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Abstract. Based on whole genome data of tartary buckwheat ( Fagopyrum tataricum (L.)
Gaertn), we used bioinformatics to exploit nine 11S seed storage protein genes, and
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analyzed their identification, location, protein structure, phylogenetic relationship, and

expression. Results showed that the encoded protein lengths of these nine genes ranged from
189 to 914 aa, the isoelectric points ranged from 5.18 to 9.82, and the molecular weights
ranged from 21.27 to 103.33 kD. Sequence alignment showed that one 11S seed storage
protein ( sample1_00009513-RA) contained only one cupin conservative domain, with the
other eight members all containing two cupin conservative domains. In addition, there were 14
conservative amino acid residues in the cupin domain between tartary buckwheat and
Arabidopsis. Location analysis demonstrated that these genes were mapped on six linkage
groups of the tartary buckwheat genome ( Megascaffold2/5 and scaffold77/344/395/861).
Prediction analysis suggested that the tartary buckwheat 11S seed storage proteins exhibited
two types of protein structure. The phylogenetic relationship of the 11S seed storage proteins
from tartary buckwheat and six other species ( Arabidopsis, peanut, soybean, almond,
walnut, and sesame) indicated that these proteins could be classified into three groups,
containing four pairs of paralogous and three pairs of orthologous. Compared with the reported
allergic storage proteins in tartary buckwheat and 11S allergens from five other species
( peanut, soybean, and sesame ), five 11S seed storage proteins
demonstrated high similarity, with the highest similarity found with walnut; however, further
experiments are needed to clarify whether these five members are food allergens or not. RNA-
Seq analysis revealed that only four members ( sample1_00018411-RA, sample1_00026786-
RA, sample1_00021674-R, samplei_00022718-RA) had high expression levels in milk stage
seeds of two kinds of buckwheat, and were more highly expressed in ‘Daku 1’ than in
‘Datian 1’

Key words: Fagopyrum tataricum; 11S seed storage protein; Cupin conservative domain;
Phylogenetic relationship; Expression analysis
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Table 1 Information on the seed 11S storage protein genes from buckwheat

0 HHAKE (aa) S THL G TR (KD) Ay

Genes Protein length Exon number pl MW Site
sample1_00018411-RA 914 8 6.03 103.33 Megascaffold 5
sample1_00009513-RA 189 2 9.82 21.27 Scaffold 77
sample1_00013128-RA 515 4 5.83 58.32 Scaffold 344
sample1_00013130-RA 501 4 5.98 56.84 Scaffold 344
sample1_00026786-RA 355 4 6.92 37.88 Scaffold 395
sample1_00021677-RA 514 4 5.70 58.23 Megascaffold 2
sample1_00021668-RA 514 4 5.73 58.26 Megascaffold 2
sample1_00021674-RA 514 4 5.73 58.26 Megascaffold 2
sample1_00022718-RA 462 4 5.18 51.50 Scaffold 861

1 EF IS HFEEEAMN 2 MEHER
Fig. 1 Two structure types of 11S seed storage proteins in tartary buckwheat
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Red boxes mean amino acid residues in sites of these proteins are identical.

Fig. 2
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Sequence comparison of 11S seed storage proteins from tartary buckwheat and
Arabidopsis and analysis of the cupin domain
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Sample 1-00013130/00013128/00021677/00021668/00021674/00009513/00018411,/00022718/00026786-RA are 11S seed
storage proteins from tartary buckwheat; TBb and TBt are two allergic proteins of tartary buckwheat; AAM46958.1,
NP-001236840, GU059261, ABW86979.1, and AF240004 are 11S allergens from peanut, soybean, almond, walnut, and
sesame, respectively.
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Fig. 3 Phylogenetic relationships of 11S seed storage proteins from tartary buckwheat and
other species as well as TBb and TBt
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Table 2 Homology comparisons of 11S seed storage proteins of tartary buckwheat with two known allergic
storage globulins of tartary buckwheat as well as 11S seed storage proteins from other species

1S Bt 1 TBb TBt (%) KRE(%) (%) #IB(%) ZIHR(%)

11 S seed storage proteins (%) (%) Peanut Soybean Almond Walnut Sesame
sample1_00018411-RA 31 34 27 27 30 33 35
sample1_00009513-RA 44 12 23 21 22 28 25
sample1_00013128-RA 97 98 30 33 37 40 37
sample1_00013130-RA 95 9 31 33 37 40 37
sample1_00026786-RA 21 15 17 20 24 21 21
sample1_00021677-RA 86 83 31 32 36 39 37
sample1_00021668-RA 86 83 31 32 36 39 37
sample1_00021674-RA 86 83 31 32 36 39 37
sample1_00022718-RA 34 26 27 29 32 31 32

00021677-RA ., sample1_00021668-RA., samplel_
00021674-RA #RSHAME A 11S 32 S 26 (1 6 ) 8 1
& ; BT sample1_00009513-RA, H'& 8 4~
7% 1S FhFAfml 1 56419 1S s R A i R)
PP BRI

IeAh, Zad Jy 5 x4 A & B, sampled _
00013128-RA 5 TBb HiI TBt KT 22 2 FLHR FF 5]
(MSTKLILSFSLCLMVLSCSAQA) —%k, #iFk M 15
SRS, fEE AR BT YIRS his TBb
1 TBt AH AL % 5 1Y samplel _ 00013130-RA
sample1_00021677-RA, sample1_00021668-RA
F1 sample1_00021674-RA I i 21 > 508 15 51
SESIKFI—2, %522 MR aER(L), LS
A5 TBb 1 TBt AHLLEE 8 1Y 11S i s 2 11
G REHEN, BA RS0,
2.5 1ISHFEHEEAEREHFMEFMHTH
HIRIE DT

