% 4 $4 42 F 48 Chinese Journal of Wildlife 2025,46(3):564 — 572

Chinese Journal of Wildlife

% 4 8 4% F

http: //ysdw. nefu. edu. cn

Bt %78 X ORIGINAL PAPERS
IR E(F P LB DNA
D-loop X R RTERIA R

R, EBEIR Y, ERIE Y, MR, ek,
fEfE T, EICE, sk Ft, TEME, REE, BitET

(1. KAV KRFHFEGYE A REFHER, BRIE 150040;
2. RV ER B E LG 5AH TREARFRF L, BARE 150040)

AFEITE R =

Wk 0] 2024 - 05 - 27 KRt

8RR DNA (mtDNA) 59 57 B Pk (heteroplasmy ) 42 2 F R [6] FF 51 B9 mtDNA $5 U1 3t
& HI: 2024 -05-29

T — DA RBI G, LR A 40 AL SR HILRE ™ A W A2 e o S B A

SWIOETE b iR S A RORTRL, S A S b R v 64 4R K DNAL P B9 miDNA 5

K MRS e AT LR B A7 4% D 2 S0 M 2 2 DA (9 M , 38 0 PR 3
FEH DNA; B ESITREIROUH AL R . WAL (Cervus nippon) & FR M RGP I 8
LIRS b 5 A, o bRz A mtDNA 5P R s i AR DL RGE . ARG A 27 K 6 ~ 96 H iR Y 1Bl 57
GRits MEAEREZEAEAEA 2R F] PCR 9™ 14 7 il B PR, X mtDNA D-loop DX (¥ 53 it 647

Keywords: Sika deer (Cervus nippon) ; FERIHT . RN : D-loop X {Z 43 4 S et (HAHXT S P56 175 ~ 368 13

Fecal DNA; M%E’Jm S 1% (HyperHPR) , T 25 597 ~ 687 {vi fis 3L IX_[B] W) 45 /b & A, b RS X (Hy-
MIDNA heteroplasmy poHPR) . HyperHPR 5 i PE 248 it 2 6 M (HDe) 2.3 15 F HypoHPR (P < 0. 001) .
Age EEH (T,) 2 F B FE R B Ay | H R A A5t /3 T B4 (T, ) . HyperHPR H1 TyT, -
HESEE, (953 ¥35470. 11,10 HypoHPR 374 0. 19, 368 5 B P 2848 78 HypoH PR 32 21| T i Y 2 51
STERARARAD: A bR, JCIBJETE D-loop X . HyperHPR 5 HypoHPR , M Al A 22 [0] 57 B 1tk 28 A8 5 B 2

T i 35 3% 5 (D-loop IX.,| ¢| = 0. 273, P = 0. 787 ; HyperHPR,, || = 0. 409, P = 0. 686 ; Hy-
poHPR,|¢|=0.793,P = 0.435). I4h, HyperHPR ({5 BRI 5 A 1 22 6] 47 15 i 3%
IEMEKR (R =0.132,P =0.035) , i34 D-loop X BLAT IE T B E & (R =
0.104,P =0.056) . {HJ&, 5 51 58 AR - AR AR Y S5 PRI TE K (P = 0. 435 ~ 0. 787) o
DL 2 SRR, 1 b B 4R Y D-loop XA A 283 it R AL B AR GRAD X, RERS 1R B8
) S SR 2R (U T, 32788 7= 74 W 40 A S B M TR s R R R <7 IX B0 T A T ﬂﬁﬁ
S SRR T R L DT e S5 P 2 A8 T LAY miDN A 25 R 2 il 26 — M 0 I 3 A9 78
FRIPN o A8 S I 5 S /KT A S PR 2, PR T B S /N . P9 485 SR S R 364
WFFE M b e (R R T 5 PR R 14 G R AR A6 TR LA o

XEHS:
2310-1490(2025)-03-0564-09
DOI:10.12375/ysdwxb.20250310

EE€WE: FHFEAARRIEENH (32170517)
FE—EEB N SR (1998—) , % - LAF I A s FENFE Y22 SR A P2 5T . E-mail :652191841@qq. com
EEEE: B, E-mail: 474568251@qq. com



T A M AR FEZRAE T 4R R DNA D-loop X 53 AU ST 565

A Study on the Heteroplasmy in
D-loop Region of Sika Deer Fecal Mitochondrial DNA

