TNU Journal of Science and Technology 227(10): 66 - 74

IDENTIFICATION, STRUCTURAL AND PHYLOGENY ANALYSES OF THE
SUCROSE TRANSPORTER FAMILY IN CERATOPTERIS RICHARDII

Chu Duc Ha*", Ha Thi Quyen?, Pham Chau Thuy?, Tran Dang Khoa

La Viet Hong? Nguyen Thi Yen Linh3, Tran Van Tien*, Trinh Thi Thu Thuy?
tUniversity of Engineering and Technology — VNU, ?Hanoi Pedagogical University 2
3Vietnam National University of Agriculture, “National Academy of Public Administration

ARTICLE INFO ABSTRACT

Received: 01/4/2022 The purpose of this research was to identify and characterize the
sucrose transporters (SWEET) in Ceratopteris richardii, one of the

Revised: 24/6/2022 major ornamental fern houseplants. By screening the conserved

Published: 24/6/2022 domain, a total of 20 members of the CericSWEET family has been
identified in the assembly of C. richardii. Our comparison revealed that

KEYWORDS the number_s of members in the S\_NE[ET family were variablc_a between
plant species. Subcellular localization showed that CericSWEET

Structure proteins were localized in most essential organelles. Next, the
Ceratopteris richardii CericSWEET family exhibited the variable physic-chemical properties,

while a large number of genes contained 6 exons like reported in other
L ) plant species. Based on the Neighbor-Joining phylogenetic tree, the
Bioinformatics CericSWEET family could be classified into 3 sub-groups. Two genes,
Sucrose transporter CericSWEETO7 and 12 were hypothesized to function in the drought
response. Addtionally, numerous drought- and abscisic acid-responsive
cis- regulatory elements have been found in the promoter regions of the
CericSWEET genes. Taken together, our results could provide an
important foundation for the CerisSWEET family in C. richardii.

XAC PINH, PHAN TICH CAU TRUC VA PHAN NHOM PROTEIN
VAN CHUYEN SUCROSE TRONG CAY CERATOPTERIS RICHARDII

Chu Pirc Ha!, Ha Thi Quyén?, Pham Chau Thuy?, Trin Ping Khoal

La Viét Hong?, Nguyén Thi Yén Linh3, Tran Vin Tién*, Trinh Thi Thu Thiy?
1Tvieong Pai hoc Cong nghé - PH Qudc gia Ha Ngi, 2Triong Pai hoc Su pham Ha Ngi 2
3Hoc vién Nong nghidp Viét Nam, “Hoc vién Hanh chinh Qudc gia

Characteristic

THONG TIN BAI BAO TOM TAT

Ngay nhan bai: 01/4/2022 Muc tiéu cta nghién cuau nhﬁn} xéc dinh va phan tich cac dic diém co
ban cua protein van chuyén duong sucrose (SWEET) & cay

Ngay hoan thign: 24/6/2022 Ceratopteris richardii, mot trong sé nhiing loai cdy dwong xi canh

Ngay diing: 24/6/2022 dugc trong trong nha. Bang viéc sang loc ving bao thu dic trung,

téng sb 20 thanh vién cua ho protein CericSWEET da duoc xac dinh

TU KHOA trong hé tham chiéu cua C. richardii. Két qua so sanh cho thay sé
- lugng thanh vién cua ho SWEET da dang giira cac loai thuc vat.
Cau trac Phan tich vi tri cu tri ndi bao cho thdy cac protein CericSWEET cu
Ceratopteris richardii tra tai hau hét bao quan thiét yéu. Tiép theo, nhém CericSWEET c6

tinh chit 1y hoa da dang, trong khi hau hét cac gen déu c6 6 exon

bic tinh , e p X s N
_2'1 ) tuong tu nhu ¢ cac loai thyc vat khac‘. Dua vao so d6 hinh cay

Tin sinh hf’c Neighbor-Joining, nhém CericSWEET gom 3 phan nhom. Trong do,

Van chuyén sucrose hai gen, CericSWEETO07 va 12 dugc du doan c6 thé ¢6 chirc nang dap

ng voi didu kién han. Bén canh dé, nhidu yéu té didu hoa cis- dap
ung han va abscisic acid da dwugc phan tich ving promoter cta cac
gen CericSWEET. Tom lai, két qua cta nghién ciru nay di cung cap
nhiing dan liéu quan trong vé nhém CericSWEET ¢ C. richardii.

