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Abstract: Major histocompatibility complex (MHC) is a highly polymorphic gene family in the vertebrate
genome, and its coding products play an important role in the vertebrate immune system. Most of the world's
surviving crane (Gruidae) species are threatened due to habitat pollution and destruction. To understand the

information of MHC-| sequences of cranes, universal primers were designed to isolate and clone MHC-I
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sequences from genomic DNA extractions from blood of a common crane (Grus grus) and a wattled crane
(Bugeranus carunculatus) in captivity. Two and three sequences of 1 500 bp were isolated respectively from
the genomes of G grusand B. carunculatus, suggesting the existence of at least two MHC-I loci in cranes. All
nucleotide sequences could be translated into normal amino acid sequences, indicating that they might execute
certain functions (Fig. 1). The mutation rates of nucleotide and amino acid in the antigen binding region were
5.0%, 9.6% for G. grusand 9.1%, 14.6% for B. carunculatus, respectively (Table 2). The antigen binding sites
were subject to strong positive selection, as the values of dy/ds were 7.348 8 and 2.145 2 for G. grus and B.
carunculatus, respectively (Table 3). Bayesian trees showed that MHC-1 sequences did not cluster according
to crane species, indicating trans-species polymorphism of MHC-I genes in cranes (Fig. 2). The universal
primers and sequences of MHC-| genes obtained here could lay a foundation for further study of conservation
genetics of endangered cranes in the future.
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SIRIAFESRL (Gruidae) sh¥3Lit 15 F,
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BRIZYE TS, THEAR T A R A R
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1999) AIFHGES (G. japonensis) MHC-I 4k
+ 3 39 Bt (Akiyama et al. 2017) 13 LU 7 .
A3 51 4 H s R 3K RO 2 B S R B A i R 1)
W W59 (Bennett et al. 1974, Matsubayashi
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(Lillehoj et al. 1989, Rivero-de Aguilar et al.
2016) « MHC-I 73 1 HIHL R 45 5 X2 H MHC-|
FER PSR T2 FANE T 3 FH1 gbS 1] ol F1 o2
SERIIBIL R A R, X P BLIM R IAR 3 AT R
5 PRI IAFE Rk (WA 2014, Zeng et al.
2016, BRI, ASHIF T4 DASR SOk RO R KRS
(G grus) FIAFE#Y (Bugeranus carunculatus)
R FERT G, TR 5 B IX RS 1) MHC-1 4h 2
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HEAEDHEAR (bt HRA R SIS EA
DNA. L5, T 2 il DNA H 1%/
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T 5 85256
122 PCRFH W LE (Grea-UA J7 41
5 AF033106.1) « 5 J7 [ (Cionia boyciana,
Cibo-UA J#%11%5: LC180358.1) LLK 4T st
( Calidris canutus, Caca-UA*01 J¥ %l 5 :
KC205116.1) MHC-I ¥4, HAT#IHEH 5P
MhcF ( 5-CCA YTC CCT GCG STA CTT
CTA-3") Fl MhcR (5'GGT GCC GTC GCT GTT
GGG C-3") (HH, Y =0C/T, S=C/G) #iT
PCR #™4. PCR Wt H A B = H R4
HA dAem) ARAR, SRR SRR
50 pl #& % : LA Taq(5 U/ul)0.5 ul, 2 x GC Buffer
125 pl, dNTP Mixture (2.5 mmol/L each) 8 ul,
DNA ## (0.25 g/L) 5pul, MhcF (1 pmol/L)
1.5 ul, MhcR (1 pmol/L) 1.5 pl, #4li/K 8.5 ul.
PCR R MFEFUN R : 95 CHiAEME 5 min; 95 C
A5 355, 50 ‘CiBK 35s, 72 ‘CHE{# 2 min,
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37 5.4 (Rozas et al. 2017) . #R¥E RS (Nipponia
nippon) MHC-1 73 FHili 45 &AL 5 8 GiA
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#T Nei-Gojobori (Jukes-Cantor) £ THH[E] X
BHex (do). dEREHE (dy, HERHUR
FREE AL AEPUR RS G AL RS2 3 1) 8
77 (Kumar et al. 2016). FIWIFRAELI T: 24
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GenBank ¥ T #70 L85 (Grea-UA J7 415
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% fir % 4 Buca-UA* 01 /5415 : MK 034101 ).
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2.2 MHC-I #FSMNETF 2 F1 3 75 HIRE
221 FRHIRREAER & 275 HA
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HHAMERAKR, HG+CEHREREST A+T
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222 FHIRER FHAERINET 2 F3
HER P HIAISAEAE R E AR AL S (R 2). Ff
W B X ZERNEERE SN 5.0%FH
9.1%, HAMNEF 2 MAMNEF 3 P HIE PR
AR BAY, KBTI R R
5.0%F1 5.1%, RIFEES A1 2 (1) 22 7 2853 531)
N 9.2%AM9.1% (£2, K 1).

