¥35% &1 LA = O 1 223— 240
Vol. 35,No. 1 ACTA PRATACULTURAE SINICA 2026 4 1 H

DOI:10. 11686/cyxb2025063 http : //cyxb. magtech. com. cn
SR, Z0EAR, INEB, A B CoSGTIHRM 3l AR S DNAZ ST Flk 224z, 2026, 35(1): 223 — 240.

DOU Miao-miao, JIANG Xiao-dong, SUN Hui-qiong, ez al. Cloning, expression profiling and DNA variation analysis of the disease-resistance gene
Cq¢SGT1I in quinoa (Chenopodium quinoa). Acta Prataculturae Sinica, 2026, 35(1): 223—240.

BECISGTIERARE . RIZEKXEDNAT RS

i

WHLERE,DER BEF . EGR . HEE LUE AWM, KEK

<Mﬁ1ﬂkjt%iz%rifn P K 4% 030801)

WERZWEREE S Z WA R = R . S(JTM’E%vSkpME'/J%m%JI%@ o o R AR S 4
12 F AT W B3 R ﬁu‘nﬂ%‘f’z,ﬁqﬂwpl-uﬁﬁu‘nﬂ%%ﬂﬂﬂ@mﬂ;ﬁ SEH SN KRG R, SR
SGTI1FM  BITEE A SGT1 3 P A5 4 B AR A= W I 300 (9 17 24 155 %U)ﬂtt%{: 2 S E IR SGTI A,
IEXFE AL T T AVRRAE (R GR B W IR TR M 4% R R BRSO AT AT . AEEE A K i 2 A
SGTI1FW 5394w 4 N C¢gSGT1a M CqSGT1h, i T Chr06 F1 Chr07 I, #5 SGT1/HE H 15 & & Mtk & F 1, I 40
Hid 5 A7 E ANM A%, TC A5 5 AR5 ), A5 M D o- BB 3 B F B K MR 1, JC B B A5 4 , B TPR-SGS-CS %514
W o CqgSGTI1JA 8 F X AF TERE 25 A K k& MHCA 308 5 38 (06 RE MR W B e . CgSGTI XA 5
BuSGTIHWFHE G K RET . qPCREGAR TR, F A SGT1HE AL FFFRL v 36 15 55085 L 1 I H: 5% 38 15 78 FFr s
TE LR & A O AR A I 2R 357K 7 B8, B2 Ml s /KA R (SA)IE ) IR ¥E SGT1 R ik , 3 hish i i i 2 % . SGT1
T 2403 (HU B RL ) o w17 55 B B AR Y, BOR MR SGTI i F kit THANE 2 h W 1, J5 W 5eME 5 A+, 724 h
A A W) N B g R BN, SR W) SGT1a/ b 3 I FERE 2 JH B R E R ME . CqSGTI1 AL B 4l 813 ik e 51k L O
LI IR (SA B K R T AR e AR AR KR E AU R e R B
9&%}3@:ﬁ%;SGTJ;;a%?ﬁ%;ﬁz%%a%mﬁ;%mﬁ%

Cloning, expression profiling and DNA variation analysis of the disease-resistance
gene CqSGTI in quinoa (Chenopodium quinoa)
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CHAI Wen-ting, ZHAO Shan-shan, ZHANG Chun-lai’
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Abstract: The growth and development of quinoa (Chenopodium quinoa) are negatively affected by adverse
conditions, and that restricts the development of the quinoa industry. SGTI (suppressor of the G2 allele of SkpI)
participates in the plant stress resistance response by regulating molecular chaperones and ubiquitination. The SGT1
protein inhibits Skp1-4, which are components of ubiquitin ligase complexes that regulating biological processes such
as the cell cycle, signal transduction, and gene expression. The aim of this study was to identify quinoa SGT1 genes
and determine their transcriptional responses to biotic and abiotic stress conditions. The SGT1I genes of quinoa were
identified using bioinformatics-based methods, and their sequence characteristics, phylogenetic relationships, and

expression patterns were analyzed. In addition, the physical and chemical properties and protein interaction networks
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of their putative encoded proteins were determined. The quinoa genome was found to contain two SGTI genes,
CqSGTla and CqSGTI1b, located on chromosomes 6 and 7. The putative quinoa SGT1 proteins are rich in basic
amino acids, lack signal peptides, and are dominated by a-helixes. They were predicted to localize to the nucleus.
Both were predicted to be hydrophobic proteins without transmembrane structures, and both contained the
characteristic TPR-SGS-CS domain. The C¢SGT1I promoter regions contained cis-acting elements related to light
and hormone responsiveness, suggesting that the expression of these genes is tightly regulated during growth,
development, and stress responses. The C¢SGTI genes showed the closest relationship with BuSGT1 from Beta
vulgaris. The results of qPCR analyses showed that the highest transcript levels of SGTI in quinoa were in the
flowers and grains, suggesting that their expression was related to the formation and development of these organs.
Under low temperature stress, both SGT1 genes were initially up-regulated and then down-regulated. Treatment
with salicylic acid induced the expression of SGTI, and the response was most significant at 3 h after inoculation.
SGTI responses were seen during downy mildew (Peronospora variabilis) infection in the resistant quinoa line
2403. In the resistant line, SGTI transcript levels were significantly increased at 2 h after inoculation, then
decreased, and then subsequently increased again. The strongest response was at 24 h, indicating that the SGTla/b
genes play a positive regulatory role in the response to quinoa downy mildew. Both C¢SGT1I genes showed tissue-
specific expression patterns and responded to low temperature, salicylic acid, and downy mildew infection. These
results show that SGT1 plays an important role in the growth and development of quinoa, and in its responses to
biotic and abiotic stress.
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99 (Peronospora variabilis) , X J&—F 4 BRME (9 77 5095 3, W] S 340 1 8 2R 8 K 3326 ~100%6" . 78 38 B H I
S0 B AU DX, 1200 1 20 ORI 17 4 H e L 43 i) Dl 83. 70 %6 R 80. 44 TE R BE R Z2 W B AR AR LR SR
FEHE AR S BOR T AR AT P, B B A 0 A R A B RO B Lk TR R R R ROR B

