5) . T8I0 2R Gk AR 1 23 S 17 0 1R W 42
508, KIMABPLH 73 8 = KIE: BB —REh 4
TR EE A IY, Hoh A 25 ABPL K R
CqABP1.17g. CqABP1.7g, f52ABP1 K i KMS9-
7028, KMS97029 L K¢ 3 76 7+ ABP11#]AT4G02980.1;
R E KRBTSR, H A KFEABPL AL
1 BGIOSGA037504-TA. 0s12t0529400-01, Os12-
t0529300-00 LA % 5 % ABP1 ([(JEES16076; &5 =&
W84 /N 1 ABP1 %, 71 TraesCS5A02G098900.1
TraesCS5B02G104100.1 FITraesCS5D02G111200.1.
HEAR R BT AR (B2 . WS ) S
HPI YN . KRB RS A RE R EAEF —
93N, UBHABPIEERIE AL FE A B T B L
T4

2.8 FEFABPTEREMIRNAE R BIE T4

N T REME IR N K T AR 2257 ABPL )T 7E 1)
R&, Xt CqABP1JE 3+ X A FH oA 24T 15
Bro H1Z3T %0, 24N CqABPIFE R 5 3h 1 X 45
0 AR F e E A A 3K, B — KRR R
THMEKEE. MR ANEEDEKE BT X
IR AEH T e, 2 506 RNAR, XEEY
AR R M IE 5 K (Liugs1993), HH5G-box
et . GATA-motif 76 fF. ACE G/, 3-AF1 bind-
ing site 7G4+ Box 47014+ Box IIJof; 55— KK
KT HWPeive. Pow s /e H ok, A
ABREJGff. ARE oM. LTRIGH:; 8= KEREA
Je& T T B, A A kA B G AE e, A
FECAAT-box L. TATA-box A, 3 ABPIH:
RS 3o fF B 1R 2 A 1 CAAT-box It
{EFNTATA-box LA 41, & A 5% I RLAH O 1) e A4
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Fig. 5 Phylogenetic tree constructed for ABP1 in C. quinoa, B. vulgaris, A. thaliana,
T aestivum, O. sativa and S. bicolor
<3 ZFABP1EEN B FIRAERIEIE T AR I EE
Table 3 Promoter cis-action regulatory elements and functions of quinoa ABP1 genes
TCIF AR WFh ]l Thie CqABP1.17g CqABPI.7g
3-AF1 binding site 44 % (Solanum tuberosum) TAAGAGAGGAA S N oA 0 1
3-AF3 binding site ¥ . (Pisum sativum) CACTATCTAAC CMA3 [ —4 1 0
ABRE W TT CACGTG Z: 5 %R SO 0 2
ACE WK 7 (Petroselinum crispum) CTAACGTATT Z 5 lanm N 0 1
ARE F K (Zea mays) AAACCA PO NEERFESE PR 2 2
BT oA
AT1-motif NS AATTATTTTTTATT S SOALER ) —3 43 0 1
ATC-motif b AGTAATCT Z: 5560 B 0 1
AT-rich element K. (Glycine max) ATAGAAATCAA ATBP-1 /45507 4 0 1
Box 4 KK ATTAAT Z 55600 ¥ 0 3
Box I Dy TGGTAATAA 2 5560 B 1 0
TATC-box IKFG TATCCCA Z 5 R R N 1 0
CAT-box WFETT GCCACT 5y A GIRIEM K 0 2
CGTCA-motif Kz (Hordeum vulgare) CGTCA IR 2 LA 1 75 1 0
chs-CMAla B N (Daucus carota) TTACTTAA 2 55610 B 0 1
GATA-motif R IT AAGATAAGATT Z 5jam R 0 1
G-box LR IF CACGTC Z 5 yem 1 2
GT1-motif e (Avena sativa) GGTTAAT e N oA 0 1
LTR K#E CCGAAA AR IR S T4 0 1
TATA-box U ST TATATA e FFUR—30 bp i £ 20 26
MIA% O a8 Bl oot
CAAT-box LR IF CCAAT. CAAAT  Jazh AT X 14 12
e A N TG

KU GHE R %, HNABPLE A 5H WL RN

Thaef <.

2.9 BZABPIEREAENFHEATHRIESI T

HRABPIRNE A . WAL AFHLA S




1164

YT AR www.plant-physiology.com

1) 2k R R A 15 L (Bl 6) 7] F H, CqABPI1.17g5 Cq-
ABP1.7g5E N5 18 57 h () R IE KTl R T A
#iF, Ak CgABPI1.17gE HF AL IR IEKF 5, 1M
CqABP1.7g#E #2572 1) 238 /KPR, 1
S ABPIHE R (13215 B AT 5t Fh A0 2 23 S 12k,
it Wl CgABP1.17g1E LT B R AEAE FH, 1 Cg-
ABP1.7gWZ 58 KRR TE i o
210 FEZFABPTERE LR A B ARMERRIE
SR

Kl 7 CqABP1s 75 A [7) J PR B 25 32 (1) AN [R) ¥
R W LR R E K (E7), KA R K
SPRRIK, B TR 32 AL SRR CgABPI . 17g
Feik KV T CgABP1.7g4h, CqABP1.7gl) 3215 K
VT CqABP1.17g. FH HBEERH ML E,
i N4 H32 (()CgABP1.17g 3% KV T}, A%
# CqABPI1.17g3 1% K- 2 IS T 5 B 1) e 5
Hi LR A ) CqABP1. 7g Rk T IE b, %

CqABP1.17g 0.6

CqABP1.7g

EEEN AEERE HEEL KEERL
&6 CqABP1HERZAEHLFITIES

Fig. 6 Analysis of expression of CQABP1
in different tissues of quinoa
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Fig. 7 Expression of CJABP1.17g (A) and CqABP1.7g (B) during grain development in different quinoa cultivars
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Table 4 Analysis of INDEL DNA variation of CqABPTin four quinoa cultivars
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%5 STRINGFMCqABP1.17gE{EThAEEH
Table 5 STRING predicted functional partners of CQABP1.17g

£ TEfE 1345
XP_021738496.1 CCG45 & E A1 (CCG-bingding protein 1) 0.470
XP 0217513021 A KR AN A2 (auxin efflux carrier component 2-like) 0.426
XP 021714826.1 9 4 4% R AC e [K-7-SPIKE1 (guanine nucleotide exchange factor SPIKE 1) 0.426
XP_021764668.1 ZH AL VE R OPs 417 AH H.AF F 3 (interactor of constitutive active ROPs 4) 0.426
XP 0217723461 LE R Z AR RS (auxin efflux carrier component 5-like) 0.426
XP 021734382.1 ¥ CRIB4: #4y38 [)RIC4-like 7 [ (CRIB domain-containing protein RIC4-like) 0.420

FAric H AR e il Bk £

STRINGFiiJll CQABP1.17g HAF T R 2 147 2E
KRR AL 52, 5. 194 E ¥ [H 7 SPIKE,
AL E PEROPs 41 HAE 7. CCGEi & E A 1.
TCRIBEE L%, Z2HEEKRMEH . skt
KIZRIE SO, 5B 7ot o e, 5k
2R RS B — 2 (Friml%52022; Napier 2021; Ang#ll
Ostergaard 2023; GelovaZ$2021; Paponov&52019).

H A0 2232 ABPLEE H I I BN T =, A
W Fix 232 ABP1 A AT | WA 70 #r, JFx) 22
F ABP11JE 8 A E FH oo 55 07 kAT 1 9020
(B9, AT A LA B8 IR N 9 22 27 1 oAt 2
Higft 7 —EWMZS%.
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