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TOM TAT

Lai huynh quang tai chd (FISH) la k¥ thuat x4c dinh vi tri DNA dich (vi du trén tiéu ban ky giira nhidm séc

thé -NST). Bai tong quan nay tip trung vao cac huéng ing dung ciia FISH trong nghién ctru hé gen, bao gbm viéc
xéc nhan va chinh sira két qua lp rap hé gen tir cong nghé giai trinh ty gen hién dai (next-generation sequencing,
NGS) hay con duoc biét dén 1a cac cong nghé giai trinh tw thé hé thir hai. Cac diu do dic higu cho timg ving
DNA c6 thé dugc tao ra tir san phém PCR dc hiéu hodc tach dong tir vector khac nhau. FISH hién thi vung NST
mang diu do, tir d6 cho phép kiém tra tinh chinh xac cua két qué ldp rap hé gen. Bai bio mo ta nhimg cai t1en cia
FISH bao gdm FISH da mau ciing vi quy trinh rira bo va lai méi ddu do trén cing tiéu ban. Ban d6 di truyén té
bao tir FISH va tich hop véi trinh tw NGS giup cho viée lap rap trinh ty toan by NST cua hé gen tr& nén hoan
chlnh hon, ddng thoi mo ra cac huéng nghién ctru méi vé cdu tric va tién hoa hé gen. D& nghién ctiru mdi quan hé
tién hoa & cac loai chwa duoc giai ma, nguoi ta co thé sir dung k¥ thuat son mau NST so sanh. Bén canh d6, FISH
véi doan do cho mét nhom trinh ty 1ap lai nht dinh hodc cho cac ciu trac co ban cia NST (DNA tam dong, dhu
miit NST, DNA ma hoa rRNA ...) c6 thé ding dé nghién ciru cdu trac hé gen va nhitng yéu t5 biét hoa bo NST.
Bai béo ciing thio luan nhimg giéi han va trién vong tmg dung twong lai cua FISH.

Tiur khéa: cong nghé giai trinh ty gen hién dai, di truyén té bao hoc, hé gen hoc, giai ma hé gen, ky thuat lai

huynh quang tai cho
MO DAU

Mot b gen duoc giai ma hoan chinh, cé chét
luong cao s& 1a ngudn thong tin tham khao rat quan
trong cho cac nghién ciru sau thém vé co ché sinh
hoc phén tr, dac biét ddi véi céc loai khong phai 1a
sinh vat m6 hinh. Nho vao céc thanh tyu cta cong
nghé giai trinh ty gen hién dai (next-generation
sequencing, NGS) hay con dugc biét dén 1a cong
nghé giai trinh ty thé hé thir hai ma téc do giai ma h¢
gen ngay cang nhanh chéng voi chi phi thép va c6
thé sir dung trén rat nhidu doi tugng nghién ctru khac
nhau. Tuy nhién viéc ldp rap mot cach chinh xac cac
doan giai trinh ty dé cho ra mot hé gen hoan chinh ¢
céc loai sinh vat nhan chuén c6 hé gen 16n, phuc tap
va nhiéu vung lap lai hién van la thach thirc cho cac
nha hé gen hoc. K§ thuat lai huynh quang tai chd

(fluorescence in situ hybridization, FISH) 1a mét ky
thuat co thé gop phan giai quyét dugc nhimng kho
khin nay va gitp xac dinh mdi lién két giita cac
contig, scaffold cling nhu phat hién cac sai sot cua
két qua ldp rap trinh ty. Ngoai ra, voi sy hd trg ctia
cac cong cu tin sinh hoc, FISH c6 thé mo ta ddc tinh
clia phan trinh ty l3p lai va qua d6 cung cép birc
tranh toan canh vé cach thirc t6 chirc hé gene. Trong
bai tong quan nay, nhom tac gia s& so luge mot s hé
thong giai ma gen va d& cap dén nguyén ly, img
dung cling nhu vai tro cua k¥ thuat FISH trong cac
nghién ctru gidi ma hé gen.

CAC CHIEN LUQC GIAI MA HE GEN MOI
HOAN TOAN (de novo)

Viéc giai trinh ty phan tir DNA dugc bat dau vao
nhitng nam 1970 v&i phuong phap hoéa hoc Maxam-
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Gillbert, sau d6 1a phuong phap enzyme cuia Sanger.
Céc thanh cong trong viéc cai tién phuong phap giai
trinh tu cling nhu Gng dung cac chuong trinh may
tinh da giap viéc giai trinh ty gen nhanh chéng va
tiét kiém hon. Tuy nhién, dé giai ma toan bo hé gen
ctia 1 sinh vat 1a v6 cting khé khan va mét thoi gian.
Du 4n giai ma hé gen ngudi (3.2 Gbp, 23 cip nhiém
sic thé) duoc khai dong tir ndm 1990 véi kinh phi du
kién 14 3 ty dollar dd duoc cong bd vao 2003 (sém
hon 2 nim so voi dy kién) tuy van con mot vai
khoang trong chua hoan thién véi tong chi phi 14 2,7
ty dollar (International Human Genome Sequencing
Consortium 2004). Cudc dua giai trinh ty hé gen
ngudi trd nén noéng hon tir nam 1998 khi c6 sy tham
gia cia Celera Genomics — mdt cong ty tu nhan.
Cong ty nay da sir dung chién thuat giai trinh ty gen
“Whole genome shotgun sequencing” (1, phéan tach
hé gen thanh cac doan nho ngiu nhién; 2, gidi trinh
tu hang loat cic doan nay bang phwong phap Sanger;
3, dung thuat toan lap rap cac doan ngan dya trén
ving trinh ty chong 1ap dé cho ra nhing trinh tur lién
tuc) nham rit ngén thoi gian va giam chi phi, két qua
la ho da hoan thanh dy an (Istrail et al., 2004) trong
vong 3 nam vé&i kinh phi chi 300 tri¢u dollar (so véi
13 nam va 2,7 ty dollar cia dy an giai md hé gen
nguoi). Tuy nhién cdc ky thuat nay van tén nhidu
thoi gian dé hoan thanh va chung dugc goi 1a k§
thuat giai trinh ty thé hé thu nhat “First —generation”.
Dbi vai cac loai thuc vat, Arabidopsis thaliana 13 hé
gen md hinh (157 Mbp, 5 cap nhiém sic thé) diu
tién dugc giai md hoan chinh vao nam 2000
(Arabidopsis Genome Initiative 2000), sau d6 1a cay
l0a (Oryza sativa, 430 Mbp, Yu et al., 2002).

