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Tall fescue is an important perennial, cool- Materials and Methods | | |
season forage grass in the United States, and Schematic presentation of phenotyping procedure fore cut back, after cut back and return to normal

mediterranean morphotypes of the grass exhibit A pseudo F1 bi-parental population consisting of 200 growth (Fig 1).
oartial summer dormancy as drought adaptation. progenies was developed by crossing a Mediterranean Data analysis was done using PROC UNIVARIATE
Tall fescue breeders in the USA are focusing on parent, 103-2, and a Continental parent, R43-64. Before Cut back data (3 traits) Y — procedure and PROC GLM procedure of SAS 9.3.
using the trait for improved persistence of tall Plants were phenotyped under a long day of 16-hour- A data ( 7 traits) Total of 1,968 molecular markers (SSR and DArT
fescue during harsh summers. The present study light condition accompanied by 34 degrees Celsius/24 Vernalization 1% Cut back orhe rowt Fifval harvest markers) were used for linkage mapping.
was conducted to identify genomic regions degrees Celsius (day/night) temperature for summer A ? ? ? Linkage maps were constructed by JOINMAP 4.0.
associated with summer-dormancy-related traits dc?rmancy ana 10 ho_urs ight condition a_accompan_led | S e st QTL analysis was conducted using the Windows
in tall fescue. In this study, a pseudo F1 bi-parental with 21 degrees Celsius/16 degrees Celsius (day/night) Y First regrowth Second regrowth version of QTL Cartographer V2.5

lati £195 b d | db temperature for optimum growth. _ T
PORIE LRI ISIIErs Wels Qisuelopize. 12 - Treatment Start 20 Cut back The difference of the mean data between two
crossing between a Mediterranean parent, 103-2, Data were taken on tiller number (TN), new leaf (NL), . " _
N e parent, RA43-64. The population p|ant he|ght (PHT) fresh We|ght (FW), dry We|ght P ——r— After Cut back data ( 7 traits) COﬂdItIOI’]S Was Used or QTL mapp|ng | |
was genotyped using 2,000 molecular markers (DW), average tiller weight (ATW) and moisture con- g =plstasisienalysishyd=taonelisingiQINSIciMappIng
consisting SSRs and DArT. Parent-based linkages tent (MST) during three different stages, i.e, be- Fig 1. Schematic presentation of phenotypic data collection V4.0

maps were produced using JOINMAP 4.0, and QTL at three different stages of the experiment.

mapping was conducted using QTL Cartographer

V2.5. A total of 17 traits were used for QTL Results Table 1. Correlation among the phenotypic traits measured at three different stages during the experiment
mapping in 22 and 23 Ilnl_<age groups of R43-64 All the traits sh g | st s dt _ N | ATN ANL APHT AFW ADW AMST AATW RTN RNL RPHT RFW RDW RMST RATW BFW BDW
and 103-2 parent respectively. Chromosome 1, 2, = relles Saeudese. relinrel el trll o ey el dielns ATN | 765
4,5,6,711,12,13,17,19 and 22 in R43 and 3, 4 gressive segregation except AATW (Fig. 2 and Fig. ANL 765 1059055~
_ > : . APHT | 765 |-0.27017** |-0.19575**
6, 7,12,13 14,15, 18, 20, 22 and 23 in 103-2 parent 3) and were significantly correlated (Table 1). AFW 761 |-0.02085 |0.01646  0.0396]
were detected with major QTL for plant height, | ADW | 765 1007081 |0.099997 10.244777 |0.05658
, ) _ — Population mean - AMST 760 -0.05151 | -0.09467** 0.5159** | 0.08542* |-01074**
