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Phenotypic characterization and transcriptomic analysis of the semi-dwarf
mutant sd3 in Tartary buckwheat
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Abstract: Plant height is a key agronomic trait in Tartary buckwheat, closely associated with lodging resistance, photosynthetic effi-
ciency, and yield formation. Dwarfism is generally advantageous for enhancing lodging resistance and thereby improving yield. To ex-
plore dwarf stem gene resources, and to provide a theoretical basis for understanding plant height development and its application in
breeding, we conducted phenotypic characterization and transcriptomic analysis of the semi-dwarf mutant sd3, previously generated
through EMS mutagenesis. The results showed that compared with the wild type, the plant height of the sd3 at the mature stage reduced
28.43%, and the number of nodes on the main stem decreased by 44.44%. The reduction in node number was the primary cause of the
dwarfism in sd3. Cytological observations revealed enhanced lateral cell division at the stem nodes in sd3, which has led to significantly
thickened stem walls and an increased basal internode diameter. sd3 is sensitive to gibberellin, and exogenous GA; can restore its pheno-
type. Transcriptome analysis identified 3067 differentially expressed genes (DEGs), GO and KEGG pathway enrichment revealed 57
genes potentially involved in regulating plant height. Notably, GID! in the gibberellin signaling pathway was upregulated in sd3, while
GID2, UNEI0, and PIF1 were downregulated, suggesting these genes may play a key role in the dwarf phenotype of sd3. Overall, our
findings provide preliminary insights into the dwarfing mechanisms of sd3 and offer valuable candidate genes for breeding lodg-
ing-resistant varieties and improving plant architecture through genetic approaches.
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Table 1 Primer sequences used in this study

TR RAM T, BASENARE 3 AEY¥ER (0
Wl WT-1, WT-2, WT-3, sd3-1. sd3-2. sd3-3),
A E G BEHLI 3 Bk, WA H RS RAF—80°C . it
SRR R W (A R0 58 RNA FEA 4RI, SC
PEREE | SR A SR o PP 5 Tllumina
7> A Hlumina HiSeq, M7 % 3 8 X% 150 bp
(paired-end 150 bp). il F¥ 15 21 (1) J5 1A Ko 88 2 3 0%
Tk J515%8] Clean Data, PA“fhar 1 S AyIEH 4
(http://www.mbkbase.org./Pinkul/)h =% 751, F|H
HISAT2 {6 Clean Data #1775 HuXt, FKEU/ES:
ZIERH b A B R, BA R AN R R A Y
AR B, {8 Stringtie #X {4 %} Mapped Reads
HATPHE, P 5 S %5 R AT RE B #ET I, Z
J& XF O 25 R AT G o0 A
125 25+ kZFEA Mk GO 55 KEGG g &4 47
¥ FPKM (fragments per kilobase of transcript
per million fragments mapped){E 1 ki & 3k K 3 3k
K- 4845, Reads LX) FE#% 1 Feature Counts 2
JFHEATCY, FI ] DESeq2 4 1E0five WT Al sd3 [61#Y
22 7] IKFEH (differentially expressed genes, DEGs).
L)L FDR (false discovery rate, FDR) < 0.01 H |log, (fold
change, FC)| = 1.0 R [(E, %% 1 DEGs M H
BH, IFXErEBE) DEGs #41T GO (gene ontol-
ogy consortium, GO)& %Ml KEGG (kyoto encyclo-
pedia of genes pathway, KEGG)iH % & 4 73 #7 -
1.2.6 qRT-PCR %iE  &F 8 N SHYE KRGS
5 IR MK DEGs #£47 qRT-PCR K3 iE . ] Primer
Premier 5 #X{F¥1129¢ 6= PCR 5|4, VL FtActin
NNSEE, 5I9ERBIILE 1. 15 RNA-seq 8%
[FHLUCH) RNA 5% 5055 —5E cDNA SHEINRETT
gRT-PCR %, f#iF SuperReal PreMix Plus il &

HH D E 51975 SLIa) 519751

Gene ID Forward primer sequence (5'-3") Reverse primer sequence (5-3")

