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&1 0C110717159% A e b R T AL 43 4
AN, Bhue 2, s

HUG R AR B, P 810016; 27 5 i S5 RS HE IR A0 S5 R AT SR B 5, 785 810016

WE WK S AR FFR /N TS B E o« 28 78 7P T 2232 (Chenopodium  quinoa) i 3 7K fif i 2% ik
LOC1107171593E [, Ffidid AEMME B 5 RIAH K 45 Hr FHLF T (Arabidopsis thaliana) IR R IE L5, AT 7 HAEF R AR
SRR HEY TR EWE BRI, KL ANREREL M iLOC11071 71595 (Kl 4 i Fr 41 42K 91 023 bp, #4#f4339
N R AL, FE1NEEZE R HR BT X (~2 000 bp)& A 119N AEH so ik, A 3E3AN B B o4 (GRFTBE FH S |
KB RARTER). RS ER, %3P 532 (Beta vulgaris). J£3Z(Spinacia oleracea)#l i (Amaranthus tricolor)
MISEL R AR . qRT-PCRM TR W], #ES21 KN}, LOC1107171597E Kk 28 3 Fh FUkr ki i i ik . i Iv il Rk bk & 10
b B E R T A B (P<0.05), (HRA AR 58 T6 B3 22 7 o BA5 B HT K, LOC110717159%% 1 3 1 7117 4~ 22 3 Fh it
TEEZE R, 62.5% TR E KT4.0 gitPp i 5 R 2222 M i AL 7 51— 8, 77.8% TR E/NT-3.0 giFh i 5 /N0 22 22 Fh o3

HEFH—F. 451, LOC1107171597] g f i35 22 AR 78 92t 72 .

XA, LOC110717169% [, wke, AME B2 atr, SRk
M/, Bkbate, ShEH#E (2026). FHZLOC110717159%8: K vi [k M Thas s #r. MiY#k 61, 53-67.

#i7 (Chenopodium quinoa) (2n=4x=36)3% & T
%l(Amaranthaceae)#Z J& (Chenopodium), N—44
MY, HAPRLE &R nEa. o)
VEPERE . (@R AR R 2 R TR, AR e N R
i34 3 7 SR (Escuredo et al., 2014; Guo et al., 2023;
Ain et al.,, 2023), % T 1it,, BK& EARAZH 2 (Food and
Agriculture Organization of the United Nations,
FAO)H H AR 21t 22 AT IR B 2 R EE A 2 —
(Tk A, 2017; #H—/REE, 2018), SMIEEE = 2 i
ZRES, FERRANIUN G . IR RE SRR
BHTE A SCR ZR, R T4 = S AR A i B
HERE . FI, &EH KR SRR T
FERLH], 0T T ik e F A A R . AT
FIETHTHAR L /INKLRE Z2 KWL RE AN [F) R 6 I S 1
SR K (Tao et al., 2025), FiIhifik R iA %= 7 8
2 (1)KL K R B (glycoside hydrolase, GH) LOC11-
0717159KE K o B /K fiff g 1 B /K AL & W0 3 P g
(carbohydrate-active enzymes, CAZymes)%# /%

ks H 3H: 2025-03-19; #:5Z H #: 2025-06-03
FEETH: T8 FH R 05 T (No.2022-NK-112)
* JEiRfE# . E-mail: youhua8888@126.com

o K —2K0, HEloalnr m189h Kk, H
et Y K2R & /D ) 4i T 171 GHs (Chen et al,,
2024). fERYAN, BEHIK R EZE T 0T GH.
GH3. GH5. GHOMGH17% X%, | 22 5 &M
YIRS EEAE ST . B N ERAS S R S AR AR
WA 2 A F R (2RSS, 2024) . TEAEY) FE SE KRR
KNRFUH, B % T GHsHF 78 il R 13E - Buchner
Z5(2002)HF FLUESE, ¥i & (Pisum sativum) B-1,3-%i 2
W 5L K PSGNS27E Filt e 4Ry St Rk o @
1% JE PR 5" U 4% [X % N\ 955 22 45 (Medicago  trunca-
tula) kAT 5 3 TG A, R ELAE M B A0 R L4 21
o (R S M A R, R I PSGNS2 1] BE i it 45 5E
LS 58 G R R B . Wang§(2011)%f 7K
& (Oryza sativa) {4 & & A8 ¢ 1) B-1,3- % 54 g 5
K(Osgl)EATWI 9T, RIMIZFEFTE /NG - K
HRIE B, JUH R 25 1 DL R /INE R/
T FLA AN AR B 2 2 R K8 . Roy Choudhury 4
(2009)F 78 K P, 7 #(Musa paradiciaca) 5% 52 i
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AR, AR B-1, 37 SN i 2k ] R 04 = A1 il
T T S A R A 2 A O« 7E B R (Fragaria x anana-
ssa) L G R, A U R B Bl L D FaEG LRI
FaEG2&# LKL, H o FaEGLFR: 7 M 78 il 2
N 2 (Trainotti et al., 1999; Llop-Tous et al., 1999).

