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TOM TAT

Nhan t6 phién ma TCP 14 nhém protein didu hoda quan trong, dwoc chirtng minh tham gia vao qué trinh sinh
trwdng va phat trién & thuc vat. Tuy nhién, chwa cé ghi nhan nao vé nhém TCP & bwéi (Citrus grandis). Vi vay, muc
tiéu ctia nghién clru nay nhadm xac dinh va lam rd vé cac dic tinh co ban ctia nhém TCP & budi. Két qua cho thay,
tdng s6 21 gene ma hoa TCP da dwoc xac dinh trén hé gene ctia bwéi. Théng qua cac cdng cu tin sinh hoc, cac TCP
& budi co dic tinh ly hoa rat da dang, co tinh wa nuwéc, twong tw nhw & cac loai thwe vat khac. Hau hét ho gene
CgTCP chi chira 1 exon. Nhém TCP & budi cé thé dwoc chia lam 3 nhém déc trwng cho thwe vat, bao gdm nhém
PCF1, CIN va CYC/TB1. Khai thac di¥ liéu phién ma cla cam ngot (C. sinensis) cho thdy cac gene twong déng voi
CgTCPO02 dwoc tang cwdng biéu hién & 14, hoa va qua. Két qua cltia nghién clru nay da cung cap nhirng théng tin co
ban vé nhém TCP & bwdi va buwéc dau danh gia mire do biéu hién ciia gene ma héa TCP & cac co quan, tir d6 dinh
hwéng cho cac phan tich chirc nang gene sau nay.

T khoa: Citrus grandis, nhan td phién ma, TCP, cAu trac, biéu hién gene.

Structural Analysis and Data Mining of the Expression Profiles
of Genes encoding TCP Transcription Factors in Pummelo (Citrus grandis)

ABSTRACT

TCP transcription factor is considered as the key regulatory proteins, which are demonstrated to involve in the
growth and development of plants. However, the information of TCP in pummelo (Citrus grandis) has been still
lacking. The aims of this study were to identify and characterize the basic features of TCPs in pummelo. As the
results, a total of 21 genes encoding TCP have been identified in the pummelo's genome. Based on various
bioinformatics tools, the physic-chemical properties of TCP family in pummelo have been found to be very variable,
hydrophilic, as confirmed in other plants-species. The majority of CgTCP genes consist of only one exon. We have
also found that TCP in pummelo could classify into 3 plant-specific groups, including PCF1, CIN and CYC/TB1. Of
our interest, according to the transcriptome atlas of the sweet orange (C. sinensis), we demonstrated that the
homologous gene of CgTCPO02 is strongly induced in leaf, flower and fruit. Taken together, our results could get
insight into the TCP family in pummelo and initially evaluate the expression profiles of TCP-coding genes in the major
organs, and thus, provide the candidate genes for further functional characterizations.

Keywords: Citrus grandis, transcription factor, TCP, structure, expression profile.

y - . ma (transcription factor - TF) thong qua co ché
1. DAT VAN DE diéu hoa su biéu hién cta nhiing gen chtic nang
Qua trinh sinh trudng va phat trién cta ciy (Danisman, 2016; Nicolas & Cubas, 2016).

trong duge chi phoi bdi cAc nhém nhan t6 phién Trong s6 cac TF dic trung & thuc vat, nhém



Phan tich c4u tric va khai thac di liéu bidu hién clia ho gene ma héa nhan té phién ma TCP & cay bwéi (Citrus grandis)

TCP, ciu tao ti cac protein TB1 (Teosinte
Branched 1), CYC (Cycloidea) va PCF1/PCF2
(Proliferating Cell Factor 1/2), dudc biét dén véi
nhiéu vai trd trong diéu hoa cac chu trinh trao
d6i chdt & cay tréng (Manassero & cs., 2013;
Nicolas & Cubas, 2016) va trong co ché dap tng
bat 1gi cia moéi truong (Danisman, 2016). Vi
vay, TCP 1la nhém TF dudec quan tAm nghién
cttu nhiéu trén thé giéi nham lam ré co ché va
ting dung trong viéc tang cudng tinh chéng chiu
bat 1gi 6 cay trong.

