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Abstract: To elucidate the variation sites, dwarf gene composition and dwarfing effect of a dwarf mu-
tant Yutong 194, the wild type variety Zhoumai 18 was used as the control. Exome capture sequen-
cing was employed to verify the authenticity of the mutation and mine variation sites. Molecular de-
tection of dwarf gene, gibberellin(GA;) sensitivity tests at the seedling stage, and analyses of plant
height and yield-related traits were conducted. The results showed that a 99. 63% genetic identity be-
tween Yutong 194 and Zhoumai 18. SNPs were predominantly enriched on chromosomes 2B(52. 62%), 5A
(11.49%), and 2D(6. 25%). On chromosome 2B, 96. 93% of the differential loci(253 loci) were con-
centrated within four regions, spanning a total length of 38. 42 Mb. Both lines carried the Rht2, Rht9,
and Rht24 genes, while Yutong 194 additionally carried the Rht8. Gibberellin sensitivity tests indica-

ted that both lines are insensitive to exogenous GA;, consistent with the characteristic response of
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Rht2 +Rht24 gene combination. Under different planting conditions, the plant height of Yutong 194

was significantly lower than Zhoumai 18(9. 83% reduction in hill-drop sowing, and 11. 98% in plot).

The dwarfing primarily resulted from shortening of the basal three internodes and the penultimate in-

ternode(12. 09% —29. 08%). The dwarfing did not negatively affect yield traits such as grains per

spike or 1 000-grain weight. Instead, it significantly increased the tiller-to-ear ratio(15. 5% increase in

tillers per plant and 8. 63% increase in spike number under hill-drop sowing), ultimately leading to a

yield increase rate of 3.88% . This study confirms that Yutong 194 is a dwarf mutant of Zhoumai 18

and demonstrates its potential for synergistically reducing plant height and enhancing yield.
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Table 1 Dwarfing genes and their specific markers in this study

HH Rk Siwss 3wl B R E
Gene Chromosome Primer name Primer sequence (5'—3") li;a%?ll/cgt terfne?zi?llllxg/‘@
g p p
Rhtl 4BS BF geTAgegAgeCgAgAgeCeAg 237 65
MR1 CATCCCCATggCCATCTCgAgCTA
rhtl BF geTAgggAggCgAgAgeCgAg 237 65
WRI CATCCCCATggCCATCTCgAgCTg
Rht? 4DS DF CgCgCAATTATTggCCAgAgATAg 254 63
MR?2 CCCCATggCCATCTCgAgCTgCTA
rht2 4DS DF2 ggCAAgCAAAAgCTTCgCg 264 63
WR2 geCCATCTCgAgCTgCAC
Rbid 2BL WMC317 F TgCTAgCAATCTCCgge TAAC 170 58
WMC317 R TCACgAAACCTTTTCCTCCTCC
Rht5 3BS BARC102 F 2gAgAggACCTgCTAAAATCgAAgACA 200 58
BARC102 R gCgTTTACggATCAgTgTTggAgA
Rht8 2DS WMC503 F gCAATAgTTCCCgCAAgAAAAg 275 55
WMC503R ATCAACTACCTCCAgATCCCgT
RS 2DS Xgwm261 F CTCCCTgTACECCTAAgeC 192 55
Xgwm261 R CTCgCgCTACTAgCCATTg
Rht9 7BS BARCI151 F TgAggAAAATgTCTCTATAgCATCC 220 55
BARC151 R CgCATAAACACCTTCgCTCTTCCACTC
Rht12 5AL WMC410 F ggACTTgAAAAggAAgCTTgTgA 114 61
WMC410 R CATggATggCATgCAgTgT
Rhtl3 7BS WMS577 F ATggCATAATTTggTeAAATTg 130 55
WMS577 R TgTTTCAAgCCCAACTTCTATT
Rht18 6AS Xbarc3 F TTCCCTgTgTCTTTCTAATTTTTTTT 210 59
Xbarc3 R gCgAACTCCCgAACATTTTTAT
Rhi24 6AS TaCRY2 F CATTCACACATgAAAggTCgTTgCTCag 275 67
TaCRY2 R gCCAAgAATATCACTTTCTATATCAgCATCCAACAgCAgA
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Table 2 SNP loci on different chromosomes