DOI: https://doi.org/10.34238/tnu-jst.5793

* Corresponding author. Email: cd.ha@vnu.edu.vn

http://jst.tnu.edu.vn 66 Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn
https://doi.org/10.34238/tnu-jst.5793

TNU Journal of Science and Technology 227(10): 66 - 74

1. Giéi thiéu

Phat trién cly cong trinh va cay canh trong nha tai cac khu vuc d6 thi dugc xem la mot trong
nhitng giai phap xanh hoa va bao vé maéi trudng trude tic dong cua tinh trang bién doi khi hau va
sy nong lén toan cau [1]. Trong do6, cac loai cdy canh dat trong nha duoc chiing minh 1a ¢ tac
dung giam hiéu mg nha kinh, dong thoi hd trg 1am sach va ting chat lugng khdng khi, gép phan
xanh héa khuon vién [1]. Trong s6 cac loai cay canh trong nha hién nay, Ceratopteris richardii,
mot loai duong xi trong ho Pteridaceae, dugc danh gia 1a mot trong nhitng cay xir 1y méi truong
c6 thé giai quyét cac van dé lién quan dén cai thién khong khi trong nha. Bén canh do, C.
richardii cling dugc bao céo la loai thuc vat c6 mach mo hinh dién hinh cho nghién cau sy bién
ddi cua thanh té bao [2], véi thong tin di truyen mai dugc giai ma hoan chinh gan day [3]. Chinh
vi vay, tim hiéu vé sinh trudng va phét trién cua cay C. richardii dang thu hiit dugc sy quan tam,
nhét 12 & cap do phan tu.

Trong qua trinh sinh truéng va phat trién ¢ thuc vat ndi chung, rat nhiéu nhom protein diéu
hoa (nhu nhan té phién ma) va protein chic ning (nhu enzyme hoac protein van chuyén) tham
gia. Trong d6, nhém protein van chuyén duong sucrose, ‘Sugars Will Eventually be Exported
Transporters’ (SWEET) c6 chirc ning van chuyén cic phan tr dudng monosaccharide va
disaccharide tai cac co quan/bd phan, tir d6 kiém soat cac qué trinh sinh hoc dién ra trong cay
trong [4]. Bén nay, cac nghién ctiru vé nhom SWEET di dugc bao céo trén mot sé ddi tuong cay
quan trong nhu lta gao (Oryza sativa) [5], ca chua (Solanum lycopersicum) [6], dau twong
(Glycine max) [7], bong vai (Gossypium spp.) [8], lta mi (Triticum aestivum) [9]. Tuy nhién,
nghién ciru vé nhom protein SWEET trén cay C. richardii van chua duoc ghi nhan.

Nghién ctru nay duoc thuc hién nhim xac dinh va phan tich nhém protein SWEET ¢ cay C.
richardii. Theo d6, cac ma dinh danh gen va vj tri phan bd cua cac thanh vién dwgc phan tich
bang cong cu tin sinh hoc. Dix liéu vé trinh ty gen va protein duoc khai thac dé phan tich tinh chat
Iy héa, vi tri cu tri ndi bao, ciu tric gen va phan nhom. Cudi cing, so d6 hinh cay giitra protein
SWEET ¢ C. richardii va protein SWEET da biét chirc ning da duoc thiét 1ap nham dua ra gia
thuyét vé vai trd cua gen lién quan dén co ché dap tng han ¢ thuc vat.

2. Vat li¢u va phuong phap nghién ciru
2.1. Vit ligu nghién ciru

Nghién ciu nay da st dung nguon dix lieu la genome, proteome cua cay C. richardii dugc
khai thac dya theo bao céo trudc day [3] trén cong Phytozome [10] va NCBI.