Dén nay, nhém TF TCP da dugc xac dinh va
phan tich ¢ rat nhiéu loai thuc vat, nhu lda gao
(Oryza sativa) (Yao & cs., 2007), ca chua
(Solanum lycopersicum) (Parapunova & cs.,
2014), cao luong (Sorghum bicolor) (Francis &
cs., 2016), dua hau (Citrullus lanatus) (Shi &
cs., 2016), ngd (Zea mays) (Chai & cs., 2017),
cam ngot (Citrus sinensis) (Chu Diac Ha, 2018),
sén (Manihot esculenta) (Lei & cs., 2017), dau
tuong (Glycine max) (Feng & cs., 2018), dau ga
(Cicer arietinum) (Tran & cs., 2018) va sam
Han Quéc (Panax ginseng) (Chu Dic Ha, 2019).
Tuy nhién, chua c6 ghi nhan nao v& nhém TF
TCP trén cady budi (Citrus grandis), mot trong
nhiing loai dudc gidi ma vat chat di truyén gan
day Wang & cs., 2017).

Trong nghién ctu nay, ho TF TCP dudc xac
dinh trén co s6 dii liéu ctia budi. Ma dinh danh,
vi tri phan bé, cac dic diém ciu tric va mot s6
dic tinh co ban ciia TCP dudc phan tich va lam
rd. Quan trong hon ca, mic do biéu hién cia cac
gene ma héa TCP § budi duge tim kiém va danh
gia. Két qua ctia nghién c@iu nay cung cip
nhiing thong tin co ban vé ho TF TCP & budi, tu
dé6 gbép phan lam rd vé co ché chéng chiu bat lgi
g thuc vat néi chung.

2. PHUONG PHAP NGHIEN CUU
2.1. Vat lidu

Heé tham chiéu, bao gom hé gene, hé protein
cta loai budi (BioProject: PRINA318855) do Dai
hoc Noéng nghiép Huazhong (Huazhong
Agricultural University) cung cdp dudc khai

thac trén co s6 dii liéu NCBI (Wang & cs., 2017).
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Dii liéu hé phién ma cta loai cam ngot do
Dai hoc Nong nghiép Huazhong cung cip dugc
khai théc trén co s6 dii liéu CAP (Xu & cs., 2013).

2.2. Phuong phap nghién céiu

2.2.1. Xac dinh va dinh danh ho gene

Trinh tu protein diay du cia CaTCP trén
dau ga (Tran & cs., 2018) dugc st dung lam
trinh tu truy védn dé tim ki€m va sang loc cac
TCP tiém n#ng trén hé protein tham chiéu cua
budi (Wang & cs., 2017). Céc két qua dude kiém
chiing su c6 mét ciia vung bao thu dic trung cho
TF TCP (Pfam domain: PF03634) (Manassero &
cs., 2013) bang Pfam (El-Gebali & cs., 2018).
Cac ma dinh danh, trinh ty ving méa héa (CDS),
vung gene (gDNA) va doan dich mé (protein)
cia cac TCP trén budi dugc khai thac cho cac
phén tich tiép theo.

2.2.2, Phan tich vi tri phan bé ctia gene

Vi tri phan bd cua gene ma héa TCP dudc
xac dinh bang cach truy vdn méa dinh danh gene
trén Citrus Genome Database (Wang & cs.,
2017). Dit liéu vé kich thudc nhiém sic thé duge
tham khao tit NCBI (BioProject: PRINA318855)
(Wang & cs., 2017). Ban d6 phan bd gene dugc
biéu dién bing Adobe Ilustrator.

2.2.3. Phan tich dic tinh ciu tric gene va
déc tinh ly héa cua protein

Trinh tu CDS dugc truy van trén BioEDIT
(Hall, 1999) dé phan tich kich thuéc gene, ty 1é
GC (%) theo cac buéc duge mo ta trong nghién
ctu trude day (Tran & cs., 2018). Cau tric gene
(exon/intron) dugc xac dinh bing GSDS 2.0 (Hu
& cs., 2015). Dic tinh cd ban cua protein, bao
gdbm kich thuée, khoi lugng phan ti (kDa), gia
tri diém ddng dién (pI), d6 wa nude trung binh
(GRAVY) dudgc lam rd bang ExPASY Protparam
(Gasteiger & cs., 2003).

