SBONIIOLIMOHHAA KOMIMbIOTEPHAA BUOJ1IOIr A BaBrnoBcKU XXypHan reHeTUKMN 1 cenekuymm. 2022;26(8):798-805

OpurunHanbHoe nccnegosaHue / Original article DOI 10.18699/VJGB-22-96

Original Russian text https://sites.icgbio.ru/vogis/

Promoters of genes encoding p-amylase, albumin and globulin
in food plants have weaker affinity for TATA-binding protein
as compared to non-food plants: in silico analysis

O.V. Vishnevskyl, LV. Chadaeval, E.B. Sharypoval, B.M. Khandaev!, K.A. Zolotareval, A.V. Kazachekl,
P.M. Ponomarenko!, N.L. Podkolodnyl' 2 D.A. Rasskazovl, A.G. Bogomolovl, O.A. Podl(olodnayal,
L.K. Savinkoval, E.V. Zemlyansl(ayal, M.P. Ponomarenko! ®

TInstitute of Cytology and Genetics of the Siberian Branch of the Russian Academy of Sciences, Novosibirsk, Russia
2|nstitute of Computational Mathematics and Mathematical Geophysics of the Siberian Branch of the Russian Academy of Sciences, Novosibirsk, Russia
® pon@bionet.nsc.ru

Abstract. It is generally accepted that during the domestication of food plants, selection was focused on their pro-
ductivity, the ease of their technological processing into food, and resistance to pathogens and environmental stres-
sors. Besides, the palatability of plant foods and their health benefits could also be subjected to selection by humans
in the past. Nonetheless, it is unclear whether in antiquity, aside from positive selection for beneficial properties of
plants, humans simultaneously selected against such detrimental properties as allergenicity. This topic is becoming
increasingly relevant as the allergization of the population grows, being a major challenge for modern medicine.
That is why intensive research by breeders is already underway for creating hypoallergenic forms of food plants. Ac-
cordingly, in this paper, albumin, globulin, and $-amylase of common wheat Triticum aestivum L. (1753) are analyzed,
which have been identified earlier as targets for attacks by human class Eimmunoglobulins. At the genomic level, we
wanted to find signs of past negative selection against the allergenicity of these three proteins (albumin, globulin,
and B-amylase) during the domestication of ancestral forms of modern food plants. We focused the search on the
TATA-binding protein (TBP)-binding site because it is located within a narrow region (between positions =70 and —20
relative to the corresponding transcription start sites), is the most conserved, necessary for primary transcription ini-
tiation, and is the best-studied regulatory genomic signal in eukaryotes. Our previous studies presented our publicly
available Web service Plant_SNP_TATA_Z-tester, which makes it possible to estimate the equilibrium dissociation
constant (Kp) of TBP complexes with plant proximal promoters (as output data) using 90 bp of their DNA sequences
(as input data). In this work, by means of this bioinformatics tool, 363 gene promoter DNA sequences representing
43 plant species were analyzed. It was found that compared with non-food plants, food plants are characterized by
significantly weaker affinity of TBP for proximal promoters of their genes homologous to the genes of common-
wheat globulin, albumin, and B-amylase (food allergens) (p < 0.01, Fisher’s Z-test). This evidence suggests that in the
past humans carried out selective breeding to reduce the expression of food plant genes encoding these allergenic
proteins.
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In silico aHann3 NPOMOTOPOB reHoB anboymyHa,
rno6ynuHa 1 3-ammnasbl pacTeHuni

