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(BB o SRR 7, 25 Rl 657000)

E: [ HAY ] B WAHE R AR S H R IR I 5 K% (RNASE A) 1953 Fi#Eft. [ 771 ] L) Blastn 5
tBlastn J7 0 HT 4 7 AHEE S B ¥Fh RNASE A 151 ; FIH] ClustalX Fl MEGA 7.0 3 XS #11% RNASE
A ThREFE N S MR 7 %)) ; BT http://isoelectric.ovh.org TEZR T B GEFL I S5 45 ;. A MrBayes v3.1.2. 844
BI ZAGKEM. [ 455 ] /W% e 7515 82 45 RNASE A J¥41], Al 64 S INREILIE A 18 453K ; RNASE
A JFHHKJE 377~654 bp, M%) RNASE A J?ﬁ']ﬁ‘ﬂ?ﬁ RNasel~8 WABXRSF, TAEIE ST A8 1 RNase9~13 2%
SR L B YR ILIE A0SR S TE 5.03~9.17 Z (8] ; K& H K4 (Loxodonta africana) RNasel . RNase6 FI4E 14
H 0K (Orycteropus afer) RNase4 ARG H, KE RNasel 21 T L5000, [ 458 ] BKIRA
FRIAEE S H RNASE A 43 FEbBFY, HXr iz BB F IR, IS Eeistsae 1 560l .
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Molecular Evolution of the RNASE A in Afrotheria

LANG Datian, LIU Songju, KE Zengjie, LIU Na

(Agronomy and Life Science Department, Zhaotong University, Zhaotong 657000, China)

Abstract: [ Purposes] To trace and demonstrate the molecular evolution of RNASE A in Afrother-
ia. [ Methods ]| RNASE A sequences were identified in 7 Afrotheria species using Blastn and tBlastn
methods, then functional sequences were translated to proteins by ClustalX and MEGA 7. We pre-
dicted the isoelectric point (pI) of each protein on the web (http://isoelectric.ovh.org). Phylogenetic
tree was reconstructed using MrBayes v3.1.2. [ Result] We obtained 82 RNASE A sequences that
include 64 functional genes and 18 pseudogenes. These sequences range from 377 to 654 bp in length.
The trait of RNASE A is relative conserved in RNasel—§8, whereas it is variable in the non-typical
RNASE A members (RNase9—13). The isoelectric points range from 5.03 to 9.17. Gene duplications
of RNasel, RNase6 and RNase4 were identified in the Loxodonta africana and Orycteropus afer, re-
spectively. The evolution pattern of the “birth and death” was identified in L. africana. [ Conclu-
sions ] We firstly denomstrated the molecular evolution of the Afrotheria RNASE A, increasing the
understanding of the RNASE A and established foundation for the future studies.

Keywords: Afrotheria; RNASE A; gene duplication; isoelectric point; molecular evolution
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JETEE . DNA S48 FlHE R A2 ] o A ik Ak 4 it
TIRIEARL, SV Eh IR R, A
Tl R R 2 A — e B H BN R, UE
TE T 55 HE BN W) 00 A2 408 4% TR il 25 DX 28 % (pancr-
eatic ribonuclease superfamily, RNASE A) j& iz H
W5 | AL A2 JE R A — 125 R ik,
v DR A PR B2 X 56 DR R S i h 78S
TURRIY 4 122 H

FEHE HI F I RE 73/ 7E RNASE A HJi % &
A, HOB R B TEAS [F ) R e A AR ] B 1
AN RNASE A 4 15 bt (RNasel~15), 5
AR 53 (RNasel~8) FIAEMLAIAL B (RNase9~15),
DR FEEHA . DU . BB REAE K e
B 180 A A B AE YOG T RNASE A A, o
FARK — B ] 2 AR PR A 0L, RIS T
VP2 & A BB BURYY, A B SR TEAR B 1
Yotk & RNasel K& A5 R 2§l M by 6e 4k,
7 TR DU TSR e, BEE IR IR A
AR A B AR AR A A, HAE SR PHR3)
T IE R K EXT RNASE A BAF5Y, Azt
R R IEAEAT A s RUIR 828 i B 2w R AR ik
FEIET RNases"" ', AL # R F5 1, RNasel~3
1 RNase5~8 Btk , P8 DU AR ALKk, i
RNase4. RNaselQ Fll RNasel?2 b1, 124K
FAXRTERMRGE", 5o, Te/NmigET = FE
W& (Myotis lucifugus) RNasel . RNase4. RNase5 Fl
W14 H #L6 BL (Heterocephalus glaber). JLNIVJ&
(Cavia porcellus) RNasel . RNase6 JIFERY 5K,
g s Z2 AR NI IR A S i o P 1L
TR

