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TOM TAT

Trehalose-6-phosphate phosphatase (TPP) dwoc ghi nhdn la enzyme chinh tham gia
vao qud trinh sinh tong hop trehalose. Nghién ciru trude day da ghi nhén vai tro ciia
nhém TPP lién quan dén cdc qud trinh sinh hoc dién ra ¢ thiee vat. Trong nghién ciru
nay, tong sé 10 thanh vién ciia nhém TPP dd dwoc bdo cdo trong dit liéu ciia cdy sin
(Manihot esculenta). Thong tin chu gidi va vi tri phdn bé trén nhiém sdc thé ciia
nhém MeTPP da dwoc khai thac. Cac gene thanh vién MeTPP phdn b6 rdi rdc trén
nhiém sdc thé trong genome ciia cdy san. Cu thé, nhiém sdc thé s6 2, 6 va 14 chira 2
gene MeTPP. Khao sat viing promoter ciia nhom gene MeTPP da phat hién sw phan
b6 ciia cdc nhom yéu t6 diéu hoa cis- cam ting phytohormone. Nghién ciru da xdc
dinh dwge promoter ciia 8 gene MeTPP chira it nhat mét nhém yéu t6 diéu hoa cis-
cam wng voi auxin, ethylene, abscisic acid, salicylic acid, jasmonic acid va
gibberellin. Phan tich dit liéu RNA-Seq cho thdy 7 gene MeTPP ¢é biéu hién ¢ it nhdt
1 mau. MeTPP09 dwoc xdc dinh la gene c6 biéu hién ddc thit ¢ ld va gdn ld, biéu
hién manh & than, té chirc phdt sinh phéi cdu tao soma va mé phdn sinh chép ré,
trong khi MeTPP03 va 05 ¢6 xu hwéng biéu hién manh & mé seo phéi héa. Két qua
ciia nghién ciru nay di cung cap nhitng théng tin co ban vé nhém enzyme TPP ¢ cdy
sdn dé phan tich chirc nang gene MeTPP lién quan dén tinh chong chiu.

ABSTRACT

Trehalose-6-phosphate phosphatase (TPP) has been regarded as one major enzyme
that is directly involved in the synthesis of trehalose. The function of TPP families has
been demonstrated to be related to various biological processes in higher plant species.
In this study, a total of 10 members of the TPP family have been identified in the
assembly of cassava (Manihot esculenta). The annotation and chromosomal
distribution of the MeTPP genes have been obtained. We found that the MeTPP genes
are randomly localized in the chromosomes. Particularly, chromosome 2, 6 and 14
share the highest members (2) of the MeTPP family. Analysis of the 1000 bp sequences
in the promoter regions of the MeTPP gene family showed a distribution of
phytohormone- responsive cis- regulatory elements. Particularly, the promoter regions
of 8 MeTPP genes contain at least one cis- regulatory elements that are responsive to
auxin, ethylene, abscisic acid, salicylic acid, jasmonic acid and gibberellin. Of our
interest, our RNA-Seq analysis indicated that 7 MeTPP genes are expressed in at least
one major organ/tissue. Interestingly, MeTPP09 is specifically expressed in leaf, mid
vein samples and highly expressed in stem, somatic organized embryogenic structure
and root apical meristem samples, while two genes, like MeTPP03 and 05 are tended
to highly expressed in friable embryogenic callus samples. The results of this study
could provide comprehensive information of the TPP family in cassava for further
functional characterization of the MeTPP genes related to stress tolerance.
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1. PAT VAN PE

Cay sian (Manihot esculenta), 2n=36, 13 mot
trong nhimg ddi twong cay trong chu luc dong
mot vai tro khong thé thiéu trong nén san xuét
ndéng nghiép & Viét Nam [1]. Pat gia tri xut
khau hon 1 ty D6 la My, ct sén chtra luong tinh
bot cao dugc st dung nhu mat nguén thuc phém
thiét yéu cho con ngudi, cung cép nguyén liéu
cho ché bién thic an chian nudi va dong vai tro
quan trong trong linh vuc nang luong [2, 3].
Hon nita, sin dugc ching minh 14 ddi tugng cay
trong tinh chdng chiu tét, kha ning thich mg
cao [4], do d6, 1am 13 vé co ché dap ung bat loi
clia cAy san & cap do phan tir dwoc xem 1a chia
khoa dé huéng dén canh tac san bén viing, nhat
1a trong bdi canh mot sé dia phuong dang chiu
anh hudng cua bién dbi khi hau.

