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IDENTIFICATION OF TWO NEW QTL FOR FHB RESISTANCE IN A HARD RED SPRING WHEAT
CULTIVAR ‘PARSHALL’
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Table 1: Identified QTL for FHB resistance and related traits in the hard red spring wheat cultivar ‘Parhsall’. _
Ab 1. 1. QTL TRT LOC MRK Pos Cl Add LOD* R % Perm-LOD 4BL2
| I M 0.0~ wPt-6149
sTrac QFDK.1AL  FDK S10 wPt-6853-wPt-0432 3.0-.3.5 3.1-6.7 4.3 3.3%x* 13 2.5-3.6 !
QFHB.1AL  INC,FDK P11,512 wPt-4065-wPt-7215 17.5-18.0 6.7-18.4 1.2 3.1 %** 9.0-12.0 2.2-3.5
The intensive use of the Chinese Sumai3 as the major  q.seviBs.a SEV G12 wPt-4366-wPt-0328 5.5 3169 -3.8  2.6* 10 2.6-3.4 s
resistance source for FHB has narrowed the variation of the Q.SEV.1BS.b SEV G12 wPt-3465-wPt-2762 8.0 7.1-95 7.9 2.9* 12 2.6-3.4 3
allelic forms in many wheat breeding programs. Therefore’ the QFHB.2AL FDK,HD $10,S12,NDH wPt-665330-wsnp Ex _c6660 11526924 0.0-14.5 0.0-24.7 0.4-4.7 2.6-4.2*** 10.2-16.0 2.2-3.6 e —
. . . : . . ~wPt- _ _ X _ m
Vet Baleara (M5 st wiest cvlkivams. & seoulkien mi QINC.2AS.b  INC M10 wPt-4533-tPt-1041 6.0 3.2-12.3 148  5.8**** 2138 2.2-3.0 L rrA\ 1Ay
Pring - 1 POP Q.FHB.3AL1 SEV,FDK P11,G12,GHS wsnp_Ex_rep_c67349 65914945-wsnp_RFL_Contigd273 4946890 0.0-0.5 0.0-1.0  2.5-4.1 2.2-45%%* 90-17.0 2.5-3.6 155 | wprszas
110 RIL, called (PR), was generated from the cross between  oryp 3412 sev,DON 12,510 WPt-744743-WPt-9154 0.0-15 0032 -0.5-40 3.0%* 12 2.5-3.5 WPLTSE9 WPLBTO0
‘Parshall’ and ‘Reeder’, a moderate resistant and a susceptible  qrHB.3413 SEV,FDK G11,510 wPt-5173-wPt-9049 11.5-14.0 8.8-14.4 +3.3-4.0 2.8* 11 2.5-3.6 || |wPt-733082 wsnp_Ex_c42895. 49355806
cultivars released by the ND State University, respectively. PR QSEV.3AL4  SEV GH wsnp_Ex_c26887 36107413-wsnp_Ex_c4923 8767234 14.0 0.0-20.5 -3.8 3.4%% 13 2.5-3.6 x:gg-%-‘;(ffjgggjg“ggfgggggF;anxﬁcgglggzgjg’6§§2206ﬂ
popu|ation was evaluated for FHB resistance for the three QFDK.3BL1 FDK S10 tPt-1759-wPt-10130 3.0 2.8-3.3 -2.7-3.6 2.4-4.1*** 10-15.7 2.5-3.6 s azzB:ﬁ:gzg_g%lﬁfgg?83WVS\/2E)BE\)](5C_§;;%§_22(7)513§132’§9
. 00 o - - - _ _ %k %k _ o O — . _JY_ _ _Jb_ _
years (2010-2012) under field conditions at three different QDON.38L2  DON P11 wPt-4933-wPt-667746 1.0 0.6-3.8 0.21 2.7 11 2.2-3.1 ~ 1 /| wsnp_Ex_c22648_31848819 wsnp_Ku_c31283_ 41033384
: : " QFDK.3BL2  FDK G12 wPt-7037-wPt-2439 6.0 54-63 4.4 3.0%* 12 2.6-3.6 — wsnp_Ex_c10904 17717813 wsnp_JD_c33645_25575463
locations in the USA. In addition, two years (2011-2012) of . o wsnp_Ku_c5502_ 9764246 wsnp_Ex_c22785 31991891
