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DPAC PIEM VA SU BIEU HIEN CUA HAI HQ PROTEIN LATE
EMBRYOGENESIS ABUNDANT (LEA) O PAU TUONG (Glycine max)
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Truong Pai hoc Hung Vuong, Phu Tho, phibang.cao@hvu.edu.vn

TOM TAT: Céc protein Late Embryogenesis Abundant (LEA) c6 mit véi sé lugng Ion trong phoi
va giir vai trd quan trong ddi vai su phat trién phdi. Nhiéu ho LEA dugc cho la giit vai trd quan
trong ddi véi tinh chiu mot s stress vo sinh & thuc vat. LEAS va protein hat chin (Seed Maturation
Protein, SMP) la hai ho cua siéu ho LEA theo cach phan loai hién nay. Trong nghién ciru nay,
chiing t6i xac dinh dugc nim gen ma hda cho mdi ho LEAS5 va SMP trong hé gen cua cay dau
tuong (Glycine max). Ddi v6i cac LEA5 cia cay ddu tuong, nhin chung mdi gen ¢6 mét intron,
ngoai trirt GmLEAS5-3, gen nay khong dwgc chu giai trong hé gen va khong co intron. Cac protein
suy dién c6 kich thudc nho, ¢6 tinh axit yéu, wa nuéc manh. Cac gen SMP c6 mét hodc nhiéu
intron. Protein suy dién c6 tinh axit yéu, ai luc véi nude yéu. Tat ca cac gen LEAS va SMP khong
biéu hién & cac mé sinh dudng cua cdy ddu twong nhung biéu hién dic hiéu & hat. Cudong do biéu
hién tang dan theo su phét trién cua hat, manh nhat ¢ thoi diém 42 ngdy sau thu phan. Su biéu hién
dac hiéu mo cua cac gen nay gorl y Vvé vai tro ‘quan trong cua ching dbi véi sy phét trién cua hat dau
twong. Lan dau tién, cac dic diém va su biéu hién cua céc LEA5 va cac SMP cua cay dau tuong
dugc bao cao trong cong trinh nay, mé duong cho cac nghién ciru chirc nang ctia cac gen cua hai

ho nay & cac loai cay ho dau.

Tur khoa: Biéu hién gen, cay di truyén, dic diém cua gen, dau twong, LEAS, SMP.

MO PAU

Céc diéu kién cuc han c6 tac dong Ién sinh
truong, phat trién va san luong cua thuc vat.
Dong thoi, thuc vat ciing phat trién nhiéu dap
tng thich nghi voi diéu kién méi truong [4].
Céc stress vo sinh nhu han, man, &p suat tham
thdu, lanh va bang gia din dén sy tich liy mot
nhém cac protein wa nudc goi la LEA (Late
Embryogenesis Abundant) [15]. Su tich luy cac
protein nay trong phdi caa hat nga va hat phan
chin, ca hai ciu tric chiu khd c6 kha ning
chdng lai sy mit nudc trong nhitng thoi gian
dai, din dén gia thuyét vé vai trd cua cac protein
nay dbi voi kha ning chiu mat nuéc cua thuc
vat [15]. LEA lan dau duoc phat hién & hat cay
Bong (Gossypium hirsutum), tich lay & pha phat
sinh phdi mudn [9]. Phu hop véi sy c6 mat cua
cac motif hoic thanh phin amino acid khac
nhau, cac LEA cua thuc vat dugc phan chia vao
nhiéu nhém khac nhau, tuong wng véi cac ho
LEALl, LEA2, LEA3, LEA4, LEA5, LEAG,
SMP va dehydrin (Pfam) [15]. Trong cac ho
LEA ¢ thuc vat, nhitng hiéu biét vé cdu tric va
chitc ndng cta ho dehydrin duoc nghién ciu
nhiéu nhat [13]. Nguoc lai, nhitng nghién ctu
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vé cac ho LEAS5 va SMP & thuc vat con rat it.

