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Gestation length in Pere David’s x red deer hybrids

G.J. GOOSEN, P.F. FENNESSY, H.C. MATHIA®..J. PEARSE, K.M. MCEWANAND M.L. TATE?

AgResearch, Invermay Agricultural Centre, Private Bag 50034, Mosgiel, New Zealand.

ABSTRACT

Pére David’s deer (PD) have a 49 day longer gestation than red deer (283.4 + 6.1 (SD) and 234.4 + 3.4 dags)ds(PD
sire), male progeny had a longer gestation than females (268.8 + 6.4, n=10 and 262.0 + 4.5, n=10, P<0.01), both greatgdthan th
parent mean of 259 days. The male and female progengioé&and red dams had a gestation length of 249 + 5.5 (n=275). Segregation
analysis suggests two normal distributions with a difference in means of 7 days. In the reverse hybnid)FRhe gestation length
of 242.5 + 3.3 days (n=19) was significantly shorter than the backcross hybrid progesyagfs-The control of gestation length in
PD hybrids is clearly very complex although we have found evidence of two linked markers which individually account for 2.4 and
2.7 days of the difference in gestation length.

Keywords: Pére David's deer; red deer; gestation length; hybrid.

INTRODUCTION Semen from 5 fstags was used in a total of 841 laparoscopic

. ) . intrauterine inseminations (Fennessyl.,1991; Asheet
Pere David's deer (PElaphurus davidianyswere 5 1993). Semen was collected on the day of Al by
originally imported to New Zealand for several reasons, t@ectroejaculation (Ashet al.,1993) and hinds were each
major one being the possibility of hybridisation with rednseminated with 3 to 30 million live sperm. For MOET,
deer (R) to advance the time of calving in farmed de@inpryos obtained from the synchronised natural matings
species. PD are long day breeders typically mating g five superovulated Fhinds were transferred to R recipi-

December and calving around 9 months later. In contragts (Fennesst al.,1994). For a more detailed description
red deer are short day breeders mating in March/April andl the methods used see (Tateal., 1997).

calving after a gestation which is around 7 weeks shorter Hinds in the Al and MOET programs were examined
than PD (Table 1). In 1983 interest in hybridisation wagy rectal ultrasonography (Wilson and Bingham, 1990), 32
stimulated by a recent report of a fertile hybrid at Woburg, 42 gays after insemination or transfer, to assess pregnancy
Abbey supplementing a report earll.er this century'(Be(‘éiatus_ During the calving season hinds were monitored daily,
and Wemmer, 1983). This resulted in a number of impofe\whom calves tagged and birth weight, sex and dam
tations of PD and several attempts at natural and artificigdoorded. For hinds conceiving to Al, conception was taken
hybridisation (Asheet al., 1988; Fennessy and Mackin- 45 the Al date, while for hinds conceiving to ET, it was taken
tosh, 1992). This paper summarises the results of thege 7o hours after withdrawal of progesterone treatment.
studies with special emphasis on gestation length. Each cohort of backcross hybrid animals was raised on
pasture with a comparison group of at least 30 red deer.
The hybrid status of all backcross hybrids was

confirmed by DNA typing and that of lybrids by DNA
Gestation  Mating _Calving Reference and/pr protein testing (Tam_ al., 1995). All be}ckcross .

length hybrids were genotyped using RFLP and microsatellite
markers €. 100 markers per animal).

TABLE 1: Gestation lengths in the parental species

Red 234.4 + 3.4 Mar/Apr Nov/Dec Fennessyal.(1991)

Pere David's 283.4+6.1 Dec/Jan Oct/Nov Wemneeal.(1989) RESULTS

The gestation lengths for the parental species and
MATERIALS & METHODS various hybrids are presented in Table 2. The mean gesta-
tion length for the 20 Fsingleton progeny of PD stags and
All F, hybrids were generated by artificial inseminaR hinds was 265.4 days, 31 days longer than thR R
tion (Al) of R hinds with PD semen. Backcross hybridnean and 6 days longer than the expected mid parent mean
progeny {/s PD x3/4 R) were generated over a period of fouof 259 days, although there was a significant difference
years using Al of R hinds with, faybrid (PDxR) semen or between males (268.8 + 6.4, n=10) and females (262.0 +
multiple ovulation and embryo transfer (MOET) using F4.5, n=10, standard error of the difference + 2.4, P<0.01).
hinds (PDxR) as donors (R sire) and R hinds as recipients.

tAgResearch , Molecular Biology Unit, Department of Biochemistry, University of Otago, P.O Box 56, Dunedin, New Zealand.
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TABLE 2: Gestation lengths for Pére David's deer, red deer andsimple linear regression approach was used to assess the

their hybrids. relationship of individual markers to the variation in ges-
tation length. Due to the large number of tests conducted
Species n Mean+SD  Expected appropriate 5% thresholds need to be calculated in order to
Red (R) 86 234.4+3.4 - report results which are truly significant. Instead of the
Pére David's (PD) 21 283.4+6.1 - empirical permutation method developed by Churchill
(PD x R) female 10 262.0 £ 4.5 258 and Doerge (1994) for determining these threshold values
(PD x R) male 10 268.8+ 6.4 259 we simulated a normal distribution to determine the true
(R x (PD x R)) 19 242.5+3.3 247 5% threshold for this data set. This was determined as a
(PDxR) xR) 275 248.8+ 5.5 247 single test with a probability of P<6.7xA0Jsing these

1 Thi ” ; — methods two markers have significant relationships with
is assumes normal additive genetic variation and thus the .
expected gestation length is the mid parent mean, or in the case ofgeStatlon Iength namely’ GL75 (P=0'021) at-2.4 days and
the Y4 PD is based on the grand-parental values and adjusted for GL236 (P=0.033) at -2.7 days.
sex differences.