O thuc vét, trehalose, mot dang disaccharide
hinh thanh tir hai phan tir dudng glucose két hop
v6i nhau théng qua lién két a,0-1,1-glucosidic
duoc chimg minh 1a duy tri 4p sudt thim thau
noi bao, tr d6 dong vai trd quan trong trong co
ché dap tng bt loi, dién hinh nhu bat loi thim
thdu gay ra boi han han va ndng d6 mudi cao [5,
6]. O thuc vat, trehalose duoc sinh téng hop
thong qua xuc tac cua hai nhém enzyme chinh,
bao gdm trehalose-6-phosphate synthase va
trehalose-6-phosphate (TPP).
Trong d6, TPP xuc tic cho phan uUng
dephosphoryl héa tir tién chit trehalose-6-

phosphatase

phosphate tao thanh trehalose [7]. Chiic nang
cua enzyme TPP da duogc ghi nhan trong vigc
diéu hoa ham luong trehalose dé duy tri trang
thai can bang ndi moi, tir d6 thich tmg véi su
thay d6i cia diéu kién moéi trudng [3, 6]. Pén
nay, nhém TPP da duogc ghi nhan trén mot )
d6i tugng quan trong, nhu Arabidopsis thaliana
[8], lha gao (Oryza sativa) [9], ngd (Zea mays)
[10], Populus spp. [11], Tha my (Triticum
aestivum) [12] va 4 loai Gossypium spp., bao
gé)m G. raimondii, G. arboreum, G. hirsutum va
G. barbadense [13]. Dua trén dit liéu di truyén
clia cdy san trude day, tong s6 10 gene ma hoa
nhém TPP da duoc béo cao, véi thong tin vé so

dd hinh cdy ctia nhom [14]. Tuy nhién, ving
promoter va muc do biéu hién cua céac gene ma
hoa nhém TPP ¢ cay sén chua dugc ghi nhan,
nhat 13 khi dir liéu vé genome cua cay sin da
dugc cong bd gan day [15] cho phép di sau vao
khai thac théng tin vé cac nhom gene quan trong.

Muc tiéu ctia nghién ctru ndy nham sang loc
va xac dinh nhém TPP trong dit lidu cta cay sin
dua trén cach tiép can tin sinh hoc dir liéu 16n.
Theo d6, thong tin vé cac thanh vién cia nhom
TPP da duoc xac dinh va sang loc trong dir liéu
proteome cia cdy sin. Sau d6, ving promoter
clia cac gene mi hoa nhom TPP & cdy san dugc
khai thac dé phan tich sy c6 mét cta yéu td diéu
hoa cis- cam tmg phytohormone. Cudi cung, dit
liéu phién ma & 4 mau mo6 va 7 mau co quan
chinh & cdy sin duoc sir dung dé phan tich mirc
d0 biéu hién dic thu cua nhom gene TPP.
2. PHUONG PHAP NGHIEN CUU
2.1. Vat liéu nghién ctru

Dit liéu genome, proteome ciia cdy san duoc
mo ta trong nghién ctru trude day cua Bredeson
va cOng su [15] khai thac trén co so dir liéu
Phytozome [16] va NCBL

Dit liéu transcriptome cua cdy sin duoc mo
ta trong nghién ctru trudc day [17] khai thac trén
co so dir liéeu GEO NCBI [18] va Plant
Regulomics [19].
2.2. Phuwong phap nghién ctru