2.2. Phwong phdap nghién ciru

- Phuong phap xac dinh va chu giai SWEET: Vung bao thu dac trung cua protein SWEET ¢
thuc vat (ma Pfam: PF03083) [4] duoc truy van trén proteome cua C. richardii [3] trén
Phytozome [10] theo mé ta trong nghién cau trude day [11]. Theo do, gia tri cut-off duoc lua
chon 1a 1e-10 nham sang loc tit ca két qua tim kiém hitu hiéu [11]. Trinh ty amino acid diy du
tiép tuc duoc khai thac dé déi chiéu bang cong cu BlastP trén NCBI dé xac dinh ma dinh danh
gene cua ting ung vién. Ma dinh danh protein, vi tri gene trén nhiém sic thé (NST), trinh tu doan
ma hoa (coding DNA sequence, CDS) va trinh ty vung gene (genomic DNA sequence, gDNA)
duoc thu thap cho cac phan tich tiép theo.

- Phuong phap du doan vi tri phan bé dudi té bao cia SWEET: St dung trinh tw amino acid
cua cac protein SWEET & C. richardii phan tich trén cdng cu Yloc [12] dya theo mé ta trong
nghién ciru truée day [11]. Hai chi tiéu, gdm muc do tin ciy (%) va xac suit phan bd (%) cua
tung protein SWEET duoc danh gia.

- Phuong phép du doan tinh chét ly héa cua SWEET: Sir dung trinh ty amino acid cua céc
protein SWEET ¢ C. richardii dé xir ly trén Expasy Protparam [13] dya theo md ta trong nghién
clru trudc day [11]. Trong do, ba tinh chat cua protein, bao gom kich thudc, diém dang dién va do
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wa nudc trung binh dugc tinh todn dya trén tinh chat cua cac amino acid. Protein thé hién tinh
acid, trung tinh, base véi gia tri diém dang dién tuong ung < 7, = 7 va > 7, trong khi protein c6
tinh ua nudc va Ky nuéc néu gia tri ¢ wa nudce trung binh twong tmg < 0 va >0 [13].

- Phuong phép xay dung so do hinh cay caa SWEET: Trinh ty amino acid cua cac protein
SWEET ¢ C. richardii duoc sir dung dé xay dung so dd hinh cay trén MEGA [14] dua theo md ta
trong nghién ciru trude day [11] voi cac tham sé: thuat toan Neighbor-Joining, voi gia tri
bootstrap 1000. Bén canh @0, trinh tuw amino acid caa cac protein SWEET ¢ loai Cicer arietinum
m4 hda boi gen duoc chimg minh c6 dap (g voi didu kién thiéu nudc khai thac trong nghién ciru
true day [11] dugc két hop véi nhém protein SWEET ¢ C. richardii dé xay dung so d6 hinh cay
véi gia tri cut-off 50% [14].

- Phuong phap phan tich cu trdc gen cia SWEET: Trinh ty CDS va gDNA cua cac gen ma
héa cho protein SWEET & C. richardii duoc sir dung d¢ mé hinh hoa cau tric gen (trat ty
exon/intron) bang GSDS [15]. Theo d6, thir tu ciia cac gen duoc sip xép theo phan loai cua so d6
cay Neighbor-Joining [14]. Két qua dwoc minh hoa bang Adobe Illustrator.

- Phuong phap phén tich vung promoter cia gen md héa SWEET: Trinh ty 1000 bp trong
ving promoter ctia gen mé hda cho protein SWEET ¢ C. richardii dugc sir dung dé phan tich cac
yéu t6 diéu hoa cis- dap tng véi han, bao gdm MYB-binding site (MBS), dehydration responsive
element (DRE), MY C-binding site (MYCR), T/G Box, evening element (EE), binding site of
drought-inducible NAC transcription factors (NACR), coupling element 3 (CE3), induction of
CBF expression region 2 (ICEr2) va TC-rich repeats va yéu td cam tng abscisic acid (abscisic
acid responsive element, ABRE) theo m6 ta trong nghién ctru trudce day [11].