L A B BN, X AR A2 AR Yy aE 7 E U I S 5 SGT1(SKPI 1Y G2 45 o s R 1 il
T, suppressor of G2 allele of SKP1) \RART(MLAT12 4T T &6 75 19) K HSPOO (FAAR 5 2 11 90) 45, J& Wi 15 5 %
S EEICMH . SGT1 8 BER: o 5] B 28 8 0 SKP13E N G2 %5 0 28 78 A 7] 1 410 1 R, 2 — i g 38 A <
M B AR E L) AR T, S 5 A0 R R R e RBURS S . SGT T e 1A 4% 22 b 4
P FAE 92 Z AL L% 09 2 1 7T L 5 SCF (Skpl-Cullin-F-box ) E3 72 2 3% $2 il & & (A M1 /R T, 76 41
J R G1-S A1 G2-M e de rp R 45 T 04 1, J2 40 B JR 300 AE R HEA T I 0 B F . ST R IR SGT1 8 11—
B 5 A g M B - SGT1(SGT1 special) , TPR (tetratricopeptide repeat) . VR1(variable region1) , VR2(variable
region2) Al CSCCHORD and SGT1),VR1 5 VR2 7E A [l A ) h fE 72 5 8 K 25 5% HSP90 . RARL Al SGT1
AT LAAR ELAE B AT A AR R AT e BT AR P k38 v 9 T R 2 OG T, SGT 12 A ) e 98 B 19 A% 00 T 1 T
F Lo HEZHRY G — & 7 4R ¥ &2 5 1 (nucleotide-binding leucine-rich repeat, NLR) 4\ 5 B9 e 5 4 06 0 & 15
EEAEM . Bl 5 HSPOO M RARLIE WU A 1, 45 o il B 2 11 4% B NLR 28 (R4 & FRRE PRI 0 AR ol
GrF AR SGS 45 H UM LRR 25 3l B4, CS Z5 kg 3k . RARL H ) CHORDIL AT HSP9O K A4E HAE S " JE il &
HROEBREAMME, BEEATTSMESES . BFAIEA (Arachis hypogaea) AdSGT 1 RE W 2 = 5 3L R 16 4=
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X I BRE R ) B0 5 £ 42 HSPOO-RARI-SGT1(HRS) & & Wil i 78 € 2 NLR 8 H , 7E Y YU i 2 rp R 45 5 2
FERS e RUTER & PR 2 1 SGT 11 % ih (Solanum Lycopersicum) Sw-5b K& R A T % Ji BE 25 9% 2 19 15 5 18
B i T SR R AR A RART IR AR I . Bo/SGT1 3L R 1T fig 2x ok 3% H ¥ (Brassica oleracea) X # %
R AR AR i (T R R T RIS B A 1 228, DAL S A E B B R S, R A FE
SR RIR A BN B 5 T M S R L R R N E B R AR Y WA (Vitis vinifera) R
A B A0 K 5 95 B 3R GK R, SGT ) 5 36 PR A R ek B 1y OGS T, I HG R A 80 TR i & S5 (ETT)
I D A4 A 56 43 7 A58 5 fih & % % (PAMP-TI S PTD i % Ji B 12 Y A 9 i, SGTL 2 2o # 1 3K 28 ) g
(hypersensitive responses, HR) B2 75 8 1, 38 2o 55 DT BR L 98 A8 1A B 56 R A B E B, SG T 1 RE % 4% R 5k
B A 5 04 3k AR g T RE R K Rl T FR B e B BT A0 EA e BE A5 2R W a0 AR AR 98 R BP0 RN . Bl ST
(Arabidopsis thaliana) M (Nicotiana tabacum) 55 1 XA W) @ 37 7 25 A M U5 [ 40 0B % (Powdery mildew) |
7 B ] UK % W2 (salicylic acid, SA) & # , $T 8 A= P05 I8 [ 40 48 B8 9% (Cercospora spp. ) . %k J1 & (Fusarium
oxysporum) 11 4 F (ethephon, ETH) F1 5 #i 2 (jasmonic acid ,JA) &4, SGT1-RARL1 & & K 2 KR (SA) &
JAH G LK, SA A F PO R 5 iR AR SR A W) S P RGeS )

YER A KL B DA ™ 5 23 52 B 1 5 B A% s UL B2 A5 R AR W I8 R s e . 3 RAA ISR (Fagopyrum
esculentum) SGT1 38 i $& 7 i S AL SUBE G P T8 B A HLO, % i Ik 35 32 3 O 3 D 0L R O i 3 Vi 2 ¢, K
(Glycine max)SGT1 5 RARLI M HSPIO A, EFF A ¥ 2 B0 28, S5 1 AR R A TR 52 AT SR Pk o 4Pk, B ve e
TR IF 38 /N F (Triticum aestivum) K TG (Oryza sativa) . JEYE G (Cicer arietinum) ™ DL B A8 471
W Z B VEY SGT1 IR, IEXE Halb A1 THUETI RE IR A 0T o A B 22 1 JE I 4115 87 L ) K it RNA-Seq
B 0 AR I, Sy ik DR G 1% S S RN e 7 DR R A R SR A TR R . BRI A TE R R Z NI SCGTI RS 55t
8 SRR . A TSR SGTIAEREZ W AEAE I Gl i e s 2 22 Ry AR W 2 T B, I Se ke 1 CgSGT1 4R
IR ILHEAT T A WE B 2= T . AN RS BE B T % R D AE BT M 24037 RIS A4 B} 744217 o X 56 B
o TR 2 G T W 7 6 R ABE X, LA K 6 K A% R ARG R Bk 38 1) miel o7 A 8 22 T TN T Y o X S8 TARE A TR AW SE SGT 1 Ak
BRI D g d it 7 BR SRR, IR N ZE A DU A Wy AR AR Y a8 B9 B ST SR A TV TE A S BR TR o 2 9 R A W 3 e i
10 i DR B PR I, o T4 o VR AR T B AT R S
1 M#BE5FE
1.1 X HH