VYERIG BN RGBSR AE N E S H , A
K EH. WEE . Bl . 28HE . EpEE
AR HAF 6 A~ B, REEME S H YRR
INAN— A TEAS [) 1 20 55 5 90 A AN ] 1 2 A
(A B EE TR R R R RS S, MRS
W), r2AdyeEdE AR E S H IR T+
HAEWTFY, R IAK RS (Trichechus manatus
latirostris) 5 & 5 (Orcinus orca). ¥ % (Odobe-
nus rosmarus) fE1E R BEAL, 5T R B fE
Rl 2 — 324 i RNASE A 343 T3 F 5% —
BHARARANGE, 27 AEAENE S H YR IT Rt

5%, #37R8 RNASE A (53 F#AbdLfl . AB5E DL
eE S H 6 NEBY 7 MCERYFITE RNASE A
B FHEAEEIY, JEkAS 64 ARTNREIEI AN 18 4%
BRI, B P B RAAE A AR S0 A A
RGN R £ FE R A, WA R AR B H
RNASE A 14> F AL .

1 #RFIEE

1.1 R

T NCBI (http://www.ncbi.nlm.nih.gov/) E2
AR 7 YRR A, A AR S H AR 6
NH: KEHPKRS Loxodonta africana (GCA_000
001905.1) . &2 AR Trichechus manatus latiro-
stris (GCA_000243295.1) i %% Procavia capensis
(GCA_000152225.1), JEUNEE H 194 EWE Chryso-
chloris asiatica (GCA_00029, 6735.1) Fl/NH [
8 Echinops telfairi (GCA_000313985.1). 4 H
ROIR RS 80 Elephantulus edwardii (GCA_0002991
55.1). B H B9 L HK Orycteropus afer (GCA_00
0298275.1), WFFXREE T GOO FE WS Y
=
1.2 J5ik
1.2.1 %7€ RNASE A f 5

PL K4 N RNASE A B B3 14 % iR 4 3
WA A& WP 5], FIHIAH: Blastn 55 tBlastn J
U RS B H BEAT A, EECR 1077, %
E HBRR G LS 6 IR RNASE A 51
1.2.2 BN IR 7 )

H 9K RNASE A 2% W 51 A AR ZhfE, {H LAY
B (RNasel~8) P1A L FFHVRHE, HAMESD)
AE SR UUR B YIADC, WA FERHE A 251k AT
fesss EIIRERyE M Sk, A MEGA 7.0
AR AR DI B H RNASE A DhRESEE P A9 4L
B P AP, ClustalX #4445 HFF1 IR A
THFIERS, AR 1208 5 R 5 ) SR P S AR
YN A
1.2.3 iUl & o A

RNASE A S5 s 5 HIIBE BB ARG, S5
SR B A i R BT AR, AR IR AR
e BAZMEAZ IR BTG VR T B AR FEAR DG REN Y,
TSRS S H A R T RER R R, HE T http://
isoelectric.ovh.org [ 3k X & Y & £ H RNASE A
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FIFH MrBayes v3.1.2. 847 BI A2, 1 561 ]
DAMBE {4545 DNA JFFIHE A : ¥ fas 15 5X
B 5 el nex, L jModeltest 3.0.6° 5 /)%
TR AR, i Bl BRI A S5, FEBRIARR
BT H 4 A SR BRI 2E T 2%10° 481
PTEFRIEE, BERR 100 R TREASHIAE 1R,