FtActin GAGTTATGAGCTTCCTGATG CCGCCACTCAACACAATGTT
FtPinG0006532300.01 TCGGACCAATCAACTCTGCT AACCCACCACAAGAACCCAA
FtPinG0000484500.01 AGTCCAGAAACCAAGCCACA AAACTGGGAAGCAAGGGGAC
FtPinG0001040500.01 ACGATCTATGACGGACGACA GGCATGATTCTCCGTTCTCC
FtPinG0004976300.01 CGCACCACCAAACTCAGAGT GCTCGAATCCACCACAGTCA
FtPinG0006346100.01 GGAGTGCGATAATGGCTGGA ACTCCTCCTTCACCAACTCG
FtPinG0009574600.01 ACAACAGGGTGGGAAAGTGA CGTCGTGCCAAAAACCCTAC
FtPinG0001225500.01 CGTGTCACCAAACCCATTCG GTCGTGAATCCGCTCTCCTT
FtPinG0009795500.01 AGGGTGGAAGGGTGAAGACT TGGAATCAAGCAAAAGCGCA
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Fig.1 Differences in plant height-related traits between the semi-dwarf mutant sd3 and WT of Tartary buckwheat

(A): sd3 FIWT &1 (A2 O RURBGH (A BDAE AR R A (B): Bk (C): EZEWHG (D): ZEWKEE; (B): ZETHIEE. “Rr4r5lFoR
WT Hl sd3 22 ] [7]— Ptk 22 573551 0.05 H1 0.01 By 3 KF . F5/L= 5.0 em.

(A): phenotypes of sd3 and WT in seedling stage (left) and mature stage (right); (B): plant height; (C): main stem nodes; (D): internode length;
(E): internode thickness. * and ** indicate significant difference of the same trait between wild type and sd3 at the 0.05 and 0.01 levels,

respectively. Scale bar = 5.0 cm.
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H WT F&AK 44.44% (B 1-C), ZWKEM WT LR
FE 5 (K 1-D), HZETHE B35 T WT (B 1-E).
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5] 1Y BT T, WT il sd3 ZEFTREU) I 445 1 4
A RN, 24k 2 SR BT A 40t A A R R/ INER A
MY 4B E TR Rl E 1 (B 2-B), sd3 HZEFF
BEJELRE = T W 3l % D) i [R]— 558 T (5x) 2
FiL B2 (1B 2-C) 5 B (& 2-DY#EA T 5831430 T, sd3 1Y
YIS XK BE A8 BE 4300 R 364.56 um T 199.97 pm,

Py

R PR E ST WT MK 240.53 um FI9E R
22 HEAREEESN 89.06 pum. £ b AT HERT T, 548 A 40 i 1) 23 2L Ak
R TRIE sd3 ZEFFASHMEE, XF WT Ml sd3 5k, PECOLEFEE RS, gEm 28002y
E2EEE 2 WM BT R WS Wk 2-A R, 7EAH AR
F2 EBFFEWRLTI sd3 & WT FFRIEIRBFEIT 50
Table 2 Statistical analysis of grain traits in sd3 and WT of Tartary buckwheat
S TR NS KLGE FPRA B8 L FPRLTHR KPR I Rk E
Genot Thousand grain Grain length Grain width Grain length to Grain area Grain perimeter ~ Grain weight per
cenotype weight (g) (mm) (mm) width ratio (mm?) (mm) plant (g)
sd3 15.89+1.117 3.72+0.09™ 3.31+0.07 1.13£0.017 9.07+0.36™ 11.68+0.30" 3.17+0.54
WT 17.76+0.90 4.13+0.08 3.33+0.03 1.24+0.02 9.72+0.22 12.21£0.17 4.53+1.15

THKIR WT Rl sd3 2 18] [R]— Mok 25 ik 8 0.01 923 7KF. ™ indicates a significant difference between WT and sd3 in the same trait at P < 0.01.
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Fig.2 Cell morphology of the second internode in the semi-dwarf mutant sd3 and wild type (WT) of Tartary buckwheat

(A): 55 2 W B U AN OB A (B): 5 2 W RN AN M A (C): A il iy K EEGeit; (D): YA dil i 5L g it ** 38 WT Hil
sd3 ZIA][A]— MRk 22 Sk 3 0.01 B E KT, FRA =100 um,

(A): cell morphology of the second internode in transverse section; (B): cell morphology of the second internode in longitudinal section; (C):
cell length statistics in longitudinal section; (D): cell width statistics in longitudinal section. ** indicates a significant difference between WT

and sd3 in the same trait at P < 0.01. Scale bar = 100 um.
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24 RETE sd3 B WT ZERILBHERAEAST
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Fig. 3 Effects of different exogenous hormones on plant height and number of main stem nodes in the seme-dwarf mutant sd3 and

wild type (WT)

