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Salt Tolerance Identification and GWAS Analysis of Shanxi
Foxtail Millet during Germination Stage
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Abstract: In order to investigate the salt tolerance of Shanxi foxtail millet during germination, identify
candidate genes associated with this trait, and elucidate the genetic mechanisms underlying germination traits
under salt stress, a total of 333 core germplasms from Shanxi, China, were selected for assessing salt tolerance
during germination. A stress of 170 mmol/L NaCl stress treatment was applied in a controlled light chamber to
determine the salt tolerance during germination. The subordinate function value method was used to categorize
the salt tolerance grades of the millets, and a comprehensive evaluation D value of five related traits, namely,
relative germination potential, relative germination rate, relative root length, relative shoot length, and relative
germination index, was used to access salt tolerance at the germination stage. In conjugation with the
resequencing results of core germplasm, a genome-wide association scanning (GWAS) for salt tolerance at the

germination stage was carried out. The findings revealed significant variation in salt tolerance in the collection,
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which were classified into five categories using the comprehensive evaluation D-value, with 17 exhibiting high

salt tolerance. GWAS identified 84 single nucleotide polymorphism (SNP) loci associated with salt tolerance

during emergence. Functional annotation was performed on the genes where the significantly associated SNPs
were located. This led to the identification of the salt tolerance candidate gene Millet GLEAN 10019153, which
is associated with emergence. The outcomes of this study offer valuable references for the identification of salt-

tolerant cereal germplasm and the mining of salt-tolerant genes.

Key words: foxtail millet; core germplasm; germination stage;salt tolerance; GWAS
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Fig. 3 Manhattan and Q-Q plots for genome-wide association analyses of five salt tolerance traits in cereal germination

®1 S5AFHEAXEKEZRXHEELS (SNPs) 537

Tablel Distribution of genetic loci (SNPs) significantly associated with salt tolerance related traits in foxtail millet

PRAR PSSR SNP % H 2.3 SNP i (bp) o7

Traits Chromosome SNP number Peak SNP position Region ~logyy (P)
HEXF A ZF 3 RGP Chr.1 1 33820086 Downstream 5.34
Chr.3 1 6186397 Intergenic 5.08
Chr.4 1 19582794 Intergenic 5.04
Chr.7 1 16687788 Splicing 5.47
Chr.9 1 17264701 Intronic 5.15
FAXT % 2F 4 RGR Chr.1 2 33820086 Downstream 5.17
Chr.3 1 32161954 Intergenic 5.52
Chr.5 1 34363071 Exonic 5.11
Chr.7 1 31110581 Intergenic 5.44
Chr.8 3 39730408 Intergenic 5.05
Chr.9 1 32409782 Downstream 5.18
AHXTHS RRL Chr.1 1 11531491 Intergenic 5.10

Chr.2 3 17455495 Intergenic 5.15
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XK RRL Chr.3 1 36730502 Intergenic 5.23
Chr.6 36 3304736 Intergenic 5.01
Chr.8 1 13407866 Intronic 5.28

AHXT 2K RBL Chr.2 1 6329713 Intronic 5.91
Chr.4 1 16684507 Intergenic 5.30
Chr.6 1 6516813 Intergenic 5.07
Chr.8 3 30641085 Intergenic 5.04
Chr.9 1 23666846 Intergenic 5.54

ARXS & ZEE L RGT Chr.1 2 14660900 Intergenic 5.03
Chr.2 3 19121924 Intergenic 5.03
Chr.3 3 44183090 Intronic 5.03
Chr.4 2 37968657 Intergenic 5.03
Chr.5 2 21517788 Intergenic 5.11
Chr.6 3 31043463 Intergenic 5.03
Chr.7 3 13729076 Intergenic 5.31
Chr.8 1 20083532 Intergenic 5.14
Chr.9 4 32342111 Downstream 5.38
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Table 2 Functional annotation of the candidate gene