A PR T 2023 4F 3— 6 J 7R 1L 78 Al R 2 4R o Bt S B 0 L IR = v R AT . H AR AR R AR 22~
27 °C B IA) L B 4 FFAE 15~21 °C, A X0 B 28 1 78 45 20 ~65 %6 , 6 B3 8 2k 135 78 30000~80000 Ix . 3 Fi 16 i 1 22
AR, KRG IR KU, 3255 T 306 B9 BUEU/K IR 36 1 min, # TSR K ik 33K . #4Fh 178 25 ChY IR K
R 3~4 h DI 3R 28, 2 Ja Aok T - AR T (Lu 0o 1= 3) IR &9 b o DRSS 4 H 7 22 22 b1 k0 6 25
TR B A A (74421) FIHUIR dh 3 (2403) il i B 25 2 Moy 1A W) 2 07 15 2 5E N P wariabilis BERR o K5 1 4 10 4t
TR TR MAE 3 h NI 3 A T 4 B A R A O O A R BT R 60 F B SRR AR SRR O il e
PR 0.2.6.12.,24 .72 81 96 h L IFIC S M AR AR IR M i b AT A T2 , DL RNAJRICZ H o 2) IaE 42
FEH A [ 2L (Chenopodium album) .35 (Chenopodium glaucum) .5 H 15 (C. quinoa var. Qingbai No. 1) fl# 4L
1% (C. quinoa var. Qinghong No. 1)4EJ5 10 d #Y 2y WOkF KL , 847 WA 5 , T RNA $2 0. 3) L TQ3.1Q6.
Qingheili-8 I Qingbaili-O 3t 4 A~ F2 Az KL [N BUAF R}, 15 H A 3 4y By 307, B0 &85 i A $1 s Bt JE N 41 DN 4) Hofth
IR R A PR T N TR R 5 B0 O 24 °CL IR BEAE 5020 ~8000 , JE 5 B 25 0 30000 Ix. A2 A2 K 2~3 4
Jo MO 25 FIAE AT SemiRT-PCR 2347, I A7 R (0 °C) LA Je ¢ it 0. 5 mmol+ L UK A7 BRACBE . TEAb P 5
1 0.3.6.24 .48 hHu f/, #EAT A 2 , H T RNA $2 B QR T-PCR 43#r . B LB S S EY A .

FBALLS M A B A KL (PW UV, g BEA 9 =7 RBHE A R R D s PCR A HL UK A B8 I LA 43 X .26 D
€ 1 PCR ¥ (T100 Thermal Cycler, Powerpac Universal, Gel Doc XR+ , CFX96 Touch™ Real-Time PCR
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Detection System, 32 [E Bio-Rad 24 7] ) ; &1 & K # #5 (GIS4DWS, _F g SEl A BR A R BRIP4 ) 5 25 0 AL
IR VKA (Centrifuge 5418 R \U410-86, 2 ¥ Eppendorf A Fl) o 51¥1& M F A TAY TR L) KA FRA A .
1.2 KB *

1.2.1 #ESZILHA S SGTI H KW 1 % % K55 0 A Ak A B s N Phytozome v 12 (http://
phytozome. jgi. doe. gov/pz/) 1 #Y Chenopodium quinoa v 1. 03845 , PR IF SGTIEHFI FEH THIEIF 23R
2H %4 2 TAIR (https: //www. arabidopsis. org/) , i 3¢ ( Beta vulgaris) SGT1 % H J¥ %1 T 2 T Phytozome v 12
(http://phytozome. jgi. doe. gov/pz/) . M Plam & H Z % £ 4t )% (http://pfam. xfam. org/) T # 5 CS domain
(PF04969) ., Tetratricopeptide repeat(PF13181) Fl SGS domain(PF05002 ) 4% A4 5 % 137 ) B &5 /K 7] F2 45 1 (HMM )
CAEAE R query, f FH HMMER v 3. 3(http://eddylab. org/software/hmmer/hmmer3. 3. tar. gz) # f) hmmsearch T.
HooR A5 P82 22 48 (80 b T AT AT RERY SGTLEE P41, BEE EEII{E N le-50 FF AR AL SGT1 2 iy &
R ¥ 5 4 A ExPasy B 35 (http://au. expasy. org/tool. html) , & Fl Compute pI/MW (https://web. expasy. org/
compute_pi/) THAH7 , 48 SGTIH A Z R B LERT . KM TBtools 84, N4 2 % FE N 4 1 B A5 2 h 3k
WA SGTT R Y AL B A5 B BEAT AT AL AL B . {8 ] DNAMAN X SGT1 R #EAT 2 7 91 L X

1.2.2  #A& SGTIHN S5 53 S H R F1 2 RE 45 44 38 53 A i J1 TBtools A 43 # H L K 45 4, w] #E Ak 45
Scanprosite 7E 2k T. H- (http: //prosite. expasy. org/scanprosite/ ) FH T H A& SF AR KK 2 o

1.2.3 ZE SGTIHEHA W 55 I 5 0 40 i & 17 fii F§ SOPMA (https://npsa-prabi. ibep. fr/
cgibin/npsa_automat. plpage=npsa_sopma. htm) X} SGT1 & [ i) 9 45 ¥ #4770 253 B 5 Kl H SignalP-4. 1 Server
(www. cbs. dtu. dk/services/SignalP/) fE£E T H, Wil SGT1 & FH {55 . R Cell Ploc 2. 08 (http: //www.
csbio. sjtu. edu. en/bioinf/Cell-PLoc-2/) % SGT 1 #4730 4 il 1 v o i FH 7 28 % 34 ne-tphos3. 1(http://www. cbs.
dtu. dk/services/NetPhos ) T Il 5 iR 1k A7 55 %0 -

1.2.4 FE SGT1HE H B A5 B 5 = 2451 Tl FIH TMHMM Server v 2. 0Chttp: //www. cbs. dtu. dk/
services/ TMHMM/) Xf 2242 SGT 125 11 5 B8 fig F 47 #5000 5 A JH Phyre2(http: //www. shg. bio. ic. ac. uk/phyre2/
html/page. cgiid=index) ¥ # 4 SGT1# H#FAT =454 Tl .

1.2.5 Zi3E SGTI1E A4S FE 450y I H MEME (http://meme-suite. org/tools/meme ) 73 #r 2 % SGT1 %
IR OR ST o

1.2.6 #EF SGTI1HW G 3+ W =L AR H o 4 43 i PR A SGT1HE IR % 15+ LU 1Y 2000 bp J7 51 K #E 4
SGTI1 3 H R iR AT, 355 7 9 5% il K5, $2 22 3] Plant CARE 4% J& (http://bioinformatics. psb. ugent. be/
webtools/plantca-re/html/) , R H TBtools #4417 J5 3l X 3l A H oo 4 i Ful

1.2.7 #HESCTIEHRGE KT FIFH DANMAN X 22 % 3 5% (Spinacia oleracea) JHI 5 SGT1 ) &
2 7 9 AT 2 d Lk, 5 2 MEGA 7. 0 800F 1 NI SR 2051 by 2 3 22 SGT 1 A Rl 8] 3E AR AR s 10E FL B 114 25
SR SCA 537 9 nwk B8 3% R ITOL Chitp: //itol. embl. de) #E£7 % 4k

1.2.8 RNAFEHK cDNAG . A RNA £ & (MiniBEST Plant RNA Extraction Kit, i [ TaKaRa
T HEAT AL SURE S B RNA SR, 38 555 190 B 0 e e v 3k, £ FH A% R 1 (BioDrop plLite, %2 F £ #F BioDrop 24
FD R RNA JiT i I B . B 1 pg &L RNA KB K% 5% 5 i cDNA[ PrimeScript™ RT Master Mix (Perfect Real
Time), W H TaKaRa A ] |, L1752 qPCRIASS .