AHHoTauuA. MNPYHATO cuMTaTb, YTO NPW AOMECTMKALMM MULLEBbLIX PacTeHMIN OTOOP e Ha YPOXalHOCTb, TeXHO-
NOFMYHOCTb NepPepaboTKM B NPOAYKTbl MUTaHKA, YCTOMYMBOCTb K MAaTOreHam U CTPECCOBbIM BO3LENCTBMAM OKpY-
XKatowen cpefbl. [lpn 3TOM TakXKe MOIMM OLEHMBATbCA BKYCOBble KayecTBa MPOAYKTOB MUTaHWA pPacTUTENIbHO-
ro NPOUCXOXAEHNA N NX LLeHHOCTb AnA 380poBbA. OfHaKo HeACHO, MPOBOAWI NN YeIoBEK B MPOLLIOM HapAagy C
NMONOXMTENIbHBIM OTOOPOM Ha Mofie3Hble CBOWCTBA pacTeHWI OAHOBPEMEHHO OTOOP MPOTUB TaKMX BPEeLOHOCHBIX
CBOWCTB, KakK CMOCOOHOCTb BbI3blBaTb anfiepruyeckne peakuyum. IToT BONPOC CTaHOBUTCA BCe 6onee aKTyaslbHbIM
no Mepe pocTa anneprusaunm HacereHna Kak Bbl30Ba COBPEMEHHOWN MefuLuuHe. B ¢BA3M € 3TUM cenekymoHepa-
MU y>Ke BEAYTCA MHTEHCUBHbIE UCCIE[OBaHNA MO CO34aHUI0 rMMnoaniepreHHbIX Gopm NULLEBbIX pacTeHuiA. B aToin
paboTe paccMoTpeHbl anbOymuH, rMobynuH 1 B-amunasa MArkon nweHuupbl Triticum aestivum L. (1753), npeHtndu-
LMPOBaHHble paHee Kak MULLIEHW 1A aTak MMMYHOrNobynnHoB Knacca E yenoseka. Hawwen Lenbio 6b110 HanTu Ha
reHOMHOM YPOBHE Cliefibl OTPULIATENBHOIrO 0T60Pa B MPOLLIOM NPOTMB rMMepaniepreHHOCT! Tpex 6enkos (anbby-
MWH, Fo6YNuH 1 B-aMmunasa) Nnpy ofoMaLlLHMBaHUN NPEAKOBbIX GOPM COBPEMEHHbIX MULLEBbIX pacTeHui. [4ia 3Toro
Mbl chOKyCMpOBanm NoUcK Ha caite csa3biBaHMA TATA-cBA3biBatowero 6enka (TBP) Kak nokannm3oBaHHOM B y3KOM
patioHe [-70; —20] OTHOCWTENbHO CTapTa TPAHCKPUMLUK, KOHCEPBAaTUBHOM, HEOOXOAUMOM /1A NEPBUYHON NHULMA-
LY TPaHCKPUMNLMKU 1 Hanbornee 13yYyeHHOM PEeryiaTOPHOM CUrHase B reHoMax SyKapuoT. PaHee Hamu 6bin co3paH
cBO60OAHO AOCTYNHBbIV Be6-cepBuc Plant_SNP_TATA_Z-tester [is OLEHKM BEJIMUMH PAaBHOBECHOW KOHCTaHTbI ANCCO-
umaumm (Kp) komnnekcos TBP ¢ npokcMmanbHbIMM MPOMOTOPaMuM reHOB pacTeHUIA No X nocnefosatenbHocTaAm [HK
anunHor 90 n.o. B HacToAwen paboTe ¢ ero NoMoLLblo NpoaHann3npoBaHbl 363 nocnegosatenbHocTy AHK npomo-
TOpOB reHoB 43 BUAOB pacTeHnin. O6Hapy>KeHO, YTO MuLLeBble PAaCcTEHUSA, B CPaBHEHNM C HEMULLEBbIMY, XapaKTepu-
3y0TCA JOCTOBEPHO 6onee HM3KOoN adPprHHOCTLIO TBP K MpoKCMMasbHbIM MPOMOTOPaM MX FEHOB, FOMOOTMYHbIX
reHam rnobynuHa, anbbymuHa v -ammnasbl MAFKON NLIEeHWLbl KaK NULLEeBbIX annepreHoB (p < 0.01, Z-kputepuii Ou-
Lwepa). 9To cBMAETENbCTBYET 06 0TOOPE NPU AOMECTVKALMU NULLEBbIX PACTEHNI B MPOLLIIOM Ha CHUXEHWE YPOBHS
[aHHbIX annepreHHbIX 6eNKoB.

KnioueBble cfioBa: NuLLEBbIe annepreHbl; anboymuH; rnobynuH; B-amnnasa; reH; NpoMoTop; MArkas nweHuua Triticum
aestivum L. (1753); pacteHus; TATA-cBA3biBaoLwmin 6enok; TATA-60KC; aoMecTMKaums; oTOop; oueHKu in silico.

