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Abstract: As a unique and important germplasm resource in China, the Taigu male-sterile wheat has
made significant contributions to wheat breeding. To further explore its potential application, this
study aimed to establish an effective seed-stage identification system for the Taigu genic male sterility
trait(Ms2) using molecular biology techniques, employing DsRed (encoding red fluorescent protein)
and RUBY (a pigment biosynthesis-related gene) as reporter systems. Additionally, the single-copy
semi-dwarf gene Rht-DIb was introduced to develop semi-dwarf, visually identifiable male sterile
wheat. Through characterization of transgenic wheat plants and their progeny. the red fluorescent
protein was efficiently expressed and stably inherited in wheat embryos. Although RUBY expression
was undetected, effective identification of male sterility could still be achieved through red fluores-
cence. Sterile seeds with red fluorescence and fertile seeds without fluorescence exhibited a 1:1 segre-
gation ratio. T, plants derived from red fluorescent seeds were all semi-dwarf and sterile, while those
from non-fluorescent seeds were non-dwarf and fertile, indicating tight linkage among DsRed , MsZ2,

and Rht-D1b . The constructed reporter system not only enables fertility sorting at the seed stage via
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fluorescence but also addresses the excessive dwarfing issue in current dwarf-sterile wheat lines by in-

corporating the semi-dwarfing gene. This approach offers a novel tool for hybrid wheat production and

recurrent selection breeding.

Keywords: Dwarf-sterile wheat; Seed visual selection; Ms2; Rht-D1b ; RUBY ; DsRed
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B — 20 B2 Ji Yk v 4 B AR L B R Bk T
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Table 1 Primers used in this study
S 314 it RS
. . T - plicon
Primer  Primer sequence(5 —3") Application length/bp
BDNosR  GAGCTCGGTACCCGGGGATCCCCGATCTAGTAACATAGATGACAC — FERELL (3G I DsRed
Cloning of the red fluorescent 986
BDRfpF CGGCCGGAATATGGCCTCCTCCGAGAACG protein gene DsRed
ZmBD1F1 AGGAGGCCATATTCCGGCCGGCTCTGCTG 50 B JE B FZmBD1
Cloning of the promoter ZmBDI 655
ZmBDI1R1 CATGATCCATCGCCGGCCGGCGTGGATC
BDRUBYF CCGGCCGGCGATGGATCATGCGACCCTCG o R 4T 0, 5 B RUBY
Cloning of the red reporter gene 4248
RUBYR2 CGACTCTAGAGGATCAAGCTTCCCGATCTAGTAACATAGATGACA RUBY

Rht2U

RhtZMR  TTACTAGATCGGGGATCCCCATGTTCATCAGAGCAGTGAGCACCA
pMs2SF1 TCGAGCTCGGTACCCGCGGCCGCGGGTGAGGCTTTGCCAAGG
pMs2SR3  AACTCTATAAAACCCGGGCCTGGTGGGCTAGCAGTGGA

pMs2SF2 TAGCCCACCAGGCCCGGGAGGAACTCAAGCAAACCT

pMs2SR1  AACTCTATAAAACCCCGATCTCCGTGTCCATGTGCTACTA
pMs2SF31 TAGCCCACCAGGCCCGGGTGGAACACAGCCACGGGCTCCTCCT
pMs2SR5  GCTTGAGTTCCTCCCGGGAACCATCCCTGAAAGAGGAGAGTAACC