B5/MT (2020)0F 70 7R, GHB5 S HIDX S 3 [K 4 i 4
J&, F 7F (Arabidopsis thaliana) 1L #k & HIFF-ki B
BN, EHIZ(2023) % AtGHO R A /A R 1 J FF1fF 72,
RINRABRP A RKERMSEHFREMR THAE
ZH40, I HpZjGHICIFEAU B I Hhid ik 52 i ff 1
R H . ilid CRISPR/Cas9 3 [H 4 i A il bk 75 it
(Solanum lycopersicum) GH17 5 kL[ SIA6, 15
) sla6 78 A% 4 ¢ B Hh S S o 5 R0 b 1 B0 I 3 b
%A (Chen et al., 2024). % EF W, GHsIEF R Kk
B KA R VE R . 201748, 2252 & &
SR A B A A, NFZIRARCR N G R B8 |4
fili(Jarvis et al., 2017). 2R, HAiZE3E A WL
K AR AR TR R R . ARBFFEMOR Nk R
B B R 7 B 7 LOC110717159 3 [, il B
GRS RIBH NG I IR TR 1 ik
K S RE, Atk — 5 AT LOC110717159 % [K] 71 32
R TR S AN RN I DI RE B 5E T Rl

1 MR5EEE

1.1 SEIadHR

PAT-Ri 8 K F5.0 g K ki %2 3 (Chenopodium qui-
noa)f it (F 7 W2 R ) Fl TR E /N F-3.0 gffg/MhE
B F T 5t (- BEXFR IR ) A B, WoR T 8 AR B
B R AL A IR, A FLA120K, #EXK
WIZ130K, FFRIEE A A . X BRI R B A
YIRL R Sk, AR IZ150K%, HERIIZI30K,
KRt st . R T-20234E3-9 H fE T a4 R AR}
= e R VR A BT 56 S 13 4T (36°62'N, 101°77'E),
B S FPRIE R WIAAT . 21RI28 KIWHR . 25, A1
KL, WIWAEFER . AT RN AREE T
—80°CUKHIRAE, #H.

1.2 LOC110717159KFE =

1§ FH9769-TaKaRa MiniBEST Plant RNA Extraction
Kit (Takara, Tokyo, Japan)ii 7l & 1K DNAR 7

&0 B EURE ARNAFIDNA . DARNA B, I H
RRO36A-Prime-Script RT Master Mix (Takara,
Tokyo, Japan)id 1| & % 5 il.cDNA.  AANCBI i
N #LOC110717159FE K 2w il /¥ 1, 18 i Primer5.0
AR 57 51 (% 1), PCRY 164k £ 450 L,
Hrh2x Phanta Max Master Mix425 uL, L& Fi#5]
Y)#1 pL, 2 uL cDNAERR, 5 uL PCR Enhancer, 16
ML ddH 0. Z: 275 74 (2025) 1 /7 12 #PCR %
NIRRT Q4°CHIAL M35 4P, 94°CAE1:30%), 56°Cik
KAGTER, T2°CIEM25F), IEIA34IR, B )5 72°CHEfH
5438l . A FH1.0%E5 i Bl e B vk R IIPCRA= 4, ik
[l 4k 5 FHpEASY@-Blunt Zero Clong Kitif i &
FeAk, BOER b B A 2 AR TAEY) TRE AR AT PR #)
(L )HEAT DU P 30 0E

1.3 LOC110717159EEMEMERFE S

F FINCBIR 3t 43 HTLOC1107 17159 1 f 57 45 #y 45k
F| Fil ExpasyProtparma (http://www.expasy.org/too-
Isprotparam.html) # 4 7 il LOC110717159 &% 1 #
et . FIHSMARTE L # 44(SMART: Main page
(embl.de) 7> HTLOC110717159 3 P 4% il 25 [ f 45 1)
1% . F| H SignalP-5.0 (SignalP 5.0-DTU Health Tech-
Bioinformatic Services)ll & TMHMM-2.0 (TMHMM
2.0-DTU Health Tech-Bioinformatic Services)¥ 1+
TRIMLOC110717159% H (145 5 kA Es 45+« FIH
i SOPMA (https://npsa.lyon.inserm.fr/cgi-bin/sec-
pred_sopma.p)FISWISS-MODEL (https://swissmo-
del.expasy.org/) Fiill LOC110717159 2 [ {) — 2% 45
FILL B = 2R 5580 . FIFINCBIF (IBLASTP L L bt 5
LOC110717159 4 1 iy J5E [] st 1) FL & BHE W i 2 5t
#2575, FIFIMEGA 10.0% {4 #4047 (neighbor-
joining method, NJ)#4 & R Gi LAY

1.4 LOC110717159E EMRIZER S

LLQ159-F/R (F1)N514, TUBE AN SR (FIvkRAE,
2020), qRT-PCRY™ 14 e A4 Z8 A1 s B 5 A1 2 i Yao 55
(2021) 1771 FHAR2MCTIHE1L0C110717159%
PIAEXS RIS & .