Céc hé théng NGS dugc gioi thigu trong thap
nién vira qua cho phép phan tich dong thoi hang van
trinh ty gen mdt cach nhanh chéng. Vi duy, béng hé
thong HiSeq X™ Ten co thé giai ma hé gen cua 45
nguoi trong vong mot ngay voi chi phi khoang 1.000
dollar/ nguoi (Illumina 2016). Sy ra doi cia cac hé
théng thiét bi giai trinh ty gen véi tbc do nhanh va
chi phi thip dd dwa viéc giai ma gen trod thanh mot
ky thuat thong dung trong sinh hoc phan tir. Cac ky
thuat moi cia giai ma hé gen ngay cang dugc ung
dung rong rai hon khoéng chi trong cac nghién cuu
ma con & ca cc thir nghiém 1am sang (vi du chan
doan nhanh chéng co so di truyén cua bénh,
Knoppers et al., 2015). C6 4 phuong phéap chinh
dugc st dung trong cac hé théng NGS do la:
pyrosequencing (vi du 454, Roche, nay da dirng Gng
dung), giai trinh ty biang con duong téng hop
(sequencing by synthesis, vi du Illumina), con duong
lai (sequencing by ligation, vi du SOLID) va ion ban
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din (ion semiconductor sequencing, vi du Ion
Torrent). Mic du ¢6 wu diém 14 giai ma nhanh chong
1 lugng 16n trinh ty véi chi phi thap, cac phuong
phap nay déu chi tao ra cac trinh ty tuong d6i ngén
(< 700 bp) va gip kho khan rat 1on trong viéc giai
ma moi hoan toan (de novo) hé gen lon (vi du > 700
Mbp) va phirc tap (vi du nhiéu vung lip lai). Gan
day, cong nghé giai trinh ty don phan tir theo thoi
gian thuc (single molecular, real time, SMRT cua
Pacific Biosciences) cho phép giai ma doan trinh tu
voi d6 dai 6 thé 1én dén hon 20,000 bp (véi do dai
trung binh khoang 3,000 bp) nghia 1a gip 30 dén 200
lin so v&i cac cong nghé NGS khac (Chin et al,
2013). Ngoai ra, cong nghé giai trinh ty 16 nano
(nanopore sequencing, MinlON) mdc du dang &
trong giai doan phat trién nhung ciing c6 nhiéu hira
hen (Deamer et al., 2016).

Lip rap hé gen de novo 1a thuat toan lap rép cac
trinh ty giai ma ngin thanh contig (trinh ty lién tuc
do lap rap) cac contig thanh scaffold (trlnh tu tao
thanh do ldp rap c6 thé khong lién tuc) dé cho ra
trinh tu hé gen cua a6i tugng nghién ciu. Nhiéu
cong cu khac nhau dugc ding trong lip rap hé gen
de novo nhu Velvet (Zerbino, Birney 2008),
SOAPdenovo (Luo et al., 2012), AbySS (Simpson et
al, 2009), MaSuRCA (Zimin et al, 2013) va
ALLPATHS-LG (Butler et al., 2008). Tuy nhién,
khong mot cong cu nao 1a toan ning dé co thé lap
rap duge hé gen hoan chinh ctia tat ca cac ddi tuong
(Gilchrist er al., 2015). V& téng quan cac thuat toan
lap rap trong NGS co thé xem thém & (Miller et al.,
2010; Escalona et al., 2016; Goodwin et al., 2016)
Qua trinh phan tich va lap rap hé gen cung cép cho
chung ta mot 50 thong tin di truyen quan trong cua
d6i tuong nghién ctu nhu so lugng gen ma hoa
protein, cau truc hé gen duoc giai ma va lap rap, vi
tri cic gen trén nhidm sic thé, lich sir hinh thanh hé
gen (vi du thong qua sy kién nhan doi toan bd hé
gen, whole-genome duplications WGDs). Giai ma hé
gen hoan chinh cua cac loai thyc vat 1a nhitng nhiém
vu déc biét kho khan do kich thude hé gen 16n (1én
dén 150 Gbp & Paris japonica) va thanh phan céc
doan 1ap lai nhidu va phic tap. Bang 1 tom tat két
qua giai ma hé gen cua cac loai thuc vat trong 10
nam gan day (2006 — 2016).

Qua bang tom tit trong bang 1 c6 thé thiy rang
trong khoang 5 nam tr¢ lai day cac ky thuat NGS da
dan thay thé phuong phép giai ma Sanger trong cic
dy an giai ma hé gen, du réng mot lugng nhé trinh tu
¢6 thé van giai ma bang Sanger dé lam co s dbi
chiéu chét luong cua trinh ty NGS. Céac k¥ thuét
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NGS déu co6 nhitng vu va nhugc diém riéng cia
minh, vi thé trong mot so dy an, cac nha nghién ciru

Bang 1. Danh muc mét s6 loai thuc vat dwoc gidi ma hé gen.

str dung két hop cac ky thuat nay dé giai ma hé gen
nhanh chong va d6 chinh xac cao nhat co the.