2% 5 SNP [ 6] 2 5 SNP 231 L6

Cet me ol SRS Difteanin) SKPs _ Proportion of Proportion of differential
differential loci/ % loci distribution/ %
1A 4 758 4 0.08 0. 81
1B 5 890 11 0.19 2.22
1D 3 641 8 0.22 1.61
2A 11 454 9 0.08 1.81
2B 13 649 261 1.91 52.62
2D 13 369 31 0.23 6.25
3A 5319 9 0.17 1. 81
3B 6 938 22 0.32 4. 44
3D 3 262 4 0.12 0. 81
1A 7 064 6 0.08 1.21
4B 4 552 2 0. 04 0. 40
4D 1353 2 0.15 0. 40
5A 6 507 57 0. 88 11.49
5B 8 070 11 0.14 2.22
5D 3708 8 0.22 1.61
6A 6 578 12 0.18 2.42
6B 7 482 11 0.15 2.22
6D 3726 8 0.21 1.61
7TA 7 057 6 0.09 1.21
7B 5251 13 0. 25 2.62
7D 5510 1 0.02 0. 20
2 2k [ 401 135 138 496 0. 37

Whole genome




WRIGEZN A5 /N 22 SR FF 58 AR AR TR IR) 194 (19 925 A 1 368 22 B I Ak 347 43 B

+ 203 -

VEHZE S S 2 0 2B Y ik it — 28y
M. 25320, 22 5% SNP 78 2B 4e ok py 2 Bk
A3 AL 4 AR B EE Y 25 5 SNP B A X B (K]
1.5% 3):96.53~113. 32 Mb.142. 35~150. 82 Mb.
162.90~174. 00 Mb FI 808. 73~810. 79 Mb, i
K 38.42 Mb, & T 253 12 5% SNP, 5§ 2B 4t
AR 22 S0 5 BB 96, 93 % s HirP AT 3 X B
A 25 SNP B £ (117 .70 4,62 4, i
H 255 SNP (5 X Bt & SNP /9 Ll &, 4 50 o0
33.24% .46.98% 1 83.78 % ,

MIX 496 4~ 25 5 SNP Y i & 3k &, 398 4>
(80. 29O P FAMNEFIX, 70 A~ (14, 1Y) i TN &
FIX L HAY 28 A5, 7%0) W o A TR K ) R Ui

KAEBPEX (UTR) . FEHIRERN b X7 T4 ik
F XA S AT R, %t 194 AR X
SNP . 174 /~[A] L SNP LA K 47 44 A /K (In-
Del), 3% 496 4~ 2 5 SNP 434 T 291 4> 5 4 £
ROHPERA LA & 24 SNP, 2 EL Y — £
SNP” [} 53 A R ik o X AH G 3 PR i 47 22 508 2 T e
HERAH (R 4, K TraesCS2B03G0331900
o 15 AW S KA I L S S A M RE QI R L P g
T 5 ) 40 LA 5 2 ] 0 R R v AR R A
Rl E) 2 4~ SNP A 55 3 A TraesCS5A03G1169200
RS2 5K I L BB % B AR T A0 M RE 58 i i
BEEFAEMKERZmKE. ZERNEA 14
SNP {37 5.

1 Mb & H M BISNPEE

The number of SNPs within
0 92 184 276 368

460

1 Mb window size/Mb
552 644 736 828

1A I I
1B L1l I

1D| | |
2A 71

2Bl | Bl NN
2D 1 |
3A I |
3BIN T 11 [T
3D II

AN B E AR Mb % H A TS Y SNP 2H .
The color gradient indicates the number of SNPs per Mb window.
1
Fig. 1

ERSNP i mAEREE LS HEER

Distribution density map of differential SNP loci on chromosomes

R3 BLEBEBHELESSNPRANESE

Table 3 Enrichment of differential SNP loci on chromosomes 2B

e € A X B
Chromosome
segment/Mb

X B¢ P & SNPs
Total SNPs in

the segment

IX BL N 22 53 SNPs
Differential SNPs
in the segment

X BE Py 22 5+ SNP 4]
Proportion of differential
SNPs in the segment/ %

72 5+ SNP 4 fii H 6]
Proportion of differential
SNPs on chromosome/ %

96.53~113. 32 352 117 33.24 44. 83
142.35~150. 82 149 70 46.98 26. 82
162.90~174. 00 74 62 83.78 23.75
808. 73~810.79 115 4 3.48 1.53