Introduction

Currently, the problem of food allergenicity is extremely
relevant because the documented rapid growth of population
allergization is becoming one of the key challenges for mo-
dern medicine (Prescott et al., 2022). In this regard, modern
plant breeders are working in two directions: (1) creation of
new hypoallergenic forms of agricultural food plants and (2)
identification of new plant food allergens and of molecular
mechanisms of their action (Hong et al., 2021; Cavazza et
al., 2022).

The aim of our work was to search at the molecular genetic
level for signs of negative selection against allergens during
the domestication of ancestral forms of modern food plants.
Three food allergens from common wheat Triticum aesti-
vum L. (1753) were studied: f-amylase, albumin, and globulin,
previously identified as targets of allergic reactions mediated
by human class E immunoglobulins (Wang et al., 2021).

The current study was conducted using our previously
developed freely available Web service Plant SNP_ TATA Z-
tester, which is designed to estimate the equilibrium dissocia-
tion constant (Kp) of a complex of Arabidopsis thaliana (L.)
Heynh. (1842) TBP-1 (hereafter: “plant TBP”’) with a proximal
promoter of various plant genes (Rasskazov et al., 2022).
This tool was utilized to analyze 363 nucleotide sequences of
proximal promoters of relevant genes from 43 plant species.
As a result, compared to non-food plants, food plants were
found to have significantly weaker affinity of plant TBP toward
promoters of genes homologous to common-wheat genes of
-amylase, albumin, and globulin (food allergens). These data
indicate that in the past, selection was carried out by humans
for reducing the expression of food plant genes encoding al-
lergenic proteins when such plants were domesticated.
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Materials and methods

Nucleotide sequences of plant gene promoters analyzed
in this work. Three allergenic proteins from common wheat
T. aestivum were investigated: f-amylase, albumin, and globu-
lin, which have previously been experimentally identified
as targets for human class E immunoglobulins (Wang et al.,
2021). From the GenBank database (Benson et al., 2015), nu-
cleotide sequences of 90 bp proximal promoters were retrieved
that are located immediately upstream of transcription start
sites of plant genes homologous to the genes of f-amylase,
albumin, and globulin from common wheat 7. aestivum. After
the exclusion of promoter DNA sequences with unknown
nucleotides w, s, 1, y, k, m, b, d, h, v, and n (according to the
nomenclature of (IUPAC-IUB.. ., 1970)), we had 363 promoter
sequences belonging to 43 plant species. Then, all 43 plant
species were categorized into two nonoverlapping groups:
group I, represented by 235 proximal promoters from 28 food
plant species for which there was information about their
centuries-old use by humans as foods (Table 1), and group 11,
represented by 128 proximal promoters from non-food plants
(the other 15 species) (Table 2).

Nucleotide sequence analysis of proximal promoters
of plants. Using Web service Plant SNP_TATA Z-tester
(Rasskazov et al., 2022), which we have created earlier, we
calculated K (in moles per liter; M) for complexes of plant
TBP with each promoter by means of the nucleotide sequence
of each promoter (characterized in Tables 1 and 2).

The calculations were performed in accordance with our
previously formulated model of three-step binding of TBP to
a promoter (i) TBP slides along the double helix of promo-
ter DNA (Coleman, Pugh, 1995) < (ii) TBP stops at a po-
tential site of TBP binding (Berg, von Hippel, 1987; Bucher,
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In silico analysis of the plant albumin,
globulin and -amylase gene promoters

Table 1. Characteristics of 235 nucleotide sequences of proximal promoters of food plant genes homologous to the studied
globulin (Glo), albumin (Alb), and B-amylase (Bmy) genes from common wheat T. aestivum