1.2.9 CqgSGTITEARRIIERAZE L bRk REREZEE HEE HFL 1S5 MEH 1S YO R RNA, H
HIBEEEYHARN A ST RNA-Seq U7, 1 5E CgSGT1HF 125K T, TBrools B 142 il 44 F4

1.2.10 23 SGTI1RENAEA R #5E ik o7 PLEE A 744 R 25 M- FIAE RS cDNA N #i , CgEF 1a N
SHEH R E 8 RT-PCRIM CgSGT1a/b T84 4L 4UH F ik KF- . R NCBI(primer-blast) #F 17 3 [ & ik
S (1), PCREAKZR 25 ul: 5144 1 ul.,2X Taq PCR Mix 12. 5 pLL.(5 U-pL ', g [ 2E T AN A,
cDNA BT 1 pL, Jil ddHO #h5% o S M AR 7R - 95 “CHUETE 5 min; 94 “CA1E 305,57 “CiR K 305,72 “CHEAf 1 min,
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H B 5 Kl 28 ME IR, CgEF 1a 9 30 M ¥ ;72 (CHEAR 5 min. PCR 77 ¥ 45 2% S5 6 W B8 Jie v Tk kS 0 5k P 1) 3

B

®1 PCRERZSHETANSIY

Tablel Primers used for gene analysis of PCR

HE R A R nAnd auldl &

Gene name Forward primer (5'—>3") Reverse primer (5'—>3") Application
CqSGTla ACGGAAAGGAACTGCGTGTA GGCTGCTTGTGCATTGGTAG qRT-PCR, SemiRT-PCR
CqgSGT1b TTACCTACGAAAAGGGACCGC TGCTTGTGCATTGGTAGGCT qRT-PCR, SemiRT-PCR
CqEF la GACAAGCGTGTGATCGAGAG TCGGCCTTAAGTTTGTCGAG qRT-PCR, SemiRT-PCR
T1-C¢SGTla/b ATGGCGACGGATCTCGAGACCAAG TTAGTATTCCCATTTCTTCATCTC FL B 7L Gene clone
pCAMBIA1300-Cq CGCGGATCCAATGGCGACGGATCTC- CGCGTCGACTTAGTATTCCCATTT [ i &35 Transient expression
SGTla/b GAGACCAAG CTTCATCTC
M13 GTTGTAAAACGACGGCCAG CAGGAAACAGCTATGAC e (K] 7 [ A1 B I 22 18 Geene clone

and transient expression

it U057 5 R R ) MY A 0 i 5 A il U0 057 5 R A AHABR 3L . The underlined part is restriction site, and protection bases are the italicized base before

the restriction site.

1.2.11 #E SGTIEFRERIES T HFRIL ST 9 it RT-qPCR i 5 S £ 45 4b 28 5% A Bio-rad CFX 96
Touch % 5t PCRAX AT 5L P R Ak I .
1.2.12 2 SGTIRNBFLHE LIS SN FEEIN W 2 QA RE 22 24037 FEAS 24 h A B cDNAE N B, 2 % 3
%% It ?ﬂ%ﬁ(?ﬁﬂ? (https://phytozome) H1 ¥ CgSGT1 3 K J¥ 5], Fl 1 NCBI(primer-blast) 5 i1 T ¢ 5% 51 9 (£
D)o #E47 PCRYHE, IFGEHT 100 B9 BB BE K L Uk % PCR Py AT A0
1.2.13 CqSGTl ) DNA 7% 5 43 #r X JQS\JQ6\Qingheili-8 1 Qingbaili-9 By = B & 5 P 4 DNA, #1]
Hlumina 2 & , #E47 /8 DNA S %, 8 35 B 249 8 X, ¥k Chenopodium quinoa v 1.0 K27 FH 4 , i BMKcloud.
comFH AT CgSGTIH) DNA ZE T 4387 .
1.2.14 & SGT1HEHEAEMT it DANMAN [6) 98 5 51 Fextb, e BRAE A2 5 [) g o Bk 9 g SR SR 4 6 R
I, PATESE SoSGT1(XP_021839743. 1) 2% , R I STRINGI11. 5(https://version-11-5. string-db. org/) 1£ 2k ™
i PEAT HAE AR 1 2% o3 A, A R 0. 40,
1.3 HESH

BEAFES 3R FEE IS H 20 kA HE R B, H A9 SE P A X 2k A — Akl LuEF Ia
AR, A SPSS 19. 0 UE A7 2 d 4k B 5 G231 43 B , Al Excel 2281

2 HBREHSH

2.1 RESGTIARAARZEAFE R

R 4 0 16 45 R, 35 Hl SMART (http: //smart. embl. de/) Fl NCBI-CDD (https://www. ncbi. nlm. nih. gov/
cdd /) B PR Bk — 25 B0 Rt 2 45 5 o2 5 B SGT 1 &5 M4l i, 2 B A # i3 E/ (<<100 aa) FIE A SGT145H
W EARF K E N 24 CgSGTI 3 (x4 h CgSGTla . CgSGT1b) . CqSGTIREH 434 (F 2 M 1) 7
Chr06"™ 1 Chr07 P 2 Y oA | .

AT E BB I 008 CqSGT1 e 1Y 8 1 s i R 808 &y, 3R B It gl M Ay L 1 CqSGT 1R Y AR

VR RO/ T 90, 3 Ul W Y I Sh A X AR 55 5 CqSGT 1 i 3% K Pk S 2 (8 3 o i, 2 W sk e & B, B
SR T 7, R R R AR IE (£ 2) o
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K2 BHERSGTIEANELXREE

Table 2 Basic information of SGT1 family genes in C. quinoa

HE R 44 B NS e o A A LR K T S AFEE RAL fif ¥ 2 AL AR MEBIH
Gene name Gene ID Chromosome  Length of amino Molecular Isoelectric  Instability co- Liposolubility co-  Grand average
location acids (aa) weight (Da)  point (pI) efficient efficient of hydropathicity
CqgSGTla AURG2021095 Chr06 358 39906. 09 5.18 36.21 75.03 —0.515
CqSGT1b  AURG2031443 Chr07 358 39890. 07 5.42 34.77 73.66 —0.563

WA — AN S A I, KR CgSGTla i T Cg-06: 11054436~11058832, By checking another more complete reference genome, it was
found that C¢gSGT1a is located at Cg-06: 11054436-11058832.

