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Molecular cytogenetic and disease resistance characterization of the wheat-
Psathyrostachys huashanica disomic substitution line 16 DH25-7

Wang Yue-Sheng, Ge Dong-Dong, Cheng Lan-Fei, Chen Chun-Huan, Wang Chang-You, Liu Xin-Lun, Li
Ting-Dong, Deng Ping-Chuan, Ji Wan-Quan’, and Zhao Ji-Xin"

College of Agriculture, Northwest A&F University, Yangling 712100, Shaanxi, China

Abstract: Psathyrostachys huashanica Keng (2n = 2x = 14, NsNs), a valuable germplasm resource in the tertiary gene pool of
wheat, exhibits remarkable resistance to biotic stresses such as powdery mildew and stripe rust, making it highly valuable for
wheat genetic improvement. In this study, a derivative line, 16DH25-7, exhibiting resistance to both powdery mildew and stripe
rust, was selected from the progeny of the wheat-P. huashanica heptaploid H8911 and durum wheat D4286. To elucidate the ge-
netic background of this material, cytogenetic analysis, fluorescence in situ hybridization (FISH), liquid-phase chip technology,
and molecular marker analysis were used to characterize its chromosomal composition. Cytogenetic analysis revealed that
16DH25-7 had a chromosome number of 2n = 42. FISH analysis showed that it carried two P. huashanica Ns chromosomes and
simultaneously lacked both wheat 5D chromosomes. Combined analysis using molecular markers and SNP chip data confirmed
that the missing 5D chromosomes were replaced by P. huashanica SNs chromosomes, indicating that 16DH25-7 is a wheat-P,
huashanica 5Ns (5D) disomic substitution line. Agronomic evaluation demonstrated that 16DH25-7 possesses desirable traits
such as reduced plant height and increased tiller number. Disease resistance assessments confirmed its high resistance to both
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stripe rust and powdery mildew. In conclusion, 16DH25-7 represents an elite disease-resistant germplasm that holds great poten-

tial for wheat resistance breeding and genetic improvement.
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Fig. 1 Cytological observation and in situ hybridization analysis of 16DH25-7
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BFrEFYAK); o i1 Oligo-pSc119.2 ¥4 (4 ) FI Oligo-pTas535 #F4H (L1 ()X 16DH25-7 4T Mc-FISH 4347; e: 7182 Fll 16DH25-7
Jefk 2B, 1D Ml SA BOLIF S B LS £ i Oligo-pSc119.2 4T (4% )M Oligo-pTas535 #RA (L1 )% 7182 #:4T Mc-FISH 4+ #r. %

Ok DAPT () E G, A3 K 10 pm,

a: somatic chromosomes at mitotic metaphase in root tip cells (2n = 42); b and d: genomic in situ hybridization (GISH) analysis of 16DH25-7
using P. huashanica genomic DNA as probe (the red arrows indicate the chromosomes of P. huashanica); c: multi-color fluorescence in situ
hybridization (Mc-FISH) analysis of 16DH25-7 using Oligo-pSc119.2 (green) and Oligo-pTa535 (red) probes; e: comparative FISH signal
patterns of chromosomes 2B, 1D and 5A between common wheat 7182 and 16DH25-7; f: Mc-FISH analysis of 7182 using Oligo-pSc119.2
(green) and Oligo-pTa535 (red) probes. All chromosomes were counterstained with DAPI (blue). Scale bar = 10 pm.
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Table 1 Specific molecular markers linked to P. huashanica chromosomes in 16DH25-7
FRid P 5191751 Sequence of primer (5'-3") e A B KR E
Marker Type 1E [ 514 Forward primer I8 514 Reverse primer Chromosome T (€)
BF293016 ESTs CGTCCTCAAGTCCCTCCTCT GAACAGCTCAGCAGAATACGG  5AS, 5BS, 5DS 60
CD452608 ESTs TGATGTCTTGTCGTGGTCGT TTTTGGATGCAGCAAGACAG SAS, 5BS, 5DS 58
BG607512 ESTs ATTGTCGAGGTGGTTCAAGG CAGTCTGCCACCTCCTCTTC 5BL, 5DL, SAL 58
TNACI1624 PLUG TTCTCCTCGAGAAGTTTGCAG CCTCGTCACCAACTTCCTCTAC 4AL, 5BL, 5DL 58
TNACI1575 PLUG CAGCTCTAGCGAAAGACAAGG AGCGATATTACGCCTTCCACT 4AL, 5BL, 5SDL 58
TNACI1567 PLUG ATGTTGGCTTTATACCAATGC AGGTGCGGCTTCACTATCTTT SAL, 5BL, 5DL 58
RHS103 SCAR TCCGCATACCCGATAAT TCCGCATACCACCTGTT 5Ns 58
RHS141 SCAR CTCGGCACCATAAACTAT CTCGGCACTAGAGGAAAC 5Ns 58