MHC-1 JE R AT 1 FiRgmiy, 45
T 1 MR EOE AR Z RS T RARS, R AT
RAEKGEHINE T 2 FFHl. SHRKE (75
F: KP182418.1). RAHE (JFFH5:
LC180358.1) MHC-I [HEi#IENL, *F 536 bp
JF BT R . BT AR T 2 BB — AN
FERANE T 3 Ja RSG5 ARERIT
PSRRI B BROE MR R 75, HIE ok
sl (B D, SERFIENN, EEF
G IR & A AL e, PRFES Fh N =
X S LR ) AL S 2893 Tl R 9.6% 11 14.6% (3R
2, E Do A, BN al A o2 SRR

1 FFE MHC| 2RSS TF 2 7 3 KREHR

Table 1 Nucleotide composition of exons 2-3 of MHC-| genes in two kinds of cranes

L/ g g (%) HamEnE (%) JIRUERS (%) BN (%)
Species Thymine (%) Cytosine (%) Adenine (%) Guanine (%)
JK#S Grusgrus 15.7 26.3 23.1 349
A 49 Bugeranus carunculatus 15.8 25.6 23.8 34.8

2 WHEMHCI ZFSET 2 M3 MEER

Table 2 Genetic variation of exons 2 and 3 of MHC-| genes in two kinds of cranes

Number of variable sites and its proportion at

IR IK AL AL 13 U T o Ee )

Number of variable sites and its proportion

rkh nucleotide level at amino acid level
Species
ShET2 RT3 fi2u ol S5k 02 S5thIR LN
Exon 2 Exon 3 Total al domain 02 domain Total
K% Grus grus 13 (5.0%) 14 (5.1%) 27 (5.0%) 8(9.3%) 9 (9.8%) 17 (9.6%)
A 345 Bugeranus caruncul atus 24 (9.2%) 25 (9.1%) 49 (9.1%) 13 (15.1%) 13 (14.1%) 26 (14.6%)




4 34 XIEEREE: PIFESRI S MHC-I 5L R &8 X % bL 2 iy + 571 -

BERRAR A AN Y, KBNS R sy IRES A AL R AR IR 4 S A S TR R I 2
A 9.3%F1 9.8%, WIEEPHALEMIRIIALR  HAKEFET L (R 3. WFEHUERS S0
KRN 15.1%H 14.1% (£2, B 1. KU da/ds 1B 20N 7.348 8 F12.145 2, AR
2.3 MHC-| Z2FZ 3|1 B RIEF JRAK 25 AL 551 da/ds 1B 578 0.466 0 Al

