Development of a genetic basis for the comprehensive
study of the of inheritance and physiological role of leaf
pubescence in bread wheat
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BACKGROUND:

Pubescence of different plant organs formed by trichomes is an important evolutionary Aims of the work: a) evaluation of different genotypes — carriers of leaf hairiness for
adaptation(Johnson, 1975). It plays the role in protection from physical damages, including trichome length and density; b) development of isogenic and substitution lines with

grains of sand during dust storms and from insects. Additionally, trichome cells may affect different types of leaf hairiness; c) physiological study of the lines under different water
stomatal activity and assimilation processes in plants (Schuepp, 1993) including the water supply.

stress conditions(Ehleringer, 1982). In wheat |leaf pubescence is presented as unicellular Methods
epidermal hairs with different length and density. The diversity for leaf hairiness was found 1. Subsequent backcrosses (BC,-BC,)

both for hairs’ length and density among bread wheat cultivars (Genaev et al. 2012). 2. Method of high-throughput phenotyping (Genaev et al. 2012)
Previously, we studied genetically the pubescence introduced from Aegilops speltoids into 3. Tests under the conditions of contrasting water supply; measuring of photosynthetic and

cv. Rodina (Dobrovolskaya et al., 2007) (Fig1A), as well as the pubescence in line 821 of cv. T % chlorophyll fluorescence parameters; multivariate statistical data processing
Saratovskaya 29 (S29), introgressed from Triticum timopheevii (Fig. 1B). The lines differed

significantly from the parent varieties by the level of photosynthetic processes, the
chlorophyll content and the activity of antioxidant enzymes (Pshenichnikova et al., 2016;
Pshenichnikova, unpublished)

Initial genotypes Obtaining and computer processing of
microphotographs of leaf folds

(Genaev et al. 2012)
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Spring cultivar S29 is densely haired and carries two genes for leaf hairiness, HI1 and HI3. The line 821

Figure 1. Leaf blades, folds and spikes of parental cultivars Saratovskaya 29, Rodina and Diamant 2 and with introgression from Triticum timopheevii obtained on the genetic background of 529, carries long

introgression lines. On the right: molecular maps of introgressions (partially from Dobrovolskaya et al., 2007 and and rare hairiness. Rodina is practically lacks hairs. The line with introgression from Ae. speltoids into

Leonova et al. 2001); the marker Xcfd39 associated with leaf hairiness of Triticum monococcum is taken from Jung Rodina has rare but long pubescet\ce controlling b_V the gene "{’20 =P on 7B chromosome
et al., 2007 (Dobrovolskaya et al, 2007). Cv. Diamant 2 (Dm2) is weakly haired (Fig.1).

Development of substitution and isogenic lines

Developing the NILs i:Dm2 H/29¢F

Transfer of chromosome 5A from the introgression Crossing scheme used to develop the
line 821 into cv. $29 and Dm2 NILs i:529 glabrous __ QG Dm2 102 progeny
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Fig. 2. Spikes, leaf folds and pictures in metaphase | of isogenic lines with contrasting leaf pubescence. BC,F,
meiosis of substitution lines S29 (821 5A) (on the left) Rodina x 102/00'
and Dm2 (821 5A) ( on the right). (heterozygous)
Fig.4. Leaf folds, spikes and microsatellite genotyping of parental
- . cultivars, isogenic lines and segregating progeny in backcrosses.
S29 is a drought tolerant cultivar. Dense leaf pubescence 8 SrEBating Proseny
Earlier, the locus for leaf pubescence was identified in Is an important part of its whole adaptation mechanism. To introduce the H/29¢P gene into genotypes of cvs. Dm2 and
chromosome 5A of . monococcum near the marker Xcfd39 The isogenic lines of S29, one of which was completely Rodina, a microsatellite marker Xgwm400 was used. With its help,
(Fig.1). Monosomic lines for 5A chromosomes of cvs. S29 and devoid of pubescence while another contained this gene was mapped in chromosome 7B of line 102/00'. The line
Dm2 were used to transfer 5A chromosome from line 821 into additional gene for leaf pubescence (Fig.3), were and cultivars showed allelism for the marker Xgwm400 (Fig. 4). The
both genotypes (Fig.2). The lines will be used for precise mapping obtained to study the physiological reactions of leaf and  allelic variant of line 102/00' correlated with the presence of the
of the gene responsible for exotic type of leaf pubescence. whole plant under different water regimes. pubescence characteristic of this line and of Ae. speltoids.