3. Két qua va ban luan

3.1. Xdc dinh va phan tich vj tri phan bé ciia nhém gene ma hoa protein van chuyén dwong
sucrose ¢ cay Ceratopteris richardii

Két qua sang loc (E-value < le-10) da xac dinh duoc tong sé 20 thanh vién cua nhom SWEET
& C. richardii. Theo d6, cac thong tin chii giai, bao gom ma dinh danh gen va protein, va vi tri
phan b duoc khai théc tir dit liéu cua C. richardii. Dua trén vi tri phan bé trén nhidm sic thé, cac
thanh vién caa nhém SWEET & C. richardii dugc dat tén tir CericSWEETO1 dén 20, véi “Ceric’
dai dién cho tén khoa hoc Ceratopteris richardii, ‘SWEET* dai dién cho nhom protein van
chuyén duong sucrose va sb thir tu dai dién cho thi tu xuat hién trén cac NST cua gen. Thong tin
dinh danh co ban ciia nhom SWEET dugc thé hién ¢ Bang 1.

Theo d6, nhom gen CericSWEET phan b rai rac trén khap cac NST ¢ hé gen cua C. richardii.
Cu thé, NST s6 11 chira nhiéu gen CerisSWEET nhat, véi sau thanh vién (twong tng 30%), lan
luot tiép theo 1a NST s6 4 (ba thanh vién, tuong (ng 15%) va NST sb 23 (hai thanh vién, tuong
rng 10%) (Bang 1). Cac NST sb 1, 2, 6, 13, 18, 24, 31, 32 va 37 lan luot chi chita mot thanh vién
(twong ung 3,33%), trong khi khdng c6 gen CerisSWEET nao phan bé trén 27 NST con lai trong
h¢ gen cua C. richardii (Bang 1).

Déi chiéu véi cac nghién ciru trude day, sb lugng thanh vién caa nhoém protein SWEET giira
cac loai thuc vat trong ddi da dang (Hinh 1). Cu thé, tong sé 21 thanh vién ciia nhom SWEET da
dugc bao cdo ¢ l0a gao [5], trong khi 29 va 52 protein SWEET da dugc ghi nhan ¢ ca chua [6] va
dau tuong [7]. O cac cdy bong, 22, 31 va 55 thanh vién di dwoc lan lugt xac dinh & nhém protein
SWEET cua G. arboreum, G. raimondii, G. hirsutum [8]. Pang chu y, 108 protein SWEET da
duoc tim hiéu va phan tich trén hé tham chiéu caa lta mi [9]. Nhém SWEET ¢ C. richardii (kich
thudc hé gen = 5,85 Gb) ¢6 s lugng thanh vién lan luot it hon so véi lla gao (kich thudc hé gen
= 0,39 Gb) [5], G. arboreum (kich thuéc hé gen = 1,78 Gb) [8], ca chua (kich thudc hé gen =
0,81 Gb) [6], G. raimondii (kich thudc h¢ gen = 0,76 Gb) [8], dau twong (kich thudc hé gen =
0,99 Gb) [7], G hirsutum (kich thudc hé gen = 2,31 Gb) [8] va lta my (kich thudc hé gen = 14,45
Gb) [9] (Hinh 1). C6 thé thay rang, nhém protein SWEET & thuc vét twong dbi da dang va sé
lugng thanh vién khong phu thude vao kich thudc hé gen ciing nhu s lwgng NST giira cac loai.
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Bang 1. Thong tin vé nhém SWEET ¢ cdy Ceratopteris richardii