GA;: JRFEE; IAA: K ZE; BR: SRR WER . *F1**50 51 3R 7] — 3 R AE HoO FAMIR 3k 28 b B ) ) piR 22 523531 0.05 A1 0.01 1Y 8

FIKF

GAj;: gibberellins; IAA: indole-3-acetic acid; BR: brassinosteroids. * and ** indicate a significant phenotypic difference of the same genotype

between H,O and hormones treatments at P < 0.05 and P < 0.01, respectively.
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Table 3 Quality statistics of transcriptome sequencing data
FEdh T AR P Aol EUR/Y iR €T Q20 (%) Q30 (%) GC & it tlﬁX‘T% FIRFEH
Sample Raw reads Clean reads GC content (%) Mapped ratio (%) Expressed genes
WT-1 18,538,986 17,995,672 98.59 95.50 45.45 95.79 22,277
WT-2 29,682,745 28,905,875 98.67 95.77 45.66 95.40 22,461
WT-3 26,856,615 26,208,150 98.79 96.15 45.52 96.15 22,496
sd3-1 25,628,759 25,093,875 98.93 96.56 44.37 96.08 22,990
sd3-2 25,228,748 24,594,866 98.74 95.97 45.51 96.03 22,233
sd3-3 33,559,767 32,565,576 98.70 95.88 45.55 96.06 22,404

Q20 (%)F1 Q30 (%): FiE Tk isE] Q20 A1 Q30 (BN /FHEN: 43514 99.0%K1 99.9%) KIHRFEEL H K 14 bb; GC & 5(%): K VRS FlI g s g fip

A

Q20 (%) and Q30 (%): the number and percentage of bases whose data quality reaches Q20 and Q30 (the sequencing accuracy rates are 99.0% and

99.9%, respectively); GC content (%): the percentage of guanine and cytosine.

242 KREZKEFHH 4% DESeq2 K4k
B, LA2E A58 log, FC|=1.0 H. FDR < 0.01 AFx
Y 1k 22 5 F ik [H (DEGs), sd3 Al WT 33545 3067
A~ DEGs, H 1529 4~ DEGs Fi##ik, 1538 4
DEGs R HZRIE(El 4).

Volcano plot

150 4

100 4
~ eoU
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Fig. 4 Volcano plot of differentially expressed gene between
the semi-dwarf mutant sd3 and wild type (WT) of Tartary
buckwheat
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Red indicates genes with up-regulated expression, blue indicates
genes with down-regulated expression, and gray dots indicate genes
without significant expression differences. —log;o (FDR): the negative
logarithm of the false discovery rate based on 10; log, (FC): the
logarithm of the fold change based on 2.
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FEHSEENRZ, N 574, Hi 28 ALK M,
29 MEERT O, (5 17 MK ERJAAA) . 5 DA
5r 3% (eytokinin, CTK) . 5 MHREER . 14 MBLER .
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Fig. 6 qRT-PCR validation of the eight genes related to plant hormone signal transduction
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(A): qRT-PCR validation of the eight genes related to plant hormone signal transduction; (B): correlation analysis between qRT-PCR and
RNA-seq. * and ** indicate a significant difference between WT and sd3 at P < 0.05 and P < 0.01, respectively.
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Fig.7 Heatmap of gene expression in the gibberellin signaling pathway
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Table 4 Differentially expressed genes with synonymous or non-synonymous SNP/InDel variations identified in the gibberellins

signal pathway

JEH 1D TEH 7R T T R R/ B
Gene ID Gene name Chromosome Exon Mutation/nucleotide Mutation/protein
FtPinG0003219000.01 GID! Ft3 exonl c.A1008G p.V336V
FtPinG0000281400.01 UNEI0 Ftl exon2 ¢.96_97del p.M32fs
exon2 ¢.798_798del p-R266fs
exon3 €.655_655del p-D219fs
FtPinG0004174900.01 PIF] Ft3 exon3 c.G362A p.GI21E
exon7 c.C1165T p-P389S
exon7 ¢.C1120T p-R374C
FtPinG0004976300.01 PIF] Ftl exon4 c.861_861del p.R287fs
exon? ¢.1398 1398del p.P466fs
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