PIFIES MHC-I ZER PR & X 3 374 0.360 6, RUIFUR RS &AL 5 152 2 IE IR £ 1
PURBKSE A5, KPR ERERGE A0 8 L, T AEPUR IR EE A 7 2 0 52 3 5 %k $4E F
A, HAPURKGE S5 29 A (B D, iR (£ 3),

alZ5#418, o1 domain
Grgr-UA*01 (MK034099) -HSLRYFYIG VSEPSPGVPQ FVSVGYVDGN LISRYDSETG RTVPGADWMR DNLDQRYWDR QTQIGQNNQQ VNRVNLDTLR DRYNQSG

IK#S Grus grus ‘
Grgr-UA*02 (MK034100) -....... | | O Toveieenns S Go.To wvenn.
Buca-UA*01 (MKO34101) =.....ov voneeanen cnenn. MoT oo B e e Qoo VooiBoroes e A Re.....
PIFEHS Bugeranus carunculatus | Buca-UA*02 (MKO034102) —.....evt vovienians veeannns T BN s e (R A A R.....
Buca-UA*03 (MK034103) —......... ..oe.. Voo e R K..RT.... ..... [ | QU A
#7J71# Ciconia boyciana | Cibo-UA (LC180358.1)  L...... 17 W . PFIY...... CBE.R....AASV..Q.... ....S5.S... ..Y.D.E... G.....R
REY Nipponia nippon | Nini-UA (KP182418.1)  L....... VA ....G..L.. PEV....... KVE.R.A..A ASV..Q...T ....AS... .Y..D..... A..... R
245438, o2 domain
b8 Grus grus | Grgr-UA*01 (MK034099) RTHTWQCMVG CDLLEDGSTR GYSQFAYDGR DFTAFDMDTM TFTAADAAAQ ITKRKWEADG TEAERQKHYL QNTCVEWLRK YVSYGQAVLE RK
Grgr-UA*02 (MKO034100) GA.. L. RT.. ©.uvuuirin chititent cetaienes et ceeaenene & VooQE... ae.... [
Buca-UA*01 (MK034101) .A..V.R.Y. .o.vot oGl RWDivns eniiienes cnieienes ceeanane aaaes Reeer vnnn | AU
PIEEHS Bugeranus carunculatus Buca-UA*02 (MKO034102) .A..V.R... coii Gl oot it i s e Rooo oon )
Buca-UA*03 (MK034103) GA..L.Ro.. wovenvvnen vrenninenn enns S QW i e
7377 15 Ciconia boyciana | Cibo-UA (LC180358.1)  GA..V.R.Y. .......... .. @Dt e e E. ... Lovoo Koo Love e
4RBY Nipponia nippon | Nini-UA (KP182418.1) GALRSY. ..o JILNLLLL L e e Veoo peegp By VB WS L R

B 1 MHC-1 7 THIES S XAERTIIN

Fig. 1 Alignment of the amino acid sequences for antigen binding region of MHC-I molecules

Grgr-UA. Buca-UA. Cibo-UA Fl Nini-UA 73 HMRRKES . WIEES. K7 DEMARS MHC-1 751, “.” REMFARER. “-7 KRR
BHEBR. SPUEIKERE N &S C g & M ilbh “A” f “+7” FoR, HRFUERE S LA “O” Fox.

Grgr-UA, Buca-UA, Cibo-UA and Nini-UA indicate the MHC-I sequences from Grus grus, Bugeranus carunculatus, Cionia boyciana, and
Nipponia nippon, respectively. Dot is indicated identical amino acids. Dash is indicated missing amino acids. Antigen mainchain binding sites for

N terminal and C terminal of the antigen mainchain are indicated by triangle and cross, respectively. Other antigen binding sites are indicated by

circle.
£3 FHEMHC ZRSET 2 M3 MIER X B HREHR LB HRE
Table 3 Rates of non-synonymous and synonymous substitutions at exons 2 and 3
of MHC-I genes in two kinds of cranes
Wkt i & i AT EIRENGE = ERE= =S o/ p