2.2.4. XAy dung so d6 hinh cAy va phan tich
viing bao thi ctia protein

Trinh tu protein cia TF TCP dugc st dung
dé thiét 1ap so @6 hinh cay trén MEGA (Kumar
& cs., 2016) bang thuat toan Neighbor-Joining
(Tran & cs., 2018). Vung bao tha cia TF TCP
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duge 1am 16 bing cach cén trinh tu tuong déng
trén ClustalX (Larkin & cs., 2007).

2.2.5. Khai thac dit liéu biéu hién ctia gene

Miic d6 biéu hién cta gene ma héa TF TCP &
budi duge danh gia théng qua viéc khai thac di
litu RNA-sequencing clia gene tuong dong tuong
tng trén C. sinensis tai CAP Xu & cs., 2013).
Trong d6, miic &6 phién mé cta gene, tinh bang
gia tri RPKM tai 4 cd quan, callus, hoa, 14 va qua
(Xu & cs., 2013) dudc xt Iy va minh hoa bing ban
do nhiét thong qua ngoén ngii R.

3. KET QUA VA THAO LUAN

3.1. Két qua tim ki€m va xac dinh nhém
nhan t6 phién ma TCP & buéi

Dé tim kiém toan bd cac TF TCP & budi,
trinh tu CaTCP da ghi nhan trudc day trén doi
tugng C. arietinum (Tran & cs., 2018) dugc
BlastP 1an lugt vao hé tham chiéu cua budi
(Wang & cs., 2017). Sang loc bang su c6 mit cua
PF03634 (Manassero & cs., 2013) trén Pfam (El-
Gebali & cs., 2018), tong s6 21 TF TCP da duge
x4c dinh trén cay budi (Hinh 1, Bang 1). Ho gene
mé héa TCP & budi phan bs khong déng déu trén
hé gene ctua cay budi (Hinh 1). Trong d6, nhiém
séc thé s6 7 chtia nhiéu gene TCP nhét (4 gene),
sau d6 cac nhiém sic thé s6 2, 5 va 8 déu quy tu 3
gene TCP, hai nhiém séc thé, s6 3 va 9, dugc ghi
nhan chtia 2 gene TCP, trong khi chi c6 1 gene
TCP phan b6 trén nhiém sic thé s§ 4 va 6, khong
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¢6 gene TCP nao dudgc bao cao trén nhibm sic thé
s6 1 (Hinh 1). Dang cha y, 2 gene,
CgUng002160.1 va CgUng002920.1 chua dugc
chi giai trén hé gene ctia budi (Hinh 1). Diéu nay
dugc giai thich do hé gene ctia budi méi chi dudgc
gidli ma khoang 302 Mb, tuong tng véi 30.123
gene méa hoéa protein va 42.886 transcript, it hon
so v6i kich thudc du kién 1a khoang 344,8 Mb
(Wang & cs., 2017). Nhu vay, 21 thanh vién cua
ho TF TCP dugc dat tén theo thi tu tt CgTCPO1
dén CgTCP21 dua theo vi tri phan bd ciia gene
tuong tng trén hé gene (Hinh 1).

C6 thé thdy rang, ho TCP & cay budi 1a mot
ho da gen, tuong tu nhu & cac loai thuc vat khac.
Cu thé, 23 va 29 gene ma héa TCP da dugce xac
dinh trén lda gao va ngé (Chai & cs., 2017, Yao
& cs., 2007), trong khi 30 gene SITCP da dugc
bao cio trén ca chua (Parapunova & cs., 2014).
O cao ludng, 20 thanh vién ctia ho SbTCP da
duge nghién ctu (Francis & cs., 2016), trong khi
s6 lugng gene TCP ¢ dua hau va sén lan lugt la
27 va 38 gene (Lei & cs., 2017, Shi & cs., 2016).
Gan day, 16 va 54 gene TCP da dugc bio cio
trén cam ngot va dau tuong (Chu Dic Ha & cs.,
2018; Feng & cs., 2018), trong khi 6 dau ga va
sam Han Quéc ghi nhan sy c¢6 mét ctia 23 va 61
gene (Tran & cs., 2018; Chu Didc Ha & cs.,
2019). Két qua nay cho thay ho TCP 6 thuc vat
rat da dang, s6 lugng gene thanh vién khoéng
phu thuoc vao kich thuéc hé gene, s6 luong
nhiém sic thé cla ting loai, tusng tu nhu quan
diém trudc day (Tran & cs., 2018).
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Hinh 1. K&t qua xac dinh vi tri phan b6 cia TCP & hé gene cay budi
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Bang 1. K&t qua xac dinh va phan tich dic tinh ciia nhém TCP & budi