Cac protein ho LEA5 dién hinh hién biét ¢
thuc vat la AtEM1 va AtEM6 cua cay
Arabidopsis [17], protein Lea B19 cua cay lla
mach [14, 21]. Hai gen AtEM1 va AtEM6 biéu
hién khac nhau vé& khdng gian va thoi gian trong
qué trinh chin caa phoi. AtEM1 biéu hién manh
nhat & dinh ré& trong khi AtEM6 biéu hién &
phoi, md phan sinh dinh va cac md tién mach
[23, 24]. Lea B19 biéu hién ¢ hat [21].

SMP dién hinh duoc biét 13 Rab28 cua cay
ngd [18] va Rab28 cua cay Arabidopsis [2]. O
Arabidopsis, AtRab28 biéu hién trong qué trinh
phat sinh ph6i nhung khong bi cam ung boi
abscisic acid hoic diéu kién mit nuéc [2].
Trong khi do, gen ZmRab28 cua cdy ngod ciing
biéu hién trong qua trinh phét sinh phdi, dong
thoi bi cam ng bai abscisic acid [18]. Hon nira,
cay ngod chuyén gen Rab18 c6 kha ning chiu
mat nudc cao hon so voi dbi chung [1].

O cac cay ho dau, d4 c6 nhiéu nghién cau
duoc tién hanh d6i véi cac gen thuoc mot sé ho
LEA khac nhau (LEA1, LEA2, LEA3, LEA4,
LEAG, dehydrin). Pic diém ciu trdc, sy phan
loai va sy biéu hién cua cac gen thudc cac ho
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LEA khac nhau d& dwoc nghién ciu ¢ nhidu cay
ho dau nhu dau twong, dau cove, cdy Medicago
truncatula, cay Pau triéu (Cajanus cajan), dic
biét khi hé gen cua cac loai nay da duoc giai
trinh tu [5]. Tuy nhién, khac véi cac ho LEA
khac, ho LEA5 va SMP chua dugc nghién cau ¢
cay ho dau, ngoai gen GmPM11 thudéc ho LEAS5
d& dugc déc trung hoa [21].

Trong cbng trinh nay, ching tdi trinh bay
céc két qua nghién cau v& hai ho gen LEA c6
lién quan dén su phat tricn cua hat ¢ cay dau
twong. Trong do, sb lugng gen, cac dac tmng
cua gen, két qua phan tich cay di truyén va su
biéu hién caa cac gen trong méi ho s& duoc gidi
thiéu. Két qua nghién ciu nay bé sung nhirng
hiéu biét con thiéu vé hai ho LEA & cay ho dau
ciing nhu & thyc vat ndi chung.

VAT LIEU VA PHUONG PHAP NGHIEN CUU

Co s& dir liéu vé hé gen va RNAseq cia cay
dau twong

Chang téi str dung hé gen cua cay dau tuong
da dugc giai trinh ty baoi Schmutz et al. (2010)
[19]. Tap hop dit liéu RNAseq duoc ly tir
Severin et al. (2010) [20].

Xac dinh céc gen thugc ho LEAS5 va SMP &
cay dau tuwong

Chang t6i su dung cac protein LEAS va
SMP cua cay Arabidopsis [15] 1am khuén do dé
tim kiém cac gen twong dong trong hé gen cua
cdy dau tuwong nho chuwong trinh TBLASTN
theo phuong phap nghién ciru d& duoc su dung
boi Cao Phi Bing va Tran Thi Thanh Huyén
(2015) [7]. Sau d6 chang téi dung pfam (co s¢
dit liéu cac ho protein) [10] dé x4c nhan sy hién
dién cua cac vung bao thua trong trinh tu protein.

Phan tich tin sinh hoc vé cac he gen dwoc
nghién ciru

Cac dac diém vat li, héa hoc cua cac
gen/protein nghién ctru dugc phén tich nho cac
cdng cu cua ExPASy [11]. C4u tric exon/intron
dugc xay dung nho GSDS 2.0 [12]. Cac phuong
phap nghién ctru nay duoc miéu ta trong cong
trinh dwoc thuc hién boi Cao Phi Bang va Tran
Thi Thanh Huyén (2015) [7]. Cac motif bao thi
duogc phat hién nho MEME (Multiple EM for
Motif Elicitation) [3].

Nghién citu sw biéu hién gen

~ Su bicu hi¢n cia cac gen dwoc phan tich qua
két qua RNAseq (giai trinh ty tap hop ARN
théng tin) cta cay dau twong [20].