Food plant species Number of promoters
NO ........... Name ...................................................................................................................................................... G/O ................ A /b ................. Bmy ............
1 ............ BuckwheatFagopy,umescu/entumMoench17941 .................... e [
2 ........... Ma,denha,rtreeG,nkgob,loba|_17711 .................... e R
3 Yoshino cherry Prunus yedoensis var. nudifiora Koehne, 1912 1 - 2
4 ........... Ma|zeZeamay5|_’|753‘| .................... e —
5 ........... oatAve,,asat,vaL1753 ....................................................................................................................... 2 .................... e R
6 ........... Wa X berry . M o,e//a rme S|ebo| d& Zuc C .............................................................................................. 2 .................... 2 .................... 1 .................
7 ........... QumoaChenopOdlumqumanI”d1798 ........................................................................................... 2 .................... R R
8 ........... R,ceo,yzasat,vaL1753 ....................................................................................................................... 3 .................... R R
9 ........... Me|onCucum,5me/oL1753 ................................................................................................................ 4 .................... 2 .................... 6 ................
10 ........... Ca rdoo n Cynamca,duncu/us |_ ............................................................................................................. 4 .................... e R
11 ............ CO,koakQuercussube,L ...................................................................................................................... 4 .................... e R
12 ........... Wm e grap e Vmswmfem |_ ..................................................................................................................... 9 .................... e 9 ................
13 Congolese coffee Coffeacanephora Pierre ex A. Froehner, 1897 1 - -
14 ........... pepperCaps,cumannuumL1753 ..................................................................................................... 26 .................... 3 .................. 27 ................
15 ........... sesamegesamum,nd,cumL ................................................................................................................. _1 .................... R
16 ........... K, W, frwt n aSh ,kazura Acn ,,,d,a rufaFra nCh& Sav ............................................................................. R 1 .................... R
17 ........... Braz, | n utBe,tho//et,aexce/m Humb& B onp| ..................................................................................... R 1 .................... R
18 ........... SoybeanGlycmemax(L)Merr1917 ................................................................................................... e 2 .................... R
19 ........... peap,sumsat,vumL 1753 .................................................................................................................... e 4 .................... R
20 ........... Pen”a : P e ””a f,utescens Var h,,te/ / a ( Naka,)Makmo ............................................................................ e 5 .................... R
21 ............ A|mon dp,unu sdu/C,s ( M,||) DAWEbb1967 ...................................................................................... e 8 .................... 4 ................
22 Mandarin unshiu Citrus unshiu (Tanaka ex Swingle) Marcow,, 1921 - s -
23 ........... Tea Came/ / ,as,nens, S(L) Kun tze 1 887 ................................................................................................. e e 1 .................
24 ........... Bar|eyHo,deumvu/gare|_(1753) .......................................................................................................... e e 2 ................
25 ........... H,b,scus H,b,sc us sy,,a C us |_ (1753) ....................................................................................................... e e 2 ................
26 ........... pmeapp|eAnanascomosus(|_)Merr1917 ......................................................................................... e R 3 ................
27 ........... o“ve o/ e aeuropaeaL 1 753 ................................................................................................................. e R 4 ................
28 ........... SweetWormwoodArtem,S,aannua|_13 .................. 35 .................. 16 ................
Tota|numberoffoodp|antspec,es1512 .................. 12 ................

1990) « (iii) the TBP/promoter complex is stabilized by bend-
ing of the DNA double-helix axis at a right angle (Flatters,
Lavery, 1998), as subsequently demonstrated experimentally
in vitro (Delgadillo et al., 2009).

Statistical analysis. In this work, using standard soft-
ware package Statistica (Statsoft™, USA), we averaged the
Plant SNP TATA Z-tester-generated (Rasskazov etal., 2022)
estimates of Kp —for complexes of plant TBP with promoters
of B-amylase, albumin, and globulin genes — for food and non-
food plants separately. On the basis of these data, statistical
significance of differences between food and non-food plants
was evaluated by Fisher’s Z-test.