STT Tén gene GenelD ProteinID Vi tri phan bd
1 CericSWEET01  Ceric.01G117600 KAH7447702 NSTO01:3°-222956586..222959957-5"
2 CericSWEET02  Ceric.02G033800 KAH7443425 NST02:5’-65785421..65790015-3"
3 CericSWEET03  Ceric.04G043900 KAH7439069 NST04:3°-73063695..73065752-5"
4 CericSWEET04  Ceric.04G091100 KAH7440096 NST04:5°-170959268..170964738-3"
5 CericSWEET05  Ceric.04G045000 KAH7439095 NST04:3°-76095797..76097460-5’
6 CericSWEET06  Ceric.06G033300 KAH7434756 NST06:3°-89235784..89240132-5°
7 CericSWEET07  Ceric.11G041300 KAH7425137 NST11:3°-78491517..78495760-5°
8 CericSWEET08  Ceric.11G057700 KAH7425498 NST11:3°-112703081..112705138-5"
9 CericSWEET09  Ceric.11G057800 KAH7425499 NST11:3°-113071004..113115910-5"
10 CericSWEET10  Ceric.11G057300 KAH7425494 NST11:5°-112352898..112355102-3"
11 CericSWEET11  Ceric.11G057100 KAH7425492 NST11:5°-112258390..112259620-3’
12 CericSWEET12  Ceric.11G041200 KAH7425136 NST11:5°-78339226..78343982-3’
13 CericSWEET13  Ceric.13G035200 KAH7420992 NST13:5°-68146481..68154545-3’
14 CericSWEET14  Ceric.18G081100 KAH7366493 NST18:3°-171375045..171380360-5"
15  CericSWEET15  Ceric.23G039500 KAH7301734 NST23:5°-84488389..84493304-3’
16  CericSWEET16  Ceric.23G037700 KAH7301674 NST23:5°-79403060..79436928-3"
17 CericSWEET17  Ceric.24G040500 KAH7300002 NST24:3°-76766300..76789750-5
18  CericSWEET18  Ceric.31G056600 KAH7289084 NST31:5°-108297596..108310334-3’
19  CericSWEET19  Ceric.32G024800 KAH7286841 NST32:3’-46734764..46738697-5
20  CericSWEET20  Ceric.37G021000 KAH7279467 NST37:3°-48027674..48034566-5°
GenelD: Ma dinh danh gen, ProteinID: Md dinh danh protein, NST: Nhiém sdc thé, 3*-5°: Spi xudi, 5-3:
Soi bé sung.
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Hinh 1. So sénh sé irong thanh vién ciia nhém SWEET va kich thuéc hé gen ¢ mét so loai thuc vt

3.2. Dw dodn vi tri cw trii dwéi té bao va dw dodn tinh chat ly hoa cia protein v@n chuyén
dwong sucrose ¢ cay Ceratopteris richardii

Phan tich vi tri phan bd duéi té bao cua protein cd thé cung cip nhiing dan liéu dinh huéng
cho nghién ctu chirc ning gen. Trong nghién citu ndy, trinh ty amino acid day du cua 20 thanh
vién cua nhém SWEET ¢ C. richardii duoc khao sat trén cong cu Yloc [12]. Két qua phan tich
cho thdy, phan Ién thanh vién (18 trén tong sé 20) caa nhém SWEET nam trén mang sinh chit.
Trong do6, 12 (trén tong sb 18) protein SWEET déu c6 xac suit phan b tai mang sinh chat 16n
hon 90%, v&i mue d6 tin cdy I6n hon 0,70, ngoai trir CericSWEET13 va 15 dwoc du doan nim &
mang sinh chét véi do tin cay thap, dat 1an luot 14 0,18 va 0,44 (Bang 2). Két qua ciing chi ra hai
thanh vién con lai cia nhém SWEET ¢ C. richardii, bao gdm CericSWEETO09 va 10 c6 thé phan
bd tai luc lap va peroxisome, tuy nhién xac suat phan bo va mic do tin cay chi dat mac trung
binh (Bang 2). Sy phan bb cia nhom protein SWEET tai mang sinh chat dugc giai thich do ciu
trdc chudi amino acid cua cac thanh vién nay déu c6 tinh ky nuéc, nhét 13 & dau N- [12], twong tu
nhu mé ta trong nghién ctu trude day [4]. Két qua nay ciing duoc kiém chang bai cac nghién
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ctru vé nhém SWEET trude day. Cu thé 5 SWEET 6 ca chua dugc dy doan phan b trén mang
sinh chat [6], trong khi 22 (trén tong s6 25) protein SWEET ¢ cay Juglans regia cling dugc xac
dinh nam & mang sinh chét [16]. Gan day, tong s0 168 protein SWEET tur cac loai Gossypium
spp. da dugc bao cao cu tra tai mang sinh chat [8].