2.2 BESGTIRE B HEE G H RIS [ °
CqgSGT1 3 A [ i 4% 5'-UTR A1 3" -UTR (I Cpeiia
g% X, non-coding region) ; C¢gSGT1a #1 CqSGT16 1y = 8]
51 TR E (R £ 101 (18 20) s R4S 57 8 A 2 < 2
SERGAR R, 15 CqSGT 16 A 3" S i A 4 i XK 18 FI%L Ef —F S
115 CqSGTLafE 62 5 SRR T 3CAE 3 fh i o : 5
AT 2 TR M S H T AN o ok s S
B A 4 — B FE R 0075 91 5 75 CgSGT1 3614 AL c
HREZMEFFI . CgSGT1af CgSGT1b 4ty i) i é — 2 -
FUS A S RSFES R I 2b) , 43 5 46 T 2~35, 36~ 3}4
69,70~103,157~236$ﬂ267~358ﬁ%1ﬁﬁ,1\1l‘7ﬁ4ﬁ@ ' —§
T3 E LMWK A F A X A
(te‘[ratricopeptide repeat-region domain, TPR) , #1[E] & L
e 2 R AN 4 R R R A M SGT 1 H 451 B E1 SGT;gEgi;{:[a%@ﬁg_tmﬁzﬁ
(CHORD and SGT1 domain,CS), C ¥~ H & % Fig. 1 Distribution of the SGTI genes on different C. quinoa
R T & 25 4 38 (glycine-serine repeat domain, SGS) . chromosomes

CqSGTla F1 CqSGT1b Y [ W /¥ 1 [7] — 1 ik %
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Fig. 2 Analysis of the gene structure and protein function of SGTI in C. quinoa
a: H# SGTIFHH 458 Gene structures of SGT1 genes in C. quinoa; b: Z# SGT1 [ [ {4 < 45 #4 3 Conservative domain of SGT1 proteins in C.
quinoa. TPR: VU ik 5 4 1 51| [X 15 45 #4 4k Tetratricopeptide repeat-sequenceregion domain; CS: 2 bt % B2 #1141 & R & 4F 45 F 3k 5 SGT1 28 11 45 #4 38%
CHORD and SGT1 domain; SGS: H %8 — 22 % ik T & 45 #4918 Glycine-serine repeat domain. T[] The same below.
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U1, VB 11T R SRR 1, UL A B 4 e wndedrnd, | Randon ¢
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2.6 #ESCTIAERDTF KB XM A 0454 CqSGTIb T Nothing 4IM#% Nucleus 17 12 6
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Fig. 3 Tertiary structure and transmembrane helix domain of SGT1 proteins in C. quinoa
% Fx Name PfH P-value {57 %71 & Conserved motif locations
CqSGTla 0.00e+0
CqSGT1b 0.00e+0 I [ T [ [ —
PRAFHE FF5 B H 5
Conserved motif Symbol Motif consensus

1. [N 1L SVTIDLPGEEPYHLQPRLFGKIIPAKCRYDVLSTKIEIRLAKAEPIQW
1 IYRDADEDTKRAMQKSFVESNGTVLSTNWKDVGAKKVDGTPPDGMEMKKW
0 SMAKAYLRKGTACMKLEEYQTAKTAFQAGAGLAPEDSRFKKFIKECDECI
I INISTPAQRPSYPSSKHRGVDWDKLEAQVKKEEKDEKLDGDAALNKFFQD
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= LEFVKDVVVPQ
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Fig. 4 Conserved motifs of SGT1 proteins in C. quinoa
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s (F 6b), i M13 g 3451 92k 17 PCR Y"1 if , pCAMBIA1300-CgSGT1 4™ 3 7 4 K /INE 1000~2000 bp,
3477 5 AR {E 1157 A1 1090 bp*ﬁ%ﬁ,%jlf%ﬁ‘ﬁm o pPCAMBIA1300-CqgSG T 1 5 41 JF ki I ¢ 45 41 i 7w, 3
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Table 5 Cis-acting elements of SGT'1 genes in C. quinoa

JelF 24 R 0 7 41 JCIT BT HiE Quantity

Element name

Core sequence

Element function

CgSGTla CqSGTIb

chs-CMAla TTACTTAA #R 43 7 J6 1 Part of light responsive element 1 —

3-AF1 binding site  TAAGAGAGGAA S 37 TG4 Light responsive element 1 —

HD-Zip 3 GTAAT(G/C)ATTAC I M i 45 417 45 Protein binding site 1 —

ARE AAACCA IR A5 AN 1T A A FH 5 T8 44 Cis-acting regulatory element essential 4 1
for the anaerobic induction

GT1-motif GGTTAA S 1 JC 14 Light responsive element 2 —

Box 4 ATTAAT Z 5560 17 143 43 PR 5F DNA AL Part of conserved DNA module involved in 3 4
light responsiveness

G-box CACGAC Z 56 W IR AE FH 5 T84 Cis-acting regulatory element involved in light 1 —
responsiveness

GA-motif ATAGATAA #R 43 i TG4 Part of light responsive element 1 —

TCT-motif TCTTAC HB43 G0 1§ IC A Part of light responsive element 1 —

P-box CCTTTTG %85 2 0 i 7T £ Gibberellin-responsive element 2 2

Gap-box CAAATGAA(A/G)A J6G )i I Light responsive element 1 —

TCA-element CCATCTTTTT 2 5 KA R I R 9 =X A FH I8 5 2 Cis-acting element involved in salicylic acid 1 —
responsiveness

ATCT-motif AATCTAATCC Z: 55 60 13 199 5B 43P 5 DNA B Part of conserved DNA module involved in 1 —
light responsiveness

TATA-box AATCTAATCC TSR IR -30 8.0 7 3 F J6 {4 Core promoter element around-30 of transcrip- 64 53
tion start

MBSI AAAAAAC(G/C)GTTA  MYBZ AN 85 5B A ¥ 6 B K 1) 8 2 96 MY B-binding site as a — 1
regulatory element involved in the control of flavonoid biosynthetic genes

CAAT-box CAAAT Jit 1 G 5 - X R 45 I/ Promoter and enhancer region regulatory ele- — 12
ments