KET QUA VA THAO LUAN

Xac dinh hg gen LEA5 va SMP ¢ cay dau
tuong

Nho str dung chuong trinh TBLASTN, véi
cac khudn do la cdc SMP va LEAS cua cay
A. thaliana, chung t6i da xac dinh duoc 5 gen
ma hda cho cac LEAS va 5 gen SMP trong hé
gen cua ciy ddu twong. Phan tich pfam dé kiém
tra cac trinh tu protein suy dién, cac LEAS5
cua cdy dau twong déu c6 doan trinh tu amino
acid bao thu cua ho LEA_5 (PF00477), dong
thoi cac SMP cua cdy dau twong cling c6 it nhat
hai vung bao thu SMP (PF04927). Khi so sanh
Vi cac loai thuc vat cd hé gen da giai trinh tu
khac, s6 lugng gen LEAS cua ciy ddu tuong chi
it hon ¢ loai duong xi (Selaginella
moellendorffii), bing v&i cdy bach dan
(Eucalyptus grandis) va Ién hon & cac loai
khac. Trong khi do, sé lwong gen SMP cua cay
dau tuong it hon cua cidy duong xi, A. thaliana
va bach dan, bang véi cua cay lGa va nhiéu hon
& mot s6 loai (bang 1). Su sai khac vé s lugng
gen ma héa LEAS5 va SMP gitra cac loai goi y
rang 30 luong gen LEAS hoac SMP trong hé gen
cua mdi loai cay c6 thé khong lién quan dén su
tién héa & thuc vat.

Pic diém ho gen LEAS5 ¢ cay diu twong

Cac gen LEA5 cua ciy dau tuong co kich
thudc nho, chi dai tir 252 dén 1213 nucleotide, ¢6
chira mot intron hoac ma hoa lién tuc (hinh 1).
Dic diém nay twong ddng voi cac LEAS cua cay
bach dan, loai cay c6 ca 5 gen ma hda LEA5
khéng lién tuc vai mot intron [16]. Cac gen nay
quy dinh cac phan tir protein nho, tir 77 dén 112
amino acid, twong ung voi khéi lwong tir 8,83
kDa dén 12,25 kDa. Céc protein LEA5 caa cay
dau tuong c6 tinh axit hoac axit yéu (pI dao dong
trong khoang 5,22 dén 6,59). Cac LEAS5 nay rat
ua nudc, gia tri GRAVY dao dong tir -1,617 dén
-1,414 (bang 2). Cac dic diém cia LEAS cua cay
dau twong tuong ddng voi nhidu LEAS cua cac
loai khac nhu cdy mo [8], nhung hai trong ba
LEAS ciia cdy mo c6 tinh kiém manh.
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Dé tim cac motif bao tha, dic trung cho ho
LEAS cua thuc vat, ching téi st dung céng cu
MEME dé tim kiém tir tap hop 33 protein LEA5
caa cac loai cay duoc gidi thiéu trong bang 1. Két
qua ching t6i tim thiy 5 motif bao thu, dic trung
cho cac LEAS (hinh 2). Trong d6, motif 2 tuong

ddng véi motif bao thu dic trung cho cac LEAS
da duoc bao céo bai Hundertmark & Hincha [15].
Céc motif nay co sy xuat hién caa mot sb amino
acid nhu glycine (G) va glutamic acid (E). Riéng
motif 4, glutamic acid it xuét hién trong khi cac
arginine (R) xuét hién nhiéu hon.

chii thich:[[llcps ~ — Intron

emLEA5-+4 IR L]
6mLEAs-s R I
GmLEAs-1 [ L]
6mLEAs-2 I
5 L3
obp 3005 1005 600bp 3005 10005 12000p

Hinh 1. Cu trdc exon/intron cta cac LEA5 cua ciy ddu tuong
(CDS: trinh ty ma hda protein; intron: trinh ty khéng ma hoa protein)

Bang 1. Sé lwong gen LEAS va SMP & mot s6 thuc vat

Loai

S6 lwong gen ho LEA5  S6 lugng gen ho SMP

Pau tuong (Glycine max)

Ré&u (Physcomitrella patens)

Duong xi (Selaginella moellendorffii)
Thong (Pinus taeda)