Phuong phap xac dinh va dinh danh: Cac
budc sang loc va xéc dinh TPP & cay sén duoc
tién hanh dura theo mé ta trong nghién ctru trudc
day [9, 10, 12]. Cu thé, vung bao thu dic trung
cua enzyme TPP déc thu ¢ thuc vat [7] thu thap
trén Pfam [20] duoc truy van trén proteome clia
ciy san [15] da giai ma genome trén co so dir
liéu Phytozome [16] va NCBI. Tét ca tim kiém
dat d6 tin cay (voi gia tri E-value <107'%) dugc
tiép tuc dbi chiéu (BlastP) trén NCBI dé chu giai
thong tin cho nhém enzyme TPP, bao gdm ma
dinh danh, vi tri phan bé trén genome, trinh tu
toan vung gene (genomic DNA sequence,
gDNA) va trinh ty doan ma hoa (coding DNA
sequence, CDS).
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Phwong phap thu thdp ving promoter: Ving
promoter cua cac gene mi héa TPP & cdy sin
duoc thu thap dua theo nghién ctru trudc day
cua Niu va cong su [21]. Cu thé, doan trinh tu
1000 bp trude vi tri md mo dau ATG cua cac
gene khai thac trén Phytozome [16] duoc khai
thac cho phan tich yéu t6 diéu hoa cis-

Phirong phdp phan tich yéu té diéu hoa cis-:
Céc yéu t didu hoa cis- dap img phytohormone
duoc khai thac trén doan 1000 bp trén vung
promoter ciia gene mi hoa TPP & sin dya theo
mb ta trong nghién ctru trude day [22]. Cu thé,
GARE-motif (-AAACAGA- hoac -TCTGTTG-)
va P-box ((GCCTTTTGAGT-) lién quan dén cam
ung gibberellin, TGA-element (-AACGAC-) va
AuxRR-core lién quan dén cam tmg auxin, ERE
(ethylene-responsive element, -ATTTCAAA-)
lién quan dén cam tng ethylene, TCA-element
(-CAGAAAAGGA- hoiac -GAGAAGAATA-)
lién quan dén cam umg salicylic acid, TGACG-
motif (-TGACG-) va CGTCA-motif (-CGTCA-)
lién quan dén cam tng jasmonic acid, va ABRE
(ABA-responsive element, -CACGTG- hodc -
TACGTG-) lién quan dén cam tng abscisic acid
[21-23].

Phwong phap phdn tich dw liéu RNA-Seq:
Cac dir liéu RNA-Seq ¢ cdy sin duoc thu thap

Regulomics [19] dua theo mo ta trong nghién
chu trude ddy. Cu thé, dir liéu biéu hién
GSE82279 dugc thu thap ¢ 4 mo, bao gém mo
seo phoi hoa (friable embryogenic callus, FEC),
t6 chtc phat sinh phoi cdu tao soma (somatic
organized embryogenic structures, OES), mo
phan sinh chép ré (root apical meristem, RAM)
va md phan sinh dinh chdi (shoot apical
meristem, SAM), va 7 co quan chinh, bao gém
14, gan 14, cudng 14, ré soi, cti, chdi bén va than
[17]. Ma dinh danh gene ctia nhom TPP duoc
sir dung dé khai thac muc do biéu hién, thé hién
bang gia tri FPKM (fragments per kilobase of
transcript per million reads mapped), sau do
duoge xur ly va biéu dién bang thuit toan R [24].
3.KET QUA VA THAO LUAN
3.1. Xac dinh va dinh danh thong tin cua
nhém TPP & cy sin

Dé xac dinh nhém TPP & cdy sin, vung bao
thu dic trung cua enzyme TPP dic thu ¢ thuc
vat [7] duoc sir dung dé sang loc trén proteome
ctia cdy san [15]. Két qua di xac dinh duoc tong
s6 10 protein cia nhom TPP, dat tén 1a MeTPP
(Me viét tat cho tén khoa hoc cia cdy sin -
Manihot esculenta, trong khi TPP viét tit cho
enzyme trehalose-6-phosphate phosphatase)
trong cdy san (Bang 1, Hinh 1).