M7F GGCGTCCTCGTCTCCCAATA
M7R CGATGATGAACTCACCTGCTGTA
DsRedF  CTACAG GAACAGGTGGTGGC

DsRedR  CCTCCTCCGAGA ACGTCAT

GAATTCGAGCTCGGTACCCGGGTTTTATAGAGTTCCTTCTTAGTGGGACAAC

vo B S Rht-D1b

Cloning of the dwarfing gene 4787
Rht-D1b

e B W LM s2-1688

Cloning of the abortion gene 1718
Ms2-1688

v W I B (R Ms2-3327

Cloning of the abortion gene 3357
Ms2-3327

e W I B B [ Ms2-5577

Cloning of the abortion gene 5607
Ms2-5577

Y E ME B R Ms2
Identification of the abortion gene 1848
Ms2

M5 LAY TR R K DsRed
Identification of fluorescent pro- 674
tein gene DsRed
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KL 43 BITE A WG RN RO T LB KF R 068, 1 2
o6 A BABRGE A ( 50O S T s TE YO AT
() LA
1.5 HEAREMFARALEINRENERIRE
MBEEBREELETE

H N T AR AR M 3R 916 4 18 R0OR R 4 1) b
T BT 4 ClKFET R 2 d LU#ERRIRIR, BES
BRI R LRI IR 40 h & 5 B dk &=
g ORGSR R GREE 23 °C OB 16 h
JEH/8 h MmO h R g, MBS MRS T
P ZETFAE] L DL A B Fielder FITHESR 6 5 /N4
R ACAS HEPEAS B AR AT N TR 2 — A
A IR WORFFRL, FE 280 T WAL 5 Ge T A 28 b b
TR H I L],
1.6 T, RKEEFRBEKNKSNE

XF T To AR AR K B0 0% B S & R A AT
B R FEHE SR L 2R
1.7 BESITESH

fdi H Excel H1 A9 %4831 s 40 CHISQ. TEST %t
A D CRFRL T T 9 6 K RL 1Y 43 B L #EAT R 7 A
s ffi A GraphPad Prism10 %t T, XA #k
A H RN F MR AR = 20T ¢ R,

2 HERERM

2.1 FRIEH M pTM-DBR [ #3 2 0 5 H F 48 i
B 46
ik PCR P48 M E 2K B73 3 K41 DNA
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FE IR A2 KR AT 3L N Rhe-DIb . K BB A F 3K
Ms2 3N 41 7 31 3 A B WG R IR 8 R B T-DNA
X A T 25 HFRAEA pTM-DBRE 1A).
I RAT A T R I A pTM-DBR #%
/N Fielder, 815 T 30 Bk 1 4= 1 A JH Ms2 .,
DsRed .ZmBDI1 #l RUBY J¥ %1 () 8¢ 5 1 51 99 %F
FRAE T #E4T PCR %28 . e 3015 25 bR % 25 I BH
P (E 1B) .
DsRed

Ms2 Rht-D1b RUBY

CaMV 358 promoter
CaMV 35 S terminator

A Blar

— L

ZmBD1 promoter
Nos terminator ~ Nos terminator

PR
B R e R S S T

Ms2

DsRed

ZmBD1

LA X L A A A 4 4 1 JBRUBY

DBR1~DBRI11. # % H .
DBR1—DBRI11: Transgenic seedlings.
B 1 FRiEZHME pTM-DBR MG RER(A)F
Mo HERFES PCR ¥£7%E (B)
Fig. 1 Schematic diagram of the expression vector
pTM-DBR(A) and PCR identification of some
transgenic seedlings(B)
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2.3 T, REEFEEERMNIFHEXLETE

ML, LU A A Fielder A1HESR
6 /N RALA, XF 22 BRMEMEN B T, # R
AR SEAT B Ry, — A JF sk fh . DUEY A A
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Foar 19 A AERR BOFFRL D05 5 55 T TG 3% 73 1
LLEIOUHFRL LB 57 3 D (50000 o 2E— 20 ff
DBRS B 5%~ U1, 7 2006 T W58 % B

A LAk R R N 7R AR SR B9 20 A 58, H
TEMP R JZ WA — R B M AL (A 5O 5 . T
T ULEORFRL IR R WLAT 5 (18] 3B) .

