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The LASSO is one of the regularized regression methods proposed by
Tibshirani in 1996. The goal of LASSO is to select and estimate
parameters in a linear regression model by exactly shrinking some
coefficients to zero. In particular, the LASSO is useful in analyzing
microarray gen data in which the number of predictors (genes) is
much larger than the number of sample observations (number of
patients). In this paper, we introduce a brief summary of the LASSO
and apply this method to study gene in breast cancer data. The aim
was to assess the genes interactions associated with breast cancer
microarray data. The results show that the LASSO method performs
relatively well in analyzing gene expression levels and indicates genes
that related to the breast cancer gene BRCAL such as genes NBR2,
AASDH, KIAA2013, VPS25, NBR1, SEC22C, RPL27, CBLNS,
KHDRBS1, XRCC2. In fact, the NBR2 gene is adjacent to BRCAL
on chromosome 17, and two genes share the same promoter region.
Thus, breast cancer prognosis determined by regression will help us to
better understand the mechanism underlying the occurrence of breast
cancer of young women.
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Ung thu va

Hoi quy LASSO la mét trong nhiing phuong phép hdi quy phat dwoc
dé xuat boi Tibshirani vao nam 1996. Muyc tiéu caa LASSO Ia lva
chon va udc luong tham sé trong mé hinh hoi quy tuyén tinh bang
cach hiéu chinh mot sé hé sb bang 0. Bac biét, LASSO rét hitu ich
trong viéc phan tich dit liéu gen, trong d6 sé lugng yéu té du bao
(gen) 16n hon nhiéu so véi s6 lwong quan sat mau (s6 bénh nhan).
Trong bai béo nay, ching t6i s& hé thong lai cac kién thirc co ban vé
hoi quy LASSO va 4p dung phuong phap LASSO cho nghién ctu
gen ¢ bénh nhan ung thu vi. Muc tiéu cua ching toi la xac dinh gen
nao anh huong dén mac d6 nghiém trong ciia ung thu v theo di liéu
microarray. Két qua cho thiy, LASSO hoat dong tuong d6i tot trong
phan tich mtc d6 biéu hién gen va chi ra dugc nhitng gen cé lién
quan toi gen gay ung thu vi BRC1 la cdc gen NBR2, AASDH,
KIAA2013, VPS25, NBR1, SEC22C, RPL27, CBLN3, KHDRBSI1,
XRCC2. Trén thuc té, gen NBR2 tiép gidp voi BRCAL trén nhidm
sac thé 17 va hai gen nay c6 chung mot ving gen khoi dong. Nhu
viy, tién lugng ung thu v xac dinh bang hdi quy s& gilp ching ta
hiéu 15 hon vé co ché tiém an sy xuét hién cia ung thu va ddi voi
phu ni con tré.
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1. Giéi thigu

Cac phuong phap phan tich dir liéu trong Khoa hoc thong ké glup chlng ta mod ta va kham phéa
mdi lién quan bi an trong tap dir liéu. Phan tich hdi quy tuyén tinh c6 18 1a mét trong nhiing
phuong phép phén tich dit liéu thdng dung nhat va gilp ching ta c6 nhiéu phat hién quan trong
nhu kham phé gen, danh gia hi¢u qua cua thuéc, xay dung mé hinh dy béo... K§ thuat co dién ndi
tiéng nhét dé xay dung mé hinh hoi quy tuyén tinh d6 chinh 1a phuong phap binh phuong bé nhit
dugc Carl F Gauss phat trién vao thé ky 18. Tuy nhién, cic wdc lugng tham sb tim duoc tir
phuong phap binh phuong bé nhét thuong c6 do chéch 16n va phuong sai nho. Diéu nay anh
hudng t6i d6 chinh xac cua két qua dy doan tir md hinh hdi quy. Pong thoi trong truong hop sb
quan séat nho hon sb bién thi viéc 4p dung phuong phap binh phuong bé nhat khong kha thi do
tich ma tran quan sat khong kha nghich. Tir do6 cac phuong phap hi¢u chinh (hay phu:ong phap
phat) dugc dé xuat, xem [1]-[8]. Mot trong cac phuong phap hiéu chinh phd bién va noi tiéng
nhét hién nay 1a phuong phap LASSO (viét tat cua Least absolute and selection operator, hiéu
chinh tri tuyét d6i bé nhat va lua chon bién) [9].