[ (Putative uncharacterized protein) , H: 4y 18 4~ J&
B EOReE R, T S S Y RSN B0
Y SNP 5 AH X A 25 8 G AT B /Y L K] Millet
GLEAN_10019153 4t 25 UM BHE A 1 (R 2) ,
R R EA R T 22 TR 00 s TR P s P R
O L O TR T ATP 45 S5 RE. EHZE
i/ 7 S BRI T Y 22 R i S A TR AR O, TR
HEW Millet GLEAN 10019153 7] B854 - & A1t
MR OC, ATV R4 il 45— i ER PR A i BE 1

3 SNP I E
PER PASEEREN (bp) B LA 24 Bk ee R
Traits Chromosome Peak SNP Gene name Function annotation
position
AEXT & 23 Chr.1 33820086 Millet GLEAN_10019231(dist=53) #N/A
RGP Chr3 6186397 Millet. GLEAN 10016827 (dist=3049) #N/A
Millet GLEAN_10016828(dist=23467) PEBP (phosphatidylethanolamine-binding
protein) family protein
Chr.4 19582794 Millet GLEAN 10038426(dist=40428) Cytochrome P450, family 709, subfamily B,
polypeptide 3
Millet GLEAN 10038427 (dist=6184) Putative uncharacterized protein
Chr.7 16687788 Millet GLEAN 10002740(Millet GLEAN  B6TVW1_MAIZE PIF-like orfl OS=Zea mays
10002740 exon3:c.142-1G>C) PE=2 SV=1
Chr.9 17264701 Millet GLEAN 10018083 #N/A
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®2 (%)
22 SNP &
PR et fk (bp) o SE N 44 P LhReT R
Traits Chromosome Peak SNP Gene name Function annotation
position
AR R 2% Chr.1 33820086 Millet GLEAN 10019231(dist=53) #N/A
RGR Chr.3 32161954 Millet GLEAN_10024921(dist=32236) #N/A
Millet. GLEAN_10024922(dist=2139) #N/A
Chr.5 34363071 Millet GLEAN 10019153 Protein kinase superfamily protein
Chr.7 31110581 Millet GLEAN 10018281 (dist=4156) B6TZ71_MAIZE Glycerol kinase OS=Zea
mays PE=2 SV=1
Millet GLEAN_10018282(dist=1909) Putative uncharacterized protein
Chr.8 39730408 Millet. GLEAN 10007724 (dist=25303) Putative uncharacterized protein
Millet. GLEAN 10007723 (dist=13863) Copper transport protein family
Chr.9 32409782 Millet GLEAN_10031019(dist=111) #N/A
AHXF AR Chr.1 11531491 Millet GLEAN_ 10003594 (dist=11645) Basic helix-loop-helix (bHLH) DNA-binding
RRL superfamily protein
Millet. GLEAN_10003593(dist=4771) #N/A
Chr.2 17455495 Millet. GLEAN_10030516(dist=6157) #N/A
Millet GLEAN_10030515(dist=8373) RNA binding domain
Chr.3 36730502 Millet. GLEAN_10004344(dist=15507) #N/A
Millet. GLEAN_10004345(dist=10236) #N/A
Chr.6 3304736 Millet GLEAN_10006203 (dist=4929) Fatty acid desaturase A
Millet GLEAN 10006204 (dist=3890) RNA-binding CRS1
Chr.8 13407866 Millet. GLEAN 10007652 UB-like protease 1B (ULPIB)
AHXF 2R Chr.2 6329713 Millet GLEAN 10008205 #N/A
RBL Chr.4 16684507 Millet GLEAN_10034179(dist=3253) TRICHOME BIREFRINGENCE-LIKE 34
(TBL34)
Millet. GLEAN_10034178(dist=48600) #N/A
Chr.6 6516813 Millet GLEAN_10020399(dist=7275) #N/A
Millet GLEAN_10020400(dist=7984) Coatomer, beta' subunit
Chr.8 30641085 Millet GLEAN 10036050(dist=3633)  Plant protein of unknown function 247 (DUF247)
Millet. GLEAN_10036049(dist=9900) #N/A
Chr.9 23666846 Millet. GLEAN_10008459(dist=2613) #N/A
Millet. GLEAN_10008460(dist=13004) #N/A
AR A 2 HREL Chr.1 14660900 Millet. GLEAN_10028134(dist=37892) F-box/RNI-like superfamily protein
RGI Millet GLEAN 10028133 (dist=31780) #N/A
Chr.2 19121924 Millet GLEAN_10029252(dist=1301) #N/A
Millet. GLEAN_10029253(dist=5069) #N/A
Chr.3 44183090 Millet. GLEAN_10006642 Autoinhibited Ca2+-ATPase 1 (ACA1)
Chr.4 37968657 Millet. GLEAN_10002552(dist=3508) #N/A
Millet GLEAN_10002551(dist=1626) #N/A
Chr.5 21517788 Millet GLEAN_10017579(dist=12713) #N/A
Millet GLEAN _10018128(dist=25902) #N/A
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®2 (%)
B35 SNP i &
(RN Heta ik (bp) oL N 44 P IhREHERE
Traits Chromosome Peak SNP Gene name Function annotation
position
AN R RS Chr.6 31043463 Millet GLEAN_10022175(dist=8204) F-box/RNI-like superfamily protein
RGI Millet GLEAN_10022174(dist=9621) F-box family protein
Chr.7 13729076 Millet GLEAN_10007263 (dist=9393) #N/A
Millet GLEAN_10007262(dist=74698) S-domain 2-5 (SD2-5)
Chr.8 20083532 Millet GLEAN 10029012 (dist=1626) #N/A
Millet GLEAN 10029013 (dist=8873) Dolichol phosphate-mannose biosynthesis
regulatory protein-related
Chr.9 32342111 Millet GLEAN_10031012(dist=557) #N/A