1.5 TREWEFEHEERFECHERARFTFRAMER
£E
Rk B FEMFLOCL110717159 % B4H A &5 # 4k
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Table 1 Primers used in this study

Ve /NTss: #i3F LOC110717159 H:[H va e L Thee /vt 55

Primer name Primer sequence (5'—3') Function
159-F ATGGGGTTAATAAGCAAACCTTCTGCG Gene cloning
159-R TCAATTGAAACTGAGTTGGTATTTGGGCT
C159-F1  GACACGGTGTATGCTGC
C159-R1 TACTGTCCTGCGTTACCA
Q159-F TCTGCGGTTGCTACTTT gRT-PCR
Q159-R ACTTCTTGTTGGGATGGT
TUBG6-F TGAGAACGCAGATGAGTGTATG Reference gene
TUB6-R GAAACGAAGACAGCAAGTGACA
159F actagqgqgtctcgcaccATGGGGTTAATAAGCAAACCTTCTGCG Overexpression vector
159R actagqggtctctaccgTCAATTGAAACTGAGTTGGTATTTGGGCT
35S-F CACGGGGGACTCTTGCCACC
NOS-R ATCATCGCAAGACCGGCAAC
Bar-F CGGCGACGAGCCAGGGATA Identification of transgenic Arabidopsis tha-
Bar-R GCACCATCGTCAACCACTACAT liana positive seedlings

F/NEFRONGI Y5 . Lowercase letters in the table are primer junction sequences.

pEGOEP35S-BH1, #y@t & 4 ik, Wil s
K AT B (Escherichia coli) /& 52 25 41 i DH5aH, il
i B VR PCRAST I BH 4 o B, 5 452 B 3 47 0 7 Ll
XT o W P4 RN, B T pEGOEP35S-B-LOC-
1107171595 RIEF AR T KL JFORLEE A0 A3 FE TF a8t 4E
B ARG 2 B PH (2022) [ 77 VR0 4T . 23 e Al
SE, SRAF PR B DA DL R T AR, BRSO S bk 2
TARHFRIITPCREE . Ao, KHAMUM JTIRFH
SC-G H 3l % Bl 43 A S T-hr B A R G 7 % 2k R4
FASFIRLAG . LR TRLE, W3RV EE.

1.6 FEEMRZBREPLOCII0717159EEHNER
REIRE

FRAE R /NVREZE 22 B LOC110717159 3 [K 7£ 700~
800 bpX B 7ol 25, Withemtk514C159-F1/R1
(F1)o WA EAME R B 5] 1) 22 22 Fh i 55 IR, 0
TR K T4.0 gifi8AS Kok &2 M Tk E /N T
3.0 g9 MR FEZZ (K2), FIH 5I#1C159-F1/R1 it
17 H I BOIPCRLRE o 33 74 22 B IR Wl vt Jse P vk
)G, I DNA Gel Extraction Kitif 5l & k1T Ik
(IS, 26 22 A T A TRE R A PR A ) (it )l e

1.7 BIELTE
{i | Excel 2021F1SPSS 16.0% 417 BE g5t 5 2

C 7B & LNl

Table 2 Quinoa germplasm material

Material Thousand Material Thousand
number kernel weight (g)| number kernel weight (g)
23_382 4.90 23 303 2.26
23_347 4.64 23_211 2.34
23_352 4.81 23_289 210
23_354 4.69 23_150 2.53
23_369 4.61 23_221 2.1
23_373 4.50 23 5 2.27
23_366 4.47 23 315 2.26
23_308 4.14 23_254 2.08
23 59 2.03
T
2 GRS

2.1 LOC110717159& AR ER TS

DL /KL 2222 F 53 IR R cDNA 9 ARl 4 FH 159-
FIRGIMIY 34, 45315 K OFEAE) A1 023 bp
() 2katr, g 339 N B kAL (E1A). &7t
X, K /NSRRI R TET65 bpsbF7E14
1 2R, P8 —5ME N99.90%; T EE IR 75
25, BEBRTH—EU N99.71% (F1B). fREF&5H4
NS R R, ZEREH “Glyco_hydro super-
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56 fEYFEHR 61(1) 2026
family” 253 (KI2A), J& T GH17s%x k.
LOC110717159 %5 [ #E 4k 1 o Tl &5 S & v,
KORLEE 2 Fh R (ILOC110717159%E 443 ¥ 3 N Crgaz-
Has69N4410489Ss, 771 & 436 568.6 Da, ANfaiE fi
$oN35.51, IR TETEEN87.24, BRGS0 9.34,
Hob IE A7 HEL R L 20 1) 928N R0/ o /INKL 32 22 Fil i
FILOC110717159 % M 4 T XN Cie40H2563N4410489-
Ss, 7+ T8 N36 554.53 Da, AfasETE¥~35.76, fiF
BT ECN87.24, HIRSEH SN9.27, K IEf A
T HRFE S 3 27 4 F1204 . LOC110717159% (1 2%
SER TN GE AR, KRR P B A R
IR N a-125E(35.59%) Jo RN i (45.29% ) FH AL i
B(19.12%); /NRLEE MR & 1 E B A MR I
N a-$2JE(35.29%) T AL 3 Hh (44.71%) R ZE {if i
(20.00%). =Zh&EHITNER M, a-B8jE 5 HECK, B
R = 4S5 R BN B (KI2B) . BEAL, 15 5 R i
SER TR &5 R R, LOC110717159%K [ 7775 155 iF 45
FFME 5 IR (E3).