LASSO duoc d& xuat dau tién vao nam 1996 boi Robert Tibshirani, mot nha théng keé tai Dai
hoc Stanford. Nhu tén goi cua minh, LASSO khic phuc dugc cac nhuoc diém cua phuong phap
binh phuong bé nhat va dong thoi thyc hién “lya chon bién" trong mé hinh. D6 1a, "hiéu chinh"
mot s6 hé s6 ude lwong cua bién du béo bang 0 va chi ra cac bién quan trong nhit cua mé hinh.
V6i uu diém nhu vy, hodi quy LASSO duoc tng dung rong rai trong cac linh vyc y hoc, kinh té,
cdng nghiép, ndng nghiép... va cac nghién cau khoa hoc lién nganh [10]. Bai b4o nay sé& hé thong
lai mot cach khoa hoc céc kién thirc vé mé hinh hdi quy LASSO va tng dung LASSO trong phan
tich dir liéu ung thu va.

2. Hdi quy LASSO

LASSO hozc "hiéu chinh tri tuyét d6i bé nhat va lya chon bién" 1a mot phuong phép dé udc
lwong cac tham s cua md hinh hoi quy tuyén tinh duoc dé xuat boi Tibshirani vao nim 1996.
Muc tiéu ciia LASSO la cuc tiéu tong binh phuong céc sai sb v6i rang budc 1a tong tri tuyét doi
cua cac tham sé uée luong trong md hinh nhé hon mét hang sé.

2.1. Dinh nghia
Trong md hinh hoi quy tuyén tinh da bién, anh huéng ciia cac bién du bao Ién bién tién lwong
dugc mo hinh hoa bang phuong trinh sau:
p
y|:ﬂ0+2ﬂjxij+gi (1)
=1
Trong d6, &,,&,,..,&, 1a cac bién ngiu nhién doc lap, clng phan phdi xac suat véi ky vong
bdng 0 va phuong sai bang hang so, y; (i =1,...,n) 1a n gia tri cua bién tién lwong, X; (j=1....,p) 1a
p bién du bdo va B, B,..... B, 1a cac hé s6 (hay cac tham s6) caa md hinh hoi quy.
Bang cach bo qua hé sé chan f,, cac hé s6 hdi quy LASSO duoc dinh nghia 14 nghiém cua
bai toan t6i uu co rang budc sau:

2

~ n p

ﬂLASSO =arg mﬁin Z(yi — Zﬂj xij J
i=1 j=1

P
véirang bugc D | B |<t.
=1

)

Trong d6, t>0 duoc goi la tham sé hiéu chinh caa md hinh LASSO. Tham s6 nay dong vai
tro quan trong trong mo hinh, quyet dinh so cac h¢ so hoi quy dugc ude lugng bang 0.
Bai toan toi uu rang bugc (2) co thé viét dugi dang ham phat nhu sau:
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BLASSO :argmﬁin[Z(Y. Z,B xu} +/12|ﬂ |] (3)

=1
hozc viét dusi dang ma tran
52 aagmin |y - X[+ 2161, @

Vi A>0 la tham sb Lagrangian ¢ anh huong toi viéc lua chon cac bién trong md hinh hoi
quy LASSO. Nhu vay, bai toan (2) va (3) twong duong nhau, theo nghia, véi mdi gia tri A cho
trudc s& ton tai mot tham sé hiéu chinh t sao cho hai bai toan (2), (3) co cung tap nghiém.

Néu A =0thi bai toan (3) tro thanh bai toan tim hé sé hoi quy tuyen tinh da bién thong thuong
(phwong phap binh phuong t6i thiéu). Mdi quan hé gira A va t 1a mbi quan h¢ nghich Chleu Néu
t tién toi vo cuing thi A tiém can ti 0. Nguoc lai, khi t tién toi 0 thi A tién téi vo cing. A cang

16n thi ﬂLASSO cang nho, nghia 14 cang nhiéu hé s6 hoi quy LASSO bang 0.

2.2. Y nghia hinh hoc ciia LASSO

Vi tinh chét ctia ham tri tuyét doi trong rang buoc (2), hdi quy LASSO thuc hién lya chon bién,
theo nghia h¢ s6 hoi quy wde luong cua bien loai chinh xac bang 0. e hinh dung rd hon tinh chat
nay cia LASSO, ta minh hoa LASSO trong khéng gian 2 chiéu (chi c6 2 bién giai thich).