HN/A A TERE
#N/A :No annotation information
2.5 BREEERBER S

B e Millet GLEAN 10019153 B3R ¥
A1) 5 2 DR 2 5000 22 v e 20 1) i IX B B A T B X 43
Mr, G5 9L 5 , Millet GLEAN 10019153 H % 5E H1 18
A~SNP (& 4) , i — P B AR 0 AT 4 R R | ik
SED Millet GLEAN 10019153 15 333 3345 TR
TEAE A FALE RS Horh Hap 1 o0 B BAL5 RS A7 324
i A UG A 18 S Al Hap_2, LUK 1277~
) Hap 3 F1A 245 ARG Hap 4. B Fi%3EH N
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FEXT & 2R T GWAS 3 M TS, i — 2543 bt HL A
R R 2 A M S A & 23R 2 IRl AR S | AR 2
IXEE AR ] 25 SR RS B . Hap_ 1 BRA%7Y 32
AR AR & 2E 3 B{E R 49.64% , Hap_2 LA
RU 18> SRR AR X & 2E 262 {H°h 64.16% , Hap_3
BAAE TR 12 A~ i T AR K 2 26 44 R 54.23%,
e FH 2 - HEURR JE R AIAG: 56 (P=0.005 ) Xt AR ] B AU AR
Xf B 2R 22 5 W R T b, X 3 AR AL
V6] TP P 2 S . MR AR N K 2R SR, A5

34368853(A/G)
34368858(T/C)
34368863(G/A)

34368885(T/C)
34368959(C/T)

34360000 %gem(bp)
{LE (bp)
Position SR %j‘fﬂ‘ﬁﬂ
Variety KGR (%)
quantity Average
Hap 1 32 49.64
Hap_2 18 64.16
Hap 3 12 54.23
Hap 4 2 46.17

4 Millet GLEAN 10019153 %3 X )% E M & 751
Fig. 4 Nucleotide diversity within the coding region of Millet GLEAN 10019153
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Hap 2 L5545, 1 Hap 4 FAS ARG S AP E
INTF 3 AR S B AT