2.2 LOC110717159&2 R BahFIRAER ThaHh
DAL /INREEE 2 F U O FFRIDNAN B, FFIPCRY™
HLOC110717159%: K Li#£92 000 bpf41l. T 45
2 DNAMANEL X, & BLK . d%ﬁ%%ﬁ}ﬂoe-
1107171595 K J& 3l 1 /5 FI 4776 104k 22 57 (K 4) -

it PlantCARE I 3ifi i3k 47 it =4 FH 7o 4 3 #r ,D%ﬁ

A B

7N, LOCL110717159% A J3 3l 7 X AL 5 1194 I
R R oo, A 48 24 28 R R H IR i B G A
(TGACG-motif/CGTCA), 1/~/K ¥ v 1 s =4
TG (SARE), 14N 75 82 I Ml )82 (14 it =X A FH o £ (AB-
RE), 144K 2 mi 7 1 i 5 4 B 4+ (GGTCCAT),
TFi) B 3 A 95 2 15 ' o 17 AR 7 3 g 7 S5 i =4 o A4
(#3)o HE—B TR, K /INRIEEZ R T 2 (7] (1) 22
T R BT AR R RIS AR F e, R385 25 S Ar
UL T G A P TR I o 9 dn, KR 22 27 i g
R 25 (6B IE A7 T- CAAT-box Fiif. K. Nk #EF
LOC110717159 )3 &)+ [X 5k [1) 7 7 of 22 22 K7 K K /N
(iR RER I

2.3 LOC1107171598 EEE SRR X R RS
HE S

JH I DNAMANXE K | 7Nk B2 22 Fh 5 ifILOC 110717159
QAT 5 e M R & A= BT v AT
ZE X, GEREIR, KR ZEZFRIKLOC110717-
1594 [ 53 3% (Spinacia oleracea) KNA05536.1. i
>¥(Beta vulgaris) NP_001306941.1. Hi(Amaranthus
tricolor) XP_057515597 .1/ 51— &1 737 4 75.80%-
74.34%H162.82%; Tfij/INFi 2232 Fh i ()LOC110717-
1597 15 5EKNA05536.1. H{ZZNP_001306941.1
FIHXP_057515597 .17 1 11— B 43 71128 76.09%-
74.64%L./263.10% (K5A). ZG &

1 2

bp
5000

2000

1023 bp — 1000

750
500

250

1 TGGGGYTMT cc ccrrcrc&:earmcr CTTTGCTGCTTCTTGCAACATTTCTA

3000 |% O COAAAACANTSTAGTCGETTACOEGTETAKTOTOAT

ATOOATT AATAAGCAAGCT TCTGOCGTTGCTACTTTGETGOTTCTTOLAAC
K v

TOBTTACATITCAGE, GG

TECOAAAQGOBITOGORTT GOOCTGRTGRTEAT, GACG GOTGCTECTACCTTTGGTAAC

100

S ESGWPSAGGD

34 GC \GGACAGTATTA( cnccc rrrrrrr GGCC c GC ecs&c ccc eA 5&
6.2 K G L H

cGacen GAGACG VVVVVVVVV ccrnsrva GAGA c GA GAG GG es c
A

ccccsc
NF GLFRPNEK o xvo er

El1 LOC110717159% K f{IPCRY 8 =Wl T I &L IR 7 51

(A) LOC110717159%: K (IPCRY 147 4)(M: Marker); (B) - SHIEEMRFIIEBIOARER).

(HPNGE 2 RN e L

Figure 1 PCR amplified product of LOC110717159 gene and deduced amino sequences
(A) PCR amplified product of LOC110717159 gene (M: Marker); (B) Deduced amino sequences (yellow colors represent diffe-
rences). 1: Large-grain quinoa germplasm; 2: Small-grain quinoa germplasm
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W /NS #i32 LOC110717159 JL[R e L ThEe /0T 57

1| 59 1 QO 1 f‘>0 2(‘)0 25|0 390 34‘11
A 1 gﬂ:;yrf::ﬁl'ies Glyco_hydro superfamily ]
1 59 1 QO 1 5?0 2(?0 25|>0 SQO 34}1
2 g::éyrf:verﬁiies Glyco_hydro supertamily ]
® Wy Ml g Iy JU Y
PR AFTRATTTTH PSS I AT
Imm L L \IH\' "
(il (il
50 100 150 200 300
— a-helix — Turn
‘f ' — B-sheet Coil

‘: /\\W \H, /\' \/\/Uk

il

100

1 25
2 I T T
Jﬂ 'M" DI Muuwmwv I Wn il
| \H LN LU L.
100 150 200 250 300
— a-helix — Turn
(‘ ‘ (\ ‘ — B-sheet Coil
f 1A A /o ‘
F‘j\/\{ \/u /\W(\NU' r\/uiwﬂ'\v
- 5;0 1 (I)O 1 ;50 200 250 300
B2 LOC1107171594 F LR 45938, R A =R a5 Tl
(A) R/ANRIZEZZ RSP S5 M3 (B) K/NRIZEZ: 2R ()1 =4 ()45 . 1Fn2[A E1.