tr thu vién GEO NCBI

[18] va Plant

Bang 1. Théng tin chi giai ciia nhém TPP & cdy sin

. Mai dinh danh Ma dinh danh Ma dinh danh Mai dinh danh
STT Tén gene : . : :
gene protein RNA locus
1 MeTPP0l  Manes.01G076700  XP_021630311 XM 021774619.2 LOC110628116
2 MeTPP02  Manes.02G154201  XP_043809531 XM 043953596.1 LOC110608818
3 MeTPP03  Manes.02G036000  XP_043810406 XM _043954471.1 LOC110606906
4 MeTPP04  Manes.06G158300 XP_ 021616858 XM 021761166.2 LOC110618113
5 MeTPP05  Manes.06G135400 XP_021615039 XM 021759347.2 LOC110616848
6 MeTPP06  Manes.12G136700  XP_021629903 XM 021774211.2 LOC110627838
7 MeTPP07  Manes.13G093200 XP 021632312 XM 021776620.2 LOC110629586
8 MeTPP0OS  Manes. 14G007788  XP_021592173 XM 021736481.2 LOC110599883
9 MeTPP09  Manes.14G035300 XP 021593020 XM 021737328.2 LOC110600460
10 MeTPPI10  Manes.18G068800  XP 021600869 XM 021745177.2 LOC110606388

Pbi chiéu thong tin cho thiy cic gene
MeTPP phén bd rai rac trén genome ctia cdy san

(Hinh 1).

Cu thé, nhidém séc thé sb 2, 6 va 14
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luot bao gdom MeTPP02 va 03, MeTPP04 va 05,
va MeTPP0S va 09 (Hinh 1). Trong khi do, 4
thanh vién thuéc nhém gene MeTPP, bao gdm
MeTPPO1, 06, 07 va 10 1an luot duoc chu giai

trén nhiém sic thé sé 1, 12, 13 va 18 (Hinh 1).
Céc nhiém sic thé con lai khong ghi nhan sy co
mat cua cac gene MeTPP (Hinh 1).
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Hinh 1. Vi tri phin b6 ciia nhém gene MeTPP ¢ genome ciia ciy sin

Trong nghién ctru trudc day, nhom enzyme
TPP da dugc béo céo trén mot sb dbi tugng thuc
vét quan trong. Cu thé, tong sb 10 thanh vién
cuia nhom TPP da duoc xac dinh trén A.
thaliana, trong khi dir li€u genome cua lua gao
chtra 12 gene ma héa cho enzyme TPP [8, 9]. O
loai Populus spp., 10 gene TPP da dugc bao cao
gan day [11], trong khi nhém TPP gdém 31 thanh
vién di duogc sang loc trén cay lua my [12]. O
chi Gossypium, téng sb 12, 17, 24 va 26 thanh
vién cia nhém 7PP da dugc ghi nhan trén 4
loai, lan luot bao gém G. raimondii, G.
arboreum, G. hirsutum va G. barbadense [13].
Toém lai, két qua cho théy nhom TPP & thuc vat
1a ho da gene, s luong thanh vién da dang giira
cac loai.

3.2. Phan tich yéu t6 diéu hoa cis- cam @ng
phytohormone trén viung promoter cua
nhém TPP § ciy sin

Pé phan tich yéu t6 didu hoa cis- trén ving
promoter ciia gene MeTPP & cdy sin, doan

trinh ty 1000 bp trén vung promoter duoc khai
thac dé sang loc cac doan trinh ty 161 dic trung
cho yéu t& diéu hoa cis- dap ung
phytohormone. Két qua sang loc cho thiy cac
yéu t6 diéu hoa cis- dap tmg cac phytohormone
phan b rai rac trén ving promoter ciia nhom
gene MeTPP & cdy séan.