Fielder DBR4

DBR8 DBRI11

B2 T, R¥EEFEE4% (DBR4.DBRS 7l DBRI1) KR E R E
Fig.2 Male sterility of T, transgenic plants(DBR4, DBR8 and DBR11)
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Table 2 Statistics of fluorescence seeds in T, transgenic plants

WLIAE Observed

W8 Expected

% Line T . . — 2 P1H
~ TR+ ARG &/ TR ¥ ARGD S i X P value
Non-fluorescent seeds Red fluorescent seeds Non-fluorescent seeds Red fluorescent seeds

DBR4/]Q6 42 38 40.0 40. 0 0.200 0 0.654 7
DBRS8/Fielder 134 129 131.5 131.5 0.095 1 0.757 8
DBR11/JQ6 89 90 89.5 89.5 0.005 6 0.940 4

JQ6: HER 6 T /2 To MRELEERAE PR A B .

JQ6: Jinqiang 6; /: Pollination of Ty transgenic plants.

BH 3% Bright field DsRed i BH 3% Bright field DsRed

DBRS8/Fielder

Fielder

Bi3% Bright field

B DsRed

DBRS/Fielder()  Fielder

\N e

DBRS (Fielder(+)

A: To $ERERMBRAD T 2069 B T B 5 A Bk b 7 A
[ A 19 21 (498 ) s DBRS/Fielder 75 LA Fielder 4} f To 1%
DBRS # % F F ; DBRS/Fielder(—) il DBR8/Fielder(+) 43 5 &
7~ To X DBRS bk R TH A FLH T

A:Red fluorescence in seeds of T, transgenic plants; B: Red
fluorescence in dissected seeds from T, transgenic plants; DBRS/
Fielder indicates seeds from T, transgenic line DBRS8 pollinated
with Fielder; DBRS/Fielder(—) and DBRS8/Fielder (+) indicate
seeds without and with red fluorescence from T, transgenic line
DBRS, respectively.

M3 T, REEEEERTERE

Fig.3 Seed fluorescence of T, transgenic plants

DBRS/
Fielder//JQ6
Ficlder|f
B Bl 3% Bright field DsRed

DERS/Fielder/JQ6(-) Fielder

\_f

A: Ty BRI MR AP TLL 650 B T FeREF MM T4
[fil #4121 (5. 9¢ 56 3 DBRS/Fielder//JQ6 /8 To fCH: 3 IH i 2
AL EL R Fielder, T AR 5% 5 K 42 83 B4 BL 5 HE 3R 6 5 ; DBRS/
Fielder//JQ6(—) il DBR8/Fielder//JQ6 (+) 4%l # /= T, 1%
DBRS # £ LSO A HLf 7.

A:Red fluorescence in seeds of T; transgenic plants; B: Red
fluorescence in dissected seeds from T, transgenic plants; DBRS/
Fielder//JQ6 indicates that the pollination material of the T,
transgene is Fielder and the pollination material of the T, trans-
gene is Jinqiang 6; DBR8/Fielder//JQ6(—) and DBRS8/Fielder//
JQ6(+) indicate seeds without and with red fluorescence from
T, transgenic line DBRS, respectively.

4T, I BT R

Fig.4 Seed fluorescence of T, transgenic plants
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Table 3 Performance of fertility in T, transgenic plants

) R AR Sown seeds T, fUH ¥k & 1 T, generation fertility

PR Line Fh 566 Seed fluorescence ¥ & Number " F Fertile AF Sterile
DBRS/Fielder J None 10 10 0
418 Red 10 0 10
DBR11/]JQ6 J& None 14 14 0
2744 Red 14 0 14