Arabidopsis thaliana

Khoai tdy (Solanum tuberosum)

Bach dan (Eucalyptus grandis)
Duong (Populus trichocarpa)

Mo (Prunus mume)

LGa (Oryza sativa)

) )
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Pic diém ho gen SMP ¢ ciy diu twong

Nam gen ma hda SMP cuia cay dau tuong co6
kich thudc twong ddi khac nhau, gen ngin nhat
chi c6 979 nucleotide trong khi gen dai nhét c6
kich thudc 2374 nucleotide. Ba trong nim gen
SMP c6 maét intron, hai gen con lai lan luot c6
hai (GmSMP1) va ba (GmSMP2) intron (hinh
3). Nhu vay, s6 lwong intron caa cac gen khong
gidng nhau, dic diém nay khac véi cac SMP cua
cay bach dan, ca sdu SMP cua cay bach dan déu
c6 hai intron [16]. Trinh ty protein suy dién
SMP cua cay dau tuong c6 tir 176 amino acid
dén 284 amino acid. Ca nim SMP cua cdy dau
trong déu cé tinh axit hoac axit yéu (pl nim
trong khoang 4,27 dén 6,48). Cac protein nay c6
ai lyc véi nuge khong cao, giad tri GRAVY chi
nam trong khoang -0,536 dén -0,182 (bang 3).
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Tinh axit va tinh ua nuée yéu cua cac SMP cua
cay dau tuwong giong vai cdc SMP cua cdy mo
[8] va cua cay A. thaliana [6].

Cac motif bao thu cia cac SMP ciing dugc
phat hién nho MEME tir tap hop 43 protein
SMP cua cac loai thyc vat tir réu, duong xi,
thong dén cac cay mot 14 mam va hai 1a mam
(hinh 4). Glycine van ¢6 mit ¢ ca 5 motif bao
tht, nhung véi ty 1€ khéng Ion. Cac amino acid
cd mat nhidu nhat trong cac motif bao tha cua
SMP la cac amino acid c6 chudi bén ki nudc
nhu cac alanine (A), valine (V), leucine (L)...
Pic diém nay gop phan giai thich tai sao
cac SMP cua cay dau tuong lai cd ai luc voi
nuéc yéu. Ngodi ra, cac aspartic acid va
glutamic acid ciing c6 mat ¢ ca 5 motif bao thu
cua cac SMP.
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Hinh 2. Cac motif bao thu dwgc tim thiy trong Hinh 4. Cac motif bao thu duoc tim thiy
cac trinh tu protein LEAS dwoc phat hién nho trong cac trinh ty protein SMP dugc phat

chuong trinh MEME [3]. hién nho chwong trinh MEME [3].
emsMP; IR Chii thich: lHll CDS  — Intron
GmsMP3 IR
GmsMP2 I L I
GmsMP+ I I

GmsMP1 I
5 3

Obp 550\,1; IIOOpr fsomyp 230%1;

Hinh 3. CAu trdc exon/intron ctia cac SMP cua ciy dau twong
(CDS: trinh ty ma hda protein; intron: trinh ty khéng ma hoa protein)

Bang 2. C4c gen LEAS & cay dau tuong

Kich Chiéu . «
A thude dai Kho{luqng S0
Gen Tén locus en/CDS rotein phan ti pl GRAVY lugng
g (bp) P (aa) protein (kDa) intron
GmLEA5-1 Glyma01g29480  1213/306 101 11,14 6,31 -1,568 1
GmLEA5-2 Glyma03g07470  820/318 105 11,51 553 -1,617 1
GmLEA5-3 - 252/252 83 9,37 6,59 -1,418 0
GmLEA5-4 Glymal6g19405 528/204 77 8,83 522 -1,497 1
GmLEA5-5 Glymal8g43320  589/339 112 12,25 533 -1414 1
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Bang 3. Cac gen SMP ¢ cay dau tuong

Kich

Chiéu

A thude dai KhéiA luong S6
Gen Tén Locus . phan tu pl  GRAVY luong
ger(wéCpZ)D S pr(c;;e)m protein (kDa) intron
GmSMP1  GlymalO0g03310  1201/789 262 27,46 516 -0,455 2
GmSMP2  Glymal0g30090  1442/855 284 29,45 6,48 -0,536 3
GmSMP3  Glymal0g39270 979/771 256 26,24 4,75 -0,322 1
GmSMP4  Glymallgl6090  2374/540 179 18,24 4,27 -0,182 1
GmSMP5  Glyma20g28550  1025/771 256 26,06 4,90 -0,238 1

