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Development of Molecular Markers for Early Identification of the Three-Pistil
Trait in Wheat and Their Application in Marker-Assisted Selection

Jing Fan', Guo Yuhuan'’, Yi Hong', Yang Zaijun'
(1. College of Life Sciences, Key Laboratory of Southwest China Wildlife Resource Conservation(Ministry of Education), China
West Normal University, Nanchong, Sichuan 637000, China; 2. Triticeae Research Institute, Sichuan Agricultural University,

Chengdu, Sichuan 611130, China)

Abstract: Triticum aestivum L. with three pistils(TP) is characterized by three normal stamens and
three fertile pistils, which can produce 2~3 seeds per floret and significantly increase the number of
grains per spike. Therefore, developing specific molecular markers for early and accurate identifica-
tion of the three-pistil trait is of great significance for marker-assisted selection breeding. Based on the
unique structural variation in the 589. 7~590. 1 Mb region of chromosome 2D in three-pistil wheat,
we extracted the deleted region and breakpoint sequences, and designed primers targeting the con-
served sequences of normal single pistil wheat genome(SP1, SP2) and primers spanning the variant
breakpoints(SV1, SV2), respectively. After PCR validation of their specificity in the Fielder X TP F,
population, four specific markers were obtained. Subsequently, using 23 segregating populations of
three-pistil wheat and their parents(a total of 255 experimental materials) as subjects, we established
an early molecular identification system and verified the effectiveness of marker-assisted selection

through PCR amplification and agarose gel electrophoresis, combined with field phenotypic investiga-
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tion. The results showed that primer pairs SP1 and SP2 could specifically identify normal single pistil

wheat genotype, whereas SV1 and SV2 were effective for distinguishing three-pistil wheat materials.

Mutual validation between the two sets of markers confirmed the genotyping results and effectively re-

duced detection errors. The consistency between molecular detection results of the 255 materials using

the developed markers and field phenotypic identification reached 96. 08%. The molecular markers de-

veloped from chromosome-specific structural variations demonstrated high specificity and stability,

enabling accurate early screening at the seedling stage. These markers provide valuable technical sup-

port for marker-assisted breeding and germplasm exploitation of three-pistil wheat.

Keywords: Three-pistil wheat; Molecular marker; Early identification
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Table 2 Primer sequences of specific molecular markers
Sy AR G4 F %) Primer sequence(5'—3") B Bl
Molecular Annealing Product
marker F % Forward T Reverse temperature/C length/bp
SP1 GCACCCAGTATCCACAAG GTCGCAGAAAAAGACAAAGA 63.1 336
SP2 GTGGACAAAGAAATGGACT AGGTGGCACTATCAGACA 63.1 398
SV1 GTACATGGGCATGGCACAGCG CGCTAGATAGGCCATTCCCCGC 65.0 1232
SV2 GTCGTATGATCGATTG TCTTGAGCCTCCGTGATAGCATA 59.0 1516
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| SPIF | | SPIR |
, ; 589981201 | 1389981536 : :
| 589709966 i O 1590124342 !
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| ': 590071458] (590071855 | i
: | | SP2F | SP2R | | l
| | O e ) /
E E 398 bp
i 1232 bp ] :
: [ ! !
3 | SVIF [} | SVIR | ( X
| 589709925 1 1578998647 578969028, |
TP 56969685 I, 590142065
: 1578999836 578969947, | 1590124933 i
SV2F | | SV2R |
— e
J
1516bp

B O /D2 = HEE AR CTP) Fp E A7 (CS) A R DNA P51 G @ HETE TP 4 (4 A 25 8 48 53 X (29 0. 4 Mb i 2% Al
30.8 kb FE) ;@A :CS 5 TP AR DNA o) Br; B EAET /A 2D Je (RS 4L B Bl (e 4k 0 HE . I/ S 1 5145 21 68

Sk BRI 15 4T 6K SR B K

Black and orange rectangles: DNA sequences identical between three-pistil wheat mutant(TP) and Chinese Spring(CS); Green rec-

tangle: Region of chromosomal structural variation in TP(approximately 0. 4 Mb deletion and 30. 8 kb duplication) ; Blue rectangle: DNA

sequence fragments differing between CS and TP; Black numbers: Physical positions on wheat chromosome 2D; Blue dashed box: For-

ward/reverse primer; Red arrow: Primer amplification direction; Red brace: Length of the primer amplification product fragment.
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Schematic diagram of the genomic locations of specific molecular markers
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B F, BERRT S 335 10000, I ARSI R Wl 2E,

A MPIP21 2 3 4 5 6 7 8 9 10 11 B MPIP21 2 3 4 5 6 7 8 91011

2000 bp 2000 bp

1000 bp 1000 bp

500 b 500 bp

250 bp 250bp

100 bp 100 bp
c MPIP21 2 3 4 5 6 7 8 91011 DMPIP21 2 3 4 5 6 7 8 9 1011

2000bp

2000bp 1000 bp

750b

IOOObp 500bp

T0bp 250 bp

P 100b

250 bp P

100 bp

M:DL 2000;P1: Fielder (¥ A= %1 BLMESE . BEAD s P2 TPONE = MESE RASR XA 51~10:Fy 40 B J5 AL BB 11 TR I A~D
SF 95y FARIE SP1.SP2.SV1 Rl SV2 19 45 5L,

M: DL 2000; P1. Fielder(wild-type with a single pistil, female parent); P2: TP(three-pistil wheat mutant, male parent); 1—10:
Individual plants of F3 segregating population; 11: No template control; A—D: Represent the amplification results of molecular markers
SP1, SP2, SV1, and SV2, respectively.

B 2 Fielder XTP F, 5 BEE# &M S FIRICEIKENER

Fig. 2 Electrophoresis of molecular markers in F; segregating population from Fielder X TP

AP E R T AR B /NE S MERE SRR L3 N MERE
A: Chinese Spring, containing one pistil; B: Three-pistil wheat mutant, containing three pistils.
3 MNEZHBERTEERESNMNEZUFZELEN

Fig.3 Schematic diagram of floral organ structures of three-pistil wheat mutant(TP) and Chinese Spring wheat(CS)
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Table 3 Statistics of results from molecular marker

detection and field phenotypic identification

% EBK
w5 i SO conently O
Code Generation tested plants identified Rate/ %
plants

1 Fy 10 10 100
2 Fy 10 10 100
3 F, 10 10 100
4 Fy 10 10 100
5 Fy 10 10 100
6 Fy 10 10 100
7 F, 10 10 100
8 F 10 10 100
9 F; 10 10 100
10 F, 10 8 80
11 F; 10 9 90
12 Fy 10 10 100
13 Fs 10 8 80
14 Fs 10 10 100
15 F; 10 9 90
16 F 10 10 100
17 Fs 10 10 100
18 Fs 10 9 90
19 Fy 10 10 100
20 F, 10 8 80
21 F 10 10 100
22 F, 10 9 90
23 Fs 10 10 100

A Parents 25 25 100

Bt Total 255 245 96

Hadm'sFE 1.

The codes of hybrid populations are the same in table 1.
3 it
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