ESTs: #iEJFHIHREE; PLUG: #&T PCR BY4F 5 M 545 DUSEH; SCAR: JPHIRAEY 1 X 35

ESTs: expressed sequence tags; PLUG: PCR-based landmark unique gene; SCAR: sequence characterized amplified regions.
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Fig. 2 Electrophoresis analysis of 16DH25-7 and its parents using eleven polymorphic markers
M: DL2000; 1: 7182; 2: D4286; 3: EILIHT £ B ; 4: 16DH25-7. a: BF293016; b: CD452608; c: BG607512; d: TNAC1624-Taql; e:
TNAC1624-Haelll; f: TNAC1575-Taql; g: TNAC1575-Haelll; h: TNAC1567-Taql; i: TNAC1567-Haelll; j: RHS103; k: RHS141, #i3k#5»m

HiSt A

M: DL2000; 1: 7182; 2: D4286; 3: P. huashanica; 4: 16DH25-7. a: BF293016; b: CD452608; c: BG607512; d: TNAC1624-Taql; e:
TNAC1624-Haelll; f: TNAC1575-Taql; g: TNAC1575-Haelll; h: TNAC1567-Taql; i: TNAC1567-Haelll; j: RHS103; k: RHS141. Arrow

indicates specific band.
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Fig.3 SNP chip analysis on 16DH25-7

a: /A 7182; b il c: 16DH25-7; YhAs45 N DMP,

a: common wheat 7182; b and c: 16DH25-7; The ordinate is deep per million mapped fragments.
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Table 2 Polymorphism analysis of molecular markers for the SNs chromosome of P. huashanica in experimental materials

YiF Species
pric BE RiEE AR AT A ekl EPST Y
Marker 7182 D4286 Secale Thinopyrum  Psathyrostachys —Leymus 2651?;{ Sequence of primer (5-3") Tn (C)
cereale ponticum huashanica mollis