Species Positions Codons Non-synonymous (dy)  Synonymous (ds) NS

PR kg &40 5 ABS 37 0.126 4 0.0172 7.348 8 0.008 8
LA E _
Grusgrus e LSS & f A Non-ABS 141 0.0329 0.070 6 0.466 0 0.085 6
HE4K Total 178 0.050 7 0.057 8 0.8772 0.369 9
o fHk G o7
T DU RS 500 5 ABS 37 0.1300 0.060 6 2.1452 0.075 4
Bugeranus AEBUE kS A4 5 Non-ABS 141 0.0379 0.105 1 0.360 6 0.010 6
lat

cAruneuiEis stk Total 178 0.0553 0.094 5 0.5852 0.058 6

ABS. HUEME SIS . P. HRERE R E M. ABS. Antigen binding sites. P. Significance of natural selection.
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24 MHC-| ZEEHRGERE

BT 3 AR AN AR R T [ I 81 R DL
I T AR MHC-1 ZER AT 2. AF

REREN (H 2 . ZFARKKENER,

06— Caca-UA*01 (KC205116.1)
a 1 E Caca-UA*03 (KC205118.1)
Caca-UA*02 (KC205117.1)
Buca-UA*03 (MK034103)
Gregr-UA*02 (MK034100)
Grgr-UA*01 (MK034099) .
| - Buca-UA*01 (MK034101) |# Gruidae
Buca-UA*02 (MK034102)
Grea-UA (AF033106.1)

1 Nini-UA*02 (KP182419.1) o
07  Nini- 01 (KP182418.1) A8 Nipponia nippon

Cibo-UA (LC180358.1) 1455 HE Ciconia boyciana
007 Alsi-UA (XM_025194534.1) | 3 FH#2 Alligator sinensis

LI JEBERY Calidris canutus

Grea-UA (AF033106.1)
Grja-UA*01 (LC132723.1)
Grja-UA*03 (LC132725.1)
07 | ogdsr Gria-UA*05 (LCI32736.1)
710633, Gria-UA*04 (LC132726.1)
Grar-UA*01 (MK034099) | % Gruidae
Grja-UA*02 (LC132724.1)
8 Buca-UA*02 (MK034102)
Buca-UA*01 (MK034101)
Buca-UA*03 (MK034103)
Grar-UA*02 (MK034100)
0.9 Nini-UA*0] (KP182418.1 e
o0 (KP182419.%) | 484 Nipponia nippon
Caca-UA*03 (KC205118.1)

Caca-UA*01 (KC205116.1) |£LHE1ERS Calidris canutus
Caca-UA*02 (KC205117.1)

— Cibo-UA (LC180358.1) | & ¥ Ciconia boyciana
020 Alsi-UA (XM_025194534.1) | ¥ #5 Alligator sinensis

| — Caca-UA*03 (KC205118.1)

Caca-UA*01 (KC205116.1) | L1 Calidris canutus

Caca-UA*02 (KC205117.1)

Grgr-UA*02 (MK034100)

Buca-UA*03 (MK034103)

o Grgr-UA*01 (MK034099) 4

Buca-UA*01 (MK034101) 5 Gruidae

Buca-UA*02 (MK034102)

Grea-UA (AF033106.1)

| Nini-UA*02 (KP182419.1) o
Nini-UA*01 (KP182418.1) |*%Q’ Nipponia nippon

L Cibo-UA (LC180358.1) 1 %75 H# Ciconia boyciana

0.09 Alsi-UA (XM_025194534.1) | T8 Alligator sinensis

0.7

B2 HEHTFMHCIZEFSETF2 (a). #EF3 (b) BAETF 23 (o) FHIHWEKTHETREREN

Fig. 2 Phylogenetic trees constructed by Bayesian inference analysis based on exon 2 (a),
exon 3 (b) and exons 2 and 3 (¢) sequences of MHC-I genes
Grgr-UA, Buca-UA. Grca-UA. Grja-UA. Cibo-UA. Nini-UA. Caca-UA il Alsi-UA 7> AIRFEKES, WIEE. W, PR, KA
. REY. MRS KT EEH) MHC- BB P4, 19 s EMERR SN . A R ML E AL s AR .
Grgr-UA, Buca-UA, Grca-UA, Grja-UA, Cibo-UA, Nini-UA, Caca-UA and Alsi-UA indicate the MHC-I sequences from Grus grus, Bugeranus