TT  Déitwong '(f\;l"b'l‘o;h“"”c ;‘; hudt  Nam Nhém tac gia

1 Arabidopsis thaliana 125 sa 2000 I(m;?i'sgp;o‘gge”"me
2 Lua (Oryza sativa) 430 Sa 2002 (Yu et al., 2002)

3 Dwong (Populus trichocarpa) 485 Sa 2006 (Tuskan et al., 2006)

4 Nho (Vitis vinifera) 475 Sa 2007 (Jaillon et al., 2007)

5 Réu (Physcomitrella patens) 510 Sa 2008 (Rensing et al., 2008)
6 Bu du (Carica papaya) 372 Sa 2008 (Ming et al., 2008)

7 Dwa leo (Cucumis sativus) 367 Sa, | 2009 (Huang et al., 2009)

8 Ngb (Zea mays) 2300 Sa 2009 (Schnable et al., 2009)
9 Dau nanh (Glycine max) 1115 Sa 2010 (Schmutz et al., 2010)
10 Tao (Malus x domestica) 742 Sa, 4 2010 (Velasco et al., 2010)
11 Ca cao (Theobroma cacao) 430 Sa, 4, | 2011 (Argout et al., 2011)
12 Dau tay (Fragaria vesca) 240 4,S,1 2011 (Shulaev et al., 2011)
13 Khoai tay (Solanum tuberosum) 844 Sa, 4,1 2011 (Xu et al., 2011)

14 Cai dau (Brassica rapa) 485 | 2011 (Wang et al., 2011)

15 Cay gai dau (Cannabis sativa) 820 4,1 2011 (van Bakel et al., 2011)
16 Dau tridu (Cajanus cajan) 833 Sa, | 2012 (Varshney et al., 2012)
17 C4 linh lang (Medicago truncatula) 454 Sa, 4, | 2011 (Young et al., 2011)
18 Ké (Setaria italica) 490 | 2012 (Zhang et al., 2012)

19 Ca chua (Solanum lycopersicum) 900 Sa, 4,81 2012 gggzxuﬁeggq‘g

20 Dwa (Cucumis melo) 450 Sa, 4, | 2012 (Garcia-Mas et al., 2012)
21 Cay lanh (Linum usitatissimum) 373 | 2012 (Wang et al., 2012)

22 Chudi (Musa acuminata malaccensis) 523 Sa, 4, | 2012 (D'Hont et al., 2012)
23 Boéng (Gossypium raimondii) 880 | 2012 (Wang et al., 2012)

24 f;f‘j)’cgfem' xoan An B (Azadirachta g, 41 2012 (Krishnan et al., 2012)
25 Lé (Pyrus bretschneideri) 527 | 2013 (Wu et al., 2013)

26 Dwa héu (Citrullus lanatus) 425 | 2013 (Guo et al., 2013)

27 Ldaa mi (Triticum aestivum) 17000 4 2012 (Brenchley et al., 2012)
28 Mo (Prunus mume) 280 | 2012 (Zhang et al., 2012)
29 Dau ga (Cicer arietinum) 738 Sa, | 2013 (Varshney et al., 2013)
30 Cao su (Hevea brasiliensis) 2150 4,S,1 2013 (Rahman et al., 2013)
31 Truc (Phyllostachys heterocycla) 2075 | 2013 (Peng et al., 2013)

32 Lua cé (Oryza brachyantha) 300 | 2013 (Chen et al., 2013)

33 Dao (Prunus persica) 265 Sa 2013 (Verde et al., 2013)

34 Lua mi DD (Aegilops tauschii) 4360 4,1 2013 (Jia et al., 2013)

35 Lua mi AA (Triticum urartu) 4940 | 2013 (Ling et al., 2013)

36 Sen (Nelumbo nucifera) 929 | 2013 (Ming et al., 2013)

37 Rong (Utricularia gibba) 77 4,1 2013 (Ibarra-Laclette et al., 2013)
38 Capsella rubella 219 Sa 2013 (Slotte et al., 2013)

39 Amborella trichopoda 870 4,1, Sa 2013 (Chamala et al., 2013)
40 Téo do (Chondrus crispus) 105 S 2013 (Collen et al., 2013)
42 Kiwi (Actinidia chinensis) 758 | 2013 (Huang et al., 2013)
43 Cu céi dwong (Beta vulgaris) 758 1,4,8 2014 (Dohm et al., 2014)

44 Ot (Capsicum annuum) 3480 I, S 2014 (Qin et al., 2014)

45 Béo tAm (Spirodela polyrhiza) 158 4,8 2014 (Wang et al., 2014)

46 Théng (Pinus taeda) 20150 | 2014 (Wegrzyn et al., 2014)
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47 Lua (Oryza glaberrima) 316 4,S 2014 (Wang et al., 2014)

48 Cai dau (Camelina sativa) 785 1,4 2014 (Kagale et al., 2014)
49 Ca tim (Solanum melongena) 1100 1,4 2014 (Hirakawa et al., 2014)
50 Téo tau (Ziziphus jujuba) 444 | 2014 (Liu et al., 2014)

51 Viét quét (Vaccinium macrocarpon) 470 | 2014 (Polashock et al., 2014)
52 Co tai hum (Conyza canadensis) 335 4,1, PB 2014 (Peng et al., 2014)

53 Bong (Gosypium hirsutum TM-1) 2250 | 2014 (Li et al., 2014)

54 Ca (Solanum commersonii) 840 | 2015 (Aversano et al., 2015)
55 Hoa bia (Humulus lupulus) 2570 | 2015 (Natsume et al., 2015)
56 Arachis duranensis & A. ipaensis 1250 & 1560 | 2016 (Bertioli et al., 2016)

* Sa: Sanger; 4: 454/Roche;

Tuy cong nghé giai trinh ty gen da duoc cai tién,
ning lyc cia cac cong cu lap rap da dugc nang cao
rat nhiéu nhung trinh ty hé gen thu dugc thuong bi
phan tach thanh nhidu manh nho. Mtrc d6 hoan chinh
cuia hé gen giai ma thuong duoc biéu thi va c6 thé so
sanh thong qua tham s L350 (sé luong
contig/scaffold t6i thiéu dé tong chiéu dai cua ching
chiém 50% kich thudc hé gen) va N50 (chidu dai cua
contig/scaffold nho nhit trong bo L50). Tuy nhién,
viéc xdy dung dugc trinh ty he gen_hoan chinh ¢
mirc d6 toan ven ting nhidm séc the van con la thach
thirc 16n phia trudce. Gén day, mot s6 chién thuat giai
trinh ty va lip rap méi (vi du NRGene véi
DenovoMagic hay Dovetail Genomics véi ky thudt
Chicago (Putnam et al., 2016)) co nhiéu trién vong
16n gitip cac nha khoa hoc gidi ma cac hé gen lon va
phirc tap. Dé hd tro lap rap hodc ddi chiéu, kiém
chimg két qua giai ma NGS, céac thong tin vé ban do
di truyén lién két (linkage map), ban dd di truyén té
bao (cytogenetic map), ban db vat 1y (physical map),
ban do quang hoc (optical maps) thuong duge sir
dung. Trong do, ky thuat FISH dugc sir dung trong
cac dy an giai ma hé gen nhu mot cong cu hd trg dé
tang tinh chinh xac cua h¢ gen vi ky thudt nay khong
nhiing c6 thé xéc dinh duoc vi tri ma con cho biét
dugc mdi lién két giira cac doan gen v6i nhau dé lap
nén ban d6 di truyén té bao trén timg nhidm sic thé
(Jiang, Gill 2006).