Ph#5Ns-1 + + + + + + +  F: ACACTCTGACGCAGTTGATG 60
R: GAAACTGGCAGAAGAGGTCC

Ph#5Ns-2 - - - - + - + F: CCGCCGTGTCTACTTATTCG 62
R: CAGCAAACGCAACAGACAGG

Ph#5Ns-3 - - - - + — +  F: GGTAATGCCCCTACTCCTGC 62
R: ACACACGCACTGATACGGGA

Ph#5Ns-4 + + + - + + +  F: CTGCTCCCTCAAGTTCTCAA 60
R: CAGAATGGTGGCAGCAATAC

Ph#5Ns-5 - - - - + + + F: TCTTTCCTGAAGTTGGCTGG 60
R: CAAATCCCAGAATCCGAGC

Ph#5Ns-6 - - + + + + + F:AAGTGGTCGCACATTCCTCT 58
R: TTCGTGACCTTGATGTTGGA

Ph#5Ns-7 - - - - + + + F: GCCTGAAGACTTTCCTATCCT 58
R: TGAAGACAATGTTATCAAAGCA

Ph#5Ns-8 - - - - + - + F: CCCAAGGGTCTCCAATAAGG 60
R: GAGTGGTCTTTGGTTTCTTGC

Ph#5Ns-9 - - - - + — + F: CACCTAAGACGAGTAACCAA 58
R: AGCATTATCTGTAAGCGGAG

Ph#5Ns-10  + + + + + + + F: ACGAGCCAATCATCAGCATC 60
R: CCAGCAAGGAAACTTCTACA

Ph#5Ns-11  + + + + + + + F: GGTATGGCTTACGGGAGGTT 62
R: CTGAAGGCTGCCCAAGAGAA

Ph#5Ns-12  — - - + + + + F: TAATGGCGTGAGGTTTGAGG 60
R: CGGACACCATAAAGCACCAA

Ph#5Ns-13  — - - - + + + F: GCCATACTGCGTTCTCCACA 64
R: CTGCCCTCACGCTTCTCCTC

Ph#5Ns-14  + + + — + + +  F: TTGATGTGCCAAAGGAACTC 58
R: CAACACTTACCTTGAATCCG

Ph#5Ns-15  — - - - + — + F: ACCTTTAGCCGAGTAGTGGA 62
R: CTCTCCAGCACAGCACTCAC

Ph#5Ns-16 — - - - + + +  F: AGTTTGAATACCGAGAGGAG 56
R: ACCATTGATAAGATTGCTGC

Ph#5Ns-17 - - - - + - + F: TGAAGAAGAACAGGGGCAAG 60
R: TTCTCCCCTGAACCAAACTG
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YIFP Species
fric Mk REMELR LRk B2kl B K
Marker 7182 D4286 Secale Thinopyrum  Psathyrostachys — Leymus 1265]);{ Sequence of primer (5'-3") Tw (C)
cereale ponticum huashanica mollis

Ph#5Ns-18  — - - + + + + AAGTTTGCTTTTTTGTGCGT 56
R: CGGCTAAGGGTTATTATCAG

Ph#5Ns-19  + + + + + + + F: TGGAGCGAGATGGACTACGA 62
R: TAACATCCTGTATGGCACCG

Ph#5Ns-20 — - - - + + + F: CGCCTGAAGACAATACCACT 58
R: CAACTTTTTTAGAGTGGGCA

Ph#5Ns-21  — - - - + + + F: GTTTTGTTCACATTTTGGCG 60
R: GCAACAGAGAAGGCAGAGCG

Ph#5Ns-22 - - - - + + +  F: TATCCGCTATGAGAATGCCT 58
R: GCTGAGAATCTACCCAAACC

Ph#5Ns-23  — - - - + + + F: TCCGTAGAAACAAGAGGCAA 58
R: ACTCCTTACCCCCTTCAAAA

Ph#5Ns-24  + + - + + + + F: GGAGTCCGAGAGAGGAACCG 64
R: TCGTTACCCTCAAAACCCCC

Ph#5Ns-25 + + + - + + +  F: GCGTTGGTGGTTCCTTTCGT 62
R: CCTACGGGAAGAGAAACGGG

Ph#5Ns-26 — - - - + - + F: TCAGGAATCTCTATCGTGGG 60
R: CGGAAACCACAATGTCACTA

Ph#5Ns-27 - - + — + - + F: CCCCCTCCCCTCTCCTATCC 62
R: CTGCTGACCTTCACTCCCCG

Ph#5Ns-28 - - - - + + +  F: ATAAGAGGTCTGGCTGTGGT 58
R: AAGTAATGTAAGAAGCGGCA

Ph#5Ns-29 - - - - + - + F: CTTATTAGCGGGTCCTTGGT 62
R: TCCTCGTCTGTGGGGTAGTC

Ph#5Ns-30 — + + — + - + F: GAGTCGTCGGCACAACATCC 62
R

: ATCGTGCTCCTCATCTTCGC

“E IR RN R A B o

“+” indicates the presence of specific bands;
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Fig. 4 Electrophoretic analysis of 16 specific markers in experimental materials

M: DL2000; 1: 7182; 2: D4286; 3: M7, 4: KAEER 7, 50 ARINHTZE R 6: I47; 7: 16DH25-7, fi kb 54w .

M: DL2000; 1: 7182; 2: D4286; 3: Secale cereale; 4: Thinopyrum ponticum; 5: Psathyrostachys huashanica; 6: Leymus mollis; 7: 16DH25-7.
Arrow indicates specific band.