Figure 2 Prediction of conserved domains, secondary and tertiary structures of the LOC110717159 protein

(A) Conserved structural domains in large and small grain quinoa;
small grain quinoa. 1 and 2 are the same as shown in Figure 1.

B, 2ELOC110717159 5 [A] J& Z2 AL A v A 1) & =2
NP_001306941.1. #:£KNA05536.1. i XP_057515-
597 G F R —4r 3, RWEANIZEPIESG R RBIR
(KI5B).

2.4 LOC110717159&FENRIEER T

KHQRT-PCRGM T LOC110717159FE K 7E K. /)
PR 25, HERURERL R A X R IA K .
SREIR, ZRERER, DIREEFTAHR. 22 it

(B) Secondary (left) and tertiary (right) structure of large and

HUFFRLLL B HE T RAN28 K HIFF KL JL-P AL, T
FERE IR 21 R /INRERE 22 B (AR ROB B m, £ K
L8 2 T BORF AL Hh ) 204 8 R 25 T (8) . Rk SR
R, DI REAE R AR P R W AR E AR

2.5 LOC110717159EEREEFH W RFNHR
R o4

N HTLOCL10717159%: R fE M MR W I Th g, 78
Ui FIALOC110717159% A, EitPCRYE
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2026
SignalP-5.0 prediction (Eukaya): Sequence
A i — SP (Sec/SPI)
Cs
0.8 7 Other
2
| 04 7
e}
[
o
Wb bl L L LU L L L L L L L L LD
MGLISKPSAVATLLLLATFLPSLQVTEAQIGVCYGRNGDNLPSQQEVVTMYKNNGITRMRLYDPDQGSLAQ
0 - SSS5SSSSSSSSSSSSSSSSSSSSSSSSSXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXXXXXXXX XXXXX
I T T T 1
0 20 40 60
Protein sequence
TMHMM posterior probabilities for WEBSEQUENCE
B 12
1.0 1
0.8
2z
g 0.6+
Q
[
O 044
0.2 S
0 Ltnullmi,.... | : | | |
50 100 150 200 250 300
—— Transmembrane Inside Outside

B3 LOC110717159% A5 5 B (A) s B 45 #4 T (B)
SP: {55 ik; CS: VIEIf4; Sec: 7 bikiR; SPI: 155 Ik

Figure 3 Prediction of signal (A) and transmembrane structure (B) of LOC110717159 protein
SP: Signal peptide; CS: Cleavage site; Sec: Sec pathway; SPI: Signal peptidase |

£R3  FFLOC110717159%: A s 3 T X IR AE F Je4F b

Table 3 Analysis of cis-acting elements in the promoter region of quinoa LOC110717159 gene

Site name Sequence Number Function
Unnamed__1 GAATTTAATTAA 2 60 k protein binding site
TGACG-motif TGACG 1 Cis-acting regulatory element involved in the MeJA-responsiveness
TCT-motif TCTTAC 1 Part of a light responsive element
TC-rich repeats GTTTTCTTAC 1 Cis-acting element involved in defense and stress responsiveness
TCA-element  TCAGAAGAGG 1 Cis-acting element involved in salicylic acid responsiveness
TATA-box TATA/TACAAAA/TATATAA- 42 Core promoter element around-30 of transcription start

ATC/ATTATA/TATAA

I-box TGATAATGT 1 Part of a light responsive element
G-box CACGAC/TACGTG 2 Cis-acting regulatory element involved in light responsiveness
GATA-motif GATAGGG 1 Part of a light responsive element
Circadian CAAAGATATC 1 Cis-acting regulatory element involved in circadian control
Chs-CMA1a TTACTTAA 1 Part of a light responsive element
CGTCA-motif CGTCA 1 Cis-acting regulatory element involved in the MeJA-responsiveness
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W /NTss: #3 LOC110717159 K 7o % K The o4 59

*=3 (8
Table 3 (continued)
Site name Sequence Number Function

CAAT-box CAAT/CAAAT 50 Common cis-acting element in promoter and enhancer regions
Box4 ATTAAT 7 Part of a conserved DNA module involved in light responsiveness
AuxRR-core GGTCCAT 1 Cis-acting regulatory element involved in auxin responsiveness
ATC-motif AGTAATCT 1 Part of a conserved DNA module involved in light responsiveness
ABRE ACGTG 1 Cis-acting element involved in the abscisic acid responsiveness
A-box CCGTCC 1 Cis-acting regulatory element