greenhouse experiments were performed to validate field  orpp 353 ppi $10,GH WPt-3327-wsnp_Ex_c6445_11200449 9.0-10.0 0.0-10.8 +2.4-5.4 2.0-3.2** 8.0-13.0 2.5-3.6 = | |wsnp_Ex_c16825 25387841 wsnp_Ex_c22785_31991697
data. Several FHB resistance traits including incidence (INC),  qrHB.3813 INCSEV,FDK  P10,Al,S10 wsnp_JD_c6974_8084752-wsnp_Ku_c15149_23666345 19.0-22.5 14.1-25.2 1.2-52 2.3-3.6** 9.0-14.0 2.4-3.6 o |\ varh-REL CanihT, 170810 wsnp, CAPA1,rep_ca663_573896¢
severity (SEV), FHB-index (NDX), deoxynevalonel (DON), and QFHB.3BS1  SEV,HD P12,G11 wsnp_Ex_c7108 12222660-wsnp_Ex_c2325 4355706 1.5-3.0 0.0-3.0 3.6 3.4%* 13.3 2.5-3.6 - 2287 lwsnp_BE442582B Ta 1 3wPt-2214
FHB-damaged kernel (FDK), and heading date (HD) were QFDK.3BS2  FDK G11,GH wsnp_Ex_c16919 25506076-wPt-742337 10.0 9.4-12.3 3.3-4.02 2.0-3.1** 8.0-12.1 2.6-3.7 © 004A'—2W3np (U 1ep 064565, 676L44TO
(Q\} ] U. _INU_IOpM —
assessed. Our results revealed that out of 65 QTL; 39 QTL haa gi::‘s/ ftﬁfz |S|5\c/ SEV,NDX Eig $10,Al,M10,AN WPt-MK1 536_Wpte;t73:2§1:7614479 Ku_c45197 52288542 g.g 1.5 g.g_g'i Zfs 4.1 2.2*6 1 ii 0-23.0 2222 z‘:l e
- - - + - - - -
ignificant major effect. Three QTL (QFHB.2AL, QFHB.3AL1 an SATEG TV ESED b U WSP_H_Fep €585 e _H_eA I et oS S ~
significant major e ECtI ee Q (IQ ] , Q 3| é d QHD.4AL2.b HD C11,L11,P12,M10,NDH  wsnp_Ku_c45197 52288542-wPt-7427 4.5-10.0 4.1-10.4 0.4-0.9 2.2-4.0*** 9,0-15.4 2.5-4.0 0
QFfiB.3BL3) were stable across at least three year x location  qryp 412 g SEV,NDX,FDK,HD P10,C11,111,M10,511,512, wPt-6149-WPt-7569 6.0-18.5 0.0-20.9 0.5-6.7 2.2-8.8****9,0-31.0 2.2-4.0 i |
environments. Likewise, four QTL (QFHB.4AL2.a, QHD.4AL2.b, FieldS,AN,NDH o of
QFHB.4BS and QFHB.6BL) were stable and had major effect QFHB.4BL2.b FDK,DON P11,510 wsnp_CAP12 c1101 569783-wsnp_RFL_Contigd416 5179910 21.0-22.0 20.9-22.8 0.5-11.8 3.0-3.6*** 12.7-14.2 2.2-3.6 o f]41 wsnp_Ku_c45197 52288542
across at least four environments. Most importantly, the QSEV.4BL3  SEV G12 wsnp_Ku_c5210_9290700-wsnp_Ex_c4685_8377545 21.5 0.0-26.1 -6.1 4.0%*** 15 2.6-3.4 gr
QFHB.4BL2.a QTL was stable under nine environments QFHB.4BS  DON,HD P10,M10,NDH,G11,511 wsnp_Ex_c13357_21054802-wsnp_Ex_c6739 11646407 2.0-18.5 0.0-18.7 -0.4-0.7 2.2-6.2****9,1-23.0 2.4-3.7 =Nl /wsnp_Ex_cgggmlaégégsM WsEp_RgngCl%r;tll%l()%lo_1074716
controlling four different FHB-related traits including SEV and QDON.oAL -~ DON >11 wsnp_Ra_rep_c69221_66574260-wsnp_Ex_rep_c70343_69286072 15.5 0.0-15.7 0.6 4.9mmE 19 2.5-3.4 CI)’ B Wsnp_EX_C53966 569830V(V)%np_ X_(F:QFL_C tig2966_2832493