tiller number, new leaf, fresh biomass weight and e m op o 00 Toresoe Toioam  T-orsoas 1o aceeo Toatiac o a5075m
eliy slemass Wk, Vne valreelliny eplincel oy 3 AR 4,” SN o e aE | Gioe | 6emeh (060 | ooie | Do | ot
these QTL ranged from 9.91 to 22.32. Markers in o] / - RPHT | 762 |-0.28537** |-0.27098** |0.46662** |0.00258 | 0.04733 |0.09539** -019532** |-0.28075* | -0.25654"*
the ﬂanklng reglon Of the |dent|f|ed QTL will be 0 R R e e 2'2'2'5' Qb \“ b h h b e PNAEIIRNERERS E RFW 710 |-013417** |0.12885** |-0.15215** |0.06664 |0.26994** |-0.32904**  0.88886** |-0.18109** |0.12931** |-0.15883**
: : : : U TaEEE ° oo S RDW 710 0.07421* |01256** | -0.01735 | 0.01792 |-0.01267 |-015312** | 0.29762** |0.04132 | 0.]0968** |01978** | 0.4839**
applied for marker-assisted breeding in tall fescue T A Pt g AN RMST |710 |0.00027 |-0.06243 |0.24302** |0.0014 | 0.09498* | 0.37088** |-0.31907** 0.00446 |-0.08834* |010407** |-0.3271** |-0.38853"*
for integration of summer dormancy in Continental 50 e T mm RATW 710  -0.16569** | 0.1121** *0.18306** | 0.06584 | 0.25625** -0.35192** | 0.91224** |-0.20861** 0.12181** |-0.23103** 0.97313** | 0.3316** | -0.35705**
hot 40 v BFW | 755 |0.24694* 0.10733** | 0.41181**  0.03532 |0.42299** 010543** |-0.1693** |0.26979** |-0.03052 | 0.28082* -014963** 0.14926** |0.16653** -0.21765**
morpnotypes. 20 BDW | 757 0.21595* | 017804** |0.21663** |0.04656 | 0.46259** 0.06287* |017959** | 0.22532** 0.06909 | 018149** |0.24956** |0.32285** | -0.02003 |018795** |0.84547**
e e L R i E s RS ERTRRTRTR R r BMST 754 0.03257 | -0.0906* | 0.30711**  0.01513* |-0.06215 |0.24239* |-0.44212** |0.05132 |-011975** | 0.12837** | -0.53134** -0.27627** | 0.24413** |-0.52912** 0.1806** |-0.30794**
= S R = T = o‘-’o-o-o-o-o-o-o-o-@o =
I“t"Od“Ct'O“ | Ls; ;oif_zﬁgopuj:ionmean jz \1143%32 22 \11\11103—2 The |inkage Ma ps pe.rtinent to the Continental par— Iib\l:jr?(.nsl;gfgiri;i‘g?:tﬂ%;l__zz;lﬁrr:Eav;LtI;gigﬁr intervals, LOD value and explained phenotypic variation
Sum_mer dormancy is a phenomenon fourjd in 0 - 2] ent (R43-64) comprised 817 markers. Twenty-two Traits | QTL | additive | phenotypic
Mediterranean tall fescue (Festuca arundinacea oo b ey SARShHoNMmAE] 2 SoAIZaGENE chromosomal groups have been identified cover- ant st 5 TAN. Tooss Tneiro 200 nozrsod 203 Tiod Tios
: . oY O o7 oY ¥ 07 ¢° = = .Nnf- - . , _ . . .
(Schreb.) S.J. Darbysh), which is endogenously | 03 7 - - @sdbmst.nf-3f |3 |BMST |42-50  nffg273_194, nffal55_211 |24 |-3.28 1101
: - R —" e R 120 ‘l’ R INg a total and average size of 1956.30 and 88.92 Qsdanl.nf-4f 4a |ANL |50-58 | nffa788_298, nffg335_177 2.2 1. 10.05
controlled and coupled with a series of pro- 0] ol . . _ ;
s I 103_2\11 50 | i ¥ R43-64 CM respectlvely Average marker Interval Of the Qsdrdw.nf-4f 43 RDW |15-25 loPt_558615, loPt_355986 |2.35 '0.046 10.76
cesses including growth reduction, cessation and/ ! - I FOUDS Was 2.39 Cvife 5 Tl ISR S b e i iR e
. iy . . 40 + 20 - 40 . . sartn.nf- - oPt_ , lIoPt_ : -1 :
Oor senescence under nonllmltlng moisture condi- 2 0] 201 _?_h |\F/)| dit vl (Al Qsdbfw.nf-5f 5 BFW | 4-30 nffa877_277, loPt_557383 |2.35 -0.37 10.8
tions during summer (Norton et al., 2006). It is an NP AN - € Mediterranean parental linkage maps accom- Qudadwnf-6f 16 |ADW 00021 loPt s62376, nfol7) 145|386 |-008 1783