/Nt Subtotal
(38.42 Mb) 253 36. 67 96.93
F 4SNP i ;I BE T
Table 4 Functional prediction of SNP loci
P 1D AL B Ji % 18 %A 194 Tyfie Tk R
Gene 1D Position/bp Zhoumai 18 Yutong 194 Functional annotation
111 842 980 C G 4 it
TraesCS2B03G0331900 Al o g
111 843 856 T C Xylose isomerase
TraesCS5A03G1169200 667 387 143 C T Ky 5k 1 Expansin-like protein
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Fig. 2 Detection results of genes related wheat dwarf by molecular markers
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21.49%) , H 2 A Zp 45 B2 1. 73 A1 2. 10 cm
(FEIE 24. 16 % F0 23, 68 %), 3 1 5 [a] 43 51 45 4
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[F] 194 %2 Ak 2000 1 A7 80 2515 A8, B IR BR il
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Table 5 Effect of GA; treatment on length coleoptile
and first leaf of Yutong 194 and Zhoumai 18

- RHESE  EFWKE 810K

Vmi " GAj concentration/  Coleoptile First leaf

anety (mge+ L1 length/cm length/cm
%7 194 0. 00 3.32 14. 4
Yutong 194 5. 00 3.57 14.9
JiZ 18 0. 00 3.28 14.1
Zhoumai 18 5.00 3.58 14.7
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Table 6 Plant height and related traits of Yutong 194 and Zhoumai 18
i R K MTFYK &l 2 K H IR 2K H 1K 3=
Envi o . v"”. ¢ Spike Peduncle Inverted 2 3rd 2nd 1st Plant
pvironmen anety length/cm length/cm internode/cm internode/cm  internode cm  internode/cm  height/cm
I 194 10. 51 25. 26 15.92b 8. 86b 5.43b 1.56b 70. 54b
Yutong 194
LI % 18
Hill-drop . 10.51 25.18 18.11a 10. 84a 7.16a 6.43a 78.23a
. Zhoumai 18
sowing
¥ g 0 —0.08 2.19 1.98 1.73 1.87 7.69
Decrease : (12.09%) (18.27%) (24.16%) (29.08%) (9.83%)
HRI 194 10. 23 28. 03 17.97b 10.12b 6.77b 5. 43b 78. 55b
Yutong 194
S o
Plot JAZ 18 10. 28 28. 94 20. 93a 12. 89a 8. 87a 7.33a 89. 24a
; Zhoumai 18
sowing
ik Wi 0.05 0.91 2.96 2.77 2.10 1.90 10. 69
Decrease 0. 48%) (3. 14%) (14, 14 %) (21.49%) (23.68%) (25.92%)  (11.98%)

Fe PR IR /NG b R ] — LR T WA SR 0. 05 K F LR B, FRE.

The letters following the numbers in the table indicate significant differences between the two varieties at 0. 05 level within the same

environment. The same in table 7.

R7 BRE194RAE 18 HTEEXER
Table 7 Yield-related traits of Yutong 194 and Zhoumai 18

Wk W TR %k BBy BEEL TR T A L5 e
Envi OR ¢ VDD. " Grain number Tiller number 1 000-grain Spike number/ Grain Grain Yield/
nvironmen arety per spike per plant weight/g (10* « hm~2)  length/mm width/mm (kg e+ hm ?)
i Yﬁﬂ;%@ 55. 4 6.7a 48. 4 - 6. 61 3. 68 —
Hill-drop
sowing Zh}iju%:iglé% 55.7 5. 8b 48. 4 — 6.58 3.73 —
K Yﬁﬂ;ﬁa 35. 4 — 15.6 604. 5a 6.33 3. 44 8 621. 55a
Plot )
sowing Ji% 18 35.6 — 45.9 556.5b 6. 34 3.47 8 299. 80b

Zhoumai 18

FE SR AN X R R T, B 194 1 FORE
B TRCE DR ORLTE SRR S 2 18 BT
BECR D, SIEFIT L BE 194 (17 bk 5 BE
B A 18 0.9 A~ (MG 15. 5%, 2 R ik
KT AR /NI RS SR L 4R 194 B0 iR
B ERN T 48 T3 (R 8. 63%0) . B WL R
BN 321. 75 kg (F 1R 3.88%)
3 it

ASAIF G 38 2k A1 8 A R D R R A R R 4y
FRic ki, RG0S T R KRB 194 5 HEAR
JE 22 18 (st 4L 22 57 BRSO . )7 45 R R
PR TE 4 TR A3 B N AUAE 496 /1> SNP 22 53, st
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