GAO Yuwei', LI Xiaoda', ZHOU Yongheng', LIN Lijun', YANG Jincheng',
CHU Jianing', WANG Wenhui', ZHANG Qi', YU Mengjia', XU Yanchun'?, YANG Shuhui'"

(1. College of Wildlife and Protected Area, Northeast Forestry University, Harbin 150040, China;
2. National Forestry and Grassland Administration Research Center of Engineering Technology for Wildlife
Conservation and Utilization, Harbin 150040, China)

Abstract: The heteroplasmy of mitochondrial DNA (mtDNA) is a phenomenon that multiple variants coexist in an indi-
vidual. It affects the functions of mitochondria, cells, and tissues. Feces is the most conveniently collectable material from
wildlife, containing exfoliated gut epithelial cell and their DNAs. It could be expected that the heteroplasmy of fecal mtDNA
could be an indicator of genetic stability of epithelium under various environmental factors, providing new clues into indi-
vidual fitness and effectiveness of ecological strategies. The sika deer (Cervus nippon) is a key species in forest ecosys-
tems. The gut epithelial heteroplasmy has not yet been studied. The present study characterized the heteroplasmy in D-
loop region of fecal mtDNA using fecal samples of 27 captive sika deer between 6 and 96 months old, and high-through put
sequencing of PCR products. The results showed heteroplasmic mutation wide spread throughout the D-loop, but concen-
trated in the hyperheteroplasmic region (HyperHPR) ranging from the 175th to 368th nucleotide. The region between the
597th and 687th nucleotide was a hypoheteroplasmic region (HypoHPR) where carried very few mutations. The a diversity
of heteroplasmy diversity (HDa) of HyperHPR was extremely significantly higher than that of HypoHPR (P < 0.001). Tran-
sition ( Tg) was the preponderant type of nucleotide substitution, of which the occurrence was significantly higher than trans-
version (T,). The ratio T,/T, was averaged 0. 11 in HypoHPR and 0. 19 in HyperHPR, suggesting the mutations were more
selectively removed from HypoHPR. There was no significant difference between males and females for the entire D-loop
region (|t| = 0.273, P =0.787) and the HyperHPR (|¢| = 0.409, P = 0.686) and HypoHPR (|¢| = 0.793, P = 0.435).
Meanwhile, the frequency of heteroplasmy in HyperHPR was significantly correlated with age in month (R? = 0.132, P =
0.035), leading to a marginal significance in D-loop region (R? = 0.104, P = 0.056). However, no relatedness was ob-
served between sex and heteroplasmic indices (P = 0.435 - 0.787). The above results suggest that D-loop region of gut
epithelium could accommodate a large quantity of heteroplasmic mutations though it generally evolves neutrally. However,
selective elimination acts strongly for T, across the whole region, and even stronger for both Tg and T, in HypoHPR, which
results in the diversity of heteroplamy laying below an acceptable threshold. Age is an influencing factor of heteroplasmic
mutation, while sex is not. In general, this study provides a novel angle to regard the relationship between gut epithelium

stability and environmental factors.
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Table 1 PCR primers to amplify four segments of the mitochondrial D-loop region of sika deer
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R-AGGAGTGGGCGATTTTAGGTG

187 58
225 55
277 57
202 58

1.3.2 PCR =4 Zid 20 5

Xof A A5y A i B4 36 7 ) AT U0 I TR O 2t Ak
(FESCPH (b mt) A=W RH A IR A R , F MGIEasy
fiti ) DNA S ] A i h) 2 e (AR R i, Th ) X 1F
T DNA FE G2 T WOS I 7 SO . AT EE D TRR
U ERAT Buffer 1 ERAT Enzyme Mix fill A 1] 5 I
HOXE DNA #EAT A i & & FTAS 0 dA & 5 76 W ™= 1)
FROII A S il £ 370 5 Y Ligation Buffer 5 DNA
Ligase, ffi 2 5 DNA Adapters % % , #& J5 {8 Ff DNA
Clean Beads ¥ % #% /= W) AT @G Bk 26 fL P10 ; HH PCR
Enzyme Mix fill_I- PCR Primer Mix it & Ifii i /Y PCR J
NV, 7E 50 WL AR ZR P, Fie BT 34 S R e 4 44 34
PEER . A EB i A de e Biatn) S i B B4R