DISCUSSION

The 275 Al observations from the (PDxR) sire back- PD have a gestation length significantly longer than
cross were initially analysed using a simple general lineagny other deer species except roe deer (around 300 days)
model (SAS, 1988) which revealed significant sire andwhich exhibit embryonic diapause. Brinkl@wal.(1993)
year effects however the sex effect was not significant. Foshowed that there is no evidence for embryonic diapause
example, one sire (Mihaka GW903) was significantly in Pére David’s deer so it seems most unlikely that this
different from another (Turnip GW999) by -3.4 days contributes to the observed gestation lengths.

(P<0.01) while in terms of years, 1993 was significantly The 6.8 day difference in gestation length between F
different from 1995 by -3.1 days (P<0.01). Males had amales and females is very large compared with sex differ-
longer gestation length than females but the differenceences in other ruminant species. For example the differ-
(0.7 days) was not significant. Figure 1 illustrates theences in sheep (1-2 days, Kasgaral.,1989; Maliet al.,
distributions for the three populations corrected for sire,1985), cattle (1.4-2.2 days, Azzam and Nielson, 1987) and
year and sex effects. We conducted a segregation analygigd deer (<1 day, Fennessy al., 1991) are all much

of this data using the procedure of (Wuédjial.,1993).  smaller; the variance and SD are also large compared with
This procedure is particularly sensitive to the standarded deer (SD of 3.4 days, Fennesswl., 1991).

deviations used for the parental species and since the In contrast, in the backcrossé Pere David's the
robustness of the Pére David’s data were in question, gariance for the (R x (PD x R)) backcross hybrid is only
range of standard deviations were used. In all cases thabout one-third of that in the (PD x R) x R)) hybrids.
analysis suggested 2 normally distributed populations witiHHowever the most interesting difference was the signifi-
a difference in means of approximately 7 days (means ofantly shorter gestation length (6.3 days) in the backcross
245 and 252 days) as opposed to the null hypothesis of orteybrid progeny of Fhinds compared with Fstags even
normally distributed population. though both were out of R dams, albeit following embryo

Based on the above results we investigated genetitransfer in the former case. The gestation lengths observed
linkage between DNA markers and gestation length. Aare intriguing and raise the issue of imprinting, where

maternal and paternal chromosomes are functionally non-
equivalent (Latham, 1996). Unfortunately there are insuf-

FIGURE 1: Probabiity density distributions f on lenath. Disti ficient data on Fhybrid hinds carrying their own backcross
. Probability density distributions for gestation length. Distri- :
butions from left are: red deer (Fennestwl.,1991), (PDxR)xR) both as calves to term. While MOET programs have been shown

a histogram and a normal approximation after adjustment for sire, year antP N@ve some unexpected effects on birthweight (Walker

sex effects, and Pére David's deer (Wemateal., 1989). al., 1996) there is no evidence of this in our data set
although that does not preclude other potential side ef-
02 fects.

The control of gestation length in the BIR hybrids

is clearly very complex. The genetic linkage analysis
indicated that two markers (on the same linkage group)
008 individually accounted for 2.4 and 2.7 days of the variation
in gestation length. While there is intense international
research effort to dissect the genetic basis of productive
traits in farm animals as exemplified by the work of
Anderssoret al. (1994) and Georgest al. (1994) we are
not aware of any other evidence for QTL for gestation
length. However a major gene for gestation length in cattle
000 has been documented (Meeidal., 1949). Thus we have

220 240 260 280 300 found an intriguing pattern of sex effects and segregation
Adjusted gestation length (days)

Density
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within populations in terms of gestation length. While ceedings of the Australian Association of Animal Breeding and

. . ; Genetics9: 469-472.
direct effects of a major gene or genes for gestation Iengt'gennessy P.E. Asher. G.W.: Beatson. N.S.: Dixon. T.E.- Hunter. J.W.

may account for the_ differences or a portion of them, other = 5,4 gringans, M.J. 1994. Embryo transfer in deeriogenology
non-genetic (e.g. birth mother or MOET) or non-Mende- 41:133-138.
lian genetic effects (imprinting) or sex effects (including Fennessy, P.F. and Mackintosh, C.G. 1992. Hybridisation of Red deer

: ; ; and Peére David's deelRroceedings of a Deer Course for
X or' Y chromosome) may also be involved. Investigation Veterinarians (Deer Branch. NZV/) 181-186.

of t_he reverse hybrid (red deer male over PD_ female) angdennessy, P.F.: Mackintosh, C.G.; Shackell, G.H. and Whaanga, A.J.
their backcrosses would be of value to elucidate the ge-  1991. Artificial insemination and synchronised natural breeding
netic control of gestation |ength_ In genera| terms, in red deerProceedings of the New Zealand Society of Animal

. . . Production51: 327-331.
Interspecies hyb”ds such as these deer may well becon}?eorges, M.; Nielsen, D.; Mackinnon, M.; Mishra, A.; Okimoto, R.;

an extremely useful tool in the quest to understand the  pasquino, A.T.: Sargeant, L.S.; Sorensen, A.; Steele, M.R.;
mechanisms or control of complex genetic traits such as  Zhao, X.; Womack, J.E. and Hoeschele, 1. 1994. Using a complete
gestation length. microsatellite map and the grand-daughter design to locate
polygenes controlling milk productiofRroceedings of the 5th
World Congress on Genetics Applied to Livestock Production
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