800

Results

Globulin

Table 3 presents the in silico estimates of K for complexes
of plant TBP with 74 proximal promoters of globulin genes
from 15 food plant species in comparison with 53 such pro-
moters from 12 non-food plant species, as determined using
Plant SNP TATA Z-tester (Rasskazov etal., 2022). One can
see in this table that in the case of food plants, the estimates of
Ky, for complexes of plant TBP with promoters of these genes
varied from 1.67+0.12 (mean+SEM) to 6.75+5.23 nM, with
an average of 2.97+0.21 nM, whereas for non-food plants,
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Table 2. Characteristics of 128 nucleotide sequences of proximal promoters from non-food plant genes homologous to the studied
globulin (Glo), albumin (Alb), and B-amylase (Bmy) genes from common wheat T. aestivum

Non-food plant species Number of promoters

No ............. Name ....................................................................................................................................................... G,OA,b ............... Bmy ...........
1 Fiveseeded plume-poppy Macleaya cordata (Wild) R B, . . -
2 ............. W, tChweedsmg a as,atlca (L )Kuntze .................................................................................................... 1 ................... 1 1 ................
3 ............. Genhsea Genhse a . au ,ea Ast HI| (1833) ................................................................................................ 1 ................... _ .................. 2 ...............
4 Floridateosinte Zea luxurians (Durieu & Asch) RM. Bird, 1978 o . .
5 Noccidium Microthlaspieraticum (ord) T. Ali &Thines, 2016 2 o 2
6 ............. Gamagr a SSTnpsac um . dacty,O,des(L )L 1759 ..................................................................................... 2 .................. _ .................. _ ...............
7 Balsas teosinte Zeamays subsp. parviglumis its & Doebley, 1980 3 . .
8 ............. Tha| ecre SS Amb, dopS,Sthahana . ( L) . Heynh . 1 8 42 ................................................................................ 4 .................. 5 .................. 3 ...............
9 Panicgrass Dichanthelum oligosanthes (Schult) Goud 6 . 6
10 ............. Water“ly Nymphaea thermamm Eb FI SCh 1988 ................................................................................. 8 .................. 1 ................... 9 ...............
1 Rueanemone Thalictum thalictroides (L) AJ. Eames &B.Boivin o s 6
12 ............. Ch”etomatoso/anumch,lense(DunanRelche ................................................................................... 15 ................ 13 .................. 6 ...............
13 Puplewitchweed, Striga hermonthica (Delile) Benth. - .
4 Gerardia Phtheirospermum japonicum (Thunb) Kanitz . -
15 ............. Ch mese rose Rosa . Chme ns,s Jacq 1 768 ................................................................................................ _ .................. _ .................. 2 ...............
Tota|numberoffoodp|antspec|es ....................................................................................................................... 12 .................. 710 ...............

these values varied from 1.25+0.06 to 3.33+0.23 nM, with
an average of 2.15+0.08 nM.

In Fig. 1, arithmetic mean estimates of Ky, for complexes of
plant TBP with globulin-coding gene promoters are compared
between two groups (food and non-food plants) by Fisher’s
Z-test. The difference between the groups was significant,
with Z =3.59 and p < 0.001.

Albumin

Table 4 shows data obtained by Web service Plant SNP
TATA_Z-tester (Rasskazov etal., 2022) regarding estimates of
Kpfor complexes of plant TBP with 84 albumin gene promo-
ters from 12 food plant species and with 37 promoters from
7 non-food plant species. As readers can see in this table, in
the case of food plants, the estimates of K of TBP-promoter
complexes for these genes ranged between 1.65+0.12 and
4.49+1.39 nM (average: 3.10+£0.22 nM), whereas for non-
food plants, they ranged from 1.65+0.05 to 2.70+0.22 nM
(average: 2.18+0.10 nM).

A comparison of the two groups (food and non-food plants)
by Fisher’s Z-test is displayed in Fig. 2. Here one can see a
significant difference between food plants and non-food plants
(Z=3.85,p<0.001).

B-Amylase
Table 5 lists estimated Ky, values of complexes of plant TBP
with 77 proximal promoters of B-amylase genes from 12 food

plant species and with 38 promoters from 10 non-food plant
species, as calculated by Web service Plant SNP TATA
Z-tester (Rasskazov et al., 2022). For food plants, this table
presents the range of Kp from 1.30+0.09 to 8.77+7.36 nM,
with an arithmetic mean of 2.85+0.21 nM, whereas for non-

Fisher’s score 3.59
Significance, p < 0.001

Kp, nM, dissociation constant
TBP-promoter, in silico
N

Non-food Food

Fig. 1. The statistically significant difference between the studied food
plants and non-food plants in the in silico estimates of K, for complexes
of plant TBP with 90 bp proximal promoters of their genes encoding glo-
bulins.