56 LA D BR S G 2k B A4 L UK (Aligent
5200, 3 [E) K5 £ P 7 v £ B 1Y B oA
A OOUEE DS A 11, #5 HE Qubit® dsDNA HS As-
say Kit 2 f a0 & R BT F X5 PCR 4lifk 5
PR AT E B ORI A G DNAREA B AP T
1 pmol, BARFUR#E 1 48 WL, F MGIEasy ¥4k i 5
B (R, E )X DNA SCEESEFT AL BE 2% 35 2

SR AR BN L RN VI AL 3 A L
WAL 7= 9 AT 0 Bk 4l AR T, B IS 4% R Qubit® ss-
DNA Assay Kit F451E U B gD 105 7= 2
it U131 4k 77 ) 77 i (ssDNA) / PCR $% A (dsDNA)
AT 7%

%5, 18 3 MGIDL-200H {8 #5 fin £ 2§ (£8 K&
1, ED inZE DNB, 11 MGISEQ 2000 RSl F-&
(KRB, H D AT PE150 bp (B ) I 5.
Fastp T H X JFU4R T HLEE (FASTQ 4% X SCf4) #E47
WL BT VAR, LB B A 4k AR A% 1T R A ]
PHAAZE R (N) BY reads , {#4F clean reads 55 -
1.3.3 mtDNA D-loop X 5% iU P45 425 #7

A Trimmomatic {38 553 iy 2 47 BLAS X 0 1 7=
A U T B R A T s A B BRI T A7 8
VIBR P43 o A A5 B 7 5 MEGAHIT Xt
FEASRE S 0 P 90 B A T 2 3 A R — A = B
D-loop X FEF AT . SRJ5 , FIFH BWA 1) mem 537%
B4 BT A I reads F B b XoF 210 21 285 g 1 g 46 R 26 kL
NS K S N D BN L L PUR SN &2
GATK M) ZBUARA S BT, i i SC B SAM A% 5K




568 o4 3 B % W 46

3R S = A BAM S X . H Samtools X BAM 3C
PEHEATHEY R EPRC A E 2 Je B, LA B 22
SR . H GATK B9 Mutect2 T H7F “mitochondria-
mode BT S BT LKL DNA (chrM) (978 53 . 3 1o
T 5E i A K ) SCPE R S Hk AT 78 S 45 B
I1 A FilterMutectCalls T. B35 J& AR BH R AL 5 | e 2%
B “FILTER” %14 “PASS” i 5%, RARSHO - (1)
A5 K IRV E N 0. 055 (2) “ Al 51 32 HUAY i A
JRH L E O 20, BN B E N 30,

1.3.4 S5

TEBEAT S BTPE 3 T I , ARIE Nei et al. V48 1Y
BEHIXS D-loop DX HE AR HEAT R 43, b SC57 Bk v
A% X (hyperheteroplasmic region, HyperHPR) 5 5% Jit
PELRSF X (hypoheteroplasmic region , HypoHPR ) . Hy-
perHPR 14 % X4 D-loop X N 2 /1> 1% 22 5 JiT 1 A7 a5t
S 2 550 125 T D-loop X P-4 {8 1Y X 48 ; HypoHPR
K FH B AR O BRI L GE SR 20> R S S TP Y
B0 b AR T 0. 05 (9 X8 . 44 I D-loop [X 4%
K L)L K HyperHPR . HypoHPR 48 5% 5% Jit 14 #4) 43 7 4
AL S R R R | S L s AL
SR S P A AR 5 AR SRR, AR AR Y SE X
B BT .

(1) ST s AR, S v 2 8 7R [F] —
DNA 735 F 45 1 437 B (] — 20 L A9 AN [A] DNA 731
t, mtDNA ), £77E P A B 22 A ] 4 25437 35 A 7 B
o GOTAEAR R B B TR I Z2 8V R

(2) 5 B AL R 5 8, 45 B 100 B P 19
S TP R -

(3) S TR , AR (s, LR S Jo P ik
GEAS Y A AE AR A A S BV RS 1Y read BUTE X
A7 s b S read B Y 7 LR AT

S o AR X
HyperHPR

(4) IR FE AT A A5 T Ty v Beddi A (Inser-
tion, I, ) AR (Deletion, D) B & .