26 KZHREMBEEER HEE RN A R B I A O T OB E (P < 0.01);

2R A DR (R 1), SRCEME 7182 16DH25-7 BRI K A T W E 2 18], B H Tk & 4%
Fl D4286 M Et, 16DH25-7 I H I B PRk K . D4286 i FRE(P < 0.01), 45K, 16DH25-7 il
TERRES 71, 16DH25-7 BEAMIM B E AP < T Z5A SR AR AL SS A R BB HR, 78 CRFRE YAk
0.01); JFBERUR EAIN WEW NP < 0.01), M K/NWRIEE, &EERE T8RS MEDRE, o
SRR RS> BERE . BERPER DT I, 16DH25-7 B/ RS AP R R (R 3 RE S5).

%3 16DH25-7 REFEAMEERZMHIKLE

Table 3 Comparison of main agronomic traits between 16DH25-7 and its parents

o PR I3 BEAL SN NS FERLEL ThL g
. Plant height Tiller Spike length Spikelets Kernels per Thousand-kernel =
Material . K . Awn type
(cm) number (cm) per spike spike weight (g)

7182 79.0+£2.49 Bb 10.3£1.42 Cc  11.41+0.71 Bb  21.7+0.95Bb  53.8+4.02 Bb 38.13+0.58 Dd 1% Long
D4286 87.4+2.76 Aa 12.3£2.15 Bb 7.96+0.35Dd 15.8+1.32 Ee  41.2+2.35Cc 45.94+0.53 Bb £ Long
I AR 62.0£092Dd % Clump 8.15£0.24 Dd  17.0£1.15Dd  41.3£1.86 Cc 3.48+0.27 Ee JE 1 Short
P. huashanica
16DH25-7 58.6£1.50 Ee 20.7+2.08 Aa 9.14+0.34 Cc  22.8+0.92 Aa  57.3%£1.78 Aa 39.79+0.88 Cc £1" Long

R ZNEE 5 AN /NG FRERRAE 0.05 KF B2 W3, AR KEFRRRTE 0.01 KV E2ERBE.
Different lowercase letters within the same column indicate significant differences at the 0.05 probability level, while different uppercase
letters indicate significant differences at the 0.01 probability level.

wenil
Y
00000000

Bl 5 16DH25-7 REFAMKZHERMNAME. FFERMMELEERE

Fig.5 Phenotypic evaluation of agronomic traits and disease resistance in 16DH25-7 and its parental lines

a: BRE b K o /NG A RETE; e RLKC £ EIBYRPIMESRAL g SEEPIIER Y. 1 7182; 2: D4286; 3: AEILF AT, 4: 16DH25-7;
5. BEAR 2255 6: MR,

a: plant height; b: spike length; c: spikelets; d: kernel width; e: kernel length; f: powdery mildew resistance phenotype; g: stripe rust resis-
tance phenotype. 1: 7182; 2: D4286; 3: P. huashanica; 4: 16DH25-7; 5: Shaanyou 225; 6: Huixianhong.



442 fE W 2

52 %

R BPE % e 45 L R, 16DH25-7 (IT = 1) 5
R IR 225 (IT = 9), A 7182 (IT = 9) %
D4286 (IT = TfFFEARE], HrtksK-F 541150 % 5
(AT=0) M (Bl 5-f). FBWIELEC BIR,
16DH25-7 (IT = 1)BH 08 T8 X B EL 20 (IT =
4y, EA 7182 (IT = 4)F1 D4286 (IT = 3), PrthFHM
A Z FLAT = 0)HH 4 (] 5-g). P ik %€ R W,
16DH25-7 X 4 Ky Fl 45 S5 24 2 Bl 4t o
3 it

F I 1] it Pl ] 24 28 S 8O N2 A% 2 RE 1 0 3
W, DUVERE BERREL AR . M/NE G I s H R
T ) 5 M () A B 8 BB, SO T R AR IR AR
S AR NE R E I R . B, RO S
/N AR L 22 R S AR &R, X BT AR AR
BRIk, 40, INs (1D)FC#: & Wheat-Ph1D
MG PN | Mk e B A S T i 38 m Ay R
2Ns (2D)FUHe % DH2322 F3 K Ak 5 2
ERNAIEHLT, 3Ns (3D) AL R DH109 WX
¥ F AR B s B Pk, Re TR E A, B
SR HRIE T /N - A2 1L &2 5 SNs (SD) ARk &, I
RIRT/INH22 H8911 Sk /NAE Trs-372 22585 1€,
RIMBUARTEI, IR G RO Tk 5
R B E R R P AR R, FE/NE E H8911 5
MR/ NAZ D4286 myZessfeAlrh, S 1 F
5Ns (D) ftHe &, HAHUARG 0N, 0 H ik &
ST R R 2 A BERY MR IR B AR RT AR R A
S DRFZ I 0 SR A RE, S BT PR B SRR Y
SUd I B s i k< S NI W RN o 1 5 e = e
PR LT Y 3L R B U