Béang 2. Phan tich vi trf cur trii ngi bao cua nhom SWEET & cay Ceratopteris richardii

STT Tén Vi tri Xac suat Mirc dd  Kich biém D) wa
protein cu tra phan bo (%) tincdy thwéc dang dién nuwoc
1 CericSWEETO01  Mang sinh chat 98,41 0,98 329 9,44 0,46
2 CericSWEET02  Mang sinh chét 99,87 0,95 428 9,72 0,38
3 CericSWEET03  Mang sinh chit 95,07 0,90 277 7,67 0,63
4 CericSWEET04  Mang sinh chat 99,02 0,99 233 9,68 0,86
5 CericSWEET05  Mang sinh chat 53,79 0,81 267 9,53 0,57
6 CericSWEET06  Mang sinh chat 86,75 0,06 259 9,42 0,70
7 CericSWEET07  Mang sinh chat 94,05 0,72 259 9,05 0,58
8 CericSWEET08  Mang sinh chat 99,76 0,82 255 9,39 0,49
9 CericSWEET09 Luc lap 64,54 0,09 218 9,98 0,71
10  CericSWEET10 Peroxisome 33,81 0 255 9,59 0,47
11  CericSWEET11  Mang sinh chat 51,25 0,04 202 9,69 0,34
12 CericSWEET12  Mang sinh chit 64,84 0,11 255 9,01 0,69
13 CericSWEET13  Mang sinh chit 99,30 0,18 300 6,98 0,61
14  CericSWEET14  Mang sinh chit 57,36 0,82 273 9,02 0,71
15  CericSWEET15  Mang sinh chit 94,37 0,44 242 9,52 0,81
16  CericSWEET16  Mang sinh chat 96,80 0,79 274 8,68 0,39
17 CericSWEET17  Mang sinh chat 85,21 0,12 267 9,33 0,49
18  CericSWEET18  Mang sinh chat 100 0,96 273 8,57 0,60
19  CericSWEET19  Mang sinh chat 99,81 0,97 253 9,55 0,75
20  CericSWEET20  Mang sinh chat 95,32 0,92 258 9,20 0,58

Kich thudc, diém déng dién va d6 wa nudc trung binh ciia nhém CericSWEET dugc trinh bay
& Bang 2. Két qua cho thay, kich thudc cta cac phan tir dao dong tir 202 (CericSWEET11) dén
428 (CerisSWEET02) amino acid, trong d6, hau hét cac protein (14 trén tong sé 20) c6 kich
thudc trong ddi dong déu (240 - 280 amino acid) (Bang 2). Pa sb thanh vién (19 trén tong s 20)
ctiia nhom CericSWEET déu c6 tinh base (diém dang dién > 7,0), ngoai trir CericSWEET13 ¢6
tinh trung tinh véi gia tri diém ding dién dat 6,98 (Bang 2). bang chu y, tat ca cac thanh vién cua
nhém protein van chuyén duong sucrose & C. richardii déu thé hién tinh ky nuéc, véi d6 wa nuéc
trung binh dat gié tri duong (Bang 2).

Trong cac nghién ciru trude day, tinh chat cua protein SWEET & mot s6 loai thyuc vat ciing da
lin luot dugc md ta [4]. Cu thé, nhém protein SWEET & dau twong c6 kich thudc 155
(GmSWEET3) dén 316 (GmSWEET2) amino acid, voi 37 trén tong sb 52 thanh vién cé kich
thudc 6n dinh trong khoang 240 - 280 amino acid [7]. O ca chua, nhém protein SWEET ¢ kich
thudc dao dong 233 - 308 amino acid [6]. Trong khi do6, cac thanh vién ctia nhdm protein
SWEET ¢ loai G. arboreum c6 kich thuéc tuong dbi on dinh, tir 138 - 300 amino acid, trong tng
14,84 - 33,53 kDa, véi 20 trén tong sé 22 thanh vién thé hién tinh base [8]. Twong tu, nhom
protein SWEET & loai G. raimondii c6 kich thudc trong khoang 230 - 311 amino acid, véi 25
trén tong sé 31 thanh vién co6 gia tri diém ding dién > 7 [8]. O hai loai G. hirsutum va G.
barbadense, kich thudc caa nhém protein SWEET lan luot dat tir 116 - 374 amino acid (48 trén
tong s6 55 thanh vién co tinh base) va 88 - 331 amino acid (52 trén tong sé 60 thanh vién ¢ tinh
base) [8].