XK

Here and in Fig. 2:
Z-test.

statistical significance p < 0.001 according to Fisher’s
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Table 3. Arithmetic mean estimates (M,) of the equilibrium
dissociation constant (Kp) of complexes between plant TBP
and 90 bp proximal promoters of the plant globulin genes

analyzed in this work

In silico analysis of the plant albumin,
globulin and -amylase gene promoters

Table 4. Arithmetic mean estimates (M,) of the equilibrium
dissociation constant (Kp,) for complexes between plant TBP
and 90 bp proximal promoters of the plant albumin genes
investigated in this work

No. Plant species N Ko, Mg£A, nM
Food plants
1 Congolese coffee 1 2.17+0.13
2 .......... Bu c k W heat ......................................... 1 ............ 204 i 014 ..........
3 Maidenhairtee 1 e7x012
4 Yoshinochery 1 76012
5 .......... Malze .................................................. 1 ............ 230i016 ..........

6 .......... oat ...................................................... 2 ........... 257i015 ...........

7 .......... Wa Xberry ............................................ 2 ........... 6751, 523 ..........

8 .......... Qumoa ................................................ 2 ........... 2471012 ..........

9 .......... R, Ce ..................................................... 3 ........... 284 i 038 ..........

10 .......... Me |o n ................................................. 4 ........... 2 66 i 030 ..........

11 ........... Cardoon ............................................. 4 ........... 3 22i037 ..........

12 .......... Corkoak ............................................. 4 ........... 4 84 i 1 41 ...........

13 .......... Wm e grap e ........................................ 9 ........... 267i 035 ..........
14 Sweetwornwood 13 251025
15 .......... Pepper .............................................. 2 6 ........... 301 i 037 ..........
. Tota| ................................................................. 7 4 ........... 297 i 021 ...........
Non-food plants
1 Five-seeded plume-poppy 1 1.25+0.06
2 .......... W,tchweed ......................................... 1 ............ 333i 023 ..........
3 .......... Genhsea .............................................. 1 ............ 270i019 ..........
4 Fordateosinte 1 196+014
5 .......... Nocc,d,um .......................................... 2 ........... 2251 083 ..........
6 .......... Gamagrass ........................................ 2 ........... 219 i 007 ..........
7 Balsasteosinte 3 2ms0m
8 .......... Tha|ecress ......................................... 4 190i013 ..........
9 .......... Pamcgrass ......................................... 6 ........... 2 27i015 ...........
10 .......... Wa ter|,|y ............................................ 8 ........... 2 60 i 039 ..........
1 Rueanemone 9 201:016
12 Chietomato 15 197011
Tota| ................................................................. 5 3 ........... 215J_, 008 ..........

Note. Here and in Tables 4 and 5: N - total number of the promoter studied;
M - arithmetic mean score; A - standard error of the mean (SEM).

food plants, the range of K was found to be 1.66+0.32 to
6.75+5.23 nM, with an average of 3.89+0.32 nM. Fig. 3
presents a comparison between the analyzed food and non-
food plants by Fisher’s Z-test, according to which these
groups are statistically significantly different at Z = 2.74 and
p<0.01.
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No. Plant species N Ko, Mg=A, nM
Food plants

1 Sesame 1 2.28+0.16
2 Kwifitnashikazura 1 a77zon2
3 Bmdlowt 1 304%015
4 Waxbery 2 196+014
5 ........... Me|o n ................................................. 2 .......... 2 O4i 0 14 ..........
6 ........... Soybean ............................................. 2 1651012 ..........
7 ........... Pea ...................................................... 4 .......... 4 491139 ..........
8 ........... b.;r.i.l.lg .................................................. 5 1981040 ..........
9 ........... A|mond .............................................. 8 .......... 3 74i066 ..........
10 ........... Pepper ................................................ 8 .......... 3 OOJ_,059 ..........
M Mandarinunshiv 15 351x061
12 Sweetwornwood 33 307035
Tota| ................................................................. 8 4 .......... 3101,022 ..........