DA 5% A8 T A2 BV 78 AN 2 o AR R K A%
RUREAE A 5 07 1, b 3R AR M 5Ot IR AR A8
(ND-FISH) L) 32 i FH /N 22 Pt it v A5 4 e Ak
FE R ZE R AR SR 2030 B e B, AELLGE & BT N
AN YL AR 5 AT & /N A G R Y 25 4
SR N Yoo i 51 A T B 3 ok 8 4 [ VR
XEAHSCFE R (I Phl FEPR)EYFRIL, TH/NE Gk
WY IE R B2 AT o, #EmE S g RS A8 Y &
Ao ABIFSEIE I SR eSS HOR B, TIESE 16DH25-7
HEAT I MR o (AR A AR LR 27 B Ns SRR 4 F—
WOt KB, MR ek 2B 1D R SA (A% AL
5l NAZ 7182 AR B A5 22 5

3 FARICH AR TEAE ) SR PR 4 8 28 e B[R] T
B8 40 M A AR TR AR AT, e dibric dn
fij PR %) B8 & (simple sequence repeats, SSR) , %157
HIFRICHIHE T PCR (Y47 51k P8 DS A 10 55 2 1
JrE R ARk, Bl e AR A & R
AR e o AR SRR IE T & B 5 I 328 3 R BF Y
AR 3 B 7 S L B UYL ok 1S IS AT 2708 X VA=
B E PRI T AME G RS E I ROR SRR, i
G238 S AR AL AT PR AL T AT T BR S
AT F /N 22 -4 1LHT 22 B2 WAH 68 i (GenoBaits
WheatplusPh) & 55 /N2 7 AN 53 [RIUEHE 09 50 b
g, % 16DH25-7 YL (AL iUtEAT 73BT, S55REM,
MR R S5 /NEE SD Y tadk, HEA SR AR L
B2 B SNs Getafk, HIF & BRESPEbRIC AT A
M/NE TS Serh AR LT 22 5 Ns R4

2RI R 2 A BR/INE A T I Y R B A
Py iraa B0, R AR B /INAZ v B S R T 2 AP 5
PRI, AH H T D T /N e bR e Ak, A4 2 R R Bt
BB T, G A HR B R 2 b
INZETITL, SR S5 P (AR By 3 A T 25 DRUAS 4
SENLRIMERE o PRtk, 7E/N2E 5 SR 22 52 B i B
InZAFCHe R A LA b, T i — 2R Phib B 58
R IR E AL AR ST E AR MOR LT 3800 5
BA, Qlf 50 &P, RS @ “Co-y H
BIARST A5G PhIb 375 S ER 4[] U5 E 4H i i Ak B
16DH25-7, 5= 4500 BAR IR/ R Be i &%,
P M S I 2 H A2, BT BT R B A L