important drought adaptation trait of cool-season i _ , J, modated 395 markers. Twenty-three chromosom- Qsdbdw.nf-7f |7 BDW 90-94 | nffa206_321, nffgl06_176 |25 019 1151
_ ) : ] . . 60 - : L : ' Qsdapht.nf-12f 12 |APHT | 2-14 nffg332_230, loPt_556156 2.4 2.2 10.82
perennial grasses in the Mediterranean climates " ¢ o 1 al groups were Identified covering a total size of Gecacwnt 2 1 ADW 625 nflasso 230 lopt S6a496 545 008 1558
to survive under harsh summer conditions (Vegis, 20 2 1534.56 cM. The average chromosomal group size Qsdatn.nf-13f |13 ATN | 67-80 | nfmfO88_168, loPt_561075 2.2 |-118  10.06
) _ DIy s 0 A 0 _ _ Qsdrtn.nf-13f 13 |RTN  |69-80  nfmfO88_168, loPt_561075 (3.5 |-127  16.28
1964). In the Southern Great Plains, the persistence PRSP P PE PP & ¥ N} b A oA A was 69.75 cM with a marker interval of 4.32 cM. Qsdrpht.nf-20f |20 |RPHT |18-46 | nffa802_496, loPt_561092 2.45 128  11.2
. _ : ,,p,t . : . : : Qsdamst.nf-22f |22 |AMST |0.5-10  nffa677_316, nffs205_564 |2.68 -8.32  12.33
_anc_! pr_o_ductlwty of cool-season perennial grasses o - QTL were identified in 11 linkage groups of male o o Ty e e o o e o0
IS significantly affected by hot and dry summers . RE:; -l Ve parental maps and 13 groups in female parental Qsdrfw.nf-23f 23 RFW  2-14 nffa360_464, nffa709_441 |27 |-019  12.45
: : : Qsdaatw.nf-23f |23 | AATW 161-16.7  nffa635_433, nffa671_230 4.6 -0.78 2127
Mal K ., 2 h d d d ' 60 1 ' i
(Malinowski et al., 2005). Thus understanding an " I I ol maps for various measured traits (Table 2 and 3). Qsdratw.nf-14bf |14b |RATW |01-5  nffa787_580, nffa635_431 23 |-0.033 10.31
i i i o o | . e . Qsdatn.nf-14cf  [14c  ATN  7-16 nffg295_173, nffa800_181 | 3.65 -1.62 | 16.84
=2l summer dormanpy me_Chamsm I_n tall fescue o . QTL identified in the male parental Maps had the Qsdrtn.nf-14cf  |14c  |[RTN  |11-18 nfmfO50_181, nfmf228_287 |3.47 |-1.61 16.1
would help 1N developlng suitable cultivars for B g 51 55 s e 6 71 75 79 LOD range of 218-4.79 with explained phenotypic Qsdrfw.nf-14cf  |14c  RFW |13-16 nffa635_388, nffa800_181 | 3.52 1028  |16.2
: : : ] Short d : : i i
the region. Marker-assisted selection (MAS) is an o Phenotveic dictrin t.°r o roue traite und variability (EPV) of 10.03 to 22.32. All the traits ex- eimn [ e 58 liroie mncolbe oo o o
appealing method for selecting complex traits like O::gcirﬁumegt%%ﬁ)rlcg: angitlijoﬁ)n OT various tralts unaer EATN c d ' ot d ' +h at | ; Qsdaatw.nf-22m |22 |AATW 0.02-8  nffg301_188, nffg301_190 2.81 |-0.38 |13.02
summer dormancy. ldentifying and using markers ' cep gi 'I\QNered Qunh associate | wWith at feast one
flanked to quantitative trait loci (QTL) associated QTL distributed in chromosomal group 1, 2, 4, 5, 6, Sianificant ebistatic QTL were found for APHT
with summer-dormancy-related traits will pose e Potion S sl 7,1, 12,13, 17,19 and 22 (Table 2). RI?IL SPHT > 4 BDW in th © lou 2 !
a significant advantage over phenotypic selec- % . it 1 v ’ _an W in the male (R-43) paren-
tion tO the breeders. The aim Of the prOjeCt iS tO ig \l/ 20 2 Table 2. Significant QTL along with marker intervals, LOD value and explained phenotypic tal maps (Flg 4) and for AFW’ ADW’ AMST’ AATW
. : : : ) 0 4=y L L LLL L L 0 e 04 iati i le (R 43-64) link . : :
identify markers and QTL regions associated with e eognay g e aF Oy variation on various mate (=452 inkage grodps pyTr Y P ———— and RTN in the female parental maps (Fig 5).