Tén gene Ma dinh danh GC (%) CDS mwW aa mm pl 1] GRAVY
CgTCPO1 Cg2g010580.1 46,23 954 289,63 317 33,91 9,01 66,06 -0,70
CgTCP02 Cg2g008400.1 47,56 1005 306,54 334 36,34 6,53 53,45 -0,71
CgTCPO3 Cg2g039950.2 48,14 1506 435,01 501 54,88 7,16 57,69 -0,94
CgTCP04 Cg3g019330.1 47,52 966 294,27 321 33,29 7,79 46,57 -0,46
CgTCP0O5 Cg3g001820.1 50,63 1740 531,16 579 61,56 6,72 59,96 -0,80
CgTCP06 Cg4g010590.1 47,23 1281 390,74 426 46,88 6,78 53,19 -0,83
CgTCPO7 Cg5g003150.1 46,21 1281 390,97 426 46,44 7,11 60,23 -0,78
CgTCPO0O8 Cg5g011560.1 41,35 1098 334,33 365 40,86 6,74 55,56 -0,75
CgTCP09 Cg5g009620.1 52,57 1107 337,81 368 39,32 6,72 53,64 -0,45
CgTCP10 Cg6g019820.1 40,51 669 203,70 222 25,60 9,35 46,74 -0,94
CgTCP11 Cg7g021010.1 46,84 1185 360,23 394 42,08 7,78 56,95 -0,58
CgTCP12 Cg79016630.1 43,56 831 251,51 276 29,51 9,48 43,11 -0,53
CgTCP13 Cg79014020.1 61,98 597 181,73 198 20,35 9,79 45,48 -0,34
CgTCP14 Cg7g014910.1 43,26 1410 429,84 469 52,48 7,60 55,23 -0,85
CgTCP15 Cg8g014190.1 41,48 1203 366,19 400 43,63 8,88 49,30 -0,58
CgTCP16 Cg8g019810.1 45,12 789 240,46 262 30,00 8,23 43,83 -0,57
CgTCP17 Cg8g019820.1 46,37 675 205,14 224 24,12 4,40 45,59 -0,81
CgTCP18 Cg99026090.1 51,53 1011 309,02 336 35,84 8,61 60,79 -0,46
CgTCP19 Cg9g021490.1 41,05 726 221,20 241 27,77 9,31 46,06 -0,87
CgTCP20 CgUng002160.1 40,29 1107 336,03 368 42,35 6,35 48,89 -0,83
CgTCP21 CgUng002920.1 63,36 636 194,63 211 21,11 7,71 64,83 -0,34

Ghi chu: GC: Ty 18 GC (%); CDS: Vung gene ma héa (nucleotide); mW: Trong lugng ctia gene (kDa); aa: Kich
thudc protein (amino acid); mm: Khéi Iugng phan tit protein (kDa); pl: Piém ding dién; II: P$ bat on dinh;

GRAVY: D6 ua nudc trung binh.

3.2. Két qua xac dinh dic diém cau trac
cua TCP & buéi

Trong nghién ctu nay, cac diac diém ciu
tric ciia gene ma héa va mot s6 dic tinh co ban
cia TCP da dudc lam r6 nham dua ra nhiing
thong tin can thiét vé ho TF nay & budi néi riéng
va 0 thuc vat néi chung. Danh gia cau trdc cho
thdy cac gene ma héa CgTCP c6 kich thude ti
597 (CgTCP13) dén 1.740 bp (CgTCP05), tucng
tng véi khéi lugng phan ti dat khodng 181,73
(CgTCP13) dén 531,16 kDa (CgTCP05) (Bang 1,
Hinh 2). Trong khi d6, ty 18 GC ctua ho gene ma
héa TCP dao dong tu 40,29 (CgTCP20) dén
63,36% (CgTCP21) (Bang 1, Hinh 2). Truéc do,
thong tin vé gene TCP ciing da dugc ghi nhan
trén cam ngot, véi kich thuéc ving ma héa tu
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435 (CsTCP14) dén 1725 bp (CsTCP16), véi ty 1&
GC dat tu 37,06 (CsTCP5) dén 52,66%
(CsTCP6) (Chu Dtic Ha & cs., 2018).