3 g

3.1 BFIHEHAM EIEFRIFIE

B TR 5T X A5 R A W W 6 i 2 i) EE
B AR, SR04 7 X8 5 W 360 AH L (4 AT 58 RH X6 358
> FEFIN NS> F K EAFFE A X SR e 1 i 1
HAAEEE L, FRANPRE L X WA P
PEZ S, 7R R I T b M e T 5, B
7 PR AT BRI 5 JE 0 A I B 3 B R e ) T
AR L. BT, CA MR E R T AR
TEJ T — B £k i 8 ALY 2 W BIFE , 4N B SR IR S
PL108 3T Jdrkl, ZE i At A A (i 180 mmol/L
NaCl ¥ Wi i A 35, X7 8 % BT ARG & 2656 R T
R ZEH RN 2R AR X AR 2R A AR S S pRi 04y
B A58 5 e ot ER AR, 48 26 SE DL 14 003 1
Kb DX A%~ 4b 7 b B S B4 FEHR] T 150 mmol/L NaCl
WAL R T R 2R R SR B HAR X (A
Shy ik S (A S AE bR o ASBIF ST I AR T 1 &0
MR ZF3 R ZF R K K R ZFR B AR i an
(170 mmol/L NaCl ¥ & ) Fl %t B 2544 F B AR XHE A
M ERPE TR PR R A Tl SR BE T .
3.2 BAFMERFEMSEEERAXESHT

AAFFETE 170 mmol/L (1Y NaCliE Wk FE T, Xt
333 Gy I PYAZ O T 0 IR A TR ol aE A 3, 2% B
FE Y 5 A~ 55T SR AR IR R & 28 38 AN & 28
R AR AR ZE R SRR B SRR
A1, Z2 B R R F 22 S R i i Bl vtk B
i JEAT 4 L PR A SC I 43 A . GWAS 3 o 5 )7 iR
B 43 HER SNP, 1] DL — IR B E v A~ AU M
MR, T TR AR FXE 2280 R L 48
S CTRAT, B AT E 2882 R BIEY R
B iU vy i v R VIVA Sl PO e [ AL 7)) i BTN L ]
228 A g RS A RV 22 A A 2 IR R
FE2-0% 7 ) GWAS BF 55 A it ER v D7 T, Yu
SECTI A T 268 4 AK A AL RE A 8 AT 4 AH 5 1
AR, it GWAS BF5E K B Os WRK Y5 3 3 /K Fei i vk
B S R DR 7, S B1) 83 AN S A5, i 3 BE [N
TEREPEAS AT v REFF O R, 3R 3] 10 5K R SR vk
AR L, Hid OsWRK Y53 Fl OsMKK10.2 2
WA & B SR e e L K . Zheng 557X 149
3 Bili A= AT A T IR R PR bR R A 7 4 R PR A DI 43 AT
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15 /TR EhF6 2508 YA & 1 SNP AR ; #0515 44
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Gh_D08G1309, EA151 2 5 MM N ia FEREG
B BB TR - B AR o BB AR R
Jof FAH R34 . Wang 552 X% 150 453 Hb 5 7K Fe i A
B IER AR SRR SR 00 2 I 3251 T GWAS 38T, %57
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R E B A -log,,(P)=5 I, # ik E 4376 A Y
R EXAA A . Hor RN & 2RO 14>
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5L RBLT LA 548 WA R R R O Y 5 K]
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B, B 28R/ 50 = R RSV R
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sensitivel ) \SOS2 1 SOS3 J& V¥ FE D AN N B FF-
iy Ak BE 77 () B R, Horp SOS2 HE R AE 20 it
PN Na' Il K- i b AN A A0 Gt 24 54 8/ 55 22 R 25
F1i i , J& F SNF1I/AMPK Z % b () — 5135, BT
WIR) A Tl 2R JE R 52, & 3% ¢ Rl SiDi19-3
5 SIPLATZ12 AHEAE R, 5 il i 3 DR 0L B o s+
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TR ST 4 P AT R R T 3G T R A B U
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IR, Y24 SR ab XA R R A e S DR ) 48
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T 1 i DR KR T 30 R RD 4 A 0 B T £ B
T e — W IEA R A R S
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TR AR T A2 ERY . XSRS UE A TR
M) 7 5 D] AT R 3= A it 6 R i 35 b R A
FH RTINS RE o ANFFE 25 X $h 75 1Rl
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Supplementary Tablel 333 accessions of foxtail millet germplasm