TCT-motif TCTTAC B3 G )3 I 4 Part of light responsive element — 2

O,-site GTTGACGTGA 2 b5 F KBV B AR A 4 (14 5 X 15 JC {4 Cis-acting regulatory element in- — 1
volved in zein metabolism regulation

MRE AACCTAA MYB 45414 15 (2 5 960 i )M Y B binding site involved in light responsiveness — 1

Circadian AACCTAA Z: 58T HAE R B IR 98 5 S04 Cis-acting regulatory element involved — 1

in circadian control

—: JCIAFEICIE The absence of regulatory element.
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I : | B K 45 i Tree scale: 0.01

i @1 E(el _ XP_021839743.13% % S. oleracea
Colore — XP_010671588.2fl 3% B. vulgaris

ranges — KMT16147.1§3% B. vulgaris
CqSGTIb
. I CqSGTla

[ XP_007038852.27] Al Theobroma cacao
I:‘ I | I XP_ 7.101673 14951 Gossypium hirsutum

PPS09366. 13 5417 Gossypium barbadense
KAB2054606. 13t} By i G. barbadense

|:| o 4y KAH0686775.1 %% 2 Solanum tuberosum
[ I: KAH0690194.1 %442 S, tuberosum
|:| v I—? BBA20397. 14 Nicotiana afiicana
ABL61264.17 i Solanum lycopersicum
XP_011084466.2 2 Jik Sesamum indicum
KAH6804600.14% 75 Perilla frutescens

-
L KAH6760556.148 75 P. fiutescens

KAI3458083. 17Ul Paulownia fortunei
XP_011076089.1 2 S. indicum

b CqSGTla M AxE ELAVELYS . oY% ADRAQANI KL 7"y S MAKAYLREGHAC NKLEEYQTAK APED R | c s 125

CqSGTIb oL £ AKE 2 AVELY L 3% ADRAQANI KL gh 4. A s YLRE YQTAK| y Ser S & 125
KMT16147.1 D y AVELY - S ADRAQANI KL avio S MAKAYLREG! Y y S < 125
XP_010671588.2 y s v 4ADRAQANT KL : s <G AcIKLEEYQTAK APED KECD S 125
XP_021839743.1 DLEQ v « ADRAQANI K A x < rQTAK y > . o L 125
XP_057527231.1 .. KAK » s » JADRAQANI K ) A s YLREGH 3 YQTAK » e i 3 125
-# ¥ Consensus sq id mpn nfteav B e s s 125
CqSGTla @esvEnTgaQaasar SIS R R POAy vk P KF REHEF YQKPEEVVVTJF AKGI | G v e R LE 237
CqSGTI1b grsvExegvaQaasar DGHSS|S TTALLRY 3 Y /VVTF AKGI | EQILSVTID 'q:: B s AKZ 237
KMT16147.1 SVEsTERNAVVEGSDLDNITAPVAGARINWDGLSSPAS VY FRHEFYQKPEEV KGI | 4GEQILSVTI DY g R L b AK 250
XP 010671588.2 3PSt Es TRNTVVEGSDLDNI TAPVARARINVDGLSSPAS VY PKFRHEFYQKPEEV KGI | 4GEQILSVTI DY g R L b AK 250
XP 021839743.1 @psvExsges VP GGSELD 114 As SABAS DV PKFRHEFYQKPEEV 1 EQILSVTID vE RLE ! AKS 242
XPj057527231_1 ! GTAVPGGSEPDTI AAPATS VRINTI GLDSPANVY KPKFRHEF YQKPEEV 3 S4GEQI LSVTI D B AK2 245
— F1E Consensus t & pv kpkfrhefyqkpesvrys
CqSGTla vi g H Q D 358
CqSGT1b Vi 1 K1 N 5VDWDE Q EKLDGDAALNKFFQDI YADADEDT R AMQESF VESNGTV 3 3 3 v 358
KMT16147.1 s rTN K1 N Hves YDWDE EELDGDAALNKFF QDI Y} = TN v LS 3 G 371
XP_010671588.2 ¢ K1 N} RP VPSS /DWDE EKLDGDAALNKFF QDI YED e AN 4 v AK G 371
XP_021839743.1 i Jox1 N} e p gy . x EKLDGDAALNKFF QDI Y e 4 4 LS 3 G 3 363
XP_057527231.1 A 1 < ¢ DK EELDGDAALNKFF QDI Y} e v LS , 3 366
-# M Consensus e i w sie @ v qkim s p rp ypssk gvdwdkles vkkeekdekldgdsalnkffqdiy dadedt ramgksfvesngtvistawk vgak v gtppdgmemkkwey

—
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Bs5 #ZXSCTIZEARZLAESMREERFFI L
Fig. 5 Phylogenetic analysis and amino acid sequence alignment of SGT1 in C. quinoa
a: CqSGT1 MM ALY Ff 1) 2 48 % & 5 B Phylogenetic analysis of CqSGT1 and other species; b: CqSGT 145 &t 252 | 3 3 F-RL 08 A9 2 2 iR 5 51 L

Amino acids alignment among CqSGT1 and B. vulgaris, S. oleracea and A. hypochondriacus.

2.11 qRT-PCR o # # & SGTI& 3 Ao 9} 3638 & vf JLAE X,

H T /\Eﬁﬁﬁicqsmz PR A P e HTh e, AR BF 8 R FH QR T-PCR AR X 7E AR I (0 °C) sk # R (SA)
JiRiE R R RE A Gy BEAT T AT . SRR KRS, CqSGT1a/b W FRAE Y B E FH , 7F 3 hik 5| ig
B, 43 2 X BB 4. 84 1 6. 31 4%, 22 J5 B Wi B AR H & AR b= T (K1 9) o ARIRALBE)S B2 SGT1a/b 3 3=
R R B IR R R A, 4 i AE AL B 6 1 3 h Sk B, A B R W B 131 1. 4345, AR,
chGTJmﬂﬁ%ﬁﬁwﬂﬁﬁmﬁlﬁi 36 % FEVE T, K M R IE 18] P8 45 SGT1 9 Fe ik , HLAS [ 3 [H] i 2 35 77 7E 22
S A 7S T2k PR A W 36 5T 3 A gk AR R AR — I VE .