2 HBRESH

2.1 JEUHEEH RNASE A J741

AR IRGIEMS S8 H 6 ~H 7 MR
82 45 RNASE A J¥41, H 64 ZcPResE A 18 4%
RILHFN AR, 5T GOO FH"HFFEHh K&K
17 Z)750 (11 ZEHERN, 6 KBIER), T
52 a3 F 22 7E RNASE A 5% A [ 75 32
KA, EIER G FIE] RNASE A 3% H
FEAHMN : K& 1740 W4 13 4. Bt 9 4%,
4 ERE 10 5%, /DNEETE 10 5. RICER 11 4%,
+ K 12 45 (3% 1)o RNASE A 591 K JE R 377~
654 bp, XS M 1104 bp; THAEIER B K Ny
429~654bp, XTI N 975 bp, fIRSEREAE Sk
(1~264 bp) MK (265~975 bp), BHIFG 2 324
MNEER (A 1), BAH 6~8 Nt m . i
fEis PR IERR R I (2 LR AN 1 AR M
TIREX. CKXXNTF (1417 RNASE A 551 R fiF 1
RNasel~8 HAHXIRSE, {UEBIIREIX CKXXNTF
)95 &R T 78 480 H 3R R4 6 1Y RNase6 (Ee_

RNase6) 2251 S 218, B RNases J=LL 6 4
SER O TR Y W R B AR R A M R e, Al
) RNASE A JP S FRAESS 4. 55 5 450 = iR
C 7£ RNase5S T H{AHATR H, AR Y. AR
L& RN AR F L. 5ILAA RNASE A B
B (RNasel~8) #H [t , JE HLAL %) RNASE A J bt
(RNase9~13) ¥ AN FRIER AR ST : H7 RNASE A
JE ANV REAEALES 7 25481 ik R C #£ RNase9~13
WK R AR, A S R AR S AR A1
(E 1),
22 ot
TS B H 64 SKTIBEILF A 18 Skt
PR BI A (] 2) nTRLE . B RGM
12 MR HSCHERAR R, BR RNasel fR3RERH
50%, HAh 11 #% (RNase2/3, RNase4~6, RNase7/
8, RNase9~14) ZFFHYH 100%, HRIEPNE G
H RNASE A LI 5 (RNasel~14) R FERE
RGP IRV B 2 H RNASE A B 51 45 77 1Y ik
P FE R (1) RNasel $EXLEET 5 N Fh
7AFH, B E B SRR SR B B3R KGR R
TR E B R RIUE A, e Al 5 AR
AAFFIVRIEN . 2R B A4 1 AMBEER, JED
BHM AT, DD S RE R H YLK R
LASEEER, i s B R G 3 A (1 4
PR 2 AMEFE ) H AR IE X R, R
RNasel TEEE %, SRICG AN PO ThRE T2
AIAAITG, MER S H RS b LAY skt i
TESEFEATAE, BE 500 e, B

F1 IEME D BREREREEE R BIRIRM R EE Y

Tab. 1 The numbers of the RNASE A members in the Afrotheria
orier sizjzts abbfv"i_ition RI R2/3 R4 R5 R6 R7/8 R9 RIO RII RI2 RI3 RI4 RIS fj:l—

iioilcili:lea anff)donta africana La 1@ @ 1@ 3 1 1 ! ! ! Lm0 11e)
o e A
étr:;iaa “T%’ictwchus manatus latirostris n (OO ! M R ON ! ! ! ! 08
?y?jliidea i;fiavia capensis pe 0 0 ! M ! ! ! ! ! ! ! 0 0 &0

S E=t=1-]
ii‘f(l)]:l:riﬁcida ézzzchlaris asiatica Ca ! 0 ! ! R OR ! ! ! ! 0 0 o

<IN NI I
1Fffgf:riida EJ;Zn%Z;E telfairi Et ! 0 ! ! ! M ! ! M ! ! 0 0 82

i bz i

if?ricelidea E%efifj{lus edwardii Ee 0 ! ! ! Lo o ! ! ! ! 0 L)
abala i Oa 1 0o 2 1 1 1) 1 1 1 1 1 0 0 1002

Tubulidentata Orycteropus afer

e “RPEAR“RNase”, RS M6 S BT 53 2 FOHE DR B A R B
Note: “R” stands for “RNase”, numbers of pseudogenes and function gene are in and outside the parentheses, respectively.
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Fig. 2 Reconstructed BI tree based on Afrotheria RNASE A
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