ACE CTAACGTATT 3 Cis-acting element involved in light responsiveness

w

X

w

X

w

X

w

X

w

X

XS XS X3

XS XS XS Xx=

XS X= X=

B4 LOC110717159%: K fH 3T X I8,
LAER R ERESR . W RRZEZFR; X: NRIZEZFh R

Figure 4 LOC110717159 gene promoter region
The red boxes in the figure indicate nucleotide differences. W: Large-grain quinoa germplasm; X: Small-grain quinoa germplasm
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MGLISKPSAVATLLLLATFLES 22
. .MGLISKPSAVATLLLLATFLES 22
. .MGLISKPSAVATLLLLATFLES 22
. .MVLISKPFAVATLLLLAMILES 22
Beta_vulgaris_subsp._vulgaris_NP_001306941.1 MRLISTTSAVATLLELVVILES 22
Heliosperma_pusillum_KAH9611513.1 . HSFSYYLHTLLTKESEVVTLLLGALLMCS 29
Saponaria_officinalis_KAK9673617.1 e e R A b D e e 2 A S DR A b S oS S1EA T S T G IS e Sl e il e e A oA s v 0 S o e MELMKRPSENTILMEGAFLESS 22
Amaranthus_tricolor_XP_057515597.1 MQKKKYIIDKATKFINKMKLISATLLLLVLLSEC 34

Nepenthes_alata_BAM28606.1 MVETPSMABVARVSMLLVLIVE 22
Salix brachista KAB5520438.1 HELSLETESCILCLGSLNLESYLGVRCLRLSGCCTAENFCEGNCKRRCRHRGRLGIEPI‘(AEGTHLTESHLSEVSSPLSVRHALVTECEVLTEGRARTA'IHNLISCPLLI 110

éhenopodium_quinoa_XF‘_Oﬂ 751491.1
Spinacia_oleracea_KNA05536.1

GEAR 129
GEAZ 129
GEAZ 129
GDZE 130

\;(V ; A NI [ TR L 0o JIGALRNSNGLILIE B T DXV ISLANAANIRTWVONNVY P . ¥
. . G I9=00G FICALRNSMIGLILONE TDKV ISLANAANERTRVONNVVE . ¥2)

Chenopodium_quinoa_XP_021751491.1 ]

Spinacia oleracea KNA0S536. 1 $92 00 G FICALRNSIMGL IL O\ P TDKY ISLANAANARTHVONNVVE . ¥

LILOEP
Beta_vulgaris_subsp._vulgaris_NP_001306941.1 Sl KR RIS AR Con AT VAKIEV AR

: o o S 49} NCRTMCAVRGSNMGLIVIRPXROLRSLGSDAGIA SRWVONNVY EY A NDAE 128
Heliosperma_pusillum_KAH9611513.1 i i NL ] =, 0N 20 SLR GS CHGLIL I\ BRNNL NS TGS DA A SRWVQ SNVY PR SDSE 137
Saponaria_officinalis_KAK3673617.1 i X 2 40200 M0ALRGT PELVLOEERN SLNSTGSDA A SRWVOTNVY PYa) SDSE 130
Amaranthus_tricolor_XP_057515597.1 . d X G 9= =V MOAL RGEMMGL IV SR T DL RSLGSDE JAANRWVONNIVEYH GDRE 142
Nepenthes_alata_BAM28606.1 R DORHMOAL TLDRENDSLRSLA . . SRASQWVQSNVAE . ER SDSN 128
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Figure 5 Multiple-sequence alignment (A) and phylogenetic tree (B) of the amino acid sequence of the LOC110717159 protein
W and X are the same as shown in Figure 4.

SE i 34N 6 IALOC 1107171593 R (140 B 7 % MM R K. T SEAER R E R Z R, H
F Bk ZRAtOE1. AtOE2FIAtOE3 (FI7A). X 5[] e 6 DR 0L T I R PRORF AR 1 o B S I T T A TR
PRI 5 B AR Y R RLR AT 0, R REDIAY. RL(EI7B). DAL, HEMZ I AR R TR R R B i i
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Figure 6 Expression level of the LOC110717159 in different
tissue
W and X are the same as shown in Figure 4. Different lo-
wercase letters indicate significant differences at the P<0.05
level.
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Figure 7 Tsgeneration transgenic Arabidopsis lines and seed morphological characteristics
(A) T3 generation transgenic Arabidopsis lines (a—c: Wild-type plants; d—f: AtOE1, AtOE2, and AtOE3) (bars=1 cm); (B) Grain
length, width, and 1 000 grain weight. * P < 0.05; ns: No significant difference
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765 bp
GTACCAATTIGTCGIGTCCGRAAAGCGGGTGGC
CGGTGTATGCTGCATTGGCARAAGGCTGGAGGCCCTARMGTACCAATTGTCGTGTCCGARRAGCGGGETGGEC
CGGTGTATGCTGCATTGGCARAAGGCTGGAGGCCCTAMMGTACCAATTGTCGTGTCCGARAGCGGGTGGEC
. GTACCAATTGTCGIGTCCGRAAAGCGGGETGGC