Cu thé, hau hét (8 trén tong sb 10) gene
MeTPP, ngoai trir MeTPP03 va 10 déu c6 ving
promoter chira it nhat mot nhom yéu td diéu hoa
cis- cam ung véi phytohormone (Hinh 2). Cu
thé, vung promoter cua 4 gene, bao gom
MeTPPO02, 05, 06 va 08 chira GARE-motif va
P-box lién quan dén cam tmg gibberellin, trong
khi 2 (MeTPPO05 va 08) va 3 (MeTPP02, 07 va
09) gene c6 vung promoter chira nhom yéu tb
diéu hoa cis- cam tng lan luot voi auxin va
ethylene (Hinh 2). Tiép theo, TCA-element, yéu
t6 diéu hoa cis- cam ung salicylic acid dugc tim
thdy trén ving promoter ciia 3 gene, bao gom
MeTPP05,07 va 08 (Hinh 2). Pang chu y, 6 trén
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tong s6 10 gene MeTPP ¢ ving promoter chira
nhom yéu t6 diéu hoa cis- (TGACG-motif va
CGTCA-motif) cam tng vdi jasmonic acid,

trong khi yéu t6 cam tng abscisic acid dugc tim
thiy trén ving promoter cua gene MeTPP02, 06
va 08 (Hinh 2).
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Hinh 2. Su phén b ciia yéu t6 diéu hoa cis- cam ng phytohormone trén viing promoter
ciia nhém gene MeTPP & ciy sin

Nghién ctru trude day da chimg minh ring,
su ¢c6 mat cua cac nhom yéu t6 diéu hoa cis- cam
ung phytohormone trén vung promoter la cac vi
tri dic hiéu dé phan tir protein bam va diéu hoa
phién ma, do d6 su biéu hién cua gene muc ti€u
duoc kiém soat boi con duong tin hiéu phu
thudoc phytohormone. Trong do, abscisic acid
dugc danh gia 1a phytohormone chinh lién
quan dén co ché chéng chiu han ¢ thuc vat, cac
gene tham gia vao con duong tin hiéu phu thude
vao abscisic acid thudng c6 biéu hién dap tng
v6i didu kién xtr 1y han [25, 26]. Tuong tu, cac
gene cam ung voi tin hiéu jasmonic acid dugc
chimg minh 1a lién quan dén dap tmg bat loi
sinh hoc ¢ thuc vat [27], trong khi tin hi¢u
ethylene va cac phytohormone khéc ciing dugc
ghi nhan tham gia vao d4p ung céac bat lgi phi
sinh hoc [28].

Sy phan bé cua cac yéu tb diéu hoa cis- cam
ung phytohormone cling dugc ghi nhan trén
vung promoter cua nhom gene TPP & cac loai
thyuc vat. Vi dy, vung promoter cua 19 (trén téng
s6 24) gene TPP ¢ G. hirsutum déu chira yéu to
cam tUng abscisic acid [13]. Cac nhom yéu td

diéu hoa cis- cam tng gibberellin, auxin,
jasmonic acid va salicylic acid ciling dugc tim
thdy ngiu nhién trén ving promoter ctia nhoém
gene TPP & G. hirsutum [13]. Hau hét cac yéu
td diéu hoa cis- dugce tim théy trén doan trinh tu
2kb trén vung promoter cua nhom TPP &
Populus spp. bao gdm nhom yéu t& cam tng
abscisic acid va jasmonic acid [11]. Tom lai, cac
phan tich nay da dat ra gia thuyét rang nhom
gene TPP & cac loai thuc vat, cu thé nhu ¢ sén
c6 thé tham gia vao co ché dap tmg véi didu hoa
phytohormone.
3.3. Panh gia mirc d§ biéu hi¢n ciia nhém
TPP trong giai doan sinh trwéong va phat
trién ciia ciy sin

Pé xem xét muc d6 biéu hién ciia nhom gene
MeTPP & ciy san, dir liéu RNA-Seq tién hanh
trén 4 mo va 7 co quan chinh [17] da duoc khai
thac dé phan tich. Két qua phan tich dugc mo ta
& Hinh 3. Theo d6, hau hét (7 trén tong s6 10)
cac gene MeTPP c6 dit liéu biéu hién ¢ it nhit 1
vi tri, trong khi 3 gene, bao gé)m MeTPPO02, 04
va 08 c¢6 mirc d6 biéu hién dudi ngudng phat
hién (Hinh 3). Hai gene, bao gdm MeTPP03 va
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05 c¢6 xu hudéng biéu hién manh ¢ mau FEC,
trong khi MeTPP10 ciing thé hién xu huéng nay
& mau RAM (Hinh 3). Pang chi y, gene
MeTPP09 c6 biéu hién manh & cudng 14 va ré

EEETEEN
-t 9 Fm0 g g
«0 SNCD T8 n =
9% K =
@) O

Than

s0i, va biéu hién dic thu ¢ 14 va gan 1a (Hinh 3).
Gene MeTPP09 ciing c6 xu hudéng biéu hién
manh & 3 vi tri, bao gém than, OES va RAM
(Hinh 3).