Phan tich cdu trdc bang céng cu GSDS (Hu
& cs., 2015) cho thay hau hét cac thanh vién
trong ho CgTCP chi chiia 1 exon (Hinh 2). Chi
c6 3 gene, CgTCP10, 13 va 20 gébm 2 exon/1
intron, trong khi gene CgTCPI16 c¢6 4 exon/3
intron (Hinh 2). Trudc d6, cdu tric cua cac ho
CaTCP 6 C. arietinum (Tran & cs., 2018),
CsTCP & cam ngot (Chu Diic Ha & cs., 2018), va
6 cac loai cay trong khac ciing duge ghi nhan
cht yéu 1a 1 exon. Cac két qua nay da khing
dinh ring motif phé bién nhét & ho gene TCP &
budi néi riéng va thuc vat néi chung chia 1 exon
duy nhat.
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Hinh 2. K&t qua phan tich ciu tric ho gene ma héa TCP & budi

Tiép theo, cac dic tinh 1y héa cia TF TCP 6
budi dudc danh gia va phan tich dua trén cong
cu ExPASY Protparam (Gasteiger & cs., 2003).
Két qua 6 bang 1 cho thay TF TCP & buéi c6
kich thuéc ti 198 (CgTCP13) dén 579 aa
(CgTCPO05), tuong ting véi trong lugng phan ti
tu 20,35 dén 61,56kDa (Bang 1). Cac TF TCP §
budi c6 gia tri diém ding dién tu dai acid (7
protein), trung tinh (1 protein) va base (13
protein) (Bang 1). P bat 6n dinh ctia TF TCP 6
budi déu 16n hon 40 cho thay cac phan ti nay
déu khéng 6n dinh c4u tric trong diéu kién in
vitro. Ngoai ra, d6 wa nuéc trung binh cua TF
TCP 6 budi déu dat gia tri Am, cho thay ho TCP
4 budi déu c6 tinh uwa nuée. Cac két qua nay
cling da dugc ghi nhan tuong tu trén ho TF TCP
4 céc loai thuc vat khac.

3.3. Két qua xiy dung so d6 hinh cay
va phan tich ciu tric bao tht cia TF TCP
G budi

Nhim xem xét méi tuong quan gitia 21
thanh vién trong ho TF TCP & budi, s6 d6 hinh
cay gitia cac CgTCP da dudge xady dung dua trén
trinh tu protein day du. Két qua cho thay tat ca
cac thanh vién ctia ho CgTCP déu c6 vung bao
tha bam DNA bHLH va c6 thé duge chia lam 3
nhém. Nhém 1, hay con goi 1a PCF, chta 12
thanh vién CgTCP, nhém CIN (bao gém 5 thanh
vién CgTCP) va nhém CYC/TB1 (chtia 4 thanh
vién) (Hinh 2). Sy phén chia ctia cac TF TCP

thanh 3 nhém ciing da duge bao cao tuong tu
nhu & cac loai thuc vat, nhu lda gao va ngd
(Chai & cs., 2017, Yao & cs., 2007), ca chua
(Parapunova & cs., 2014), cao lusng (Francis &
cs., 2016), cam ngot (Chu Dtc Ha & cs., 2018),
dau tuong (Feng & cs., 2018), dau ga (Tran &
cs., 2018) va sam Han Qudc (Chu Dtc Ha & cs.,
2019). Nhiing két qua nay cho thdy su tuong
dong 6 nhém TF TCP giita cac loai cay trong
khac nhau cfing nhu su d#ic thu cua ching ¢
thuc vat néi chung.