Hinh 1 thé hién y nghia hinh hoc ctia LASSO véi p=2 va B=(8,/3,)" . Trong d6, B la uéc
lwong binh phwong téi thiéu caa hé s6 hdi quy S . Céac duong cong ellip minh hoa cho d6 thi ciia
ham tong binh phuong sai s6 trong (2) va mién rang budc | B, |+| 3, |<t dugc thé hién bang hinh
vudng xoay c6 tam tai goc toa do. Khi d6 nghiém cua LASSO chinh 1a diém tiép xtic cia duong
cong ellip v&i hinh vudng. Quan sat hinh 1 ta thay, diém ti€p xuc do la mot trong cac dinh cua
hinh vudng, tac Ia mot trong cac hé so hoi quy bang 0. Trong treong hop nay, véi t=1 ta co
nghiém LASSO la B, =0 va S, =1. Nhu vay, théng qua hdi quy LASSO ta c6 thé loai bién thi
nhat (tng vai hé s6 hoi quy bang 0) ra khoi mé hinh.

B

Hinh 1. Minh hoa LASSO trong khdng gian 2 chiéu
2.3. Cac thugdt toan tim nghiém LASSO

Khong giéng nhu truong hop hdi quy tuyén tinh da bién théng thuong, nghiém cua LASSO
hay cac udc luong hé s6 hdi quy LASSO khong cé cdng thac dang twong minh. Vi vay,
Tibshirani va céc nha nghién ciru khoa hoc da dé xuat mot sé thuat toan van dung trén may tinh
dé tim nghiém LASSO.

Tibshirani x4c dinh rang cong thic LASSO vdéi rang budc (2) c6 thé duoc thiét 1ap nhu mot
bai toan tim cyc tiéu cua ham muc tiéu dang toan phuong véi cac rang budc xac dinh trén mot tap
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16i. Khi d6 nghiém cua bai toan s& 1a nghiém tbi wu toan cuc. Pong thoi Tibshirani ciing chi ra
rang nghiém LASSO la duy nhét néu X |a ma tran tryc giao va XX ¢6 hang ddy du.

K& tir khi phuong phap tim nghiém LASSO cua Tibshirani duoc dé xuat, nhiéu phuong phap
phuc tap hon da dugc phat trién dé giai cac bai toan tim cyc tri voi nhiéu rang budc. Pang chu y v
nhét trong s6 nay bao gém céc cong trinh cua Osborne va cong su [8] cho phuong phap tuyén
tinh hoa dia phuwong, Efron va cong su [1] gisi thiéu hdi quy goc nho nhat (LARS) - mét ky thuat
giai quyét LASSO va céc bai toan tim cuc tri khac rat hiéu qua. Nhirng ky thuét nay c6 dac tinh
hoi tu nhanh va c6 thé st dung duoc ngay ca khi sb lugng tham sé vuot qua sb luong quan sét.
Tuy nhién do tinh phirc tap cua ching, cac ky thuat nay khong dugc mé ta chi tiét o day.

Dbi voi dang ham phat, cach hitu hiéu dé tim nghiém ciia phuong trinh (3) 1a sir dung cac
phuong phap lap nhu Newton-Raphson hoac Nelder-Mead. Tuy nhién, cac phuong phép nay
dugc chirng minh c6 d¢ phuc tap tinh toan I6n. Tibshirani c6 goi ¥ vé mot phuong phép lién quan
dén hoi quy Ridge dé tim nghiém LASSO, nhung khdng mé ta cu thé trong bai bao caa minh vi
ong cho rang phuong phap d6 khong hiéu qua. Mot phuong phap vai y tudng tuong tu sau do da
dugc dé& xuat bai Fan va Li [2] va dugc mo ta 1a hiéu qua do két hop véi thuat todn Newton-
Raphson. Phuwong phap d6 st dung Xap xi sau:

18]~ W (5)
Thay gi4 tri gan ding nay vao cong thirc ham phat LASSO (3) ching ta thu duoc biéu thic sau:
e =(X" X + 2diag(| B1) 1) XY ©)

Str dung .., Va biéu thic (6) sau mdi vong lap ta s& im dwoc hé sb hdi quy woc lwgng moéi
t6t hon. diag(] )" 1a ma tran nghich dao tong quat cua ma tran véi cac phan tir trén dudng chéo
chinh 14 thanh phan cua vecto 8. Viéc dua ma tran nghich dao tong quat vao vong lap la can
thiét dé loai bo cac B, gan bang 0 ra khoi m hinh va tranh sy mat 6n dinh trong thuat toan.