CGGTIGTATGCTGCATTGGCARAAGGLCTGGAGGCCCTANEGTACCAATTIGTCGTIGTCCGRAARGCGGGTGGE
CGRTGTATGCTGCATTGGCARAGGCTGGAGGCCCTA

GTACCAATTIGTCGIGTCCGRAAAGCGGGTGGC

GTACCAATTGTCGIGTCCGRAAAGCGGGTGGC

CGGTGTATGCTGCATTGGCAAAGGCTGGAGGCCCTANSGTACCAATTGTCGTGTCCGARAAGCGGGETGEE

GTACCAATTGTCGTGTCCGRARAAGCGGGTGGC

G
G
G
G

ACGGTGTATGCTGCATTGGCARAAGGCTGGAGGCCCTAAGTACCAATTGTCGTGICCGRARRAGCGGGETGGEL

ACACGGTGTATGCTGCATTGGCARAGGCTGGAGGCCCTAMNGTACCAATTGTCGTGTCCGRARAAGCGGGTGGC
ACACGGTGTATGCTGCATTGGCARAAGGCTGGAGGCCCTAMGTACCAATTGTCGTGTCCGRAAAGCGGGTGGEC

LA THIE R T4.0 g AESE, GHENT-RIE /N T3.0 gl . WHIXF K4,

Figure 8 Clonal sequence comparison of quinoa germplasm resources
The red box in the figure shows quinoa resources with a thousand-grain weight greater than 4.0 g, and the green box shows
quinoa resources with a thousand-grain weight less than 3.0 g. W and X are the same as shown in Figure 4.

45k, SMARTZHT4s R EoR, LOC110717159)& T
GH17s XKk, ZKXWEABR-1,3-% RN Z
(https://iwww.cazy.org/GH17.htm)H— 34>, 7EE5%F
HEY)(Mller et al., 1998; Receveur-Bréchot et al.,
2006; Rodriguez-Romero et al., 2014). X & (Gas-
tebois et al., 2010; Qin et al., 2015)F14H % (Stubbs et
al., 1999) )iz /A, KR 2151 3004, GH17
FIRAEKFE(Wan et al., 2011). % #(Roy Choudhury
et al., 2009). #i%j(Vitis vinifera) (Pervaiz et al.,
2021). & #i(Chen et al., 2024)f145 F(Setaria italica)
(JEEARTE, 2024)% MY FES 5 RsL
Ak FRE Mha. REKE. FPREE RIS
R, R REEE T, ¥ EHGHITs KK
WIGH17-16. WiGH17-30. WiGH17-37f1VviGH17-
AABEDRTE SR B M Be RIS | A7 B35 %% = (Pervaiz
et al., 2021); 7E& i, Sla67A8 {4 [t B 5z 5 B
THUE F % (Chen et al., 2024). iR 5T £,
GH17 s 5 ik B RIE 2R R K /N7 T R #E B AR
SR, KT GHATSAE 2 232 K IR RLR & I i 5t
W AR WARGE o ASAF 5T 5 R 9LOC 11071715958 Kl 4K

JF51281 023 bp, 4ifis339/4™ 2 SRk o Jl i AR L
XF, RILOCI10717159% 53 3% . #H=E ML &
7 F0 A L B i, 4 3 N T76.09% . 74.64% L K
63.10%. X —45 5 5 EL55(2024) 117 ISTK (SEE-
DSTICK) [FJJEPE L 45 ] —5. thah, 2% #i0(2021)
15 2 5% P 5T [ B 1> GHE4 5% Ik 1 0 17 /K A il % 1A
CqAl, LA [ 5 3 R0 =2 1 [R5 Ll 25 R 5 )
LOC110717 159 [RIJEM: Ll X 45 ARRF o [RIk, HEm
253 5 RIBHA 3SR FE S B BUL R E K R
7ELOC110717159 3 [Al (1) & 3 T H A I 21 5 K
M. KWR. AERAMAEKREWEN I, X57EE
N5 (2024) A N GHA7s 5 KB 43 5= R &R & 6 W &
Wi 8 TG A () 45 SR — 3. AR 2 ) K B I
VR R —, C8E RV 2 MY SR R R R
B (FERBFIXERN, 2015). K, #EMZEFR. K
BR . ARa = A K R IEE 337 1.0C110717159 %8
R ThRe IR B o Mhab, ANFSKEEER RS
PESZ I« EURE I SO A0 BRURE 8 6 5 R R s o 437
IKFEAE R K AH 5= 1 B-1, 37 S84 Il 32 (K] (Osg 1 ) #E /)N
6 1) /I B DL R b I B s R 0L (Wan- et al.,
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2011); KAERIPALE $il B 1A &1 i o (1) %04 & B
(M1, 2020); KFEGHSHIDXSTE A 1) 5 56 /K1 2
EE TR R (i /NMT, 2020). AHE TR L,
LOC110717 1595 PRI 7 AL 22 22 b o B S i A T
Wi iR R 2 m R IE, TE/ANRLREEE Bl LT A RIS,
FOIZHER ] RRTE R R 70 S R R B AR