MeTPP09
MeTPP06
MeTPP10
MeTPPO7
MeTPPO1
MeTPP0O4
MeTPP08
MeTPPO2
MeTPP03
MeTPP05

- Biéu hién dac thu

: Biéu hién manh

- C6 xu hwéng biéu hién manh
: C6 biéu hién

: Dw6i ngudng phat hién

OES
RAM

Hinh 3. Mitc d9 biéu hién ciia nhém gene MeTPP & cic miu md co quan chinh trén cay sin

Trong nghién ctru trude day, vai tro ciia mot
s6 thanh vién trong nhom TPP d3 dugc chimg
minh c6 lién quan dén qué trinh sinh truéng va
phat trién, dic biét 1a dap tmg bat loi ¢ cac loai
thyc vat. Vi du, 4 gene thanh vién thugc nhom
TPP & G. hirsutum, bao gdbm GhTPP5, 7,17 va
21 c6 biéu hién manh 6 &, trong khi 8 gene TPP
khac, bao gdbm GhTPP6, 11, 12, 13, 15, 18, 23
va 24 biéu hién dic thu & bao phin [13]. O
Populus, gene PtTPP9 c6 biéu hién manh ¢ 14,
than va ré, trong khi 3 gene khac & nhom TPP,
bao gdm PtTPP3, 4 va 5 biéu hién manh & ré
[11]. Tuong tu, cac gene TaTPPI-14/B/D ¢ lha
my c6 biéu hién manh ¢ than ciy non va bong
non, trong khi TaTPP2-24 va TaTPP4-2A/D
biéu hién dic thu & 14 cay non, than cay non va
hat [12]. Cac gene TaTPP9-64/D biéu hién
manh & 14 non, ré, bong va than, trong khi cac
gene TaTPP10-64/D dugc ghi nhan co biéu
hién manh ¢ than cdy non, 14, bong trudéng thanh
[12]. Nhirng két qua nay cho thiy cac gene TPP
& thuc vat thuong c6 biéu hién dic thu ¢ it nhét
mot mau mo co quan chinh dé tham gia vao céac
qué trinh trao d6i chat thong qua co ché diéu hoa
trehalose.

4. KET LUAN

Nghién ctru di xac dinh tong s6 10 thanh
vién cta nhdm MeTPP trong dir liéu di truyén
clia cdy sin. Cac gene MeTPP phan bd ngiu
nhién trén genome clia ciy san.

Phan tich cho thay 8 trén 10 gene MeTPP cb
ving promoter chira it nhat mot nhom yéu té
diéu hoa cis- cam ung v6i phytohormone. Ba
gene, MeTPP02, 05 va 06 c6 vung promoter
chtra cac yéu t6 didu hoa cis- cam tng voi 3
phytohormone. Gene MeTPP0S c¢6 vung
promoter chira nhém yéu té diéu hoa cis- cam
ung v&i auxin, abscisic acid, salicylic acid,
jasmonic acid va gibberellin.

Khai thac dir liéu biéu hién cho théy 7 trén
tong s6 10 gene MeTPP c6 dir liéu biéu hién ¢
it nhat 1 miu mé co quan chinh trén cay san.
Gene MeTPP09 c6 biéu hién dic thu ¢ 14 va gan
14, biéu hi¢n manh & than, OES va RAM, ¢6 xu
hudng biéu hién manh & cuéng 14 va ré soi.
Loi cdm on

Cong trinh nay duoc hd trg boi Truong Dai
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cong nghé c6 ma sé CN23.02.
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