ce H FRAETR AR T D i MM | cc g FRARK SR T D {ff it 5 4%
=3 Accession Origin D-valu %l 5 Accession Origin D-valu %l
Code neme (City) e Level Code neme (City) e Level
CC001 B KIF 0.1540 HSS CCo61 TR b T 0.5198 MST
CC002 T KIF 0.4071 MST | CC062 BRI TR B3 0.6329 MST
CC003 NER NG 0.5480 MST | CC063 TR S i) 0.7576 HST
CC004 FERH KIF 0.6645 ST CCO64 —Z= el 0.4173 MST
CC005 R4 NG 0.2135 HSS CCO65 LA el 0.4353 MST
CC007 PNEd=] KIF 0.1702 HSS CC067 HH el 0.5752 MST
CC009 SR KIF 0.4190 MST | CC068 Nl B el 0.5876 MST
CCo12 S5 KIFE 0.5047 MST | CC069 N el 0.3873 MST
CCo13 7 BH WM T 0.3836 MST | CC070 S el 0.5622 MST
CCo18 2 NE| KIF 0.3164 SS CCo71 BREEAT Y BH2R T 0.4088 MST
CC022 ZLIRA KA 0.6338 MST CC072 Y i 0.6352 ST
€C023 e KA i 0.2896 N CC073 4-F I PR AR 11 0.6063 MST
CC025 KEE KA 0.4576 MST CCo74 B SR 0.5275 MST
CCo27 NER KA 0.5265 MST CCo75 AWLIES SR 0.4464 MST
CC028 BRER KA 0.5379 MST | CCO076 ANHH i 0.5690 MST
CC029 EERe ] KA i 0.4833 MST | CC077 M EP I 0.4310 MST
CC030 FAES KA i 0.4388 MST | CC078 HEA PR AR 11 0.2896 N
CCo031 Tyt NG 0.4608 MST CC079 IR i 0.6747 ST
CC032 KLES KA 0.6405 ST CC080 ARCEES NN 0.6677 ST
CCo033 HHEF A KA 0.4678 MST CCo84 EEA B8k 0.4536 MST
CC034 WA KA 0.3815 MST | CC085 ik Eril 0.5081 MST
CCo035 WA KA 0.5995 MST CC086 S B8k 0.5321 MST
CC036 JIESF KA Tt 0.4460 MST | CC087 KREHR el 0.3254 SS
CC037 ANEEE KIF 0.7228 ST CC088 KREHR EP i) 0.4267 MST
CC039 e KIF 0.4546 MST | CC089 NEBS el 0.5141 MST
CCo44  REERH KIF 0.3091 SS CC090  =MRFEH i 0.5414 MST
CC047 Rk g i 0.4202 MST | CC091 YEMAR el 0.3295 SS
CC048 Fk 3 QAR 0.4485 MST | CC092 HER el 0.3415 MST
CC049 ARGEZ] LiEARiE 0.5196 MST | CC095 R4 el 0.3049 SS
CC050 7S g i 0.7382 HST CC096 =T el 0.6690 ST
CCo51 —En g i 0.5065 MST | CC097 TR el 0.3810 MST
CC052 Y oy g 0.6041 MST | CC098 TR el 0.2889 SS
CC053 )L QAR 0.3080 SS CC099 SRR EP i) 0.6631 ST
CC054 LES g 0.3922 MST | CC100 EHE R el 0.5015 MST
CC055 FRELL M T 0.3528 MST CC102 ZIRR R T 0.6707 ST
CC056 AR M T 0.3220 SS ccC103 N——%& B8k 0.3211 SS
CCo57 L ES M T 0.3514 MST CCl104 KAER B8k 0.5247 MST
CC058 FRELL M T 0.5214 MST CC105 BREH i 0.3625 MST
CC059 IR M T 0.7374 HST CC106 AN=ES i 0.8249 HST