NGUYEN LY VA UNG DUNG CUA KY THUAT
FISH

Nguyén 1y va mét sé bién thé cia ky thuat FISH

FISH 1a ky thuat trung gian gitra di truyén té bao
va di truyén phan ti. Pay 1a ky thuat v6 cung hitu
ich dugc dung trong céc nghién ctru vé clu tric va
chirc nang ciia nhidm séc thé nhu ving di nhiém séc,
gen ma hoa cho ribosome RNA, tam dong, telomere
va subtelomere. Sy phat trién ciia ky thuat FISH da
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I: lllumina/Solexa, S: SOLID/ABI,

PB: Pac Bio System.

mé ra co hdi cho cac phan tich di truyén hoc & nhiéu
d6i twong khac nhau ma khong bi han ché boi hinh
thai ctia nhidm sdc thé (nhu & cac ky thuat nhuom
bang Q, G, R, T va C, Pardue, Gall 1969).

K¥ thuat FISH cho phép xac dinh trinh tu DNA
trén tiéu ban nhiém sic thé (thong thuong 1a tiéu ban
ky gitta nguyén phan) va tiéu ban nhén té bao ky
trung gian bang cach sir dyng céc doan dau do dic
hiéu cho tirng nhiém sic thé hodc timg gen. Vi viée
sir dung cac nucleotide dugc danh dau huynh quang
trong qua trinh chuan bi dau do da gitp quan sat va
dinh vi dugc vi tri cua doan gen khao sat trong té
bao, trong nhan va trong timg nhiém sic thé riéng
biét (John et al., 1969).

Céc bude co ban cua ky thuat FISH duge md ta ¢
Hinh 1 va c6 thé dugc tom tat nhu sau:

i. Danh dau du do: diu do dugc danh diu truc tiép
hodc gian tiép bang cac phuong phap khac nhau (Nick
translation, PCR, danh dau ngau nhién bang PCR).

ii. Chudn bi tiéu ban: nhiém sic thé ky giira hodc
nhan té bao ky trung gian. Xu ly tiéu ban bang
enzyme dé loai bo t& bao chat ciing nhu céc protein
lién két véi DNA

iii. Bién tinh dau do va DNA tiéu ban

iv. Lai in situ trong diéu kién t6i 4m (tir 16 — 72h)

v. Rira tiéu ban dé loai bo nhiing lién két khong
dac hiéu

vi. Do tim tin hiéu bang cac chét chi thi trung gian
(d6i v6i ddu do dwoc danh dau gian tiép)

vii. Quan sat tiéu ban duéi kinh hién vi

viii. X4c dinh vi tri cia doan gen hodc nhiém sdc thé
can tim trén ti€u ban

1X. Tiéu ban co thé dugc su dung nhicéu lan véi
nhiéu dau do khac nhau bang cach rtra tin hiéu
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huynh quang (chi hoat dong t6t v6i dau do truc tiép)
va tiép tuc lai v6i cac dau do khac dé c6 dugc thong
tin hoan chinh trén cung 1 tiéu ban.

' = 'Q‘
; [>=—]
IP>
Danh diu d3u do Chun bi tiéu ban NST
R "4

Bién tinh d3u do va DNA nhiém sic thé

Laiin situ

3 .~‘9I Quan sit du i kinh hién vi

R{¥a tin hiéu huynh quang

Lap lai qua trinh lai in situ voi d3u do
L khic

£3 8%" Quan sat dv6i kinh hién vi

Hinh 1. Céac bwéce co ban cla ky thuat FISH.

Mot b cai tién da dugc ap dung dua trén nguyén
1y co ban cua ky thuat FISH da dugc nghién ctru va
ung dung trong cac phong thi nghiém thuc véat nhu
Tyr — FISH, 3-D FISH, hay FISH trén cac nhiém sic
thé siéu kéo dai. Tyr - FISH st dung khang thé cong
hop  véi  peroxidase  (peroxidase-conjugated
antibody) sau do6 sir dung tyramides (dd dugc danh
dau huynh quang) 13 co chat dé khuéch dai va phat
hién tin hiéu FISH. Bang phwong phap nay, tin higu
¢6 thé dwogc khuéch dai 10 — 100 lan va phu hop cho
viéc xac dinh cac doan gen cd kich thudc nho hon 1
kb (Raap et al., 1995; van Gijlswijk et al., 1997).
Tuy nhién, viéc khuéch dai tin higu lai dén dén cac
tin hi€u khong dac hiéu (background) xudt hién
nhiéu hon vi thé phwong phéap nay cin phai duoc tdi
wu hoa dé giam céc tin hiéu nhiéu. Trong khi d6, 3-D
FISH st dung kinh hién vi quang hoc cit lop
(optical-sectioning microscopy): bao phan duogc co
dinh trong dung dich dém nhim bao vé ciu tric cua