_ _ - . Fopuetionm AFW T ADW Population m AMST QTL name LG name |range Flanking marker LOD |value variation
_Summer dormancy related tralts for pOtentlaI use 40 J’““““ 60 JRa3-64 50 " Qsdrpht.nf-Tm 1 RPHT |27-29.2 |nffa803 179, nffa803 182 |4 1.07 18.36
INn Marker-assisted breeding programs. 0] v 50 1 1022 v 20 - V1032 Qsdamst.nf-Im |1 AMST 0.01-10 |nffs027_138, nffa448_166 |31 |10.51 |14.24
2 | 0] | iy v Qsdbmst.nf-2m |2 BMST 24-36 | nfmf032_262, nffg009_222|3.07 |-3.02 141
10} ok ol Qsdamst.nf-4m |4 |AMST 15-33  nffa387_193,nffa689_529 3 671  13.84
W EENEENEE NI — 0 n) Qsdrmst.nf-4m |4 |RMST |27-35 | nffa387_193, nffa689_529 2.65 6.24  12.57
- 0‘* oF o F B P 0”‘09"’ FTERFF IR I HBAFREBENREE 5 Qsdrtn.nf-5m 5 RTN  19-22 nfmf038_163, nffa722_287 3.06 098 1415
COHCIUS|OI‘ N - — QRTN — RNL Qsdapht.nf-5m |5 APHT [11.4-181 |nffg110_168, nfmf038 163 | 4.29 2.8 19.81 5 on
o AW e | . mm\b Qsdrtn.nf-6m |6  |[RTN  |4-10.5  nffg273_205, nffgl70_226 3.5 -1I1 1617 = ch2
QTL on chromosome 6 in male parental map and 01 ae 20 | 1032 20 | o Qsdanl.nf-6m |6 |ANL |6-10.5 | nffg273_205, nffgl70_226 3.4 |-112  |15.69 . o
: ) 60 v 30 1 v 30 - Qsdbfw.nf-6m 6  |BFW |2-11 nffg273_205, nffgl70_226 |2.45 -0.38 1112 y o
chromosome 14c in female parental map have high %0 - ig Qsdrfw.nf-6m |6  |RFW 30-36 | nffg264_ 211, nffa709_464 42 |-012  19.43 5 omi
: 0 0 - 0 4= Qsdrdw.nf-6m |6  |RDW |30-51  nffg264_211, nfmfl00_135 4.01 -0.06 18.52 cht2
potential and should be targeted for marker-as- 2BHBIE38E: RERARREEIA AR5 IR N Qsdadw.nf-7m |7 | ADW | 92.9-951 nffa6l0_194, nffa6l0_194 | 3.83 008  17.77 - o
sisted breeding for screening summer dormancy in voaton e w Gl ) T SR VA 051 OB 9 26O 2l 2 2228 3 > Sl 2.2 5B O NN N1O0-29 - ohez
oo [y Ale 9 Iati J y ¢R4364 SIS ) e Qsdratw.nf-1Im |11 RATW |56-69 | nffa826_164, nffa321_109 |2.64 -0.03 1215 Fig 4. Epistatic interaction
e Nyoria population. 80 1 Vi 65 | ol a3 Qsdrnlnf12m 12 |RNL |123-141.5 nffa069_281, nffad75_103 |2.68 -123 1157 of various traits among the
60 30 60 \l/
o ° " Qsdbmst.nf-12m 12 |BMST |12-22 nffg084_181, loPt_561700 3.75 -3.41  |17.25 QTL on male (R43-64)
Qsdbdw.nf-13m |13 |BDW |24-55  nffa059_153, nffg366 479 -02  22.32 tal link
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