2.12 ﬁz%S(JTziuavﬁrwm%ﬁ%éﬁi G Er
WL HE A BUR A RE (2403 ) FLIEOG 4 (74421) 42 70 78 B 0 181 ) 1Y R B (181 10) , I 2545 CgSGT1 R A Y
RIXEOL(E 1), R CqgSGT1 K AR BT M4 RE i (1 26 7K & 10 38 8 80 A ), X R I Z BE X 1 e 3k 5 B 22 0
TR PUE B BAC, HRIK KPS R R E LTRSS W OCHE N R . 74421 MokE
CqSGT1 I IR FAK, FE A B = A5 5% 0 B A6 5. 7 LA HEAE 76 250 B L iR BB S 42 5 IR ARTE T i e gl 3 e
B2 A0 FE R A T 2~24 hN I TE T H AN B0 ) 3R €505 BRE 9 BRE 5 fe R 2 4 SRR 4 BH 5 B T 96 h, 0 B i
AR, i T PR IR K )R 2 R A B X 74421 R A B BE R TR IR S . i AE 2403
o R4 o A T R LR B R AV B, CqSGTT R R & %3k, 22 % R 3h 17— R A B ML, S 5 - R
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2000 bp
T — 2000 bp
750 bp

500 bp 1000 bp —— e—

750 bp

250 bp
100 bp 500 bp e—

250 bp

100 bp

[ NCSRBEIIN: T GGCGACGGATCTCGAGACCAAGGCTAAGGAAGCTTTCATCGACGACCACTTCGAATTAGCCGTCGAACTCTACTCTCAAMCCATTGATTTGAACCCTAATAACGCCGAACTTTTTGCC [RRY

IR SN CINBR{IMA T GGCGACGGATCTCGAGACCAAGGCTAAGGAAGCTTTCATCGACGACCACTTCGAATTAGCCGTCGAACTCTACTCTCAANMCCATTGATTTGAACCCTAATAACGCCGAACTTTTTGCC SR
FME Consensus atggegacggatctcgagaccaaggetaaggaagetttcatcgacgaccacttcgaattagecgtegaactctacteteaa ccattgatttgaaccetaataacgecgaactttttges

[N RBRIG A CCGTGCTCAAGCCAACATCAAACTCTCTAACTTCACTGAGGCTGTTGCTGATGCAAACAAAGCCATCCAGTTGGATTCTTCAATGGCTAAGGCTTACTTACGGAAAGGAACTGCGT GT RN

IR SN SR EIG A CCGTGCTCAAGCCAACATCAAACTCTCTAACTTCACTGAGGCTGTTGCTGATGCAAACAAAGCCATCCAGTTGGATTCTTCAATGGCTAAGGCTTACTTACGGAAAGGAACTGCGTGT [BEd
B CONsSensus ms e ext getiesa gecaacat esgaetetet snet teset g

getgttgetgatgeaaacaaagecatcecagttggattettcaatggetaaggettacttacggaaaggaactge

tgt

[ NIRRT GAAGCTTGAGGAATATCAGACTGCCAAGACAGCCTTCCAAGCTGGGGCTGGCTTAGCTCCTGAAGATTCAAGATTTAAAATTTTTATCAAGGAATGTGATGAGTGTATTGCAGAAGAG
RGN CI NIRRT GAAGCTTGAGGAATAT CAGACTGCCAAGACAGCCTTCCAAGCTGGGGCTGGCTTAGCTCCTGAAGATTCAAGATTTAAAATTTTTATCAAGGAATGTGATGAGTGTATTGCAGAAGAG

—3(f Consensus atgaagettgaggaatatcagactgecaagacageettccaaget gEERct ggcttagetectgaagattcaagatttaaaatttttatcaaggaatgtgatgagtgtatt geagaagag

(O N C NI ATGCCATTTTTTCAAAACCTTCAGTCGAAAATACTACCAATGCACAAGCAGCCAGTGCTCCTGCCGTTGATGGACATTCTAGTCCAACAACTGCATTGCCAGTATCAAAACCAAAATTC [
IR @ N SN KIIA ATGCCATTTTTTCAAAACCTTCAGTCGAAAATACTACCAATGCACAAGCAGCCAGTGCTCCTGCCGTTGATGGACATTCTAGTCCAACAACTGCATTGCCAGTATCAAAACCAAAATTC JERY

3

M Consensus aatgeceattttttecaaaaccttcagtegaaaatactaceaatgcacaageagecagtgetcct geegttgatggacattctagtecaacaactgeatt gccagtateaaaaccaaaatte

CqSGTl 130 IAGGCATGAATTCTATCAGAAGCCTGAGGAAGTAGTAGTAACTGTTTTTGCAAAGGGTATACCAGCCAAAGATGTTGCCGTTGACTTTGGTGAACAAATTCTGAGTGTTACCATTGATCTT
JRI G N CI R RIVN: GGCATGAATTCTATCAGAAGCCTGAGGAAGTAGTAGTAACTGTTTTTGCAAAGGGTATACCAGCCAAAGATGTTGCCGTTGACTTTGGTGAACAAATTCTGAGTGTTACCATTGATCTT
—F M Consensus; sgicat gasts dEat s igangect 5agasstastast i cHEi it t geannsset stacesgaeanngs Litl pecel Epnct Chash gancanat foteastiat LacuatErat et

(@ N CI N R[UCCTGGTGAAGAACCATATCATCTTCAACCTCGCTTATTTGGAAAGATAATTCCCGCCAAATGCAGATATGATGTCTTGTCCACAAAAATTGAAATCCGTCTTGCAAAAGCTGAACCAATT el
IR G N CI NI RV C CTGGTGAAGAACCATATCATCTTCAACCTCGCTTATTTGGAAAGATAATTCCCGCCAAATGCAGATATGATGTCTTGTCCACAAAAATTGAAATCCGTCTTGCAAAAGCTGAACCAATT [

-F(M Consensus ccteggtgaagaaccatatcatcttcaacctogettatttggaaagataattcccgecaaatgeagatatgatgtettgtecacaaaaattgaaatecgtettgeaaaagetgaaccaatt

[N AR C A ATGGACGTCTTTGGAATATGT CAAGGATGTTGTTGTTCCCCAAAAGATAAACATTTCAACTCCTGCACAGAGGCCATCTTACCCATCCTCAAAACACAGGGGAGT GGACTGGGACAAG
IR G NSRRIV A ATGGACGTCTTTGGAATATGTCAAGGATGTTGTTGTTCCCCAAAAGATAAACATTTCAACTCCTGCACAGAGGCCATCTTACCCATCCTCAAAACACAGGGGAGTGGACTGGGACAAG JEEY

Tk Q& T
FME Consensus caatggacgtctttggaatatgtcaaggatgttgttgttccccaaaagataaacatttcaactcct geacagaggecatettacccatectcaaaacacaggEgagt GEact EEgacaag