Bang 4. Su biéu hién cua cac gen LEA5 va SM

P & cay dau twong (don vi tinh RPKM, sb ban ma

phién (ARN)/1.000 nucleotide cua ma phién/mét triéu ban mé phién, DAF = S4 ngay sau thy phan)

A <
Mo =

c g eCf gl © T T T T T ©

S e ? o5 ixZiiisisisisizizisd

«S <> T gogo Sq-IoIq-IﬁILOICOILOIN

- = St 20 2 2 o & & © ¢
Gen &

GMLEAS-1 0 0 O 0 O O
GMLEAS-2 o 0 0

GmLEAS5-3

GmLEAS5-4

GmLEAS5-5
GmSMP1
GmSMP2
GmSMP3
GmSMP4
GmSMP5

0 0 0 0 0 0 1 4

0 0 0 0 10 54
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
0 1 12 117 92 323 353
1 0 11 26
0 0 2 2
0 0 0 1 3 1 8 18
0 2 13 19 54 44 91 94
2 0 0 1 12 7 26 82

Sw biéu hién dic hiéu theo mo cia cac LEAS
va SMP caa ciy diu twong

Sy biéu hién cua cac LEA5 va SMP cua cay
dau tuong duoc nghién cau ¢ ca cdc mo sinh
dudng (14, ré, nét san) va cac md sinh san (hoa,
qua va hat) thong qua phan tich dix liéu RNAseq
cua cdc mod trén [20] (bang 4). Chi hai gen
GmLEA5-3 va GmLEA5-4 khong biéu hién o
bit cir m6 nao. Cac gen LEA5 con lai va tit ca
cac SMP déu biéu hién & hat, dac biét trong giai
doan phat trién muon. Cudng d6 biéu hién cua
c4c gen nay cao nhat ¢ trong hat thoi diém 42
ngay sau thu phin. O giai doan phét trién som
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cua hat (10 ngay sau thu phan), chi c6 hai gen
GMLEA5-5 va GmSMP3 biéu hién, nhung voi
cuong d6 yéu. Hai gen nay 1a hai gen biéu hién
& tat ca cac pha phét trién caa hat. DBén giai
doan 14 ngay sau thy phin, cé thém hai gen
GmSMP1 va GMmSMP2 biéu hién. Gen
GMSMP5 chi bt dau biéu hién ¢ hat thoi diém
21 ngay sau thu phan. Nhin chung, cac gen nay
bleu hién véi cudong do ting dan theo sy phat
trién cua hat. Thoi diém 25 ngay sau thy phan
c6 thé 1a thoi diém quan trong trong su phat
trién cua hat ddu twong khi sy biéu hién cua céac
gen LEA5 va SMP (chi xét cac gen c6 biéu hién)
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tao thanh mot dinh tam thoi, cao hon ca thoi
diém 28 ngay sau thu phin. Ho LEA5 khdng
biéu hién & mo sinh san khéc, chi hai gen thudc
ho SMP biéu hién & md qua (GmSMP1 va
GmSMPS5), chi duy nhat GmSMP5 biéu hién ¢
hoa. T4t ca cac LEA5 va SMP cua ciy dau
trong khong biéu hién & cac mé sinh dudng.
Nhitng két qua nay cho phép dit gia thiét vé su
biéu hién dic hiéu & md hat cua cac LEAS va
SMP cuia cdy dau tuwong, ddng thoi goi ¥ rang
cac gen nay c0 vai trd quan trong trong su phat
trién cua hat ¢ loai cdy nay. Gia thiét nay phu
hop Vvé6i cac bao cdo vé su biéu hién ciing nhu
vai tro ctia cc LEA5 va SMP ¢ mot s6 loai thuc
vat khac.