nhidm sic thé. Sau d6 cac té bao me hat phin dugc
tach mot cach nhe nhang khoi dung dich c¢b dinh va
dugc dit 1én lam kinh polyacrylamide sach dé
nhudém va quan sat. Cac hinh két qua FISH duogc
chup du6i dang tung hinh 3-D riéng I&. Céc nhiém
sic thé co tin hi¢u FISH s& dugc xur ly va dudi thang
bing phan mém ~may tinh. Bang ky thuat nay, cau
triic ctia nhidm séc thé duoc co dinh da giup cho viéc
dy doan vi tri ciia doan gen trén nhiém sic thé &
trong nhan (Harper, Cande 2000; Koumbaris, Bass
2003). Tuy nhién, phuong phap nay phtc tap va chi
phi cao hon nhiéu so véi viée sir dung kinh hién vi
thong dung. Nam 2006, Wang va dong tac gid (2006)
da cong bd ring cac nhiém sic thé giam phan
(pachytene chromosome) duoc chudn bi bing
phuong phéap squash (tiéu ban giot ép) ciing cho cau
triic teong tu véi phuong phap 3-D va thuén loi hon
trong viéc ban db hoa vi tri cac single copy (céac
doan gen chi ¢6 1 phién ban duy nhat trong bo gen).
Tuy phuong phap 3-D FISH khong phat huy hiéu
qua trong viéc lap ban dd phan tu nhung lai rat hitu
ich trong viéc khao sat sy sdp xep cua tirng phan
DNA trong nhan va trong lai mién dich protein. P6i
v6i cac thi nghiém FISH trén cac nhidm séc thé siéu
kéo dai, nhidm sic thé c6 thé co kich thudc dai gap
100 lan so véi nhidm sic thé & ky giira nguyén phan.
Vi thé, FISH trén tiéu ban nay giup 1ap dugc ban dd
phan tir voi d§ phan giai 1én téi 70 kb, tuong tu voi
cac nhidm sic thé pachytene cua giam phan (Valarik
et al., 2004). Vi thé, day 1a phuong phép thay thé
hidu qua trong nghién ciru di truyén trén cac dbi
tuong thuc vat khong hodc kho chuén bi duoc tiéu
ban nhidm sic thé giam phan.

Ung dung ciia ky thuat FISH trong cac dw 4n giai
ma hé gen

Céc thuat toan lap rap trinh tu tir nhimg hé thong
giai mid doan ngin (short read sequencing
technology) gip nhiéu kho khin dé c6 thé xay dung
thong tin hoan chinh cua 1 hé gen hodc 1 nhiém sic
thé. Pong thoi ket qué dya hoan toan vao thuat toan
cling co tiém 4n nguy co sai sot. Vi thé, ky thuat
FISH duogc st dung nhu mdt cong cu hd tro trong
cac du an giai ma hé gen dé xac nhan do chinh xac
cling nhu phat hién ra nhiing sai sot cia qué trinh lap
rap hé gen. Bén canh d6, ky thuat nay con dong vai
trd quan trong trong lap ban dd di truyén té bao va
nghién ctru qué trinh tién hoa ctia nhiém sic thé.

Ung dung trong kiém dinh két qua ldp rdp trinh tw

K§ thuat FISH c6 thé dugc dung dé xac dinh
moi quan hé lién ket gilta cac doan gen ma nam rat
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xa nhau trén nhidm séc thé va/ hodc bi xen giira boi
nhitng doan dai cac trinh ty lap lai. Vi thé, day duoc
xem nhu 1a mét k¥ thuat doc lap dé danh gia, chinh
sira két qua tich hop tir NGS (Cao et al., 2016). Tur
1990, ky thuat FISH da dugc su dung dé xac dinh
chidu dai cling nhu v1 tri sap xep cua cac trinh ty
quan tdm trén nhidm sic thé 11 cta ngudi, va dé lap
ban o vat ly v6i do phan giai 1 -3 ¢cM (Lichter et
al., 1990). Cac doan DNA dugc tach dong trong
nhidm sic thé nhan tao cua vi khuan (Bacterial
Artificial Chromosome, BAC) 1a nguon vét liéu va
thich dé st dung lam dau do trong cac thi nghiém
FISH (BAC-FISH). BAC FISH di dugc sit dung dé
kiém dinh két qua lap rap trinh ty dé giai ma hé gen
tiéu chudn & béo tim S. polyrhiza (Hinh 2, Cao et
al., 2016) hay & cay Amborella trichopoda (hé gen
co 86 cho cac loai thuc vat hat kin, Chamala et al.,

B . PR
FPC no.96 —4 ] i
001D17 006C19 O007A03
001017 006C19 Q07A03

Merged
-

FiSH exp. 1
013|01

W21 - 037125
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no.1 no.307
& ly, 100030 T22s 0007y ’

(C)

FISH exp. 2

013104
006P24
037118
006D12

Hoang Thi Nhu Phuong ef al.

2013). Ngoai ra, cac trinh ty tich dong tir cDNA
(cDNA clone trén nhiém sdc thé sd 7 cua laa mach,
Karafiatova et al., 2013) hodc cac san pham PCR
(san phim PCR kich thudc tir 7-15 kbp trén cdy an
thit Genlisea nigrocaulis, Vu et al., 2015) ciling c6
thé st dung nhu 13 cdc diu do danh dau. Dic biét,
két qua nghién ctru trén NST s6 10 ¢ lta cho thay
FISH trén soi DNA 1a mot ky thuat hiéu qua dé xac
nhan ban d6 BAC-contig va danh gia kich thudc cua
cic khoang tréng trinh ty 16n giira cac marker
(Cheng et al., 2002; Zhou et al., 2007).

Qua mot vai vi du trén, c6 thé thdy rang viée sir
dung k¥ thuat FISH dé x4c dinh vi tri, mi lién két
clia cac doan gen trén nhidm sic thé ciing nhu phat
hién ra céc sai s6t cua ban dd di truyén 1a rat quan
trong dé thiét 1ap thong tin hoan chinh vé& hé gen ctia
dbi tuong nghién ctru.

(B)
W5 I |
FPC no.66~—4 + 1 ] ]
019103 001815 010P10 004GO3 011L15
FiSHexp. 1 ggsgia
19103 004G03 011L15 Merged

Hinh 2. Kiém dinh két qua 18p rap trinh tw cia S. polyrhiza bang ky thuat FISH (ngudn ti Cao et al., 2016). Cac DNA BAC
trén pseudomolecule (¥), scaffold (Scf) (cua ban d6 BAC end sequences) hodc fingerprint contlgs (FPC) (cha ban dd di
truyén) dwoc lai trén tiéu ban nhiém séc thé ky gitra cla S. polyrhiza. (A) Két qua FISH cho thay qua trinh Iap rap trinh ty da
dang khi cho rang vi tri ctia BAC 001D17 (mau xanh luc) khéng nam trén W17 nhw gid dinh clia ban dd fingerprinting
(FPC96); (B) Twong tw, BAC 001B15 dwoc xac dinh 13 khong ndm trén W5 nhw két qua FPC66. Trong thi nghiém FISH lan
the nhét, mot tap hop DNA clia 3 BAC dwoc tron 1an, danh dau cung 1 mau (xanh ducyng) va lai trén mot tiéu ban nhiém
sac thé cla S. polyrhiza. Viéc co thé rira bd két qua FISH (1&n 1) va tlen hanh vé&i cac td hop mau DNA danh dau khac trén
ciing 1 tiéu ban da gitip nhdm tac gia xac dinh dwgc BAC 001B15 ndm bén ngoai nhom lién két; (C) FISH da gitp xac dinh
mot sai s6t trong qua trinh 1ap rap W21 (Scf19). Nhdm BAC 013104 va 006P24 nam trén cap nhiém séc thé khac so véi
nhém BAC 037118 va 006D12. Théng tin v& phién ban khac nhau (v. 1 va v. 2) ctia FPC c6 thé gitp dw doan vi tri diém sai
sot gila BAC 006P24 va 037118 (FPC12 va FPC307 clia v. 1).