Non-food plants

1 Water lily 1 2.70+£0.22

2 Noccdium 1 2004014

4 Witchweed 1 2.19+0.15
5 Thale cress 5 2.03+£0.21
6 Chile tomato 13 2.33+£0.20
7 Rue-anemone 15 2.11+0.16
Total 37 2.18+0.10
4r *X¥
Fisher's score 3.85
e Significance, p < 0.001
85 31
g S
S =
c &
(] fo
52 | s
|9
25
53
N
e
¥D 1
0
Non-food Food

Fig. 2. The statistically significant difference between the studied food
plants and non-food plants in the in silico estimates of Kp for the com-
plexes of plant TBP with 90 bp proximal promoters of their genes encod-
ing albumins.
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Table 5. Arithmetic mean estimates (M,) of the equilibrium
dissociation constant (Kp) of complexes between plant TBP
and 90 bp proximal promoters of the plant f-amylase genes
examined in this work

No. Plant species N Ko, My£A, nM
Food plants
1 Tea 1 4.59+0.28
2 ........... WaXberry ........................................... 1 .......... 2211013 .............
3 ........... Bar|ey ................................................. 2 1301009 ............
4 ........... H|b|5cu5 ............................................. 2 ......... 3 58i186 ............

5 ........... YOShmOCherry .................................. 2 ......... 3 191168 .............

6 ........... pmeapp|e .......................................... 3 ......... 8 77i736 ............

7 ........... A|mond .............................................. 4 ......... 6 56i]63 .............

8 ........... o|,ve .................................................. 4 ......... 5 241093 .............

9 ........... Me|on ................................................ 6 ......... 4 79i096 ............

10 ........... Wmegrape ........................................ 9 ......... 3 971073 .............

” ............ SweEtwormWOOd .......................... 16 ......... 4291077 .............

12 ........... Pepper ............................................. 2 7 ......... 2591023 .............
Tota| ................................................................ 77 ......... 3391032 .............
Non-food plants

1 Witchweed 1 3.50£0.25
2 ........... Gerard,a .............................................. 1 ......... 3 431021 .............
3 ........... Gen|,seaz1381082 .............
4 ........... Nocc.d|um2193io37 .............
5 ........... Chmeserose21791023 .............
6 ........... Tha|ecress31661032 .............
7 ........... pamcgrasse, ......... 326i043 .............
8 ........... RueanemonE6 ......... 2911043 .............
9 ........... Ch,|etomat06 ......... 2891047 .............
10 ........... Watermyg ......... 3301062 .............
Tota| ................................................................. 33 ........ 2351021 .............
*%
4ar :|: Fisher's score 2.74

E Significance, p < 0.01
S IR

c &

O -

£

85 °f

T

N3

0

Non-food Food

Fig. 3. The statistically significant difference between the studied food
plants and non-food plants in the in silico estimates of Kp for the com-
plexes of plant TBP with 90 bp proximal promoters of their genes encod-
ing B-amylases.

** Statistical significance p < 0.01 according to Fisher’s Z-test.
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Discussion

It is well known that in the process of spontaneous domestica-
tion of ancestral forms of modern food plants, the selection
was primarily based on their economically valuable traits, such
as productivity, resistance to pathogens and to environmental
stressors, and the ease of technological processing into final
food products. Additionally, during the plant domestication,
humans assessed the palatability of food products and their
benefits for health.

It remains unclear whether in addition to the positive selec-
tion for the beneficial properties of agricultural plants, there
was also simultaneous selection against their detrimental
properties, which include allergenicity of the dishes prepared
from these plants. To answer this question, we concentrated on
the search for molecular genetic selection markers related to
structural and functional organization of proximal promoters
of plant genes.

Accordingly, plant genes were analyzed that are homolo-
gous to three T. aestivum genes encoding food allergens
B-amylase, albumin, and globulin, earlier identified as targets
for human IgE (Wang et al., 2021). Thus, 363 homologous
genes were investigated belonging to 28 and 15 species of food
plants and non-food plants, respectively. With the help of Web
service Plant. SNP TATA Z-tester (Rasskazov et al., 2022),
for each homologous gene, K|, of the complex of plant TBP
with this gene’s proximal promoter was computed.