RIS AT IR IR 2 B WA F, A0
FELARHGR AR HE 1 5 R g i K 1 5
(VE SR SO R —F SRy S 3 A ORL AT B SR AN Y, BT
RNA-Seq i#l, 2041 9 4~ 11S P fiff e 2 11 5L
TEWEFRNFREEN(E3) ., R ER, samplel_
00009513-RA ., sample1_00013128-RA. samplel_
00013130-RA. samplel_00021677-RA i samplet
00021668-RA 7r* Kilt 1 5 1 K 1 5 AYHES
Wbk ik Ha 4 DMIEFAEME A S
2357k (RPKM g 21.96 ~ 28 481.5), Hi
HA sample1_00026786-RA Tt Kt 1 5 iy
BEETCORE 15, Ak 4%, samplet _
00022718-RA TEWI F th iy F ik m#f AR &, HAE K

1S hRIRKCERE T KR 55 samplet_
00018411-RA Fl sample1_00021674-RA T& ¢ K
15 hyRBREE T KH# 15, 4555 6
fEA S f5 (2 3), XL KM 1S Fi 7 g K
HERAEANF P FELZBEED D RG22 EEN
S
F®3 ISHFHEELERE X#M15 (A
‘RE1 S (B)MFHRARESHT

Table 3 Expression analysis of 11S seed storage proteins
in the seeds of ‘Datian 1’ (A) and ‘Daku 1’ (B)

BLH KLk (A) ikt (B)

Gene RPKM (A) RPKM (B)
sample1_00018411-RA 429.10 2683.08
sample1_00009513-RA 0 0
sample1_00013128-RA 0 0
sample1_00026786-RA 87.28 21.96
sample1_00013130-RA 0 0
sample1_00021677-RA 0 0
sample1_00021668-RA 0 0
sample1_00021674-RA 6052.92 28481.50
sample1_00022718-RA 3456.60 3720.80

. RPKM B H T reads Hok B 5 — JE B R T Bl L K 1
reads ¥t H .
Note : RPKM represents reads per kilo bases per million reads.

11S M rifE A B T cupin K%, EHHE
HEANEZEN S Z —, MALEY (niEd:, K
OO TRIZRELE) TP 1S R R A
R RES |k o A I A R

AWFFEAE T FE I A B s A P s e T 9 4
118 Fh PR (I, BT 9nA% 8 Y 2 LR 2L
H7E 189 ~ 914 aa [a], “5HL S (pl)fiF 5.18 ~
9.82, 4y TEIEFI N 21.27 ~ 103.33 kD, iX 9 >
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X IGFAE ;R AL AL 118 iyl 1 5E TR A M B Rk AT 863

BRKZEEH 4 MM T, HARBS M T
FEH: A 41 1 Megascaffold 2/5 L)} scaffold 77/
344/395/861 I, ilEA;434E T scaffold 344 |-
sample1_00013128-RA il sample1_ 00013130-RA
MIFEAL BE 15 35 96.2%, W] RE & L A A FR K EE &2
[N T Megascaffold 2 8 3 />3 [H ( sample_
00021677-RA. samplel_ 00021668-RA 1 sampled_
00021674-RA) Wy [FIIEPE AR &7, AT BB 2 5 Y
HRIKE

AWFFEIE R FE 11S T4 e 8 1 (0 45 48
AT, ISR 1S BRE A 5 A ek
FH—HE, A8k 6 AW I A, 8 S ARG ST
(2 P 5l et & B, B sample1_00009513-RA
gh, HBEA 2 /> cupin 5itER, FE 2 St
eI AR T A 14 AR DR ST 1Y 2 R ik A
HpHER(G) I, f 74, REWHHEARY
BRI IE T SR CERT, XTREREH A
TR AE DA ] (8 PR~y e Y S A

WML REEE AT LA, % FF A IT
HA 1 X EHARFHEIEF A3 X558 K FEPEIEH,
WFEt 118 Fh 7B A K LTI 2 6
A, XV B 1S Tl 76k 8 11 3% 7R 4k
R T A7 Y1 a5 e HE R FE 2
AR E A &, sample1_00021677-RA |
sample1_00021668-RA . sample1 _00021674-RA
sample1_00013128-RA #1 sample1_00013130-RA
X 5 A4 118 FhFfiff el A 1 5 % 03 880 A Al
IPERE, JEFl 83% ~ 98%, {HifEtE—4 14
MBS AT 8, 5T RNA-Seq $4E 714 &
B, A AANFEFAE KA S RE 1S R
WFp 7 RS, B 3 AME R 1 5
HRIRKPEm T KE 1 5, R 1S Fr+
it EE TR AS [\ (9 57 22 JR@ A ) vh K3k K A7 A 22
S, 1 HAh 5 A4~ B 51 ( sample_ 00009513-RA .
sample_ 00013128-RA. sample1_ 00013130-RA.
samplel_ 00021677-RA Hl samplet _ 00021668-
RA) & R 157 F R 15 BYRESR R+
VIR, HED ] GE AR AL
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