nhidm sdc thé ciing nhu khoang cach giita cac gen
v6i nhau. Hién nay c6 hai loai ban do gen la ban do
di truyén va ban do vt ly. Ban do di truyén (hay con

Ung dung trong lip béin do vit 1y / ban dé di truyén
té bao ‘
Ban d0 hé gen thé hién vi tri cia céc locus trén
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goi 14 ban dd di truyén lién ket) su sap xép clia cac
gen va gen chi thi trén nhiém sic thé duogc tinh toan
dya trén tan s6 hoan vi gen (don vi tinh 1a ¢cM). Ban
d6 vat ly thé hién khoang cach vat 1y giita cac gen
trén nhiém sic thé (don vi tinh 1 base pair). K§ thuét
FISH dugc sir dung phd bién trong cac nghién ciru
13p ban dd vat Iy cia cac doan gen quan tdm trén
nhiéu ddi tugng khac nhau nhu: (i) rDNA (5S va
45S) ¢ ngd (Li, Arumuganathan 2001), dau phdng
(Seijo et al., 2004), anh dao (Maghuly et al., 2010);
(ii) gen khang bénh phén tring ¢ laa mi (Wang et al.,
2015); (iii) gen Rfm1 & lua mach (Ui et al, 2015);
(iv) gen aquaporin ¢ lua mi (Forrest, Bhave 2010).
Bén canh d6, ky thuat FISH con dugc st dung dé lap
ban d6 vat 1y / ban dd di truyén té bao ctia 50 BACs
trén NST sb 11 coa nguoi (Lichter ef al., 1990); 28

10 Mbp
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f 23
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2
- - _I, 2
S1 S2 S3 S4 S5
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BACs trén NST s6 2 cua ca chua (Koo et al., 2008);
10 BACs trén NST s6 1 cia Gossypium herbaceum
(Cui et al., 2015); ngd (Wang, Chen 2005); 23 dau
do dac hiéu trén NST $6 3,4 va 7 & dau (Phaseolus
vulgaris L., Pedrosa-Harand et al., 2009); 96 BACs
trén 20 cip nhiém séc thé béo tdm S. polyrhiza (Hinh
3, Cao et al., 2016). Dic biét, ving gen gin tdm
dong cia cac nhidm sic thé thuong 1a nhing noi dic
biét khé khin dé c6 dugc trinh ty giai mi hoan
chinh. Bé&i vi viing nay thudng chira rat nhidu trinh
tu lap lai va khong co6 thong tin trén ban do di truyén
(do tan s trao ddi chéo rat thip hodc gan nhu khong
¢6). Cac két qua tir ving tam dong ctia nhidm sic thé
3H ¢ Iua mach (Aliyeva-Schnorr et al., 2015) cho
thdy FISH c6 thé sir dung dé giai quyét cac trudng
hop tuong tu.
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Hinh 3. Ban db phan b6 cla 96 BACs trén 20 nhiém sic thé clia béo tAm S. polyrhiza (ngudn tr Cao et al., 2016). Cac
nhiém séic thé dwoc sdp xép (danh sb thr tw) dwa trén chidu dai doan trinh tw lién tuc do I&p rap. Vi tri cla cac
pseudomolecules trén mdi NST dwoc thé hién qua dwdng ké doc mau xam. Cac thanh ngang 13 vi tri cla telomere
(TTTAGGG)n (mau cam); centromere (mau xanh) va BACs (mau den).

Ung dung trong nghién citu mé ti téng quan hé
gen va phan bo trinh tw lap lai

Trinh ty DNA ldp lai dong vai trd quan trong
trong diéu hoa hoat dong gen, hoat dong ctia NST
gi6i tinh va qua trinh tién hoa nhiém sic thé. Cac
trinh ty 1ap lai nay chiém mot phﬁn 16n trong toan bo
hé gen sinh vat nhan chuén va c6 do da dang cao vi
thé, sy co6 mit cua céc trinh ty lai lai nay la nguyén
nhan gay trd ngai cho cac nghién ciru, phan tich chi
tiét hé gen. Vi két qua thu duge tir NGS c6 thé phan
tich va du doan ty phan ctia cac trinh ty lap lai trong
hé gen nghién ctu.

Dé phan loai cac doan lap trong mot co s& dit

liéu gém hang triéu doan doc dugc tao ra tir két‘qué
giai trinh ty thé hé mdi thi mot cong cu co thé su