carunculatus, Grus Canadensis, Grus japonensis, Cionia boyciana, Nipponia Nippon, Calidris canutus, and Alligator sinensis, respectively. Value
given at each node indicates posterior probability. Bar indicates the substitutions per nucleotide position.
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BERIBIYIE MHC- JER AR = () B J R
RER— KL, MERE. R AELLLIE
TRBRS SR T 5145, KILH MHC-I
BRI HEA R R 5 oy KA i) — Bt (]
2) o (HEEEIEY MHC- ER#HME ST, K
TG KA DL SIS ) MHC-| 3 51 R %)
TEHCE R, EMHZRUNRFAKE KRR,
BRI MHC- ZEREEES IR 2 SIS
(K2 .
3 g

AHIE R FH — X8 51 P 386 B S AT
T MHC-| JEE F B 1500 bp, 47486 FEv i 2%
ZERMANE T 2 AT 435 @ RE
TP, 7 IR HES R PR i e 4D 358 R 4 43 331 43
BE] 2 4A 3 4 MHC-I ZEHFF, X RES
B2 D AEAEPA MHC-L LR BN K S
FITHIIN &Iy G, SNRTF AR
BE RN IR AR T A, HREHA . s
RAGERTLAL MR, R 5 8 3 1) 7 51 Bk
H YRR R AL, HAEESR S s R gt
BAEEYEIhRE. THREW, A ZKE
MHC-l R B R XS, HElfdEs
BLHE TR (1) 22 35 PR R L BT AT I AR 2 Th e A
A, & )G f it — L ISR 3 MHC-I B
Bom MR (IEHL 2014, Zeng et al. 2016)

PIAPES R MHC-I ZERIHLIR LSS &0 i
P B EIE PR, T AEPTE RS A& A
W22 Py f ik B, X A 22 SR B AR oA 1 2%
MHC-I BRI A K. B, 765 2%
# (Chondestes grammacus) MHC-I A T
FoH I, HopuJF RS G467 51 dy /ds = 1.127,

AEPUIE AR SS A7 5511 dy/ds = 0.483(Lyons et al.

2015) . {EWF 7L e 1L 48 (Cyanistes caeruleus)
MHC-I #5878 R I PR k&S &
B2 B ZL EIE R, MAEPUREIRSS &AL
M2z i ik, BARKI PRI ZS & 467 5
dn /ds = 3.82, AP K5 A A7 2511 dy /ds = 0.77
(Wutzler et al. 2012) . PUlEILSE &0 52 F

HEZNY) MHC 7314560 i 2 IR S S B A5
FETR IS 3 N 32 B 5 FUK) IR £ e SE 2 4k
R MHC E:HZ &M EZNLH] (Bernatchez
et al. 2003, Garrigan et al. 2003, Piertney et al.
2006) o AL, BSRIEPIPTR RS A AL R 2 F
IEEFEAE HIB A — 7€ J2 HTEMAIE 1 73 & 2 7 51
BAWBAEAEY D6 (Tsaur et al. 1998, L&
A 2009).
RGRAESPT RN EE . IKE. FHIE
) MHC-| BRI PP 2 3 R 538, i .
TBARAE—ilS, XIRREM 2 BRI, 55
Wi 22 A5 VA2 48 AN [R) W Aol 1) 72 AH [F) SOAR LA
SR IE DA, MHC JE R s A 22 26 5 il A7 A
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