CC060 NEE /€ VIRANI] 0.6089  MST | CC107 P 2 e 0.5851 MST
CC108 RN R T 0.4102 MST CC158 JUR i 0.6161 MST
CC109 BET B8k 0.2753 SS CC159 A i 0.5751 MST
CC110 e ) LA i 0.6019 MST CC160 BRIT A i 0.5054 MST
CCl11 AW AR i 0.6501 ST CCl161 ACH R T 0.2233 HSS
CCl113 N B 0.3551 MST | CCl62 REER el 0.4903 MST
CCl114 N SR i) 0.6198 MST | CCl163 =R el 0.6750 ST

CCl115 =531 W 0.3423 MST | CClé64 KEHR el 0.5528 MST
CCl116 KEA S i) 0.6780 ST CCl167 =T el 0.6278 MST
CCl117 PN W 0.3803 MST | CCl168 Nires S 0.8188 HST
CCl118 TRE KIg T 0.4675 MST | CC169 NCER el 0.5427 MST
CC119 BEAS W 0.3756 MST | CC171 By el 0.6976 ST

CC121 BRHELY B 0.2992 SS CC172 =44 KIE 0.6352 ST

CcC122 K— pNC 0.6254 MST | CC173 Pay iRy KIE T 0.5720 MST
CC123 AR W 0.4867 MST | CC175  MRERA S 0.4905 MST
CCl124 B, FH 2R 0.1503 HSS CC176 WFH B3 0.5453 MST
CCl125 JEEREE B 0.4594 MST | CC177 L) 7R ey el 0.4798 MST
CC126 KEE B 0.3900 MST CC180 A H 5% 1l 0.4601 MST
CC129 =i B 0.6966 ST CC181 RER i 0.4498 MST
CC130 =i B8k 0.4550 MST CC182 ZHE i 0.7689 HST
CC131 RIS B 0.6456 ST CC183 HHRA H 5% 1l 0.8632 HST
CC132 ¥ Eril 0.6977 ST CC184 Mm% B 0.2496 SS

CCl134 — BH 5% 1l 0.6571 ST CC185 EA VR SR 0.2526 SS

CC136 REF B 0.7625 HST CC186 TETS R SR 0.3965 MST
CC137 HH A B 0.6210 MST CC187 ERSAN SR 0.6314 MST
CC138 AR AR i 0.3103 SS CC188 S/ SR 0.5977 MST
CCl139 E Y= Eril 0.7639 HST CCI189 LHE SR 0.5813 MST
CC140 Tite IKAY B 0.3199 SS CC190 SR SR 0.4716 MST
CC141 E Y EEy B 0.4466 MST CC192 Sy SR 0.7253 ST

CCl142 ILYiisEN el 0.3546 MST | CC193 LIRS EP i) 0.6003 MST
CCl145 ER W 0.6243 MST | CC194 PRk 97 B3 0.3175 SS

CCl146 JURSZ S 0.1413 HSS CC195 N EP i) 0.5711 MST
CCl147 BRI S i) 0.6838 ST CC196 T S i) 0.6308 MST
CCl148 KAK W 0.6402 ST CC197 MET S 0.7648 HST
CCI150 HA B 0.6152 MST | CC198 BRIy B3 0.5039 MST
CCl151 SN KIg 0.8151 HST CC199 AR B3 0.7366 HST
CCl152 NETD B 0.4195 MST | CC200 HY 135 EP i) 0.6339 MST
CCl153 AT W 0.1685 HSS CC201 HH 6T S 0.5722 MST
CCl154 eSS i 0.2127 HSS CC202 IEEES EP i) 0.4699 MST
CCl155 Hhstt ) B3 0.3163 SS CC203 R K S 0.5616 MST
CC156  HMREASH SR i) 0.4701 MST | CC205 SEIEA T 0.2952 SS

CCl157 KEEBH i 0.5732 MST | CC206 WY T 0.3322 MST
CC207 =R KT 0.5588 MST | CC269 =AM NG 0.5110 MST
CC208 ATHH Kya i 0.3735 MST | CC270 B NG 0.5987 MST