& 5 QHD.5AL  HD c11 wsnp_ Ex_c4666_8349206-wsnp_Ku c30743 40542247 16.5 15.7-22.7 -0.8  3.0** 11.7 2.6-4.0 ] 677 \Xiﬂhﬁmg 10740143WV:§SF’EX Tt DEO
FDK. Our data also demonstrated that Parshall acquired novel  q ryg 541 sevNDX,DON 512,611 wsnp_JD_c1796_2496653-wsnp_Ex_c19647_28632894 27.5-31.5 22.7-31.5 $0.5-1.6 2.1-3.7**** 8.7-14.4 2.5-3.6 wsnp_RFL_Configé429_5204995 wsrp_Ex_c1563 2987002
chromosomal regions for FHB resistance. Such new regions  qrpke6aL  FDK 510 wshp_RFL_Contig420_4824600-wsnp_Ex_c42447 49025091 2.0 1.0-2.5 4.5 3.7%%%% 144 2.6-3.6
may contain allelic forms that help increase/widen and bridge QDON.6AS  DON SD wPt-731413-wPt-733115 7.5 2.7-11.9 0.4 3.0%* 12 2.5-3.5 9.5 —wPt-6748 wsnp_Ex_c9345 15516120
the narrow allelic variation existed in FHB resistance traits. QFHB.6Bc DON,HD SD,ND wsnp_Ku_c7002_12116034-wPt-6247 3.5-8.0 0.0-12.7 04 2.2-2.8* 9.0-11.0 2.5-3.5 10.4 WPt-7427
. . . - - - - - - - %k 3k 5k 3k - -
These alleles could be implemented in national and Q,I:: Zg'ggél SD&NI\'I';?( ig,mo,l\nlo,cn Wg: ;ggg?’l WptclAO:fz 1388 706924 ;9526165 ;6(;06261.9 01'1810'43 ;; 3.6 ;0'8 14.1 ;: g'g Fig. 1. Chromosomal map for major and consistent QTL identified on
international genome wide selection (GWS) and molecular QFHB. / WL/ 25T Wshp_ —CLIee_ i e o ' e 4AL2 and 4BL2 in (PR) population. (QTL intervals shown as (lines); QTL
sted breeding (MAB) ciollv. Parshall " Q.FHB.6BS2 SEV,NDX P11 wPt-743078-wPt-7576 1.5 0.0-45 -2.8 4.1%**%x 16 2.5-3.4  Locitions shown as (Triangles): QTL for INC, SEV, NDX, DON, FDK, and HD
assisted breedin rograms. Finally, Parsha ramids ' » SEV) ' » TER
Jing ! Prog Y nall pyram Q.FHB.7AL1 SEV,HD P10,M10 WPt-7785-wPt-1928 0.0-0.5 0003 22 = 2.7* 8.0-11.0 2.5-3.7  \ere shown in (Yellow, Blue, Green, Purple, Red, Brown) respectively).
many genomic regions that were associated with high-yield  qryB.7412  SEVNDX 512 wshp_RFL_Contig2136_1423367-wPt-664237 0.0 0.09.6 -1.5  3.0%* 12 2.5-3.6
and quality end-uses, and other agronomic, including drought QFDK.7AL3  FDK G12 wWPt-744715-wPt-744937 15.5 0.0-15.8 -5.8 4.3%**% 163 2.6-3.6 Table 2: Number of ch ) ue loci
tolerance that can improve wheat production QINC.7AL4  INC P11 WPt-4721-wPt-0275 02.5 0.0-21.3 -56  5.5%**x 207 2535 d e| " “’;‘_ fr orc r‘;’:hosomes' gr‘;,“‘t’s' mag irs' “”'tq“e |°°,"
QTL, name of QTL; TRT, FHB traits. LOC, locations; MRK, flanking markers; Pos, position; Cl, Confidence intervals; Add, additive effect; LOD, logarithmic likelihood; *, significance levels at 0.05, cumu aclr\]/e = ance;g I\GAEY(eragDeIS'IrS ancSL € we:\yDlev? ocl.