2.4. Lwa chen tham sé hiéu chinh

Tay thudc vao cong thirc dugc st dung, xac dinh gié tri cu thé cua t hoic A la can thiét dé
tinh toan nghiém LASSO. Nhu vay, véi mdi tham so t hoiac A khac nhau, ta lai c6 nghiém hé s6
hoi quy LASSO khac nhau. Thong thuong, ching ta muon chon dugc tham so hi¢u chinh sao cho
thu duoc m6 hinh hoi quy t6i wu, tirc 1a m6 hinh 6 trung binh binh phuong sai so (MSE) bé nhat.
Tibshirani d¢ xuat hai phuong phap dé lya chon m6 hinh, d6 la kiém dinh chéo k mirc (CV) va
kiém dinh chéo tong quat (GCV). Trong phuong phap CV, tap dit li¢u day du L s& dugc chia
ngau nhién thanh k tap con co kich thudc bang nhau. Véi k mau con, s mau dugc chon lam tap
kiém dinh, ky hiéu L®, va k-s mau con lai su dupg dé ude lugng md hinh va duoc goi la tap huan
luyén, ky hiéu L- L®, s=1, ..., k. Udc lugng kiém dinh chéo cua sai s6 du doan dugc dinh nghia
nhu sau:

k k R
CV(t)ZZ Z (Vi - %)° ZZ Z (i =% B°)’ @)
s=1 (yi'Xl)ELS s=1 (yivx|)5|-5

Trong 46, £° 1a udc luong cua B trén tap huin luyén. Khi d6 ta chon tham sb hiéu chinh t sao
cho tai t ham CV(t) dat cuc tiéu, tic 1a:

t =argmin[CV (t)] (8)
t
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3. Ung dung LASSO trong phan tich dir liéu ung thw vi
3.1. M6 ta di¥ ligu

Bo dit lidu “bc TCGA” duoc lay tir cac mau mo ung thu v ciia du an Ban do b gen ung thu
(TCGA), Hiép hoi ung thu Hoa Ky va duoc tai tryc tiép trén trang web
https://myweb.uiowa.edu/pbreheny/data/bcTCGA. Céc két qua cua tap dit liéu thu dugc bing
céch sir dung k§ thuat microarray (vi mach) phan tich biéu hién gen.

Tén “BRCA” 1a chir viét tat cua “gen BReast Cancer - gen ung thu vi”. BRCA1 va BRCA2 1a
hai gen khac nhau duoc phat hién cé tac dong dén kha ning phat trién ung thu va cta mot nguoi.
MG&i nguoi déu ¢ ca gen BRCAL va BRCA2. Khong gidng véi tén goi cua minh, cac gen BRCA
khong gy ra ung thu va. Trén thuc té, nhimg gen nay thuong dong mét vai trd quan trong trong
viéc ngan ngira ung thu vii. Ching gitip stra chita cac dut gdy DNA c6 thé dan dén ung thu va su
phét trién khong kiém soat cua cac khdi u. Do d6, gen BRCA con duoc goi la gen tc ché khéi u.

Tuy nhién, & mot s6 nguoi, cac gen wc ché khdi u nay khdng hoat dong binh thuong. Khi mot
gen bi thay ddi hoic bi hong, né s& khdng hoat dong chinh xac. Py duoc goi 1a dot bién gen.
Khi gen BRCA bi dét bién, gen nay cé thé khdng con hiéu qua trong viéc sira chita cac DNA bj
hong va gitp ngin ngira ung thu vii. Do d6, nhitng ngudi c6 dot bién gen BRCA dé bi ung thu va
va dé mac bénh ¢ do tudi tré hon. Nguoi mang gen dot bién ciing c6 thé truyén dot bién gen cho
con céi cua ho.