CC209 KUEEEN KiaTh 0.3149 SS CC279 =k NG 0.3316 MST
CC210 A B 0.4425 MST CC280 Kns NG 0.4112 MST
cC211 FFhK SENT 0.5833 MST CC288 fi 3k 3 KA 0.4519 MST
CcC212 LEIT Kiah 0.4259 MST CC289 7R A NG 0.3430 MST
CC213 I\—1 SENT 0.2608 SS CC291 &=E NG 0.2780 SS

CcC214 SRSy} Kiah 0.4821 MST CC292 GG NG 0.5418 MST
CcC215 T R KiaTh 0.2886 SS CC309 TLIER DiwA Nt 0.4362 MST
CC216 R KiaTh 0.4418 MST CC315 ERH BF SR 1T 0.5484 MST
CcC221 L Kig i 0.3774 MST CC316 HE RS BF SR 1T 0.3924 MST
CcC222 KT SENT 0.6434 ST CC317 AW EY BF SR 1T 0.5656 MST
CC223 AR Kig i 0.4306 MST CC319 KA BF SR 1T 0.4520 MST
CC224 AT KiaTh 0.5820 MST CC320 e SN BF SR 1T 0.5042 MST
CC225 K%A KiaTh 0.7700 HST CC322 REE BF SR 1T 0.2779 SS

CC226 HEH B 0.4188 MST CC325 LESEY K i 0.4530 MST
CC227 FANEEEEAS KiaTh 0.4444 MST CC326 ey e K T 0.1661 HSS
CC228 AT Kiah 0.6366 ST CC335 EAR/ TN K T 0.5958 MST
CC229 i Kiah 0.3043 SS CC336 LA K T 0.4416 MST
CC230 XM HEES Kig i 0.5384 MST CC337 RS KJE T 0.3809 MST
CC231 ARz KiaTh 0.4927 MST CC341 REL i 0.4209 MST
CC232 \—1 KiaTh 0.2353 SS CC343 UIE=EAN i 0.3096 SS

CC233 ANARS Kiah 0.2630 SS CC345 HEH i 0.5179 MST
CC234 WHRE Kiah 0.5329 MST CC354 FikRe i 0.7708 HST
CC235 UNEE S Kig i 0.4360 MST CC355 EAWANEAES i 0.4709 MST
CC236 AR € SENT 0.5862 MST CC356 AWHR i 0.4371 MST
CC237 PNEES KiaTh 0.5966 MST CC357 I HH 0.3770 MST
CC238 SESFLIEL Kig i 0.1722 HSS CC360 ERA i 0.2676 SS

CC239 e i 0.7242 ST CC363 A i 0.4145 MST
CC240 HH Kiah 0.6237 MST CC364 INTRE i 0.5405 MST
CC241 WA KiaTh 0.4673 MST CC366 HEA i 0.5630 MST
CC243 NER SENT 0.5294 MST CC370 AHER i 0.5680 MST
CC244 N B 0.3270 SS CC374 —iE i 0.5811 MST
CC245 = Kigli 0.2684 SS CC376 IE305 % HH 0.1971 HSS
CC246 SIS Kiah 0.4491 MST CC381 it HH 0.4083 MST
CC250 ZLFh 4 5 KiaTh 0.6624 ST CC383 KA i 0.7389 HST
CC251 ANSES KiaTh 0.5835 MST CC385 1S4 i 0.3795 MST
CC252 ANARS Kiah 0.6747 ST CC387 R HHl 0.7128 ST

CC255 — 54 Kigli 0.3330 MST CC388 MR i 0.4034 MST
CC256 NER NG 0.3867 MST CC391 kery i 0.3465 MST
CC261 KES KA i 0.4811 MST CC394 R 1A i 0.4674 MST
CC395 =y i 0.3741 MST CC500 praZq Ll I 3 i 0.7194 ST

CC396 K i 0.6567 ST CC502 KE I 3 i 0.6714 ST

CC397 SRSy i 0.4600 MST CC503 EARTIESS I 3 i 0.3605 MST
CC400 &T i 0.4751 MST CC504 AWE I 3 i 0.3975 MST
CC402 L7 eay W 0.5756 MST CC505 HARE b7 R 0.6094 MST