3.3. Phan tich cdu trac gen va phan nhoém theo chire ning ciia protein vdn chuyén dwong
sucrose ¢ cay Ceratopteris richardii
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Trong nghién ciru nay, mirc d¢ tuong ddng cia nhém protein SWEET & C. richardii dwoc xac
dinh bang cach thiét lap so dd hinh cay Neighbor-Joining [14]. Két qua cho thiy, nhém
CericSWEET c6 thé duoc chia thanh 3 phan nhém (Hinh 2A). Cu thé, phan nhém 1 ¢é 5 thanh
vién, tuong tng 25%, bao gém CericSWEETO03, 05, 06, 13 va 16; trong khi chi c6 2 thanh vién
(chiém 10%) thugc phan nhém 2 (CericSWEETO07 va 12) (Hinh 2A). Phan nhém 3 chira nhiéu
thanh vién cia nhdm SWEET nhét, 13 thanh vién (tuong mg 65%) (Hinh 2A). Trudc day, su
phén chia ctia nhom protein SWEET thanh 3 phan nhom cling dugc ghi nhan ¢ céc loai thyc vat
khac nhu O. sativa [5], S. lycopersicum [6], G. max [7], Gossypium spp. [8], T. aestivum [9], C.
arietinum [11]. Nhiing két qua nay d chi ra rang, nhém protein SWEET & thyc vat nhin chung
duoc chia thanh ba phan nhom.
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Hinh 2. Phan nhém (A) va cau tric gen (B) cia nhom SWEET ¢ cdy Ceratopteris richardii

Phan tich cau tric gen cho thidy nhém gen ma hoa protein SWEET & cay C. richardii c6 cau
trac twong d6i ddng nhat. Cu thé, phan 16n gen (14 trén téng sb 20) ¢ 6 exon, trong khi chi ¢6 2
gen, lan luot 12 CericSWEET02 va 20 c6 5 exon. Bén canh d6, gen CericSWEET11 chi chira 4
exon, trong khi 2 gen, CerisSSWEETO03 va 05 chi c¢6 1 exon (khéng c6 intron). Cudi cung,
CericSWEET18 dugc xac dinh 12 gen c6 chtra nhiéu exon nhat, trong tng 9 exon (Hinh 2B).
Trong nghién ciru trude day, cau trdc phan manh & nhém gen mé hda protein SWEET ciing di
duoc ghi nhan & cac loai thuc vat khac [4]. Vi dy, 16 trén téng sé 17 gen ma hoa protein SWEET
& loai Arabidopsis thaliana c6 ciu tric phan manh (chwra it nhét 1 intron), trong d6 cAu tric cua
15 gen déu chira 6 exon. O céc loai bong, hau hét cac gen ma hoa protein SWEET déu chira 3 - 7
exon, ngoai trir 2 gen & loai G. barbadense, bao gdm GbSWEET10a-A va 10a-D chira 9 exon [8].
Tuong ty, & ddu twong, 31 trén téng s6 52 gen mi hoa protein SWEET da duoc béo cdo cd chira
6 exon [7].

Dé du doan vai trd cling nhu dinh hudng cho nghién ciiu chirc nang gen, so dd hinh cay dua
trén thuat todn Neighbor-Joining [14] da dugc xdy dung gitra nhom protein SWEET & C.
richardii voi cac protein SWEET ¢ C. arietinum d biét chic nang [11] (Hinh 3). Cu thé, 12
protein SWEET ma hoa boi cac gen co dap tng vai diéu kién han ¢ C. arietinum md ta trong
nghién ctru truge day [11] da dugc khai thac. V6i nguyén 1y cac protein c6 mirc do twong ddng
cao Vé cau trac duoc siap xép cuing nhénh c6 thé chia sé chirc nang tuong ty nhau [17] nghién
clru nay da chi ra dugc 2 protein SWEET ¢ C. richardii, bao gém CericSWEETO07 va 12 niam
cling phan nhanh véi CaSWEET20 ¢ C. arietinum (Hinh 3). Hon nira, dic tinh ly héa va cau tric
gen cua CericSWEETO07 va 12 ¢ C. richardii déu tuong ty véi CaSWEET20 ¢ C. arietinum [11].
Két qua nay da goi y rang, 2 gen mé hda cho protein CericSWEETO07 va 12 & C. richardii co thé
¢ vai tro trong dap tng han, tuong tu nhu gen CaSWEET20 ¢ C. arietinum [11].
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Hinh 3. Phan nhom theo chirc nang cuia nhom protein SWEET ¢ cay Ceratopteris richardii véi cac protein
SWEET da biét chirc nang ¢ cay Cicer arietinum