Trong hai gen, BRCAL1 1a gen déu tién dugc x4c dinh lam ting nguy co ung thu v khéi phat
sém. Vi BRCA1 c6 kha ning tuong tac vaéi nhidu gen khac, bao gom céc chat wc ché khéi u va
cac chat diéu hoa chu ky phan chia té bao nén viéc tim ra cac gen c6 mirc do biéu hién lién quan
dén BRCAL1 rit quan trong trong y hoc 1am sang va trong céc nghién ciru y khoa. Do d6, muc tiéu
nghién ciru caa cht’mg t6i trong bai bao nay la tim cac gen ¢6 anh huong nhat va lién quan nhat
t6i gen BRCAL bang phuong phap LASSO. Nhu vay, bién tién luong (y) trong mo hinh LASSO
1a bién BRCAL, cac bién du bao la ciu hinh biéu hién gen cua khdi u ung thu va déi véi tirng
bénh nhan.

Tap dir liéu chira cac phép do biéu hién ciia 17814 gen tir 536 bénh nhan; tat ca cac phép do
dugc ghi lai theo thang do logarit.

3.2. Két qud phan tich da ligu

Deé hd tro phan tich dit liu, chiing toi sir dung ngon ngi lap trinh R da tich hop mot 6 goi
Iénh phu hop véi mo hinh hoi quy tuyen tinh va md hinh Iya chon dir ligu. Ket qua phan tich
dugc thé hién trong Hinh 2 va Hinh 3.

Lambda
037 014 005 0gts 00087

Coefficients
Q.1

Log Lambda
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Hinh 2. Lya chon bién

Hinh 1 thé hién méi lién hé giira tham s6 A va cac hé s6 tng véi cac bién cua mé hinh hoi quy.
Mdi dudng cong dai dién cho mot trong cac bién du bao va thé hién vai tro cia bién d6 véi bién
tién luong BRCA1. Puong cong cua bién nao cang thu hep dan téi 0 thi hé s cia bién d6 trong
md hinh gan bing 0, tirc 1a ta c6 thé loai bién d6 ra khoi mé hinh. Phan tich biéu d6 trong Hinh 2,
chling ta c6 thé ndi rang hai bién c6 anh huong nhiéu nhat d&én mé hinh 1a bién NBR2 va bién
AASDH. Do d6, chung ta c6 thé gia dinh rang hai biéu hién gen niy c6 lién quan dé danh gia
xem mot mau méi ¢é khi u hay khong.

Thuc té, NBR2 tiép giap voi BRCAL trén nhiém sic thé 17, va gan day nhiéu bang chuang
thuc nghiém chi ra rang hai gen nay c6 chung maot viing gen khai dong (1a ving trinh tu trén gen
can thiét trong qué trinh phién ma cac mRNA ¢ sinh vat nhan thyc) [11]. Vi vay su xuét hién cua
gen NBR2 trong md hinh héi quy LASSO thé hién phan tich cia chung t6i ¢6 ¥ nghia thuc tién.

Can luu y rang, NBR2 khong phai 1a gen dau tién xuat phat trong chum dudng cong LASSO,
tac 13, n6 khong phai l1a gen c6 lién két bién cao nhat véi BRCA1. Biéu ndy minh hoa siic manh
cua phuong phap héi quy LASSO so véi cac phuong phap kiém tra lién két gen don 1¢ dé xac
dinh céc yéu t6 sinh hoc quan trong nhat tir mot khoi luong I6n di ligu nhiéu.

Ngoai ra, ching ta c6 thé lva chon dugc céc bién quan trong khac bang cach xem xét xu
huéng cua ching, ching han nhu: VPS25, KIAA2013, NBR1, SEC22C,... Cac bién con lai
dudng nhu it quan trong hon ddi vai mé hinh. Chu y, trong hinh 2 chi ¢6 10 bién quan trong nhat,
lién quan dén gen BRC1 méi dugc ké tén.

514 474 432 375 313 251 192 130 73 53 36 23 14 97 5 1

0.5

04
-

Mean—-Squared Error

0.3
..

i
_Www‘

T T T T T
-5 -4 -3 -2 -1

0.2

Log()

Hinh 3. Lwa chon tham sé 4

Budc tiép theo & chon gid tri ndo cua A dé xem xét va xay dung md hinh, hay néi cach khéc la
lya chon md hinh t6i uu. Trén phuong dién thong ké, md hinh t6i uu dugc hiéu theo nghia mo
hinh ¢4 it bién s6 nhat nhung cung cip nhiéu théng tin nhat.