dung 1a RepeatExplorer. Hang triéu doan doc ngin
duogc phan tich trong mot lan chay, thuat toan nhom
dugc st dung bing cach tim kiém va danh gia sy
gidng nhau vé trinh ty ciia cic doan doc dé dua vé
nhom gidng nhau va hién thi sy phén tich co s¢ dir
liéu dé xac dinh cac nhom thudc loai trinh tu lap
nao. Sb lugng doan doc trong mot lan tinh toan cua
RepeatExplorer thuong vao khoang 5% cua toan bd
hé gen cua mot thyc vat bac cao. Cac loai doan lap
¢6 thé gdbm cac DNA satelite, LTR retrotransposon
hay rDNA. Pdong thoi, RepeatExplorer s& cho biét
thong tin vé s nhom lap, s6 doan doc thudc 1
nhom va ti 18 mdi loai doan lip. S6 liéu vé ti 18 cua
cac loai doan ldp trong phan tich cua
RepeatExplorer cling phan anh mét ti 1§ tuong tu
trong toan hé gen (Novak ef al.,, 2010; Novak et al.,
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2013). Cac DNA lap voi motif ldp tir 2bp cho dén
trén 10kb 1 nhitng thanh phan chinh cua genome
thyc véat, chung co thé chiém dén 85% DNA nhéan
(Schnable et al., 2009). Trong nghién cuu cua
Heitkam va ddng tac gia (2015), khi phan tich s6
lidu trinh ty genome cua cay tra Nhat Ban Camellia
Jjaponica bang Repeat Explorer két qua cho thiy
ham luong doan lap chiém 73%, trong d6 ti 1¢ moi
loai ld@p nhu sau LTR/gypsy 47.3%; Satellite 17%;
doan 1ap chua dinh danh 29.4%; LTR/copia 4.9%;
rDNA 1.1%; LINE 0.2% va DNA tranposon 0.1%.
Tir két qua phan tich in silico nhu vay, c6 thé tién
hanh 1am cac nghién ctru tiép theo dé xac dinh vi tri
va sy phan bd cua cac loai doan lap trén NST thong
qua ky thuat FISH.

5SS rONA.dig

Hoang Thi Nhu Phuong ef al.

Do cong nghé NGS c6 thé giai ma toan by hé gen
cung cép thong tin vé cac loai doan lap va ti 1& cac
doan l3p nén khi két hop véi FISH thi s& cho biét
duoc tb chuc va kiéu _phén b ciia cac doan lap trén
NST cua thuc vat. Bang cach d6, FISH c6 thé gitp
xac dinh trinh ty doan 18p dong vai tro sinh hoc co ban
trong hé gen/ t& bao nhu DNA tim dong (centromere
DNA repeat), telomere cua cic nhidm sic thé (Hinh
4). Vi du, céac trinh tu centromere va telomere khac
nhau di phat sinh trong qué trinh tién hoa cta chi thyc
vat Genlisea (Tran ef al., 2015) dugc phat hién nho ky
thuat FISH két hop nhuom mién dich
(immunostaining). Ngoai ra, FISH ciing ¢6 thé dugc
sir dung dé so sanh ban dd vat Iy cua cac doan lip
trong nhitng loai c6 lién quan (Begum et al., 2013).

Hinh 4. Bac diém di truyén t& bao cla Genlisea subglabra (2n = 40) (ngudn tir Tran et al. . 2015). (A) Céc cAu truc 14p lai co
chirc nang quan trong trong té bao nhw DNA telomere repeat (TTCAGG)n hay rDNA loci co the quan sat thong qua ky thuat
FISH. (B) Phan bd cla 1 loai doan lap trén nhiém sic thé cé thé cung cap cac thong tin vé nguon gbe tién hoa cla loai. Vi
du loai doan 1&p CL336¢15 & loai G. subglabra dwgc tim thay & 10 trong tdng s 20 cép nhiém sic cling ¢b cho gia thuyét

vé ngudn gdc hé gen di tt bdi (allotetraploid) cia loai.

Ung dung trong nghién ciu qud trinh tién héa
nhiém sic thé

Bén canh viéc tim ra vi tri cling nhu moi lién két
giita cac doan gen dé lam co s& cho viéc lip rap hé
gen hoan chinh, ky thuat FISH con la mot ky thuat
rat quan trong dé nghién ctru qua trinh tién hoa
nhiém sic thé gitra cac loai thyc vat co quan hé ho
hang v6i nhau ma khong cin phai giai ma hé gen.
Trong cac nghién ctru nay, nhiing dot bién trong cau
trac (chuyén doan, dao doan) va sb luong (da boi, di
boi, dung hgp NST) NST gilta cac loai khao sat s€
duogc thé hién qua vi tri va s6 lwong tin hiéu FISH
clia dau do. Dya trén s6 luong nhidm sic thé cing
véi thong tin thu duoc tir ky thuat FISH, cic nha
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nghién ctru c6 thé mé hinh héa con dudng tién hoa
nhiém sic thé tir loai nguyén thiry dén loai méi phat
sinh va sy xut hién cua hién twgng nhan do6i toan bd
hé gen (whole genome duplication, WGD).

Qua4 trinh tién héa NST cua nhidu loai da duoc
nghién ctru dya trén ky thuat FISH va két qua cho
thiy hién tuong chuyén doan (translocation), dao
doan (inversion), dung hgp (fusion) giita cac NST va
bét hoat chirc nang tam dong chiu trach nhiém cho
qué trinh tién hoéa giam s lwong NST tir n = 8
(Arabidopsis lyrata) thanh n = 5 (Arabidopsis
thaliana) (Lysak et al., 2006); tr 8 NST nguyén
thiy ACK (Ancestral Crucifer Karyotype) thanh 7
NST 6 ho Cai Brassicaceae (Mandakova, Lysak
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2008); hién tugng phan chia tai tdim dong (centric
fission) va dao doan (pericentric inversion) da giai
thich cho co ché hinh thanh nhidm sic thé Het’ va
Del ¢ cac dong B. polyantha trinh san (2n = 15)
(Mandakova et al., 2015).

Ky thudt nhuom so sanh NST (comparative
chromosome painting, CCP) giita cac loai nghién
ctru cho thay cac sy kién WGD két hop véi dot bién
chu trac NST 1a nguyén nhan lam thay ddi kich
thuéc hé gen va s lugng NST nhu giita G.
nigrocaulis (2n = 40; 86 Mbp) va G. pygmaea (2n =
80; 179 Mbp) (Vu et al, 2015), tir 8 NST nguyén
thuy ACK dén 2n = 2x = 18 & B. laevigata subsp.
varia. (Geiser et al., 2016). Su twong ddng ciia mot
s6 gen quan tam giita cac loai ho hang ciing dugc thé
hién qua két qua FISH nhu giita Brachypodium
distachyon va Hordeum vulgare (Ma et al., 2010);
gilta nhiém sic thé 2BL ¢ laa mi voi nhidm sic thé
s0 4 cua lua (Lee et al., 2010).