Physiological study of isogenic and substitution lines with contrasting leaf pubescence under normal and water deficit conditions

Table 1. The comparative values of morphological characteristics of cultivars and their Table 2. The comparative values of gas exchange parameters of cultivars and their Table 3. The comparative values of chlorophyll fluorescence parameters of
derived forms - isogenic and substitution lines under contrasting water regimes. derived forms - isogenic and substitution lines under contrasting water regimes. cultivars and their derived forms - isogenic and substitution lines under
Comparisons are made with the corresponding recipient, YP was compared with $29 Comparisons are made with the recipient, YP was compared with $29 contrasting water regimes. Comparisons are made with the recipient, YP was

compared with $29

Number on Number on Length on Length on Number on Number on

Length Width
upper side bottom side  upper side bottom side  upper side bottom side <ng !
control drought control drought control drought contrel  drought control  drought  control drought control drought control  drought control drought  control drought  control drought control  drought control drought
39,7 554 48,2 66,4 1409 138,8 133,8 1158 56,8 790 424 42,4 2780 1094 9,3 5,0 control drought control drought control drought control drought control drought
53 94 33 181 450 37,5 67,8 42,7 101,7 0,38 0,40 26,9 28,5 2,36 2,40 71 8,3 3,9 1,3 334 1173 708 0,785 0,760 0,452 0,525 30,3 35,1 0,38 0,41
# ok % EE EEES *dE #ok% EEE FkE 60 TS 44,9 42,3 293,4 93,8 9,4 4,3
0,92*** (0,50*  67,4*** 352%  3,25%** 236 3,8%¥*  p4¥xx  34%  098** 304 107.4 614 0,752** 0,750  0,484* 0,513  32,5* 344 0,63*** 0,45
61,4 56,4* 72,2* 2139 191,9 188,2 1653 "
419 . X Kk kxk sek ks Aas 025 93,1% 456 462 2679 938 93 43 0,27+  0,29*  19,2* 20,8%  1,54%** ]193*%** g1 8,6 4,1 1,1 27,1 T e T e e T 60 T Ty
19,5 33,4 21,9* 354* 70,7 62,8 64,7 61,7 105,9 231,1 0.63*** (.53%* 454*** 382% 24 2 08* §oHk g 3kkk 3 g% 19 36.5 .
62,0 41,8 46,5 1059 84 4,7 ’ 2 ' ’ ’ ’ * * , ’ ,
S I A s o e . 1123 773 0,722** 0,674** 0,478  0,476** 32,0 31,9** 0,39 0,32*
056 04 02 02 189 11,1 11,2 173 665 944 386 389 1761 1372 99 57 0,75 0,47 55,8 34,1 2,9 2,82 5,5 7,1 4,5 11 24,8%* . *
146 238 105* 144* 2814 1414 2231 1250 573 803 . 513 2845 .. . o 0,70 038* 52,0 263* 28 185%%* 50 6,1 4,9 11 23,54+ 1023 796 0,732 0,742 0,502 0,500 33,7 B 0,44 0,43
¥k &k * % ¥ ¥ % * ok ik ek L % d * e ' ¥ 4
40 155 2,7 103 31,4 388 429 418 467 455 3810 0,92*%* (0,24*** §£8,3%**  16,7*** 3,3***  202*** 41*** 94 5,4%** 12 23,1** 95.7 61.8*** 0,776** 0,799%* 0,464*  0,480%  294**  30,5*** 0,63**  0,66™**
E ] * & ok * 3k E L *k & L] ?3"2 34’{} * L 132"3 10’5 4"3 * *
¥*¥ _ p<0,001; ** - P<0,01; * - P<0,05 ¥*¥¥ _ p<0,001; ** - P<0,01; * - P<0,05; Abbreviations see Table 1. # - tolerance index; italics - 92.6™** 85.7 0,779 0,751 3153?** 0523 36,07 351 0,36 0,32**
difference is significant comparing to S29 and other related to S29 genotypes L
& P 5 & P **%* . P<0,001; ** - P<0,01; * - P<0,05; Abbreviations see Table 1
140
. 1. It was found that gas exchange parameters are
529 (YP4B) — 130 | watering : at g 8¢ P
' 7 inversely proportional to the density and length of
Q
- Frl - .
1:529 hi1 hi3 § 10| 1 drought trichomes. The boundary layer provided by the
- : 529 < I v T presence of trichomes reduces transpiration, both on
] YP glabrous Bkl B 110 - .
. S watering and on drought.
Rodina F — 100 N 2. In drought conditions, the density of trichomes
: : )
° I increased and their length decreased, with the
H 90 .
el observed decreased in the level of gas exchange. A
529 24 [ 529 (vp 48) 30 similar dependence was observed in the level of non-
_ 29¢P | Rodina
102/00' | «— +H!

photochemical quenching of chlorophyll fluorescence.
70 . .

A compontt 529  :529 S29/YP Rodina  102/00i Yanetskis 3. The relationship between the presence of
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optimal conditions, the glabrous cultivars exhibited a

greater biomass than pubescent cultivar S29, but

Clustering _of gerjotypes (A) and Principal Component analysis (B) based Relative weight (%) ?f the mau:l shoot on watering and drt:'tught- (blue and under the conditions of water deficiency biomass was
on normalized differences of gas exchange and chlorophyll fluorescence brown, correspondingly) and index of tolerance (IT) of this trait. Cv. S29 ST duced in elab i d th
values between two watering regimes was taken as 100% slghiticantly reduced in g_a rous cuitivars and they
showed a low tolerance index.
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