Interest in the TBP protein and its binding site in the proxi-
mal promoter (canonical form: the TATA box) is due to the
fact that they play a key role in the initiation of eukaryotic
gene transcription. It has been experimentally established
(Coleman, Pugh, 1995) that TBP slides along the DNA double
helix owing to nonspecific affinity between them: K, ~ 105 M
(Hahn et al., 1989). TBP then stops at a site of TBP binding
because of their mutual molecular recognition (Berg, von
Hippel, 1987; Bucher, 1990) mediated by stronger (specific)
affinity of TBP for this site: K ~ 10 M (Hahn et al., 1989).
Next, under the action of TBP, the DNA double helix melts
at the site of TBP binding, and kinking of the DNA axis at
a right angle takes place, which stabilizes the TBP-promoter
complex (Flatters, Lavery, 1998). The resultant TBP-promoter
complex is considered an obligatory DNA anchor, which is
required for the binding of RNA polymerase II (Muller et al.,
2001; Martianov et al., 2002; Choukrallah et al., 2012; Rhee,
Pugh, 2012) as a key step in the assembly of the transcription
preinitiation complex (Auble, 2009) responsible for basal
transcription (Fire et al., 1984). Due to the key importance of
TATA boxes, mutations located in proximal promoters have a
well-pronounced effect on the magnitude of gene expression
(Savinkova et al., 2009).

The molecular mechanism underlying the binding of TBP
to a promoter of various eukaryotic genes via the three suc-
cessive steps was first proposed by P. Ponomarenko et al.
(2008) and later confirmed experimentally (Delgadillo et al.,
2009). Based on this mechanism, a bioinformatic model was
devised previously for calculating a change in K, (of a com-
plex between TBP and a proximal promoter of a eukaryotic
gene) for a polymorphism of the TBP-binding site(s) in the
promoter as compared to the wild type (Ponomarenko et al.,
2009). Results of computations based on this model have been
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confirmed by independent ex vivo experiments on cell cultures
transfected with the pGL4.10 plasmid (Promega, USA) carry-
ing a wild-type or mutant promoter inserted before a luciferase
reporter gene (Ponomarenko et al., 2017) as well as in vitro
in real time (Arkova et al., 2017) by means of stopped-flow
spectrometer SX.20 (Applied Photophysics, UK) under equi-
librium conditions (Savinkova et al., 2013) and under non-
equilibrium conditions (Drachkova et al., 2014) with the help
of an electrophoretic mobility shift assay. As a result of such
comprehensive verification of this bioinformatic model, on its
basis, the Web service Plant SNP_TATA Z-tester (Rasskazov
et al., 2022) was created, which was employed in the current
project for estimating K|, of complexes of plant TBP with
proximal promoters of genes from food and non-food plants.

Our analysis revealed that in comparison with non-food
plants, food plants are characterized by significantly weaker
affinity of TBP for promoters of genes homologous to
common-wheat B-amylase, albumin, and globulin (food al-
lergens) (p < 0.01, as estimated by the above software and
Fisher’s Z-test). When interpreting the obtained results, let
us take into account the experimentally proven fact that the
level of expression of eukaryotic genes increases with en-
hancement of the affinity of TBP for the promoters of these
genes (Mogno et al., 2010). This observation allows us to
interpret the food plants’ weaker TBP affinity — for promoters
of genes homologous to genes of food allergens (common-
wheat 3-amylase, albumin, and globulin) in comparison with
non-food plants — as evidence of selection by humans for low
amounts of these allergenic proteins in food plants in the past,
during the domestication of the plants.

Conclusion

In this work, DNA sequences of proximal promoters of genes
homologous to genes of food allergens (Wang et al., 2021)
were consistently analyzed in silico for the first time for food
compared to non-food plants. As a result, weaker in silico af-
finity of TBP was observed for promoters of the investigated
food plant genes as compared to genes of non-food plants.
This finding is suggestive of artificial selection — in antiquity,
for the purpose of reducing the expression of food plant genes
encoding allergenic proteins — carried out by humans in the
course of domestication of plants as food products.
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