Go6i 1énh cv.glmnet trong R gidp ching ta chon dwoc gid tri thich hop nhit cho A bang thuat
toan kiém dinh chéo. Két qua kiém dinh mé hinh duoc minh hoa trong Hinh 3. Hinh v& thé hién
mdi lién quan giira log(1) va MSE (trung binh binh phuong sai s6). Gié tri MSE dai dién cho hiéu
suat caa md hinh, MSE cang nho thi mé hinh dy bao cang chuan xac. Vi vay, ta mong muén s&
lya chon dugc gia tri A 1am MSE dat gi4 tri nho nhat.

Phan trén caa biéu db 1a sb bién dy bao c6 anh huéng dén mé hinh (tic 1a cac bién c6 hé sb
hoi quy khac khdng). Cac dudng nét dit chi ra cac gid tri A, VA A4, hai gid tri duoc chon cho
L. Cu thé, A, tng voi mo hinh ¢ MSE nho nhat, con A, dua ra mo hinh c6 MSE nam trong
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mét sai s6 tiéu chuan ciia MSE nho nhat. Ty ting bai toan cu thé, ta c6 thé chon mét trong hai gia
tri A cho phii hop véi van dé nghién ctu. Véi dir liéu caa ching ta, thuat toan kiém dinh chéo dua
ra két qua A,,,;,, = 0,04269802 va 1,5, = 0.06798732. Hon nira, gia tri A,,;,, cho két qua 73 gen
dugc chon trong 17814 gen, nghia 14 cac gen nay c6 anh hudng nhat téi gen tién luong ung thu va
BRC1. Hé s ciia cac gen trong mé hinh hoi quy LASSO dugc minh hoa trong Hinh 4.

Lasso Coefficients with . = 0,04269802
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Hinh 4. Hé sé cia mo hinh hoi quy LASSO g Véi A,,;,, = 0,04269802
Nhu vay, str dung phan tich nay, chung t6i da thu dugc cac gen c6 lién quan nhat trong viéc
phat hién bénh ung thu va bao gom céc gen sau: NBR2, AASDH, KIAA2013, VVPS25, NBR1,
SEC22C, RPL27, CBLN3, KHDRBS1, XRCC?2.

4. Két luan

Mot kho khin trong phan tich mé hinh hdi quy tuyén tinh 14 tim duwoc mot mé hinh téi wu. M6
hinh téi wru ¢ day hiéu theo nghia it bién dy bao nhat, nhung dy doan chinh xac nhat. Dong thoi,
trong truong hop da cong tuyén xay ra, nghia la 2 hay nhiéu hon 2 bién du béo c6 lién quan mat
thiét véi nhau, viéc xay dung md hinh hdi quy cang tré nén kho khan. Vi vay, trong bai bao nay
ching tdi tap trung nghién ciru mot trong cac phuwong phap giai quyét van dé trén, d6 1a phuong
phép hdi quy LASSO.

Hoi quy LASSO la mot phuong phap thay thé cho ky thuat hoi quy tiéu chuan va ki thuat lua
chon bién.

Thu hep kich thuéc cua hé s hoi quy va lua chon bién 1a nhitng muc tiéu quan trong trong
phan tich dit liéu microarray, trong d6 so luong mau duoc thu thap nhé hon nhiéu so Voi s6 lugng
gen trén mol chip, tac la so luong bién dy béo 16n hon nhiéu so véi kich thudc mau. Viéc ude
lwong hé sb hdi .quy trong truong hop nay c6 thé dugc thuc hién bang cach sir dung LASSO.

Chung toi dé xuat st dung phuong phap LASSO trong xay dung mé hinh hdi quy tuyén tinh
biéu thi mdi quan hé gitra gen BRC1 va céc gen khac cua bénh nhan ung thu va. Muc tiéu cua
chung t6i 1a xac dinh gen nao anh hudng dén mirc do nghiém trong cia ung thu v theo dit liéu
microarray. Hoi quy LASSO cho hiéu suat du doan twong ddi tét va hop ly. Tém lai, tap hop céc
hé s LASSO khéc khong dai dién cho cac gen cd anh hudng nhat t6i gen BRC1. D6 1a cac gen
NBR2, AASDH, KIAA2013, VPS25, NBR1, SEC22C, RPL27, CBLN3, KHDRBS1, XRCC2.
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