Tiép theo, cau tric viung bao thu ctia cac TF
TCP 6 budi dude cin trinh tu bang ClustalX
(Larkin & cs., 2007) va sip xép thi tu theo so do
hinh cdy (Hinh 3). K&t qua ciu tric cho thaiy
viing bio thit PF03634 & PgTCP c6 kich thudc
khoang 55 amino acid, gbm 3 mién riéng biét
helix-loop-helix (Hinh 3). Trong nghién ctu
trude day, chtic ndng cia ba mién nay da dudc
chting minh 134 tham gia vao co ché bam trén
DNA, tuong tac protein-protein va cu trd
protein trong nhan (Danisman & cs., 2013). Gan
day, viing bao thi ciua cac TF TCP 6 mot s6 loai
ciy trong cling dudc ghi nhan véi kich thuée dao
dong tu 55-59 amino acid v6i 3 phin viung
helix-loop-helix, tuong tu nhu CgTCP & budi.
Tém lai, cac két qua nay cho thdy TF TCP 6
thuc vat néi chung cé cdu tric rat bao thu va
dudc bao ton gitia cac loai, diéu nay dit ra gia
thuyét vé chtic ning cua cac gene ma héa ching
lién quan dén sinh trudng va phat trién cta
thuc vat.
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BASIC HELIX 1 HELIX 2
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Hinh 3. Ving bao thu va xay dung so d6 hinh ciy ctia nhém TCP & buéi
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Hinh 4. Phan tich CgTCP & budi thong qua khai thac dit liéu
cuia gene tuong dong trén cam ngot

3.4. Két qua khai thac dit liéu biéu hién
phién ma ctia ho gene ma héa TCP & budi

Dé xem xét chiic ning cia TF TCP & budi,
cac gene CgTCP dugc déi chiéu trinh tu tuong
dong trén hé tham chiéu ctia cam ngot (C.
sinensis) (Xu & cs., 2013), tit d6 danh gia biéu
hién cua gene CgTCP thong qua khai thac du
liéu hé phién ma cia cam ngot tudng tng. Trong
d6, mutc do biéu hién cia CgTCP & budi duge
danh gia gian tiép théng qua dii liéu phién ma
cua cac trinh tu tuong déng 6 cam ngot tai 4 co
quan, callus, hoa, 14 va qua Xu & cs., 2013).
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Két qua cho thiy thong qua mtc do phién
ma cua cac gene tuong dong trén C. sinensis,
phan 16n cac gene tuong déng véi CgTCP déu co
biéu hién yé&u tai callus, ngoai trit Cs7g11120
(tuong ddéng véi CgTCP12) va orangel.1t02427
(tuong ddng véi CgTCP21) dudce ting cudng bidu
hién tai callus (Hinh 4). Trong khi d6, da xac
dinh Cs2g15820 (tuong dong véi CgTCP02) 1a
gene c6 biéu hién manh nhé4t, duge tang cudng
phién ma & 3 co quan, 14, hoa va qua (Hinh 4).
Mot gene khac 1a Cs7g25460 (tuong dong véi
CgTCPO6) ciing c6 biéu hién manh ¢ 14 va hoa,
trong khi 2 gene, Cs5g10130 (tuong doéng véi
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CgTCP09 & c¢s7g03980 (tuong dong véi
CgTCP11) c6 miic phién ma ting 6 14 (Hinh 4).
Viéc khai thac di liéu biéu hién cta cac gene
tuong dong 6 C. sinensis (loai ho hang gan giii
v6i C. grandis) da chi ra ring ho CgTCP c6 thé
déng vai tro quan trong tai cAc 4 mau mo nay.
Cac nghién ctu trude day da chi ra réng ho TCP
¢6 tham gia vao quéa trinh phan canh, phat trién
4 14 va 6 hoa (Francis & cs., 2016; Martin-Trillo
& Cubas, 2010), dic biét 12 lién quan dén co ché
dap tng bat 1oi (Tran & cs., 2018). Cu thé, dua
trén viéc khai thac di liéu biéu hién da biét, cac
gene CaTCP dugc dy doan cé biéu hién manh &
la va ré cay dau ga (Tran & cs., 2018). Kiém
chiing bang ky thuat qRT-PCR cho thidy cac
gene CaTCP c6 dap ting manh ¢ mau 14 va ré xu
Iy han (Tran & cs., 2018). Nhiing ghi nhan nay
déu phu hop véi gia thuyét vé chiic ning cua ho
gene CgTCP dua trén kha ning biéu hién manh
tai callus, 14, hoa va qua clia céc gene tuong
dong trén C. sinensis.