CC403 A A Eril 0.5256 MST | CC507 —JEiE Il 3 i 0.4115 MST
CC404 EH2 5 B8k 0.5130 MST CC510 AT BH I 3 i 0.5175 MST
CC405 BT e 0.3629 MST | CC513 BHA I 3 1l 0.5791 MST
CC407 UNSES Eril 0.4818 MST | CC515 N I 3 i 0.4103 MST
CC410 NER Eril 0.6697 ST CC519 WFBRL Il 3 1l 0.4931 MST
CC413 opoma el 0.4657 MST | CC520 N I ¥ 1 0.6734 ST
CC415 SR B 0.4468 MST | CC522 LA I ¥ 1 0.5935 MST
CC419 N W 0.6280 MST | CC523 IR I ¥ 1 0.3391 MST
cc421 EBESH B 0.4831 MST | CC524 KBS I ¥ 1 0.3857 MST
CC425 FANIEA i 0.4695 MST | CC526 TR I %3 17 0.2960 Ss
CC426  ZRRIIKRS B 0.5841 MST | CC533 R B3l 0.5881 HSS
CC427  ZARBILIKRS W 0.2951 SS CC535 WY B3l 0.1771 MST
CC428 HH B 0.4354 MST | CC536 BT B3l 0.5099 HSS
CC435 FroK T B 0.4279 MST | CC537 FARSES B3l 0.1739 MST
CC436 KAK W 0.5314 MST | CC538 ) B3l 0.5554 HSS
CC437 JTURS B 0.4135 MST | CC540  NTRAD% B3l 0.1737 MST
CC444  @IFHES B 0.4985 MST | CC542 HERTH NG 0.3570 MST
Cc445 UKL B 0.3907 MST CC543 AN=ES KA 0.4944 MST
CC447 P Eril 0.5022 MST | CC549 NG Eril 0.4716 MST
CC448 oS B 0.6052 MST CC551 KDL i 0.6223 HST
CC4s1 SREFE B 0.4010 MST CC554 FARES B8k 0.8061 HSS
CC463 JUATJE B8k 0.4477 MST CC563 88-56 Kig i 0.1318 HSS
CC464  EBHRFLKE B8k 0.7293 ST CC568 Bk 15 R T 0.1957 SS
CC466 AR /€ Kigli 0.5524 MST CC569 6017 R T 0.3207 MST
CC469 AR Kigli 0.5497 MST CC570 %23 B8k 0.5532 HSS
CC475 R Kig i 0.6198 MST CC571 %37 B8k 0.2171 SS
CcCc477 IR ES Kig i 0.5916 MST CC572 %385 B8k 0.2687 MST
CC479 [ LEA Kig i 0.3746 MST CC575 L/e /€t b i} 0.4775 MST
cc48l BRI & Kig i 0.7216 ST CC576 “B¥ b i} 0.6146 HST
CC482 ANCES K 0.5275 MST | CC577 aABT g i 0.7478 MST
CC483 ANEEE Kya i 0.5099 MST | CC578 EASES B3l 0.3370 HSS
CC485 F Bk Kya i 0.3798 MST | CC580 “BT B3l 0.1367 HSS
CC491 JURTFHA kT 0.5112 MST | CC582 JTURS B3l 0.1238 HSS
CC495 AR I ¥ 1 0.4104 MST | CC583 MERT NG 0.2159 ST
CC497 HH I ¥ 1 0.6572 ST CC585 AR NG 0.6641 ST
CC499 TXERA [hvait 0.6035 MST | CC588 “T NG 0.3665 MST
CC605 ARZ R SR i) 0.4479 MST CCo621 AR7ER T 0.5410 MST
CC607 YR QAR 0.6972 ST CC622 ANES e i 0.4103 MST
CC611 FHE 15 g 0.3885 MST | CC623 FhAr e 0.3464 MST
CC619 HRA QAR 0.5581 MST




	20240407002
	20240407002-附表1 333份谷子种质材料