G, FATFERLN R IF i R IALOC110717159
BR, RN TAREA IR R AR EIR AT b 2551
R, BN RN TR EEF R THAR, #Ri%
FEPRTERL R T AT e SRR B o EAAE RN 2,
AT A B AR AU R S 1) TR 5E B 202940 mg,
5 Jiang%%(2013) F1Liu%% (2015) 4R IE 1129 820 mgff
T35 722 5 o 90 5 DR ] e AR 7 R FH SR AT A
TR AR R R B, DL BT ) B R vk &R
BERD. JF4L0C110717159 BAREEEHLHIIT 7T 75
EHEIY KA A RIATE 290 M AIIE . BRE 8 b
7R, LOCL110717159%: K765 bpfs k78745 n] it & itk
AR NZE R 2 — o SR, BT A
P 225 R A BR BT Ga SR IR AR N, B (1) SRAZ AL il
WA R, AR — P IRE . AWFAXTLOC11071-
TAS9FE R HEAT T WK T, 0 HAERE A KR R /N
PRI T I0AE . B MR RN R 2
T2, Horp i sk R & PR s E .
Ik, w2 AR I B AR R/ NI SR BRE ], IR T
fire FARAENLS], B NN BE SRR B )5 1 HLH R
B B

4 Z5ip

AT FEINK S ZINKERE P it o R D) e f T LOC11071-
T159%: A M4t 751, HAK N1 023 bp, 4wh$339
MR AR, ZHE P E T GH17sXK % . gRT-PCR
SER YR, LOC1107171593E K78 Kk 22 42 Fi ik (114
WLE R 5 AR IA B f ey, T AE /R B Mo R L
ANFik. LOC1107171593 [K7E 0l g I v id ik I,
L R PR RO RL ) TRE 3 B 2K TP AR A, el
LOC110717159% K n] G 61 i 45 22 2 FF bi K /)N

& STk A

B NPT SE T, S8 RS I AN EOHE o B, R SCH)
WS gk 5L BRI B
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Cloning and Functional Analysis of LOC110717159 Gene from
Chenopodium quinoa

Xiaosuo Tao', Xiaohua Yao" ?, Youhua Yao" %

'Academy of Agricultural and Forestry Sciences, Qinghai University, Xining 810016, China; “Qinghai-Tibet Plateau
Germplasm Resources Research and Utilization Laboratory, Xining 810016, China

INTRODUCTION: The glycoside hydrolase (GH) gene family plays a crucial role in regulating plant grain size.

RATIONALE: To elucidate its biological role during grain filling, we cloned and functionally characterized LOC110717-
159, a GH gene in quinoa, through bioinformatics analysis, spatiotemporal expression profiling, and heterologous ex-
pression experiments in Arabidopsis.

RESULTS: LOC110717159 has a 1 023 bp coding sequence (encoding 339 amino acids) in both germplasms, differing
by a single nucleotide. Analysis of the ~2 000 bp LOC110717159 promoter identified 119 cis-elements, including three
hormone-responsive elements (MeJA, SA, and GA). Phylogenetically, it is closely related to Beta vulgaris, Spinacia
oleracea and Amaranthus tricolor. qRT-PCR revealed high expression of LOC110717159 in large-grained quinoa at 21
days after anthesis (21 DAA). Arabidopsis overexpression lines showed significantly reduced 1 000 grain weight (P<
0.05) but no change in grain length and width. Haplotype analysis of 17 quinoa germplasms indicated that 62.5% of large
germplasms (24.0 g/1 000 grains) carried the large-grained haplotype, while 77.8% of small germplasms (<3.0 g) shared
the small-grained haplotype.

CONCLUSION: In conclusion, LOC110717159 likely functions as a negative regulator in quinoa grain filling.
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T3 generation transgenic Arabidopsis lines and seed morphological characteristics. (A) T3 generation transgenic
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Arabidopsis lines (a—c: Wild-type plants; d—f: AtOE1, AtOE2, and AtOE3) (bars=1 cm); (B) Grain length, width, and 1 000
grain weight (* P<0.05; ns: No significant difference).

Key words quinoa, LOC110717159 gene, clone, bioinformatics analysis, overexpression analysis

Tao XS, Yao XH, Yao YH (2026). Cloning and functional analysis of LOC110717159 gene from Chenopodium quinoa.
Chin Bull Bot 61, 53-67.

* Author for correspondence. E-mail: youhua8888@126.com

(FUEgmER: PhAAE)

@i fEE/ BB\ B /T

PR, Lk, PRER, AR, W, . MEAF, FEE CRLREF-F @]%}‘r”djk/\zr” BHRME,
HRAT, FPRAFERIE HBAFHRBEHEER, FPEAEDFLARELELERCFTHFER. KIRFLEME
WAL HRE I, THERAAAFEALRA2R, LT HFALA EHAFR B 117, %2; R A =
FR1M, FiELARFAFZEL1R, R AEAHRT ZFL10, THFONERRCRED TR, £
T E RS A B A AR R OR &1 BT R R 197 %’]&i&ffﬁﬂﬁ]ﬁ‘ﬁ}ﬁmiﬁ, BREA2R; K A&HL0
R, EAeE) (5 %) EAETR.

© 0000 Chinese Bulletin of Botany