FHB Screenin 0.01, 0.001 and 0.0001 of permutation test; R2% , percentage of phenotypic variation (PV); Perm-LOD, threshold LOD values generated by permutation test. INC, incidence, SEV, severity, DON, 1;m. > 13 71 Ic T
g deoxynivalenol, FDK, Fusarium damaged kernels, HD, heading dates; A, All combined homogeneous environments of the specified trait; P, prosper; C, Carrington; G, greenhouse; L, Langdon; S, ' '
) ) SD; M, MN; Field, all combined field data; 10, the year 2010; 11, the year 2011; 12, the year 2012. 2A 2 16 37.5 10 3.75
Population and Phenotyping: 3A 4 22 454 14 3.24
: 4A 3 34 31.6 19 1.66
° - X °
110 (PR) RILs. developed from Parshall (FHB-resistant) x Reeder Resul-'-s CO"CIUS'O"S A 1 17 19 7 613
(FHB-susceptible). 6A ) 12 151 9 168
e FHB Incident (INC): percentage of infected spikes per entry =» QTL analysis for FHB traits and heading dates (Table 1): e We identified major and consistent QTL on 4A, 4B . ZA;A les ‘1‘21 ?7‘.451 ;3 i;g
for 4-environments. L , , _ . i i . o ota - -
. . . e Composite interval mapping (CIM) using QTL CARTOGRAPHER identified = 6 for INC (type (Fig. 1) and 6B for. FHB resistance; given that, 18 1 19 107 11  0.97
. !=HB Sever!ty (SFV). percentage of dlsea.sed spikelets on the 1); 18 for SEV (type 2); 6 for NDX; 10 for DON (type 3); 14 for FDK (type 4), and 11 QTL for Parshall has no Sumai3 background. 7B 1 12 6 10 0.26
infected spick (Disease spread)=»for 6-environments. HD. e Markers associated to the 4BL QTL (Parshall), could 3B 5 75 576 28 2 .06
e FHB DON Analysis: DON concentration is run by gas be useful for marker-assisted 4B 4 >l 85.2 18 473
chromatography and/or mass spectroscopy methods =» for 3- * The PV explained by individual QTL = 09-21.8% for INC; 08-25% for SEV; 10.6-30.9% for selection/introgression of new resistant alleles into Zg i ;2 Zé ;i i'g
environments NDX; 08-23% for DON; 08-16.3% for FDK; and 09-18.8% for HD. All QTL had significant other wheat germplasm. i X i 7 13 2-9
major effect (PV>10%) except for QFHB.6BS1. . . . . ' '
e FHB FDK: Percent of damaged kernels based on 200 kernels J ( 0) P Q e Comparison of map locations, of identified QTL, Total B 19 233 2918 116  2.52
=>for 2-environments e Four major consistent QTL (4AL2, 4BL2, 4BS, and 6BL) for INC,SEV,NDX,DON,FDK and HD assigned several genomic regions conferring ;B (1’ (1’6 (8’8 8 898
e Heading dates (HD): Number of days, from planting until the were detected in more than 5 environments explaining 09 to 31% of PV. common loci for different traits. 0 L s 9 8 094
growth stage Feekes 10.5 = for 5-environments. : : e Genomic QTL validation revealed that Parshall may 4D 0 0 0' 0 0'
e The QTL (QFHB.4BL2.a) for SEV,NDX,FDK, and HD was detected in 9 environments out of . : ..
. . total 13 bined Nlocat , . combine QTL for resistance of FHB, salinity, drought, 5D 2 12 2.7 9 0.3
Mappmg and QTL AﬂﬂlYSlS otal 15 combined years/locations environments . kernel shattering, plus yield and quality traits. 6D 1 10 3 5 0.6
7D 2 24 14.8 10 1.48
* PR population was genotyped using 9K-SNP-lllumina (USDA, ACkﬂOWledgemeﬂf and Disclaimer TIOta' o7 & 312 41 076
wheat genome enhancement lab, Fargo, ND, USA) combined CHFT:I’\;a Gs;rc;r:i)sorii G4|381 nun?s;l szsgroup§'3i5n p—
with DArT (http://www.triticate.com.au). This material is based upon work supported by the U.S. Department of Agriculture, under Agreement No.59-0206-9-066. This is a cooperative project with chromosome. MRK, number of markers in each chromosome.
e 481 polymorphic combined SNP & DArT markers mapped to 44 the U.S. Wheat & Barley Scab Initiative. Any opinions, findings, conclusions, or recommendations expressed in this publication are those of the author(s) and UL, unique loci. DIST, cumulative kusambi distance in each
linkage groups belonging to 19 chromosomes (Table 2). do not necessarily reflect the view of the U.S. Department of Agriculture. Chmkmofor?e AVDIST, average distance between every two
marker I0ClI.
e Total genetic distance=597.1 cM (2.35 cM/marker loci).
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