Bang 3. Phan tich vi #ri cu trii ngi bao cua nhom SWEET ¢ cly Ceratopteris richardii

STT Ten MBS DRE MYCR /© EE NACR CE3 Icerz 'CTich ABRE
gen Box repeats

1 CericSWEETO01 1 1 2

2 CericSWEET02 1 1

3 CericSWEETO03 1

4 CericSWEET04 1 1

5 CericSWEETO05 1

6 CericSWEETO06 1

7 CericSWEETO07 2 1

8 CericSWEETO08 1 1 1 2 3

9 CericSWEETO09 1 1 1 1

10 CericSWEET10 1 1 1

11  CericSWEET11 1 1 2 1

12 CericSWEET12 1 1 1 1

13  CericSWEET13 1 1

14  CericSWEET14 1 1

15 CericSWEET15 1 1 2 3

16 CericSWEET16 1 1 2

17 CericSWEET17 1

18 CericSWEET18 1

19  CericSWEET19 1 1

20  CericSWEET20 2 1 1
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De cung cb gia thuyét vé chuc ning ciia cac gen ma hoa protein SWEET & cay C. richardii,
cac yéu té diéu hoa cis- dap (ng han va cam tng véi ABA da duoc phan tich trén ving promoter
dua theo nghién ctru trude day [11]. Két qua minh hoa & Bang 3 cho thay, viing promoter cua 20
gen CericSWEET déu chira it nhat mot nhom yéu té diéu hoa cis- dap tng han. Sb luong yéu tb
dap ung han ¢ vung promoter dao dong tir 1 (CericSWEETO03, 17 va 19) dén 7 (CericSWEET15),
trung binh dat 2,85 yéu to/gen (Bang 3). Trong do, 4 yéu t6 dap ung han, bao gom MBS, MYCR,
EE va NACR xuét hién phd bién ¢ viing promoter cua cac gen CericSWEET (Bang 3). Dang chu
y, vling promoter cua 12 gen duoc xac dinh ¢d sy phan bb cia ABRE, ching té cac gen nay lién
quan dén con duong tin hiéu phu thuoc ABA.

4. Két luan

Nghién ctru nay da xac dinh duoc 20 protein CericSWEET ¢ C. richardii. Trong do, 6 gen
nam ¢ NST s6 11, 3 gen nam & NST s6 4 va 2 gen nam & NST s6 23, cac gen con lai phan b rai
rac & hé gen. Dy doan vi tri cho thay, 18 protein CericSWEET cu trii trén mang sinh chat, trong
khi CericSWEETO09 va 10 nam tai luc lap va peroxisome. Phan tich tinh chat 1y héa cho thay kich
thudc cua protein CericSWEET dat 202 - 428 amino acid, 19 protein CericSWEET c6 tinh base.
Tat ca cac protein CericSWEET c6 tinh ky nugc. Phén tich cau tric gen cho thiy 1 gen chira 9
exon, 14 gen c6 6 exon, 2 gen chira 5 exon, 1 gen chira 4 exon va 2 gen chira 1 exon. Nhom protein
CericSWEET dugc chia lam 3 phan nhom chinh, twong tu nhu & cac loai thuc vat khac. Dua trén
muc d6 twong ddng voi protein CaSWEET & C. arietinum, nghién ctru da dé xuét nghién ctu chirc
ning cta CericSWEETO07 va 12 lién quan dén co ché dap tng han ¢ C. richardii. VVing promoter
cuia cac gen CericSWEET cd it nhat mot yéu té diéu hoa cis- dap @ng han.

Loi cam on

Cong trinh nay dugc hd trg boi Truong Pai hoc Cong Nghé thong qua Pé tai khoa hoc va
cdng nghé c6 ma s6 CN21.25.
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