Trong nghién ctru cua Du et al. (2013), cac
LEA5 va SMP cua cidy mo khong biéu hién &
cac md sinh dudng, chi hai SMP (PmLEA5 va
PmLEA26) biéu hién yéu ¢ hoa [8]. O cay
A. thaliana, tit ca cac LEA5 va SMP déu c6
biéu hién & hat. Ngoai hat, chi duy nhat mét gen
LEAS (AtEM6) biéu hién & nhieu md va mot
gen SMP biéu hién & chdi [15]. Su biéu hién cua
cac LEA5 va SMP cua cay A. thaliana dugc
khang dinh trong cong trinh ciia Bies-Ethéve et
al. (2008) [6]. Mot s6 it cac nghién ciru sém hon
ciing chi ra sy biéu hién dic hiéu cua cac LEAS
va SMP trong hat cua céc loai A. thaliana [2;
23; 24], ngb [18] va lda mach [14]. bBac biét,
Manfre et al. (2006) d4 chi ra sy can thiét cua
gen AtEM6 (ho LEAS5) ddi voi sy phat trién
binh thuong cta hat cay A. thaliana [17].

KET LUAN

Str dung cac protein LEA5 va SMP cua cay
A. thaliana lam khuon, ching toi da xac dinh
duoc 5 gen twong ddng cia mdi ho trén trong hé
gen cua cdy Pau tuong (Glycine max). Chung
t6i da phan tich cac dic diém Ii - héa cua céc
gen ciing nhu cac protein suy dién cua cac gen
nay. Cac LEAS5 va SMP c¢6 nhiéu motif bao tha,
cac motif bao thi ndy c6 chia nhiéu glycine (ho
LEAS5) hoic cac amino acid c6 chudi bén khong
phan cuc (ho SMP).

Cac LEAS5 va SMP cua cdy ddu tuong biéu
hién dac hiéu trong mo hat, dac biét ¢ giai doan
phét trién muon cua hat. Cuong d6 biéu hién
cua CAc gen cao nhat ¢ thoi diém 42 ngay sau

thy phin. Céac gen nay khong biéu hién ¢ céc
md sinh dudng cua ciy dau twong. Su biéu hién
dzc hiéu md nay goi y vé vai trd quan trong cua
céc LEA5 va SMP ddi véi sy phat trién cua hat
dau turong. CONg trinh nay lan dau tién lam sang
t6 cac dic diém, su biéu hién cua cac LEAS va
cac SMP cua cay dau twong, mé duong cho cac
nghién ciru chirc nang cua cac gen cua hai ho
nay & cac loai cay ho dau.

Loi cam on: CONg trinh ndy dugc hoan thanh
v6i sy hd tro kinh phi tir chuong trinh nghién
cau khoa hoc co ban cua Truong Pai hoc Hung
Vuong, tinh Phi Tho.
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CHARACTERISATION AND EXPRESSION OF TWO LATE EMBRYOGENESIS
ABUNDANT (LEA) PROTEIN FAMILIES IN SOYBEAN (Glycine max)

Cao Phi Bang
Hung Vuong University, Phu Tho

SUMMARY

Late Embryogenesis Abundant proteins (LEA) are abundantly present in late embryogenesis and play an
important role in the development of embryos. Many LEA subfamilies were reported to have a major role in
abiotic stress tolerance in plants. According to current classification, LEA5 family and SMP family belong to
the LEA superfamily. In this study, we identified five coding genes for each of these families in the genome
of the soybean (Glycine max). In the case of soybean LEAS genes, there is generally only one intron per gene,
except for GmLEAS5-3. This gene was not annotated in the soybean genome and had no intron. All of the
soybean LEAS predicted proteins were small in size, weakly acidic but highly hydrophilic. The SMP genes
have one or more introns interspersed within the coding region. Their predicted proteins were weakly acidic
and phydrophilic. All of the soybean LEAS and SMP genes did not express in vegetative tissues while most of
them were tissue-specifically expressed in seeds. The expression level increased in accordance with seed
development, and arrived at the maximum level 42 days after flowering. The tissue-specific expression
suggested that these genes played an important role in the development of soybean seeds. Briefly, for the first
time, the characters and the expression of the soybean LEA5 and SMP genes were reported, paving the way
for future gene function research about these two LEA families in Leguminosae plants.

Keywords: Gene expression, phylogenetic tree, gene characterization, LEA5, SMP, soybean.
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