(5)TYTy, [l — B FEN 5 RN T RS
T I H HUAE

A, B 27 FUM AR JEE A9 7 24, SR Liu et
al P T A R g = 2, 7HE MK D-loop X
&  HyperHPR F1 HypoHPR 5 5 P4 (1) o 2 FF 11 45 48
(heteroplasmy diversity a, HDa) o i1 Welch s J5 22
R 34> XY o 22 FE P98 BUR BAFTE 35 25 57
e B BRI RS AW FEATE A [, A6
B Z IR AHOCHE , B 7K a0 = 0. 05,

2 #R

2.1 mtDNA D-loop X i %E 10] 43 A1k Joj

PN 27 FHG AR JEE 2S5 v 4R A B DNA VR B2 1 7
10 ~ 20 ng/pl, 4 %F 514 (Mt-D1 ,Mt-D2 , Mt-D3 Fl Mt-
D4) {4 18 7= 1E 2. 0% BB BHEE IS 12 8 m A 5
— M WISE 0 450, KO E BTN o LA B
(1) PCR ;%) 28 fe i 120 )7 )5 ZH 35 19 D-loop 7% )75
3£995 bp, 55 GenBank H1 4 ££ 1) D-loop J7° 41| 5¢ 4%
—Ho B AR A T B A3 ) S L X A
27 Sy AE e v A5 2 5 B PR A7 25 108 1> AT 3
AT, S 2 3 AR HEHEA D-loop XN (] 1) .
D-loop X_EAfi %€ 14~ HyperHPR X 38 F1 1> HypoHPR
X g, HyperHPR 7 T 55 175 ~ 368 157 Bl 3k [X. [H] ; Hy-
poHPR {37 T2 597 ~ 687 {3 fifi & X [A] . #H X} T Hy-
perHPR, HypoHPR 1) 5 J5T M {37 55 %5 BE 3L AIG, 5 o 1
R B0 5 B A S PR A 1) S 24 (A S A T
HIE (F2) o FRBIMERERZ A, D-loop X P ik 17
T — IR B B4 o A 3T A B G A7 A5, BV 837 13 B
B, HEEHH T/TC/TCC/TCCC/TCCCC

S BE R X
HypoHPR

SERPESIR
o o o o
(3] W E-N N

e
—

Frequency of heteroplasmy

(=]

.. | ‘|. | 0l

0 400 600 800 1 000
SRR
Heteroplasmic (HP) sites
1 #TEREZE(E miDNA D-loop R RN SRR S H1E B

Figure 1 Frequency distribution pattern of heteroplasmy in the D-loop region of sika deer fecal mtDNA
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Table 2 Characteristics of heteroplasmy in the D-loop region of fecal mtDNA of sika deer

X Bt BRFEIX [A] /bp SR SR A STV A5 Y ) S AR
Regions Nucleotide region  Number of heteroplasmic sites  Density of heteroplasmic sites  Mean frequency of heteroplasmy
D-loop [X. D-loop region 1" ~ 995t 108 1.1 0. 050 + 0. 052
ST AR X HyperHPR 175" ~ 368™ 27 1.3 0. 002 + 0. 065
S ERSF X HypoHPR 597" ~ 687" 10 0.4 0.001 = 0. 004

TE = Bl P IOME « bRz,

Note: *. Date is mean + SD.
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Table 3 Heteroplasmic nucleotide distribution of the overall and segments of D-loop of sika deer fecal mtDNA
SEIRPE L |
No. of HP sites in an individual BB TBERE e Y e g
X Bt PR REETE S O TR S S OFE S S OF R H_’,fﬁ/;
Region N /M SEHAE " /1#/%%( Mean fre- Mean fre- Mean fre- Mean fre- Me: f/T
Maximum Minimum Mean Coefficient quency of I, quency of D, quency of Ty quency of T\, et it
of variation ) ’
- X
D-loop X 25 4 1L11£6.77  0.61  3.93£2.57 1.92£0.87 7.30+5.34 0.22x0.51 1.614.4]
D-loop region
S L e AR IX
FHRHER X 19 0 2.44 +4.39 1. 80 0.07+0.27 0.07+0.27 2.26+3.98 0.04+0.19 0.11+0.58
HyperHPR
SRR ST X
:‘FEE&;TE 6 0 0.37+1.18 3.19 0.00£0.00 0.00+0.00 0.33+1.00 0.04+0.19 0.19+0.96
ypo

Vo BT +
Note: *. Date is mean + SD.
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=0.273,P = 0.787; Hyper-
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P=0.435),
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Figure 2 Heteroplasmic diversity a in the D-loop region of sika deer fecal mtDNA
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