4. KET LUAN

Trong nghién ctu nay, 21 thanh vién thudc
ho TF TCP da dugdc xac dinh & budi. Cac gene
ma héa TF TCP phan bd rai rac trén hé gene,
v6i céu tric phd bién gdm 1 exon duy nhat. Cac
TF TCP 6 budi rat da dang vé kich thudc, khoi
lugng phan tt, diém ding dién va c6 tinh ua
nude. Ho TF TCP 6 budi ¢6 thé dudc chia lam 3
nhém chinh duya trén su tuong dong trong ciu
tric vung bao tht. Khai thac di liéu biéu hién
da chi ra ring, cac gene ma héa TF TCP & budi
c6 muc d6 phién ma rat da dang 4 callus, 14, hoa
va qua, trong d6, gene CgTCP02 c6 thé biéu
hién manh 6 14, hoa va qua.

LOI CAM ON

Nghién ctiu nay duge thuc hién tu kinh phi
cua dé tai nghién ciu cd ban ma s6 08/HPUT-
KHCN do Dai hoc Su pham Ha Noi 2 tai trg.
Nhém tac gia chan thanh cdm on su hd trg cua
tap thé can b nghién ctu cta B mén Sinh hoc
phén ti, Vién Di truyén Néng nghiép va tap thé
gidng vién cua Khoa Céng nghé Sinh hoc, Hoc
vién Nong nghiép Viét Nam.

Lé Thi Ngoc Quynh, Pham Phwong Thu, Nguyé&n Van Léc

TAI LIEU THAM KHAO

Chai W, Jiang P., Huang G., Jiang H. & Li X. (2017).
Identification and expression profiling analysis of
TCP family genes involved in growth and
development in maize. Physiol Mol Biol Plants.
23(4): 779-791.

Chu Dirc Ha, La Viét Hong, Tran Thi Thu Hién, Pham
Phuong Thu, Tran Danh Stru & Pham Thi Ly Thu
(2018). Nghién ctru x4c dinh va phén tich cdu trac
ctia ho gen ma héa yéu t6 phién ma TCP & cam
ngot (Citrus sinensis) bang cong cu tin sinh hoc.
Hoi nghi Cong nghé Sinh hoc toan quéc nam 2018.
tr. 34-39.

Chu Dirc Ha, Nguyén Thi Duyén, La Viét Hong, Pham
Phuong Thu, Tran Thi Phuong Lién, Lé Hung
Linh, Pham Xuin HOi & Lé Tién Diing (2019).
Phén tich dic tinh cta nhan t6 phién ma TCP lién
quan dén dép ung bat loi & sdm Han Quéc (Panax
ginseng). Hoi nghi Cong nghé Sinh hoc toan qudc
nam 2019. tr. 6-10.

Danisman S. (2016). TCP transcription factors at the
interface between environmental challenges and
the plant's growth responses. Frontier Plant Sci.
7:1930.

Danisman S., van Dijk A.D., Bimbo A., van der Wal
F., Hennig L., de Folter S., Angenent G.C. &
Immink RG. (2013). Analysis of functional
redundancies within the Arabidopsis TCP
transcription  factor family. J Exp Bot.
64(18): 5673-5685.

El-Gebali S., Mistry J., Bateman A., Eddy S.R.,
Luciani A., Potter S.C., Qureshi M., Richardson
L.J., Salazar G. A., Smart A., Sonnhammer E.L.L.,
Hirsh L., Paladin L., Piovesan D., Tosatto S.C.E.
& Finn R.D. (2018). The Pfam protein families
database in 2019. Nucleic Acids Res. 47(Database
issue): D427-D432.

Feng Z.J., Xu S.C., Liu N., Zhang G.W., Hu Q.Z. &
Gong Y.M. (2018). Soybean TCP transcription
factors:  Evolution,  classification,  protein
interaction and stress and hormone responsiveness.
Plant Physiol Biochem. 127: 129-142.

Francis A., Dhaka N., Bakshi M., Jung K.H., Sharma
MK. & Sharma R. (2016). Comparative
phylogenomic analysis provides insights into TCP
gene functions in Sorghum. Sci Rep. 6: 38488.

Gasteiger E., Gattiker A., Hoogland C., Ivanyi 1., Appel
RD. & Bairoch A. (2003). ExPASy: The
proteomics server for in-depth protein knowledge
and analysis. Nucleic Acids Res. 31(13): 3784-3788.