4 %t

AW 1 I G A58 IR AR e, DA /NZE A LB
F AR H8911 5 RN D4286 (19243 5 A h
PAZAEHT VR IR AT T4 R 16DH25-7, 256
g DR e VI SN VA S ) e B S Tt UL D
OSBRSS, 16DH25-7 et ih% H ol 2n = 42, H
/NFZ SD YL R PR LB 2 5 SNs YL iRk 524 B AR,
R R 1 /N ZE AR 1L B 22 5 SNs (SD) R AR 48
Fo REMWRRGEIN Shimtk e #W, 1z~ %
RPN IRR A RS R I R b, BB RE
THEEREAC . o BERO ISR R A Z MR . A5
AR /N7 = R TR P v A8 1L 22 R S R TR 1) 15
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Table S1 Agronomic trait investigation table of wheat test materials (2022-2023 and 2023-2024)
2022-2023 2023-2024
Bk M SR SIS VR R THE  BRE e FEK N FERIEC TR
Material Plant . i . Thousand-  Plant X i . Kernels Thousand-
. Tiller Spikelets Kernels . Tiller Spikelets
height . . kernel height length . per kernel
number per spike per spike . umber per spike . .
(cm) (cm) weight (g)  (cm) (cm) spike  weight (g)
7182 76 12 9.6 20 52 37.65 75 8 10.5 20 58 37.21
78 12 11.7 23 55 38.12 79 9 11.4 21 58 37.68
80 10 11.5 19 46 37.91 76 9 12.1 22 50 38.89
81 9 12.3 22 47 38.24 80 12 11.7 21 48 39.08
75 8 11.1 22 50 39.16 82 12 11.3 23 57 38.47
79 10 12.5 23 61 38.51 77 12 11.0 22 52 38.33
78 9 11.7 20 55 38.37 79 10 11.9 23 54 38.62
79 9 11.4 22 56 37.55 83 11 11.6 22 53 37.95
84 12 10.9 22 55 36.92 78 11 10.8 21 55 38.02
80 11 10.7 20 58 37.76 81 10 12.4 22 56 38.15
D4286 90 9 7.6 14 44 45.65 91 13 7.5 15 43 46.32
91 11 8.5 16 42 46.17 87 11 8.4 17 41 45.41
85 14 8.7 16 39 46.26 87 16 7.6 14 40 46.55
88 16 8.1 15 40 45.77 85 9 8.3 16 44 45.20
87 11 7.9 18 45 46.12 90 11 8.2 18 38 46.01
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2022-2023 2023-2024
e 35 SR FEKC VB BRI THE S SR SN VK MRE  TRE
Material Pl'ant Tiller . Spikelets Kernels Thousand- Pl'ant Tiller ‘ Spikelets Kernels - Thousand-
height . . kernel height length . er kernel
(cm) number (cm) per spike per spike weight (2)  (cm) number (cm) per spike spike  weight (2)
D4286 90 11 7.7 17 43 45.11 89 15 7.8 15 42 4593
85 14 8.0 16 42 44.98 83 13 7.9 17 45 46.47
86 10 8.0 15 40 45.63 86 10 8.0 16 39 45.76
91 12 7.5 16 37 46.87 88 12 8.1 14 41 45.09
81 14 7.4 14 39 46.28 88 14 7.9 16 39 46.24
o1l Hr 62 — 8.2 16 42 3.72 63 — 8.4 17 43 3.68
Ea) 63 — 8.0 18 41 3.44 61 — 7.8 19 40 3.21
P 62 — 8.1 18 42 3.12 62 — 8.3 16 42 3.85
huashanica 61 — 8.5 17 39 2.96 63 — 8.1 15 41 3.05
63 — 7.9 16 40 3.56 61 — 8.2 18 39 3.53
62 — 8.1 16 45 3.91 62 — 7.9 17 44 3.37
61 — 8.2 15 41 3.51 63 — 8.5 16 41 3.74
60 — 8.2 18 42 3.62 61 — 8.1 18 43 3.18
63 — 8.5 17 42 3.39 62 — 7.9 17 38 3.59
63 — 7.7 17 38 3.72 62 — 8.4 17 42 3.45
16DH25-7 60 18 9.7 24 60 39.21 57 24 9.4 24 55 38.63
58 24 9.5 24 57 40.43 60 22 9.0 24 60 40.88
61 19 9.6 23 55 38.76 58 22 8.6 21 56 40.56
57 24 8.7 22 56 41.65 59 19 9.6 22 58 39.72
58 22 9.1 20 59 39.82 56 18 9.2 23 58 38.97
56 20 8.9 22 61 39.16 61 20 8.7 22 59 39.94
59 19 9.2 23 57 38.55 58 23 9.3 23 57 40.21
58 21 9.3 24 56 39.84 59 20 8.9 23 57 41.10
59 20 8.8 23 55 38.92 57 21 9.5 23 56 39.58
60 17 8.9 22 56 40.61 60 21 8.8 23 58 39.25