UU, NHUOC PIEM VA TRIEN VONG CUA KY
THUAT FISH

U'u va nhuge diém ciia k§ thuat FISH

Uu diém cua k¥ thuat FISH bao gdm: (i) ban do
BAC-FISH li co s¢ dé gii thich cho sy thay doi (dot
bién) vi tri ctia cac BAC ciing nhu khoang cach giira
cac contig; (ii) k¥ thuat FISH gitp x4c dinh su phan
bd va u6e tinh dwoc do 16n cac trinh ty lip lai trén
nhiém sic thé ma khong can phai giai trinh tu gen;
(iii)) BAC-FISH g1up dmh vi dugc vi tri cac doan gen
ctia ving di nhidm sic gan tam dong- khu vyc it xay
ra hién tugng trao doi chéo; (iv) ky thudt nay con
duogc dung dé 1am sang t6 cac dot bién xay ra do hién
tuong trao d6i chéo trong giam phan va sy khac biét
cua vung gen quan tam gitta cac loai khac nhau ma
khong can phai c6 thong tin co so tir di truyén phan
tr va (v) trang thai hoat dong cua cac ving nhiém
sdc dugc thé hién tir thong tin cia BAC-FISH ciing
v6i phan tich mién dich nhiém séc thé.

Bén canh nhing wu diém trén thi k§ thuat FISH
van con mot vai nhuoc diém nhu: (i) doi hoi nhidu
thoi gian va k¥ thuat khac nhau (di truyén hoc, kinh
hién vi, k§ thuét phén ti, phan tich va giai thich hinh
anh); (ii) so luong phong thi nghiém st dung ky
thuat nay rat han ché; (iii) khong c6 quy trinh chuén
cho viéc thiét ke, danh du dau do va lai ma can phai
duoc toi wu tiy vao ddi tuong nghién ctru va (iv) chi
phi cho kinh hién vi va chat huynh quang dénh dau
cao.

Trién vong ciia ky thuat FISH

Nh¢ vao nhiing dong gop cua minh trong nghién
ctru di truyén nhidm sic thé ma k¥ thuat FISH ngay
cang duoc su dung rong rai trong cac nghién ctru ve
phén loai thyc vat va chon tao glong cay trong Céc
cong ty chon tao glong ngay cang quan tam nhiéu
hon den ky thuat nay vi ban dd vi tri cac BAC sé&
cung cap thong tin vé tiém nang x4y ra hi¢n tugng
trao d6i chéo giita cac doan gen quan tam. Tu do,
cac chwong trinh lai tao gidng cay trong c6 thé dugc
nghién ctru va thyc hién dya trén sy phan bd cua cac
doan gen mang tinh trang mong mudn nhu chiu han,
chiu man, khang bénh (Szinay et al, 2010). Mot vai
chwong trinh lai tao giéng thanh cong giita cac dbi
tugng thyc vat trong cung 1 loai hodc trong cung 1
chi c6 thé dugc ké dén nhu: khoai tiy va ci chua
(Jacobsen et al, 1992), lta mi x lia mach den
(Sanchez-Moran et al., 1999), cu cai duong x Beta
corolliflora (Desel et al., 2002).

Khong chi gidi han trong cac nghién ctru trén
thuc vat, k¥ thuat FISH ngay cang dugc st dung
rong rai trong cac nghién ctru trén dong vat, dac biét
1a trong linh vuc y hoc. Vi thé, hién nay FISH duoc
xem nhu 1 mot ky thuat tit yéu trong cac chin doan
y sinh nhu chan doan viém phdi do Pneumocystis
carinii & ngua con va lon (Jensen et al., 2001); dot
bién s lugng va ciu tric ciia NST & té bao trimg
hay noan bao (Weise ef al., 2009); cac hién tugng
chuyén doan & bod (Bos taurus), lon (Sus scrofa
domestica), ngua (Equus caballus) (Rubes et al.,
2009); phat hién hién tuong chuyén vi BCR/ABLI,
khuéch dai HER2 va tai sip xép ctia ALK la yéu t&
rit quan trong trong xay dung liéu phap chira tri cho
cac bénh nhan ung thu méu, v, phdi, tién liét tuyén
(Hu et al, 2014).

Nhu vay, k¥ thuat FISH s€ ngay cang dugc ung
dung rong rii trong nhiéu linh vyc nghién ciru khac
nhau. Sy két hop giita ky thuat FISH véi su phat
trién nhanh chéng, lién tuc cua cong nghé giai trinh
tu gen va cong cu lép rap hé gen de novo s& giup
giam chi phi va ting toc do giai ma hé gen ciing nhur
d6 chinh xac cta hé gen sau khi dugc hoan thién.
Ngudn thong tin nay 1a vo cing hitu ich va c¢6 thé
dugc su dung cho rat nhidu muc dich nghién ctru
khac nhau vé sau.
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SUMMARY

Fluorescence in situ hybridization (FISH) technique enables the direct detection of DNA sequences in
intact cellular materials (e.g. individual chromosomes in metaphase spreads). This review article focuses on the
applications of FISH in genome research, including validation and correction of the genome assembly from the
next-generation sequencing (NGS) projects. DNA probes for specific DNA fragments of the assembly can be
obtained from PCR amplicon or cloned products using different vector systems. Localization of these probes
on their respective chromosomal regions can be visualized by FISH, providing useful information to cross-
check the assembly data. Furthermore, the recent refinements in the FISH technology including using smart
pooling scheme of differently colored DNA probes, together with consecutive FISH experiments (stripping and
reprobing of the same slide) are described. These advances in multicolor FISH can provide crucial linkage
information on association of linkage groups and assembly scaffolds, resulting in so-called cytogenetic maps.
Integration of the cytogenetic maps and assembly sequences assists to resolve the chromosome-level genome
assembly and to reveal new insights in genome architecture and genome evolution. Especially, comparative
chromosome painting with pooled DNA probes from one reference species can be used to investigate ancestral
relationships (chromosome homeology and rearrangements) among other not-yet-sequenced species. In
addition, FISH using DNA probes for certain specific classes of repetitive DNA elements as well as for basic
chromosome structures (e.g. centromere or telomere DNA repeats, ribosomal DNA loci) can be used to study
the genome organization and karyotype differentiation. We also discussed about limitations and future

perspectives of the FISH technology.

Keyswords: cytogenetics, fluorescence in situ hybridization, genomics, next-generation sequencing, whole

genome sequencing
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