Hall T.A. (1999). BioEdit: A user-friendly biological
sequence alignment editor and analysis program
for Windows 95/98/NT. Nucleic Acids Symp Ser.
41: 95-98.



Phan tich c4u tric va khai thac di liéu bidu hién clia ho gene ma héa nhan té phién ma TCP & cay bwéi (Citrus grandis)

Hu B., Jin J., Guo A. Y., Zhang H., Luo J. & Gao G.
(2015). GSDS 2.0: An upgraded gene
feature  visualization server. Bioinformatics.
31(8): 1296-1297.

Kumar S., Stecher G. & Tamura K. (2016). MEGAT7:
Molecular evolutionary genetics analysis version
7.0 for bigger datasets. Mol Biol Evol.
33(7): 1870-1874.

Larkin M.A., Blackshields G., Brown N.P., Chenna R.,
McGettigan P.A., McWilliam H., Valentin F.,
Wallace I. M., Wilm A., Lopez R., Thompson J.D.,
Gibson T.J. & Higgins D.G. (2007). Clustal W and
Clustal X  version 2.0. Bioinformatics.
23(21): 2947-2948.

LeiN., Yu X, Li S., Zeng C., Zou L., Liao W. & Peng
M. (2017). Phylogeny and expression pattern
analysis of TCP transcription factors in cassava
seedlings exposed to cold and/or drought stress.
Sci Rep. 7(1): 10016.

Manassero N.G., Viola I.L., Welchen E. & Gonzalez
D.H. (2013). TCP transcription factors:
Architectures of plant form. Biomol concepts.
4(2): 111-127.

Martin-Trillo M. & Cubas P. (2010). TCP genes: a
family snapshot ten years later. Trends Plant Sci.
15(1): 31-39.

Nicolas M. & Cubas P. (2016). TCP factors: new kids
on the signaling block. Curr Opin Plant Biol.
33:33-41.

Parapunova V., Busscher M., Busscher-Lange J.,
Lammers M., Karlova R., Bovy A.G., Angenent
G.C. & de Maagd R.A. (2014). Identification,
cloning and characterization of the tomato TCP
transcription factor family. BMC Plant Biol.
14: 157.

296

Shi P., Guy K.M., Wu W., Fang B., Yang J., Zhang M.
& Hu Z. (2016). Genome-wide identification and
expression analysis of the CITCP transcription
factors in Citrullus lanatus. BMC Plant Biol.
16: 85.

Tran C.D., Chu H.D., Nguyen K.H., Watanabe Y., La
H.V., Tran K.D. & Tran L.S.P. (2018). Genome-
wide identification of the TCP transcription factor
family in chickpea (Cicer arietinum L.) and their
transcriptional responses to dehydration and
exogenous abscisic acid treatments. J Plant Growth
Reg. 37(4): 1286-1299.

Wang X., Xu Y., Zhang S., Cao L., Huang Y., Cheng
J., Wu G, Tian S., Chen C, Liu Y., Yu H., Yang
X., Lan H., Wang N., Wang L., Xu J., Jiang X,
Xie Z., Tan M., Larkin R.M., Chen L.L., Ma B. G.,
Ruan Y., Deng X. & Xu Q. (2017). Genomic
analyses of primitive, wild and cultivated citrus
provide insights into asexual reproduction. Nat
Genet. 49(5): 765-772.

Xu Q., Chen L.L., Ruan X., Chen D., Zhu A., Chen C.,
Bertrand D., Jiao W.B., Hao B.H., Lyon M.P.,
Chen J., Gao S., Xing F., Lan H., Chang J.W., Ge
X., Lei Y., Hu Q., Miao Y., Wang L., Xiao S,
Biswas M.K., Zeng W., Guo F., Cao H., Yang X.,
Xu X.W., Cheng Y.J., Xu J,, Liu JH., Luo O.J,,
Tang Z., Guo W.W., Kuang H., Zhang H.Y.,
Roose M.L., Nagarajan N., Deng X.X. & Ruan Y.
(2013). The draft genome of sweet orange (Citrus
sinensis). Nat Genet. 45(1): 59-66.

Yao X., Ma H., Wang J. & Zhang D. (2007). Genome-
wide comparative analysis and expression pattern

of TCP gene families in Arabidopsis thaliana and
Oryza sativa. J Integr Plant Biol. 49(6): 885-897.