JQ6: H5k 6 %5, JQ6: Jingiang 6.
F4 T, RAEEMRMFRLASEIT

Table 4 Statistics of fluorescence seeds in T, sterile plants

WAE Observed WItH{H Expected
I E :
450 Hybridization RILRT  ARIERT KSR aesoRy o PO
combination Non-fluorescent  Red fluorescent Non-fluorescent ~ Red fluorescent
seeds seeds seeds seeds
DBRS8-1 DBRS8/Fielder//JQ6 41 46 43.5 43.5 0.287 4 0.591 9
DBRS8-2 DBRS8/Fielder//JQ6 34 21 27.5 27.5 3.072 7 0.079 6
DBRS8-3 DBRS8/Fielder//JQ6 67 85 76.0 76.0 2.1316 0.144 3
DBR8-4 DBRS/Fielder//JQ6 35 26 30.5 30.5 1.327 9 0.249 2
DBR8-5 DBR8/Fielder//Fielder 74 61 67.5 67.5 1.2519 0.263 2
DBR11-1 DBR11/JQ6//JQ6 35 43 39.0 39.0 0.820 5 0.365 0
DBR11-2 DBR11/JQ6//]JQ6 21 20 20.5 20.5 0.024 4 0.875 8
DBR11-3 DBR11/JQ6//1Q6 31 35 33.0 33.0 0.242 4 0.622 5
DBR11-4 DBR11/JQ6//]Q6 37 26 31.5 31.5 1.920 6 0.165 8
DBR11-5 DBR11/JQ6//]Q6 36 28 32.0 32.0 1.0000 0.317 3

B A /RN /A R IR To B SRR AR BB R T AN & R RR B 3205
In the hybrid combination, “/” and “//” indicate the pollination of T, transgenic plants and the pollination of T; sterile transgenic

plants, respectively.

A DBR&/Fielder DBR11/1Q6 B 100.0 M DBRS8/Fielder O DBR11/JQ6
P=0.0018(n=10)
g0.0F |—| P=0.0005(n=14)
8 T |
B 60.0 T
(5]
=
K]
<
& 40.0
g
i*
20.0
; ad 0.0 |
‘ CIN-” N - E AF
nE RE HE AF Fertile Sterile Fertile Sterile
Fertile Sterile Fertile Sterile B Fertility
DBRS/Fielder %/~ To ft DBR8 HitkZ: Fielder #8345 1 T, A HI#E; DBR11/JQ6 %~ To 1t DBR11 A #k LI HR 6 5 28 351519

T, Uk
DBRS/Fielder indicates T; plants from DBRS pollinated with Fielder; DBR11/JQ6 indicates T plants from DBR11 pollinated with JQS6.
Bs T REEEEKRRE(A)RESKN(B)
Fig.5 Phenotype(A) and plant height detection(B) of T, transgenic plants

2.4 HEREMTFAMAURGEHEINRERME  FHIT 7L EREW KR D ATLTOL
EREMHEE PP B0 T AR AR 35 26 B0 M M 0T B, A 4T

W LA Fielder HACAS Ky 19 DBR8 FILLHE @SR TR M T, Mk WA E (&
6 5 AR KB DBR11 WA T, VAR 4> 3 A PO E MBI . 2671838, A
FRPRE T 98 6 A 40 5O i R T 3R A T, FHEF A= 4 Fielder MR 6 5 /NEE RACANT T, R
MR . FEFAR I P AE 0, 0 MRS A E RS A MEVER BRI AT B . — A A R BT S A
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e, R EMI R R — e R ERBE O, 5
T, fRAEBRFhF 0022 45 A0 — 2.
2.5 HEREKNKSETE

FE/NAZVESR I, % T AR I 35 TR PR 1 bk 5
HEAT WREE 55 ] F R AR HE L N B R Bk i ) A AR
(B 5A) . E25 0 B 25 0 R . B Fielder #2
¥33k15 1) DBR8 tk &, T, A F bRtk h
(67.80+4.89) cm, A & #k M bk &5 2 (75. 30 £
4.26)cm; HHEOR 6 5 2 8 35159 19 DBR11 #k &
T AR B BRI BR & R (59, 04£5. 71) em, 7]
BHRE K (66,7544, 43) em (B 5B), Mz, WA#E
FEERR T AT A E RO S A D E 2R P
<0.01),
3 it

KRBT /INE L E/NZ F Fpeb i 5 255
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