(O NIRRT 1 GGAAGCTCAGGTGAAGAAAGAGGAGAAGGATGAAAAATTGGATGGTGATGCAGCTTTGAACAAATTTTTCCAGGACATATATCGAGATGCTGATGAGGACACTAGAAGAGCTATGCAG

%0
IR G NNV v cGAAGCTCAGGTGAAGAAAGAGGAGAAGGATGAAAAATTGGATGGTGATGCAGCTTTGAACAAATTTTTCCAGGACATATATCGAGATGCTGATGAGGACACTAGAAGAGCTATGCAG Y
B
FUHE. CONsensus: wiy pganmeten satas SERns EEEEIEFAS ERPELFAR TEEEVEERT SEUECSEE PIEss Cana FHEE § CEARRTent STal € gEs £ L6 FSUraE ENes CLaNs GESECUEt Fans
(O N ARl A ATCCTTTGTGGAGTCAAATGGAACAGTGCTGTCAACAAACTGGAAGGATGTGGGCGCAAAGAAGGTTGATGGAACCCCTCCTGATGGCATGGAGATGAAGAAATGGGAATACTAA 1077
IR O N CI N RN A ATCCTTTGTGGAGTCAAATGGAACAGTGCTGTCAACAAACTGGAAGGATGTGGGCGCAAAGAAGGTTGATGGAACCCCTCCTGATGGCATGGAGATGAAGAAATGGGAATACTAA 107

Tk )} ) Q& Q<
BrE Congensus smsvmes trat sEaEt cvast pEva cuEt FOTET Exaes Puet FETSTERVET EETE s ERAETUUES BT €eee €6t sRIERCLtEEVESS ENaEs sEvEEEEat § €U
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Fig. 6 PCR amplification and sequence alignment of the SGT'I gene in C. quinoa

a: 2403-CqgSGTI1 ¥ 1 &5 S Amplification results of 2403-CgSGTI gene; b: pCAMBIA1300-CgSGTI i) T i PCR %5 4 PCR results of bacteria that
contain the plasmid pCAMBIA1300-C¢SGTI. M: DNA F i 4% F & DNA Maker; 1: C¢gSGTla {1 PCR %5 % The PCR results for C¢SGTla; 2:
CqSGTI1b 1 PCR 45 5 The PCR results for CgSGT1b; 3: pCAMBIA1300-C¢SGT1 1y M13 51 %) PCR ¥ #% PCR amplification of M13 primers for
pCAMBIA1300-CgSGT1; 4: pPCAMBIA1300-CgSGTI B F 5149 PCR Y1 PCR amplification of specific primers for pPCAMBIA1300-CgSGT1. F

[7] The same below.
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Fig.7 Expression of CgSGT! genes in different organs of C. quinoa
1~5.6~10F1 11~153% /R CgSGT1a.CqSGT1b Ml CqEF la 5y B ZE (4hnt it AR ALY @ & RT-PCRZ5H . 1—5, 6—10 and 11— 15 represent

semi RT-PCR results of C¢gSGT1a, C¢SGT1b and C¢EF la in stem, young leaves, old leaves, roots and flowers, respectively.
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Fig. 9 Expression pattern of C¢gSGT1 genes under SA and low temperature stress

ANRNE FhEFR R 225 B 3% (P<<0.05), FIA. Different lowercase letters indicate significant differences (P<C0.05). The same below.
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Fig. 10 The infection status of C. quinoa materials 2403 and 74421 with downy mildew fungus
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Fig. 11 Expression patterns of C¢qSGT1a and C¢qSGTI1b under downy mildew infection
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Table 6 DNA variation of CgSGT1s among C. quinoa lines

UL T

The changed codon

Qingbaili-9 S Effect (AL

Qingheili-8

1Q3 Q6

Alt

Ref

e i

Chromosome

e

Gene

€78 2 Other

mutant lines)

AN 2 ¥ Intron

location

GTa/Gat

G,G

GA, GA

GA, GA

GA, GA

C¢SGTla Chr06:34577463 GA

aAt/aAT

i Upstream

AT
AC, AC

AT
AC, AC

AT

CqgSGTI1b Chr07:83675475 A
CgSGTI1b Chr07:83677523 A

aAc/aAC

M 2 F Intron

AC, AC
CA,

AC, AC

AC

cCA/cCa

N4 F Intron

CA

CgSGTI1b Chr07:83679761

cTTTGTTGTTGTTGT/cTt

N F Intron

TTTGTTGTT-
GTTG, T

TTTGTTGTTGTTG, N

T

CgSGTI1b Chr07:83679830 TTTGTT-

TTTGTTGTTGTTG

A, A

GTTGTTG

CgSGTI1b Chr07:83689890 A

aAt/aATAGCTGGCA-

A, ATAGCTGGCA  Fif# Downstream

CAAACGGT-
GCCTTGT

A, ATAGCTG-

A, ATAGCTG-

ATAGCTGGCA-

CAAACGGT-
GCCTTGT

CAAACGGTGCCTTGTt

GCACAAACG-

GCACAAACG-
GTGCCTTGT

GTGCCTTGT

tAt/tAT

"N iif Downstream

AT, AT
GA, GA

AT

CgSGTI1b Chr07:83690874 A
CqSGT1b Chr07:83691319

acGaaa/acGAaa

"I i Downstream

GA, GA

GA, GA

GA, GA

GA

G

Ref: %A s 7E Y 4k [ 97 & The position of the locus on the chromosome; Alt: A7 8 7E T /7 £ b 55 T B R 411 Bk 5225 B This site is different from the base type of the genome in the sequencing data; JQ3:

JQ3 ' InDel 28 5 v 5 19 5& Al A Genotype of the InDel variant site in JQ3; JQ6: JQ6 "' InDel 48 53 {i/ £ 119 3k K # Genotype of the InDel variant site in JQ6; Qingheili-8: 77 B %2 -8 rft InDel 48 5 i/ £ 119 3k [ 7Y

Genotype of the InDel variant site in Qingheili-8; Qingbaili-9: 7 1 %Z-9 ¥ InDel 48 57 i 1 #9 % [ # Genotype of the InDel variant site in Qingbail-9; Upstream: %% 5% I 7 /&5 F 3 1 kb 89 IX 3 1 kb region

upstream of the transcription start site; Downstream : % 52 11 {37 85 F Ui 2 kb [ X 35 2 kb region downstream of the transcription stop site.
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Fig. 12 CqSGT1s protein interaction network
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